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Executive Summary 
This paper draws a broad empirical diagnosis on the evolution of infrastructure coverage 

in Brazil and potential social impacts. It focuses on the sectors of sewerage, water, 

electricity, urban transportation and information and communication technologies (ICTs). 

Most of the analysis departs from household surveys, bringing the population perspective 

into the picture. We analyze socio-economic determinants of infrastructure coverage, a 

social outcome in itself, as well as their possible indirect impacts on income generation, 

time cost of transportation, housing values and education. We also consider briefly direct 

consequences of increasing infrastructure coverage in the budget constraint through 

services costs and payments delays and direct utility effects through subjective data on 

the quality and importance attributed to different infrastructure sectors. 

In all stages of the analysis we look for causes and consequences of coverage, static and 

dynamic, bivariate and multivariate, emphasizing the roles played by two variables: 

income and the geographical dimension in order to locate necessary public policies efforts 

in the social strata and in the territory. For example, multivariate analysis allows 

comparing access of individuals with the same observable characteristics (income, city 

size etc.) across different units of federation. This allows us to map repressed demand for 

a future infrastructure expansion. The income dimension enters both as a determinant as 

well as a consequence of infrastructure coverage. We test how much “exogenous” 

household income increases related to expansion of Bolsa Família as an experiment of 

pure income effects channels on infrastructure outcomes. The reverse channel studies 

how much infrastructure affects the income convergence across municipalities and of 

other social dimensions such as poverty, human development and its components. It 

explores the convergence issue in a more general setting through quantile regressions. 

We estimate the potential impacts of different infrastructure sectors along the distribution 

of various social indicators such as per capita total income, labor earnings, education, 

imputed rents, commuting costs and a constructed broader social welfare measure. We 

also apply a variable selection procedure to rank infrastructure variables in terms of 

potential social impact on poverty and those indicators discussed above. This exercise 

includes externality effects of infrastructure at the community level on individual social 

outcomes, a market failure that may justify as well as signal the necessity of certain policy 

interventions. We end analyzing potential infrastructure impacts on school flows and 

proficiency from SAEB microdata.  
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Empirical Diagnosis on Infrastructure Coverage 

Conceptual Framework - The potential social impacts channels of infrastructure changes 

will be assessed here under three headings. First, the direct impact on well-being: we will 

initially interpret the data on coverage rate as a direct social impact in itself. This is the 

main line of inquiry pursued here. Additionally, subjective data will add quality and 

priority measures of different infrastructure coverages. Second, the direct impact on the 

monetary budget constraint depending on the way infrastructure services are financed. 

This evidence will be limited by the scarcity of more recent data. A third channel largely 

explored here is the influence exerted by infrastructure on individual income and assets 

generation process, modeled by movements along the production function, shifts in the 

production function and on the way individuals connect to inputs and outputs markets – 

for example, in the case of transportation and ICTs. We run income regressions exploring 

the interaction of infrastructure with human capital and social economic characteristics. 

Hedonic rent equations add evidence of the infrastructure effects on assets value since 

housing is the most important physical asset. Similarly, we perform exercises for the time 

opportunity cost of transportation and for broader societal well-being indicators that 

include all above. Equations on the impact of infrastructure on years of schooling, grade 

repetition and proficiency complement the analysis.  

Access to infrastructure services has increased significantly over the past decade. 

This is mainly due to lagged effects of the privatization programs of the 1990s (especially 

in telecommunications), the adoption of public programs aimed at expanding coverage in 

remote areas (especially in electricity due to the “Luz Para Todos” program) and the 

demand effect from the combination of faster household income growth and falling 

inequality that lasted until 2014. Using household level data on coverage of infrastructure 

services, the service that had the highest increase in access between 2004 and 2015 was 

ICT. The past 10 years has seen an explosion in the use of mobile telephones. In 2004, 

around 85 million people had mobile phones at home, and in 2015 the number increased 

to 186 million – an increase of 101 million users. During the same period, home internet 

coverage was extended to additional 64 million Brazilians. Despite its rapid growth, 

internet service is the infrastructure service that presents the lowest level of access (42.5 

percent) when compared to other services. On the other extreme is electricity, with an 
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access level of 99.7 percent. Access to potable water has an intermediate rate of 83.6 

percent, but significantly more than sewage services, at 56.9 percent. 

Brazil: share of population with access to infrastructure services (%) 

 

Source: FGV Social/CPS from PNAD/IBGE microdata 

While there has been some convergence over the past decade, significant regional 

differences remain across the country in terms of access to infrastructure services, 

particularly in water, sewerage and internet services.  

Coverage of infrastructure services in rural areas has expanded but the sharp divide 

between rural and urban coverage within the country persists. Only in sewerage has 

rural coverage not changed much. However, access gaps between rural and urban areas 

remain high. While rural areas represent around 14 percent of the Brazilian population in 

2015, only 4 percent of this population has access to sewage services with only a third 

having access to the water system. In urban areas, where most of the population lives, the 

rate of access to the water system is about 90 percent, while access to sewage services is 

about 80 percent. The pattern of low rates of access in rural areas and high rates of access 

in urban areas is evident in all infrastructure services with the exception of electricity, 

where access rates have converged.  

Infrastructure access reflects and reinforces Brazil’s high income inequality profile. 

Access rates among the poor have been improving in the last decade but coverage remains 

much higher among wealthier groups. Sewerage, water and internet tend to be the most 

unequally distributed services across income groups. In 2015, less than half of the poorest 

segment of the population had access to sanitation facilities, compared with 80 percent of 

the richest.   
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Income Group – % Infrastructure Coverage 
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Type of Area – % Infrastructure Coverage 
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Macro-Region – % Infrastructure Coverage 
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Infrastructure Conditional Coverage Convergence Across States 

Multivariate exercises – We ran regressions to isolate the determinants of infrastructure 

coverage in the period of analysis. Besides gender, race and spatial variables, we use 

second degree polynomials for per capita income, family size, education and age. These 

quadratic terms turned out significant in most of the regressions.  

Year effects - Keeping socio-demographic structure constant, the highest temporal change 

between 2004 and 2015 was observed in electricity, internet and cell phone. The lowest 

expansion was found in water and sewerage. 

Family size effects were positive but at diminishing rates. This point is noteworthy since 

as a product of the demographic transition household size had fallen 1.43% per year, a 

path that was faster than the 0.8% per year of total population size growth rate. This means 

that the infrastructure supply has to increase not only because of the existing infrastructure 

deficit and population growth but also as a response to the household size reduction. 

States Evolution – Many of the spatial differences of infrastructure coverage may be 

attributed to differences in income, education, family size, city size, states and so on. We 

focus our analysis on the later spatial variable. The maps presented in each page present 

the geographical dispersion of coverage across Brazilian states. São Paulo is always 

portrait white as the basis (i.e. the omitted variable). The red means that is lower than São 

Paulo, while blue gives the excess with respect to São Paulo. As a general rule, São Paulo 

presents the best infrastructure across States in the country.  

Next we run an extension of the previous multivariate exercise also incorporating the 

interaction between State Dummies and year in order to grasp the spatial dimension of 

infrastructure coverage changes. We also fixed São Paulo as the omitted spatial dummy 

and 2004 as the omitted temporal category. In this way the results are directly interpreted 

as the conditional difference in difference of each state in 2015 with respect to São Paulo 

in 2004. Or how much the infrastructure coverage changed in relative terms. In most cases 

the color of the map turns into blue which means that the differential between different 

states and São Paulo tended to fall. This shows a clear convergence trend of infrastructure 

between Brazilian states even if we net out the effects of income, education and other 

variables during this period.  
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Electricity – States Odds Ratio 
http://cps.fgv.br/razao_Has Access to Electricity 

 

 
 

Electricity – States Odds Ratio with Time Interaction 
http://cps.fgv.br/razao_Has Access to Electricity_interacao 

 

 
 
 

 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

  

http://cps.fgv.br/razao_eletricidade
http://cps.fgv.br/razao_eletricidade_interacao
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Water (General Network) – States Odds Ratio 
http://cps.fgv.br/razao_agua 

 

 
 

 

Water (General Network) – States Odds Ratio with Time Interaction 
http://cps.fgv.br/razao_agua_interacao 

 

  
 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

  

http://cps.fgv.br/razao_agua
http://cps.fgv.br/razao_agua_interacao
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Sewerage – States Odds Ratio 
http://cps.fgv.br/esgoto_razao  

 

 
 
 

Sewerage – States Odds Ratio with Time Interaction 
http://cps.fgv.br/esgoto_razao_com_interacao 

  
 

Source: FGV Social/CPS from the PNAD/IBGE microdata  

http://cps.fgv.br/esgoto_razao
http://cps.fgv.br/esgoto_razao_com_interacao
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Computer with Internet at Home – States Odds Ratio 

http://cps.fgv.br/razao_comp_com_net 

 
 

Computer with Internet at Home – States Odds Ratio with Time Interaction 
http://cps.fgv.br/razao_comp_com_net_interacao 

 

  
 

Source: FGV Social/CPS from the PNAD/IBGE microdata  

http://cps.fgv.br/razao_comp_com_net
http://cps.fgv.br/razao_comp_com_net_interacao
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Landline or Mobile Phone at Home – States Odds Ratio 

http://cps.fgv.br/razao_fixo_celular  

 

  
 

Landline or Mobile Phone at Home – States Odds Ratio with Time Interaction 
http://cps.fgv.br/razao_fixo_celular_interacao 

 

  
 

Source: FGV Social/CPS from the PNAD/IBGE microdata  

http://cps.fgv.br/razao_fixo_celular
http://cps.fgv.br/razao_fixo_celular_interacao
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Ln Equation of Course Time Evaluated at Hourly-Wage (Main Job) – States Odds Ratio 
http://cps.fgv.br/estimativa_equacao_de_ln_de_tempo_de_percurso_ao_trab 

  
 

Ln Equation of Course Time Evaluated at Hourly-Wage (Main Job)  
– States Odds Ratio with Time Interaction 

http://cps.fgv.br/interacao_equacao_de_ln_de_tempo_de_percurso_ao_trab 

  
 
 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

 

 

http://cps.fgv.br/estimativa_equacao_de_ln_de_tempo_de_percurso_ao_trab
http://cps.fgv.br/interacao_equacao_de_ln_de_tempo_de_percurso_ao_trab
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Causality and the Bolsa Família Experiment – Next, we use the expansion of Bolsa 

Família to test the effect of “exogenous” income changes on access to public services. 

The effect is captured by a difference-in-difference estimator generated from the 

interaction of the dummy variable year (before and after expansion) with the dummy 

variable for the program eligibility criterion (per capita household income less than 

R$100 monthly in real terms, excluding income earned by social programs). How much 

the increase of the access to public services is related to the increase of income of this 

population through the expansion of 67% of the program coverage between 2004 and 

2006. We used the dummy variables above (eligible*year) to measure whether the income 

gain of the low-income population increased more than the others. The results are a 

relative improvement for all items (except sanitation). In the case of cell phone access 

and landline telephone the chances are 13% and 11% higher, while in access to public 

services, such as garbage collection, electricity and general water network, the chances 

are 13%, 11% and 8% higher, respectively. The improvement of transportation is captured 

by a -1.3% fall in commuting time at individual level. The same goes for assets such as 

computer connected to the internet and bathroom at home. However, for sewerage 

connected to the general network there was no statistically significant improvement in 

relation to the other group. Thus, the higher income did not impact access to the sewerage 

network of the population eligible to the program. This lack of sensibility may be due to 

the predominance of externalities in the supply of sewerage where individual or private 

returns to sewerage connection benefits mostly others. 

 

Perceived Quality and Priorities – The IBGE Household Budget Survey allows us to 

explore the perceived quality of access to services. In general, the quality of services 

associated with water enjoys lower perceived quality than that of public services such as 

electricity and garbage collection. Besides the subjective quality attributed to each 

infrastructure service, one may also investigate the weights given to them by the 

population itself. An analysis of the priorities of the Brazilian population is made in terms 

of public policy vis-à-vis the global population. Out of 16 new Sustainable Development 

Goals (SDGs) related items, infrastructure variables stay in the following positions: 

Transportation (7th); Water and Sanitation (9th); Electricity (13th) and ICTs (16th). 

According to the global wide sample infrastructure priorities were: Water and Sanitation 

(5th); Transportation (12th); ICTs (16th) and Electricity (15th). 



16 

 

Infrastructure and Social Convergence Across Cities 

Standard Convergence – We followed initially the standard economic growth literature 

and tested the role of infrastructure variables in terms of reducing inequality between 

income and other social variables across 5500 Brazilian municipalities. We basically 

implemented a standard convergence analysis running regressions of growth of each 

variable against the natural logarithm of initial value comparing the results with and 

without infrastructure variables. The set of variables tested includes per capita GDP, per 

capita household income, the Human Development Index, its 3 components plus a series 

of related variables such as poverty and inequality, life expectancy, child mortality, school 

attendance for various age brackets and the Basic Education Development Index (IDEB) 

which includes the results of proficiency exams. For 16 out of the 17 endogenous 

variables tested, the speed of convergence is higher at face value with the set of 

infrastructure variables than the model without infrastructure. 

 

Source: FGV Social/CPS from the Demographic Census IBGE microdata; Ipea, UNDP and FJP (2013) and 

INEP/MEC. 

#This regression is for the endogenous variable in percentage against its variation in percentage points 

##sample for 5010 cities between 2007 and 2015 

 

Household income seems to capture better than GDP the infrastructure induced effects.  
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Poverty rate regression was treated in levels with the results showed below.  

 

 
 

Another statistics across these series of regressions that is worth looking at is the adjusted 

R2. The gross explanatory power of infrastructure in terms of the various dimensions of 

social changes ranges from 13.9% on child mortality to 66% for the Human Development 

Index.  
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Source: FGV Social/CPS from the Demographic Census IBGE microdata; Ipea, UNDP and FJP (2013) and 

INEP/MEC. 

#this regression is for the endogenous variable in percentage against its variation in percentage points 

##sample for 5010 cities between 2007 and 2015 

 

The Human Development Index is a more encompassing measure of social progress. 

Graph below illustrate the convergence of the Human Development Index. 

 
Source: FGV Social/CPS from the Demographic Census IBGE microdata; Ipea, UNDP and FJP (2013) 
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robust. We should also test taking advantage of the availability of household surveys 

microdata.  

 

Before moving to the next step of the analysis it is useful to pose a few additional 

questions, namely: Why income convergence between states in Brazil matters? There is a lot of 

income inequality within states. Why not looking at overall inequality directly? Should we invest 

in poor states, or in poor people anywhere in the country? Should we be looking in broader terms 

a social welfare that combines lower overall inequality and higher overall growth?   

 

Infrastructure and the Distribution of Social Outcomes 

Quantiles Convergence – The next step is to construct a quantile regressions based 

platform to test the social impacts, or at least the correlations between social outcomes 

and the series of infrastructure variables. First, we construct from PNAD 2004 and 2015 

microdata a series of social results variables which includes per capita household income 

(total sources and labor earnings), years of schooling (for the whole population and for 

people between 7 and 15 years of age). Imputed rents coming from a hedonic equation 

and the opportunity time cost of commuting time evaluated at individual hourly wage 

rates. We emphasize here the potential distributive impacts on the broader social welfare 

measure (BSW) that includes total reported income plus imputed rent minus commuting 

costs. We present here an analysis of various infrastructure items following an increasing 

order of magnitudes around the median of BSW, starting with the lack of more traditional 

public services and then access to ICTs, as shown in the graphs below.  

 

Lack of Electricity – The coefficient by those who use oil, kerosene or gas as sources of 

light in comparison with those that have electricity at home as a general rule presents a 

robust negative sign in all results variables tested. In the case of our broader social welfare 

(BSW) measure, coefficients are always negative and reach the bottom at the 60th 

percentile. The distribution reaches -6.0% at the 40th percentile and -7.8% at the 90th 

percentile. Lack of Water – The coefficient of those with no connection to water network 

at home as a general rule also presents a robust negative sign in all results variables tested. 

BSW coefficients are always negative and reach the least negative values around the 

median. The distribution of coefficients reaches -20.0% at the 40th percentile and -19.2% 

at the 90th percentile. Lack of Sewerage – Coefficients of those who live in dwellings 

with rudimentary cesspit compared with those that have a sewerage network connection 
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at home presents a robust negative sign in all results variables tested, except years of 

schooling for those at the age corresponding to primary level of education. BSW effect 

increases almost monotonically in absolute value as we move to the upper tail of the 

distribution, from -18.3% at the 40th percentile to -24.3% at the 90th percentile.  

Lack of Public Services and Broader Social Welfare Measure Changes Across Vintiles  

 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

Communication – We analyze the impact coefficient of those who are in dwellings with 

telephone or cell phone for at least one of the household members compared to the rest 

of the population without this device. Note that we are looking now for those who have 

access compared with those who have not, so all the signs in the impact analysis of 

infrastructure work the other way around. Most of the effect is due to cell phone 

possession that became much more diffused than landline phone. As opposed to the 

internet, the total income effect is higher than the labor earnings effect and both remain 

higher than the rental value effect. The cell phone effect is relatively higher on the basis 

of the distribution than internet access. The statistics organized by type of social outcome 

show that: as a general rule, communication coefficients present a robust positive sign in 

all results variables tested. BSW effects increases from 34.7% at the 40th percentile to 

43.4% at the 90th percentile. The income variables related coefficients increase along each 

particular concept. As a consequence, the diffusion of internet should lead to a divergence 

in these different social outcomes. Internet – The impact coefficient of individuals in 
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dwellings with internet access compared with those without it presents a robust positive 

and high sign in all results variables tested. The coefficients presents a positive trend as 

we move towards the top of each distribution, suggesting at face value that those at the 

top benefit relatively more from internet access. As a consequence, the diffusion of 

internet should lead to a divergence in these different social outcomes. BSW effects 

increases from 58.4% at the 40th percentile to 82.7% at the 90th percentile. 

ICTs Coverage and Broader Social Welfare Measure Changes Across Vintiles 

 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

Commuting time evaluated at hourly-wage rate – It works as an approximation to 

transportation cost in urban areas and it is included in the broader welfare measure. We 

just check whether it has increased from 2004 in 2015 and its distributive change pattern. 

The 5% poorest had the highest increase of 41.1%, that tended to decrease, reaching 

33.6% at the 40th percentile, with some stability reaching to 32.3% at the 90th percentile, 

then rising to 35.4% at the top vintile.  

Ranking Infrastructure Direct Social Impacts & their Externalities 

Instead of imposing a particular model of analysis, we implement here a stepwise variable 

selection procedure to determine which socio-economic and infrastructure related 

variables are more statistically important to explain each social outcome variable seen 
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above. In the selection process we included externality effects from infrastructure. This 

is done by including in the regressions the mean of these variables across geographic 

areas. The idea is that beyond individual impacts at the household level, what other 

community members have in terms of infrastructure may also affect our respective social 

outcomes. For example, if there is a widespread diffusion of landline or cell phones in my 

region of residence the value of my phone line increases due to network scales, given the 

fixed cost of intercity connections.  

Poverty – In the case of the proportion of the poor included at this stage, the six 

infrastructure variables are significant in descending order: communication, internet, 

transportation, water, electricity and sewerage. Two of the externality related variables 

also presented statistically significant impacts, namely mean transportation time and 

mean electricity coverage. Electricity access at the community level may improve 

individual social outcomes through better work opportunities or school or health services. 

Transportation use on the other extreme imply a common good congestion problem where 

the excessive use of infrastructure generates a negative externality on all users.  

Mean Broader Welfare – For broader social measure mean – that includes besides total 

income sources from PNAD, imputed rents from housing minus opportunity time cost of 

commuting – the results are similar to poverty. ICTs and transportation time present the 

highest significance. Externalities with respect to electricity and transportation time are 

also included in the final model. Internet related infrastructure at the regional level does 

not show any geographical externality, which is expected since the world wide web 

allows to overcome location barriers. Externality of communications appears here as one 

of the top variables. Intercity extra calling costs make the case for externality for phones. 

Other Externalities – If we look at total per capita income as well as labor earnings they 

both show externality effects in the same fields of phone communications and 

transportation. In contrast, completed years of schooling are affected by internet related 

infrastructure. This may be a proxy for the effects of the digital age in schools, libraries 

and so on. When we restrict this variable to school age between 7 and 15 years of age, the 

main externality is yield by electricity. Programs like Light in School (Luz na Escola) and 

Light for Everybody (Luz para Todos) attempt to explore this effect. Imputed rents 

indicate that housing values are also affected by phone communications and 

transportation costs, especially the former that occupies the top position among all 

explanatory variables. 
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Proficiency, Repetition and School-Home Infrastructure  

Using the microdata of the Basic Education Evaluation System (SAEB/MEC) of 2003 

and 2015, we estimated the impact of infrastructure variables in school proficiency and 

grade repetition. This is done combining the objective infrastructure coverage 

information at students home and at school with the perceived quality of infrastructure 

services in school and running regressions explaining proficiency tests and grade 

repetition outcomes controlled for year (2003 and 2015), student characteristics (sex and 

color), household assets infrastructure (existence of bathroom in student house and 

existence of computer in student house), school characteristics (if school is private or 

public and rural or urban) and school assets infrastructure (has good illumination and 

well-made classrooms, has good bathrooms, water installations and electricity). 

Multivariate OLS results on levels for the 5th grade in Mathematics do not allow us to 

reject the hypothesis that investment in public infrastructure services is more important 

for proficiency improvement than typical physical investment in school buildings, once 

good electricity and water installations had a higher impact than the conservation status 

of classrooms and bathrooms. Robustness tests were made with the Portuguese exams in 

the 5th grade, math exams of students in the 9th grade and in the last year of high school. 

 

Students with the same household and school characteristics had an improvement of 

almost 35 points in 2015 compared with 2003, which represents a progress of the quality 

of education. We observed the same pattern for similar students that differed only in terms 

of infrastructure coverage, whether at home or school, as the graph below shows. Those 

with access to good installations of electricity and water in school had a math proficiency, 

in average, 7 and 6 points higher, respectively. It is interesting to notice that classrooms 

walls in good status, our proxy for well-made classrooms, showed little importance for 

the outcome, suggesting at face value that investment in public infrastructure services that 

is connected outside schools was more important for proficiency improvement than 

typical private investment in buildings. However, the quality of bathrooms seemed 

important, once students with access to good bathrooms had proficiency 9 points higher. 

 

The difference-in-difference method provides a dynamic analysis of the infrastructure 

contribution, once it compares the difference in proficiency between students with access 

to an infrastructure asset in 2015 and 2003 with the difference between the group of 
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students marginalized in terms of these assets in both years. Controlling for home and 

school attributes, students with access to good electricity and water installations in school, 

compared with those without that, had an average proficiency improvement of 27 and 11 

points, respectively, between 2003 and 2015. In the other hand, at the same period, 

proficiency of students with access to good bathrooms and classrooms in school had no 

statistical difference than of students enrolled in more precarious schools. Therefore, the 

diff-in-diff test corroborates the main role of public infrastructure in the recent upward 

movement of school proficiency in the 5th grade. 

 

Source: FGV Social/CPS using SAEB/IBGE microdata 

#Controlled for household assets infrastructure, student general characteristics, school assets infrastructure 

and year of the survey. All coefficients significant at 99%.  

 

We also applied a process of variable selection using a stepwise statistical procedure that 

ranks explanatory power of all the variables pre-selected to the model. The champion and 

runner-up variables were “computer at home” and “color” of the student. “Bathroom at 

home” and “local of the school” (urban or rural) were in the third and fourth positions, 

respectively. Water and electricity installations were in eighth and ninth positions.  

 

Grade Repetition and Infrastructure – To make a parallel of the present infrastructure 

analysis with changes of the so-called IDEB (Basic Education Development Index), we 

use the question of SAEB on grade repetition to proxy flow variables in IDEB. IDEB is 
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a synthetic indicator of education quality based on the academic passing rate and the 

results of proficiency exams (as SAEB and Prova Brasil) for each municipality and school 

in the country. As we have seen, among many different social outcomes, IDEB across the 

Brazilian municipalities converged at a higher speed in the last decade in the presence of 

infrastructure variables, meaning the municipalities with lower initial educational 

performance grew faster than the higher ones and this speed was influenced by 

infrastructure. In this section, we are attempting to mimic the flow of students captured 

in IDEB using the SAEB data. The main question is: Do infrastructure variables affect 

grade repetition? To answer this question we generated logistic regressions using a 

dummy for students that have repeated at least once. As in the previous section, our model 

controls for year (2003 and 2015), student characteristics (sex and color), household 

assets infrastructure (existence of bathroom in student house and existence of computer 

in student house), school characteristics (if school is private or public and rural or urban) 

and school assets infrastructure (has good illumination and well-made classrooms, has 

good bathrooms, water installations and electricity). 

 

Results showed statistical significant coefficients for household assets, with 12% and 

37% more chances for repetition for students without computer and bathroom at home, 

respectively. However, the quality of classrooms physical structure and illumination 

apparently did not affect grade repetition. The only school private infrastructure with 

positive impact was the quality of bathrooms, with 24% less chances for repetition for 

students with good bathrooms in their schools. While water installations did not improve 

school flow (with more chances of repetition for all coefficients), students in schools with 

good electricity installations had 9% less chances of repeating their grade. The time 

variation, measured by the dummy for 2015, suggested a marked advancement in the 

education efficiency in this grade, with 95% less chances of repetition for students in 

2015 in comparison with peers with the same scholar and home characteristics in 2003.  
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Conclusion  
 

We provided an empirical analysis on the access to public services infrastructure in order 

to base prescriptions for improvement policies. The final objective of this work is to create 

a basic infrastructure of knowledge to guide a new generation of infrastructure programs 

in Brazil. A first contribution was to analyze in a comparative way attributes of the 

various public services through household surveys, such as spatial coverage, perceived 

quality, expenditures and delay of accounts. We compared the coverage of these surveys 

with different databases, including information provided by service providers and even 

School Census, in order to more critically analyze their evolution and create monitoring 

systems. The most recent evidence on infrastructure coverage in Brazil shows that the 

most widespread items in 2015 were electricity (99.7%), cell phone (93.5%), water 

(83.6%), private transportation (61.1%), sewerage (56.9%) and internet (42.5%),  

 

The household survey approach is particularly useful here because it allows to study side 

by side causes and social consequences of infrastructure including: Income Causality – 

How much access to public infrastructure is related to exogenous increase of income; 

Conditional Convergence of Infrastructure Coverage across the 27 Brazilian units of 

the federation; Social Convergence analysis with and without infrastructure variables 

across 5500 Brazilian municipalities – Growth regression applied to per capita GDP, per 

capita household income, the Human Development Index, its 3 components plus a series 

of related variables such as poverty and inequality, life expectancy, child mortality, school 

attendance for various age brackets and the Basic Education Development Index (IDEB); 

Distributive Impacts – Quantile regressions based platform of infrastructure impacts 

along the distribution of different social outcomes of per capita household income, years 

of schooling, imputed rents, the opportunity cost of commuting time and for the sake of 

concision, a broader social measure that includes total reported income plus imputed rent 

minus commuting costs; Infrastructure Externalities – A stepwise variable selection 

procedure to determine which socio-economic and infrastructure related variables 

included externality effects from infrastructure are more statistically important to explain 

each social outcome analyzed. School Proficiency SAEB/MEC tests were also used to 

test the impact of school and home infrastructure on school performance.  
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Infrastructure Investment and Social Progress in Brazil 

Full paper 

1. Introduction 

There are many public infrastructures and associated universalization policies impacts. 

We can cite the so-called social infrastructure items such as basic education and health. 

There is also urban transportation, information and communication technologies (ICTs) 

and a myriad of public services regulated by state agencies offered by municipalities, or 

privatized companies in sectors such as electricity, water and sewerage, among others. 

This diversity of arrangements plus their interaction suggests a vast array of possibilities 

on the analysis of the causes and consequences of investment in infrastructure. This paper 

draws a broad empirical diagnosis on the level and on the evolution of infrastructure 

coverage in Brazil and their potential social impact. 

The present study focuses attention on the sectors of sewerage, water, electricity, urban 

transportation and Information and Communication Technologies (ICTs). We develop 

most of the analysis departing from household surveys, bringing the population 

perspective into the picture and exploring possible public policy implications. We take 

advantage of the many dimensions offered by the microdata sources to develop bivariate 

and multivariate type of analysis of socio-economic determinants of infrastructure 

coverage, which can be seen as a social outcome in itself, as well as their possible social 

impacts. The latter manifestations include flows such as income and earnings generation,  

time cost of transportation and stocks such as housing value and education outcomes. 

In all stages of the analysis we look for causes and consequences of coverage, static and 

dynamic, bivariate and multivariate, emphasizing the roles played by two dimensions: per 

capita income and the geography in order to locate necessary public policies efforts in the 

social strata and in the territory. In particular, we emphasize the role of Brazilian States 

as a unit in the analysis. For example, in the case of the coverage level, multivariate 

analysis allows comparing access of individuals with the same observable characteristics 

(income, family size, education, gender, city size etc.) across different units of federation. 

This allows us to map repressed demand for a future infrastructure expansion. By the 

same token, we also compare the relative evolution of these type of individuals in the 

same areas across time using a difference in difference approach to check if there is a in 

infrastructure coverage convergence process going on. The income dimension enters both 

as a possible determinant as well as a consequence of infrastructure coverage. We test 
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how much it affects the income convergence across Brazilian spatial units and how much 

“exogenous” household income increases affect infrastructure outcomes. 

Script – This paper undertakes a broad empirical description on causes and consequences 

infrastructure coverage in Brazil. It extends our previous work on infrastructure sectors. 

The script of this paper is the following: section 2 introduces the conceptual framework, 

data sources and estimation procedures used in the paper. It also illustrates with the most 

recent data the coverage level observed in the country. Section 3 describes the evolution 

of infrastructure coverage in Brazil. In most of the analysis, we look at a comparative 

perspective across infrastructure sectors. We explore maps at State and Municipal levels 

keeping the scales constant across time. Section 4 also explores bivariate dimensions of 

coverage such as income, age, city size and region. Section 5 attempts to isolate each 

socio-demographic dimension in coverage using multivariate estimation methods, 

typically arising from logistic regressions. We analyze the spatial convergence of 

infrastructure keeping determinants constant across time. Finally, in search of causality 

direction, it explores the expansion of Bolsa Família as an experiment of the impacts of 

pure income effects associated with the expansion of anti-poverty policies on public 

infrastructure service coverage. This is a key policy related point of the article. The 

exercise shows that income increases are not always accompanied by more infrastructure. 

Section 6 starts to analyzing possible social consequences of increasing infrastructure 

coverage in the budget constraint taking into account services costs and payments delays.  

This section also incorporates subjective perceptions on the quality and importance 

attributed comparatively to different infrastructure sectors. Section 7 test using municipal 

level data, the role of infrastructure in the spatial convergence of income and other social 

dimensions such as poverty, human development and its components. Section 8 explores 

the same issue in a more general setting using microdata and quantile regressions. We 

estimate the potential impacts of different infrastructure sectors along the distribution of 

various social indicators such as per capita total income, labor earnings, education, 

imputed rents, commuting costs and a constructed broader social welfare measure. Section 

9 applies a variable selection procedure to rank infrastructure variables in terms of 

potential social impact, such as on poverty and on those discussed in section 8. It includes 

as well externality effects of infrastructure at the community level on individual social 

outcomes. This market failure may justify as well as signal the necessity of certain policy 

interventions. The last section summarizes our main conclusions.   
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2. Empirical Diagnosis on Infrastructure Coverage3  

This section introduces the conceptual framework, data sources, estimation procedures 

used in the paper and presents recent data on the level of infrastructure coverage. 

Motivation – Policy-makers and researchers of the problems of emerging countries, 

particularly in the case of China and South Africa, have recurrently used the term 

"Brazilianization" as representative of the disordered growth of large cities. Over the last 

century, Brazil has become an essentially urban country, with 85% of the population 

living in cities. According to the Census of 1940, 31.2% of our population lived in cities, 

according to the last PNAD, collected in 2015, almost the same proportion of people, 

31.5%, live in metropoles and 54.9% lives in other urban areas. Throughout this process 

of urbanization, we have learned the costs of diseconomies associated with this Brazilian 

population agglomeration, such as chaotic traffic, informality in access to infrastructure, 

the impact of these bottlenecks on productivity growth, education and the unhealthiness 

of our daily living conditions. On the contrary, we should offer more and better public 

services by exploiting the economies of scale, scope and network, for having a large part 

of the population in these large cities. That is, large cities should not be synonymous with 

precariousness, visible in the favelas and peripheries that stand out today as images of the 

country alongside the recent fall of the economy. 

The urban disorder of the Brazilian case surprises more than the Indian one, because we 

have more income and a larger State. However, these are not enough conditions to avoid 

the chaos of cities through more investments in infrastructure, even if accompanied by 

reduced income poverty and inequality. The incentives framework for consumers and 

service providers is necessary in order to flourish social infrastructure and logistics. The 

clearest example of Brazil's waste of opportunity is basic sanitation. However, even the 

largest Brazilian cities - given the location of the population - do not enjoy this basic item. 

We live in the 21st century as if we were in a 19th century European city. The exception 

is the universalization of electricity in cities, where the problem is concentrated in non-

technical losses. Urban transportation measure in terms of commuting time got worst as 

a collateral effect of the previous boom in a context of absence of the supply of public 

                                                 
3 This work extends a series of research carried out by FGV Social for the World Bank and also benefits 
from previous research performed in sewerage and water for the NGO Trata Brasil, on ICTS for Telefonica 
Company and on Urban Transportation for the State of Rio de Janeiro. (see WWW.fv.br/cps/tratabrasil5). 

http://www.fv.br/cps/tratabrasil5
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means of transportation. Internet and especially cell phones expansion opens new 

possibilities for making our cities smarter. But this is the story we are going to explore in 

detail. First, we need to get acquainted with the conceptual approach pursued here, the 

sources of microdata used and the techniques applied throughout the paper. 

Conceptual Framework - The potential social impacts channels of infrastructure changes 

will be assessed here under three headings. First, the direct impact on well-being modelled 

by the individual utility function. Although one may assume different degrees of 

substitution or complementarity between different infrastructure items and other variables 

such as income, we will solely interpret directly the data on coverage rate - as a direct 

social impact in itself. This is the main line of inquiry pursued here. Additionally, 

subjective question on the satisfaction level obtained will add a quality measure of 

infrastructure coverage. We also will interpret directly subjective questions on the 

importance assumed by specific elements as another measure of the relative importance 

of direct well-being effect across different infrastructure sectors.  

Second, the direct impact on the monetary budget constraint depending on the way 

infrastructure services are financed. Household expenditure surveys offer evidence of this 

channel operation by capturing the size of infrastructure pay bills. Also questions on the 

delay of this payment bills will add evidence on this current budget constraint effect and 

help the design of public policies. This channel evidence will be somewhat limited by the 

scarcity of more recent data. 

A third channel explored here is the influence exerted by infrastructure on individuals 

income and assets generation process, modeled by movements along the production 

function, shifts in the production function and on the way individuals connect to inputs 

and outputs markets - for example, in the case of transportation and ICTs. We will not 

attempt to disentangle empirically the operation of these productive/market channels 

labelling them broadly as income generation. At an intermediary level of aggregation, we 

perform standard growth regressions to test how much infrastructure adds to socio-

economic convergence between Brazilian States and between Municipalities, meaning not 

only income convergence but also Human Development Index components convergence 

across these units. Then departing from individual data, we will recur to the estimation of 

mincerian log-linear income equations for the mean and quantiles to estimate the 

correlations across the whole distribution. We incorporate in these income regressions the 
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interaction with human capital and social economic characteristics. Hedonic rent 

equations add evidence of the infrastructure effects on assets value since housing turns out 

to be the most important physical asset of the family in Brazil and elsewhere. Similarly, 

we also perform exercises for the time opportunity cost of transportation and for broader 

societal well-being indicators that includes all the above. Equations on the impact of 

infrastructure on years of schooling and proficiency will complement the analysis.  

Data sources - The main Brazilian National Household Survey, PNAD/IBGE, will be the 

key source of data used along the paper, including the very last edition of PNAD recently 

made available by IBGE. PNAD was discontinued so in a sense this paper consolidates 

the historical series of the survey. We use the survey data from 2004 and 2015, 

complementing previous work done for the World Bank. This is also the period when 

PNAD has a national coverage, including the rural area of the North region of Brazil. The 

two last versions of the Demographic Census provide a finer geographical definition of 

coverage rates and their social consequences. Providing more degrees of freedom to 

estimate the impact of infrastructure on income convergence across Brazilian 

municipalities. We will use other sources of microdata such as Consumer Expenditures 

Survey (POF/IBGE) to capture direct household budget impacts of infrastructure 

provision as well as qualitative assessment of infrastructure. This subjective approach will 

also be pursued using other sources to capture priorities among infrastructure sectors and 

demand related motivations. We will apply a broad set of microeconometric techniques to 

these microdata sets including logistic regressions, mincerian income equations, quantile 

regressions, difference in difference estimators and stepwise variable selection applied on 

top of these empirical models. The data sources and microeconometric techniques used 

are all described in the appendix.  

Coverage Level - We analyze the most recent evidence on the level of infrastructure 

coverage in Brazil as a whole. We focus initially in their respective coverage rates from a 

household perspective using simple proxies that can be used during the 2004 to 2015 

period. The most widespread items in 2015 were electricity (99.72%), cell phone 

(93.46%), water (83.58%), private transportation (61.09%), sewerage (56.89%) and 

Internet (42.47%), We present below the rates of coverage opened by the 27 Brazilian 

Federation Units using the same scale that confirms that sewerage presents not only a low 

but also highly variable coverage across Brazilian States.  
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Same escale 
Link  – 2015 (%) Has a sewerage system  Link - 2015 (%) Water (%) 

 
Has cell phone - 2015 (%) 

 

Has internet access - 2015 (%) 

     
  

Electricity - 2015 (%)  Daily one-way journey time To the workplace (Hours)* 

    

 
Source: FGV Social/CPS from the PNAD/IBGE microdata Same scale except* 

http://cps.fgv.br/tem_esgoto
http://cps.fgv.br/tem_agua_2004_2015
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3. Evolution of Infrastructure Coverage  

Next, we analyze the evolution of total coverage of the population and by the different 

segments of society trying to identify their closest determinants.  The period of analysis 

cover from 2004 to 2015, in which PNAD offer a representative sample of the country as 

a whole including the rural areas of the North region. The graphs below display the main 

changes in the coverage rate or related statistics of this group of six infrastructure items. 

In general, we observe a rise in the infrastructure coverage  

Infrastructure Coverage Evolution % – Public Services

 

Infrastructure Coverage Evolution % – ICTs
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Source: FGV Social/CPS from the PNAD/IBGE microdata 

 

Access to infrastructure services has increased significantly over the past decade. 

This is mainly due to lagged effects of the privatization programs of the 1990s (especially 

in telecommunications), the adoption of public programs aimed at expanding coverage in 

remote areas (especially in electricity due to the “Luz Para Todos” program) and the 

demand effect from the combination of faster household income growth and falling 

inequality that lasted until 2014. Using household level data on coverage of infrastructure 

services, the service that had the highest increase in access between 2004 and 2015 was 

ICT. The past 10 years has seen an explosion in the use of mobile telephones. In 2004, 

around 85 million people had mobile phones at home, and in 2015 the number increased 

to 186 million – an increase of 101 million users. During the same period, home internet 

coverage was extended to an additional 64 million Brazilians.  Despite its rapid growth, 

internet service is the infrastructure service that presents the lowest level of access (42.5 

percent) when compared to other services. On the other extreme is electricity, with an 

access level of 99.7 percent. Access to potable water has an intermediate rate of 83.6 

percent, but significantly more than sewage services, at 56.9 percent. 
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Brazil: share of population with access to infrastructure services (%) 

 

Source: FGV Social/CPS from the PNAD/IBGE microdata 
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4. Bivariate Analysis of Infrastructure Coverage Evolution 

While there has been some convergence over the past decade, significant regional 

differences remain across the country in terms of access to infrastructure services, 

particularly in water, sewerage and internet services. The states with the highest rate of 

access are in the Southeast and South: São Paulo, Santa Catarina. Households in the 

Federal District also enjoy high levels of access to infrastructure services. There is more 

variability among the lower levels of the rankings, but states from the North and Northeast 

regions tend to be at this end of the spectrum. In terms of internet services only 15% of 

the population in Maranhão and Pará have home access compared to 67 percent in the 

Federal District – a more than 50 percentage point difference between extremes. In the 

water sector, access also varies considerably across the different states. In São Paulo, 

access to the water network is around 96 percent, while in Rondonia, access does not 

reach half of this proportion (Figure 5). With respect to sewerage that inherits some of 

the water attributes, 91 percent of São Paulo has access and only 8 percent has access in 

Rondonia. In contrast to the other infrastructure services, electricity coverage displays a 

more homogeneous spatial distribution with at least 99.99 percent of the populations of 

São Paulo, Distrito Federal and Rio de Janeiro having access and on the other extreme 

around 95.5 percent of households in Acre have access.  

Coverage of infrastructure services in rural areas has expanded but the sharp divide 

between rural and urban coverage within the country persists. Only in sanitation has 

rural coverage not changed much. However, access gaps between rural and urban areas 

remain high. While rural areas represent around 14 percent of the Brazilian population in 

2015, only 4 percent of this population has access to sewerage services with only a third 

having access to the water system. In urban areas, where most of the population lives, the 

rate of access to the water system is about 90 percent, while access to sewerage services 

is about 80 percent.  The pattern of low rates of access in rural areas and high rates of 

access in urban areas is evident in all infrastructure services with the exception of 

electricity, where access rates have converged.  

Infrastructure access reflects and reinforces Brazil’s high income inequality. Access 

rates among the poor have been improving in the last decade but coverage remains much 

higher among wealthier groups.. Sewerage, water and internet tend to be the most 

unequally distributed services across income groups. In 2015, less than half of the poorest 
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segment of the population had access to sanitation facilities, compared with 80 percent of 

the richest.  

Income Group – % Infrastructure Coverage 
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Water Network Home Internet Access

Cell phone Car

Source: FGV Social/CPS from PNAD/IBGE microdata
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Age – % Infrastructure Coverage 

 

 

 

 

  

Electricity Sewerage Network

Water Network Home Internet Access

Cell phone Car

Source: FGV Social/CPS from PNAD/IBGE microdata
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Type of Area  – % Infrastructure Coverage 
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Water Network Home Internet Access
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Source: FGV Social/CPS from PNAD/IBGE microdata
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Macro-Regions – % Infrastructure Coverage 
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Source: FGV Social/CPS from PNAD/IBGE microdata
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Bivariate Analysis - public services coverage is crossed by various dimensions, such as: 

income, age, type of area and macro region. As a general remark graphs on the left such 

as electricity, water and cell phone tend to present a faster rate of convergence than those 

on the right side such as sewerage, internet and cars. 

i) income per capita - given the emphasis on combating poverty and inequality, plus the 

possibility of subsidies on income brackets, we choose to divide the sample in three 

groups: the bottom 40%, which is aligned with 11th target of the United Nations 

Sustainable Development Goals, the top 10%, given their explanatory power in Brazilian 

income distribution, and the intermediary group between these two extremes, which can 

be seen as a sort of relative middle class in a statistical sense.  The income dimension tends 

to reproduce the sharper rate of convergence for electricity, water and cell phone, 

mentioned above. 

 ii) age - providing a long-term view of how different age groups benefited or not from 

this coverage, also emphasizing the extremes of the distribution. It is impressive the 

division by age of coverage in traditional public services and cars, where children have a 

much smaller access. While in ICTs the age division is much less pronounced. For that 

matter, the elderly tend to have lower ICT access in spite of their higher income levels.   

iii) type of area – including the division between metro cities and other urban areas, which 

may offer economies, or diseconomies, of scale. The rural area has only a sharp 

convergence movement in the case of electricity and to lesser extent, in cell phone 

coverage.  

iv)  macro-regions – In particular the contrast between the two most populated regions of 

the country: the rich Southeast and the poor Northeast. The south tend to follow the 

Southeastern levels. One regional  feature pointed in previous studies is the smaller access 

to sewerage network in the rich South part of Brazil, where in spite of some recent catch 

up movement, its rates of exclusion are almost at Northeastern levels.  

We devote now our efforts to map the evolution of the geographical distribution of 

infrastructure items across Brazilian States between 2004 and 2015 using the same scale 

across time. 

  



42 

 

Electricity – 2004 / 2015 (%)  
(http://cps.fgv.br/tem_Has Access to Electricity)  

 

 

 
 

Source: FGV Social/CPS from the PNAD/IBGE microdata 
  

http://cps.fgv.br/tem_eletricidade
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Water - 2004 / 2015 (%) 
(http://cps.fgv.br/tem_agua_2004_2015)  

 

 

 
 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

  

http://cps.fgv.br/tem_agua_2004_2015
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Has a sewarage system - 2004 / 2015 (%) 
(http://cps.fgv.br/tem_esgoto)  

 

 
        

 
 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

  

http://cps.fgv.br/tem_esgoto


45 

 

Has cell phone – 2004 / 2015 (%)  
(http://cps.fgv.br/tem_celular_2004_2015)  

 

 
 

 
 

Source: FGV Social/CPS from the PNAD/IBGE microdata 
  

http://cps.fgv.br/tem_celular_2004_2015
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Has Home internet access – 2004 / 2015 (%)  
(http://cps.fgv.br/computador_com_internet_2004_2015)  

 

 

 
 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

  

http://cps.fgv.br/computador_com_internet_2004_2015
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Daily one-way journey time to the workplace – 2004 / 2015 (Hours)  
(http://cps.fgv.br/tempo_de_transp_2004_2015)  

 
 

 

 
 
 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

  

http://cps.fgv.br/tempo_de_transp_2004_2015
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Individuals in Households with Car (%) 
(http://cps.fgv.br/carro_carro_mais_moto)  

 

2008 ________ 

  

2014  

 
        

 

 
Source: FGV Social/CPS from the PNAD/IBGE microdata 

  

2010 

http://cps.fgv.br/carro_carro_mais_moto
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Individuals in Households with Motorbike (%) 
(http://cps.fgv.br/porcentagem_domicilios_com_moto_escala_conjunta)  

2008 _______ 

2014  

 

Source: FGV Social/CPS from the PNAD/IBGE microdata 
  

http://cps.fgv.br/porcentagem_domicilios_com_moto_escala_conjunta
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5. Determinants of Infrastructure Coverage  

Multivariate exercises – We ran now logistic regressions to isolate the determinants of 

infrastructure coverage in the period of analysis. Besides gender, race and spatial variables 

we use second degree polynomials for per capita income, family size, education and age. 

These quadratic terms turned out significant in most of the regressions.  

Year effects - The regression analysis allows us to measure the growth rate of odds ratio 

between 2004 and 2015 keeping socio-demographic structure constant. The highest 

temporal change was observed in electricity, internet and cell phone. The lowest 

expansion was found in water and sewerage. 

Family size – This variable present in general a positive but at diminishing rates effect. 

This point is noteworthy since as product of the demographic transition household size 

has been decreasing. For example, between 2004 and 2015 the mean number of members 

per family was reduced from 4.38 to 3.74, a 14.7% total fall.  Population size grows now 

in Brazil at a 0.8% per year while the household size falls 1.43% per year, creating an 

additional pressure on the infrastructure supply. This means that the infrastructure supply 

has to increase not only because of the existing infrastructure deficit and population 

growth but also because the number of dwellings also increased as a response to the 

household size reduction effect, requiring new infrastructure connections. 

The per capita income effect is positive and diminishing in general. But causation is 

not warranted in any of these partial correlations. Given its central economic meaning it 

is worth analyzing a quasi-experiment presented further below.  

States Evolution – Many of the spatial differences of infrastructure coverage may be 

attributed to differences in income, education, family size, city size, states and so on. In 

order to net out these influences, we use multivariate regressions of coverage described 

above. We focus our analysis on the later spatial variable. The maps presented in each 

page present the geographical dispersion of coverage across Brazilian states. São Paulo is 

always portrait white as the basis (i.e. the omitted variable). The red means that is lower 

than São Paulo, while blue gives the excess with respect to São Paulo. As a general rule, 
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all other States appear in different tones of red except for some statistical draws, meaning 

that the State of São Paulo presents the best infrastructure in the country4.  

Next we run an extension of the previous multivariate exercise also incorporating the 

interaction between State Dummies and year in order to grasp the spatial dimension of 

infrastructure coverage changes. In this second type of regression, we fixed São Paulo as 

the omitted spatial dummy and 2004 as the omitted temporal category. In this way the 

results are directly interpreted as the conditional difference in difference of each state in 

2015 with respect to São Paulo in 2004. Or how much the infrastructure coverage changed 

in relative terms. In most cases the color of the map turns into blue which means that the 

differential between different states and São Paulo tended to fall. This shows a clear 

convergence trend of infrastructure between Brazilian states even if we net out the effects 

of income, education and other variables during this period. To be sure, comparisons 

among states show that an individual from São Paulo has the highest chance of having 

access to almost all infrastructure services than a similar individual in any other state of 

the Brazilian Federation. When we move to the comparison of movements of coverage 

rates, in most cases the color of the map turns into blue. This means that the differential 

between different states and São Paulo tended to fall. This suggests a clear convergence 

trend of infrastructure between Brazilian States even if we net out the effects of income, 

education and other variables during this period. 

Details: Taking São Paulo as the basis, the convergence movement is true for basic public 

services such as Electricity and Water. Electricity convergence exceptions was found in 

the States of Amazonas and Roraima and in the case of Water Network the State of Amapá 

was the sole exception. The location of these States in the more remote areas in the 

Brazilian Amazon are probable driving forces behind these exceptions . Sewarage, 

internet and telephony presents 5 exceptions among 27 states to the general rule of 

convergence with respect to São Paulo. São Paulo comes in second place and Tocantins 

in last, with 95 percent less of a chance than a similar person living in São Paulo. Access 

to both mobile and fixed telephone services are better distributed among the different 

states. The states with higher probability of access to these services are Distrito Federal 

and Rio Grande do Sul, and the states with the lowest probability are Pará and Ceará. 

                                                 
4 For example, Rio de Janeiro in the case of electricity. 
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Electricity - States Odds Ratio  

http://cps.fgv.br/razao_Has Access to Electricity 

 

 

 
Electricity – States Odds Ratio with Time Interaction 

http://cps.fgv.br/razao_Has Access to Electricity_interacao 

 
 
 

 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

  

http://cps.fgv.br/razao_eletricidade
http://cps.fgv.br/razao_eletricidade_interacao
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Water (General Network) - States Odds Ratio States Odds Ratio 

http://cps.fgv.br/razao_agua  

 

 
 

 

Water (General Network) - States Odds Ratio with Time Interaction 
http://cps.fgv.br/razao_agua_interacao  

  
 

Source: FGV Social/CPS from the PNAD/IBGE microdata 
  

http://cps.fgv.br/razao_agua
http://cps.fgv.br/razao_agua_interacao
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Has sewerage - States Odds Ratio  

http://cps.fgv.br/esgoto_razao  

 

 
 
 

Has sewerage - States Odds Ratio with Time Interaction 
http://cps.fgv.br/esgoto_razao_com_interacao  

 

  
 

Source: FGV Social/CPS from the PNAD/IBGE microdata  

http://cps.fgv.br/esgoto_razao
http://cps.fgv.br/esgoto_razao_com_interacao


55 

 

Has a computer with internet at home - States Odds Ratio 

http://cps.fgv.br/razao_comp_com_net  

 

 
 

Has a computer with internet at home - States Odds Ratio with Time Interaction 
http://cps.fgv.br/razao_comp_com_net_interacao  

 

  
 

Source: FGV Social/CPS from the PNAD/IBGE microdata  

http://cps.fgv.br/razao_comp_com_net
http://cps.fgv.br/razao_comp_com_net_interacao
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Has a landline or mobile phone at home - States Odds Ratio 

http://cps.fgv.br/razao_fixo_celular  

 

  
 

Has a landline or mobile phone at home - States Odds Ratio with Time Interaction 
http://cps.fgv.br/razao_fixo_celular_interacao  

 

  
 

Source: FGV Social/CPS from the PNAD/IBGE microdata  

http://cps.fgv.br/razao_fixo_celular
http://cps.fgv.br/razao_fixo_celular_interacao
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Ln equation of course time evaluated at hourly-wage (main job) - States Odds Ratio 
http://cps.fgv.br/estimativa_equacao_de_ln_de_tempo_de_percurso_ao_trab  

 

  
 

Ln equation of course time evaluated at hourly-wage (main job)  
- States Odds Ratio with Time Interaction 

http://cps.fgv.br/interacao_equacao_de_ln_de_tempo_de_percurso_ao_trab  

  
 
 

Source: FGV Social/CPS from the PNAD/IBGE microdata 

 

http://cps.fgv.br/estimativa_equacao_de_ln_de_tempo_de_percurso_ao_trab
http://cps.fgv.br/interacao_equacao_de_ln_de_tempo_de_percurso_ao_trab
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Causality and the Bolsa Família Experiment – Next, we used the marked expansion of 

Bolsa Família between 2004 and 2006, when it almost doubled the number of 

beneficiaries, to test the effect of “exogenous” income changes on access to public 

services. For this, we use the 2004 and 2006 PNAD supplements on social programs. The 

effect is captured by a difference-in-difference estimator generated from the interaction 

of the dummy variable year (before and after expansion) with the dummy variable for the 

program eligibility criterion (per capita household income less than R$100 monthly in 

real terms, excluding income earned by social programs). The regression is also 

controlled by age, race, migration, and other variables, such as a dummy for a slum 

dweller, demographic density, and federation unit. 

We present the results of the multivariate logistic regression models of access to different 

services to try to capture the effects of the income expansion, using as an instrument the 

population eligible to Bolsa Família, controlling for the same characteristics mentioned 

above5. That is, we analyze how much the increase of the access to public services is 

related to the increase of income of this population through the expansion of 67% of the 

program coverage between 2004 and 2006. The following results focus on the variables 

used in the interaction, isolated and combined. These variables show that, in the 

controlled analysis, electricity, garbage, cell phones and internet grew in the period: The 

access chance is 2 times greater in the second year. Sanitation, water and landline 

telephone services have a relative drop (odds ratio of 2006 in relation to 2004 of 0.97, 

0.96 and 0.79, respectively) when we control for the attributes of the person. In the case 

of transportation time we use a log-linear regression using that same controls. The results 

shows an increase of 1.1% between 2004 and 2006. Next, we compare the access of the 

eligible population to Bolsa Família versus the others with all similar characteristics, 

including income as a continuous variable: the chances of access to all these services and 

assets, except for the general water network, are lower for the low income group. In the 

case of access to sanitation, the odds ratio of the low income in relation to the others is 

0.71. The transportation time was 1.2% higher for the low income group reflecting the 

impact of lack of resources on the outcome. Finally, we used the dummy variables above 

(eligible*year) to measure whether the income gain of the low-income population 

increased more than the others. The results are a relative improvement for all items 

                                                 
5  Neri and Andrade (2011) presents a description of the logistic regression technique used here and the 
estimated complete models. 
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(except sanitation). In the case of cellphone access and fixed telephone the chances are 

13% and 11% higher, while in access to public services, such as garbage collection, 

electricity and general water network, the chances are 13%, 11% and 8% higher, 

respectively. The improvement of transportation is captured by a -1.3% fall in commuting 

time at individual level6. The same goes for assets such as computer connected to the 

internet and bathroom at home. However, for sewerage connected to network there was 

no statistically significant improvement in relation to the other group. The higher income 

did not impact access to the sewerage network of the population eligible to the program. 

This lack of sensibility may be due to the predominance of externalities in the supply of 

sewerage where individual or private returns to sewerage connection benefits mostly 

others. 

  

                                                 
6 We run a similar exercise using transportation time evaluated at the wage rate of the commuter and 
there was no statistically significant change between these groups. 
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6. Perceptions, Priorities and Empirical Comparisons 

We also incorporated a more detailed geographical analysis. In household surveys, we 

included Census, which provides a longer, more spatially detailed view; the National 

Household Sample Survey (PNAD), which provides the temporal details and updates this 

evolution; and the Family Budget Survey (POF) that allows the measurement of impacts 

in the household budget and the perceived quality of services. 

Empirical Comparisons - One advantage of using household surveys such as PNAD and 

POF is to analyze people's views. We can also use data from service providers through 

the National Sanitation Information System (SNIS) and data on water and sanitation 

reported by companies to the Ministry of Cities. Barely comparing, while the latter 

analyze people more informed and interested in the subject, the latter analyze more 

uninformed people, I admit, but also more disinterested in appearing good or bad in 

statistics. The two pieces of information are complementary. We propose here a 

conciliation: to use the 2008 School Census information on 197 thousand Brazilian 

schools. School principals are more informed than the average citizen who responds to 

household surveys, but also more disinterested to appear good than the manager of a 

service provider. There is reasonable consistency between rates of coverage of public 

services in schools and those perceived in households, at least within the capitals of the 

federation units. 

 

Comparison of Coverage in Schools - The results presented now reflect what we 

observed in Brazilian schools, in which the lack of sanitation is more intense than of other 

public services. While the proportion of schools with sanitation in 2008 was only 39.58%, 

the other services coverage are much higher: water supply (62.64%), electricity (88.24%) 

and Garbage collection (62.93%). It should also be noted that sanitation in schools is 

lower than for the households. One advantage of the School Census is to allow the yearly 

analysis of various infrastructure items at the municipal level7.  

 

                                                 
7 SAEB microdata also from MEC allow us to monitor every two years at more aggregate State level, but 

also including home coverage data and questions related to the school infrastructure quality perception. 

This data will be analyzed in section 10.  
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Perceived Quality - The IBGE Household Budget Survey allows us to explore the 

perceived quality of access to services. That is, we leave the dichotomy between having 

and not having access to sanitation or water and enter into the subjective scope. In general, 

the quality of services associated with water enjoys lower perceived quality than that of 

public services such as electricity and garbage collection. Regarding access to water, 

82.5% of the Brazilian population evaluates access as "good" and the rest consider it 

"bad", while only 71% of those who have access to sanitation consider it "good". For 

electricity and garbage collection services, the percentages for "good" are 92.45% and 

87.65%, respectively. It is worth remembering that we are only evaluating quality here, 

not the percentage of access. 

 

Perceived Quality in Metropolis – Infrastructure supply is heavily influenced by 

economies of scale involved in the construction of networks. An analysis at the main 

Brazilian cities level should yield a more relevant context of comparison among various 

public services. We observed that the level of general sewage network coverage in the 

metropolis (67.5%) was much lower than other public services, such as water (92.3%), 

garbage (86.8%) and electricity (98.2%). Note again that general sewage network 

coverage is a necessary condition for the provision of sanitation, which in turn is a 

sufficient condition for the collection benefits to materialize in their integrity. The same 

is true for the perceived quality of public services in schools. In general, the quality of 

services associated with water enjoys lower perceived quality than that of public services 

such as electricity and garbage collection. Regarding access to water, 81% of the 

population living in a metropolis evaluates access as "good" and the rest consider it "bad", 

while only 69.5% of those who have access to sanitation consider it "good". For electricity 

and garbage collection services, the percentages for "good" are 92.3% and 87.8%, 

respectively.  

 

 The answer to the emphasis given to basic sanitation bad indicators is due not only the 

lower level of coverage and perceived quality of sewage, or the lower rate of relative 

growth of this service over time. Is represents an opportunity we have to begin to change 

now, in a more quickly way, the sanitation framework, which is a function of the advent 
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of the new regulatory framework, with more resources available and greater awareness 

of the population and the political class in the cause of sewage8. 

 

Priorities – Besides the subjective quality attributed to each infrastructure service, one 

may also investigate the weights given to them by the population itself. An analysis of 

the priorities of the Brazilian population is made in terms of public policy vis-à-vis the 

global population through the questionnaire in My World, from the UN to support the 

definition of the new Sustainable Development Goals. These questions were incorporated 

in an national wide representative household survey implemented by Ipea in 2013 with a 

sample size of 3,8 thousand individuals across 215 Brazilian cities. Out of 16 items, 

infrastructure variables stay in the following positions: Transportation (7th); Water and 

Sanitation (9th); Electricity (13th) and ICTs (16th). According to the global wide sample 

infrastructure priorities were: Water and Sanitation (5th); Transportation (12th); ICTs 

(16th) and Electricity (15th). 

 

Expenditures and Delays in Accounts - Household per capita expenditure with water 

and sewage bills for each Brazilian is R$4.48 per month at December 2008 prices (65.5% 

of the population has expenses with these services, which represent 0.79% of the labor 

earnings). Among those who actually have these expenses the expenditure is R$ 6.83 per 

capita per month. The values of these accounts are slightly higher in the total capital 

population than in the peripheries: R$ 5.54 against R$ 5.1 in per capita terms per month, 

respectively. This occurs even with a lower proportion of the population with this type of 

expenditure in the former versus the latter, 66.5% compared to 70.3%, respectively. 

The POF also allows analyzing delay of light, gas, water and sewage taken together. It 

was found that, of the sample among those with water and sewage bills, 45.65% delayed 

household bills in the last 12 months. The delay was reported higher in the capitals than 

in the suburbs, 51.5% and 48% 7%, respectively. These problems of delay can inhibit and 

even prevent the provision of the service by the operators. The other economic issue here 

are the so-called technical loses involved in the provision of public services as a result of 

informality in the access of public services, in particular electricity. 

                                                 
8  Studies show that for every R$1 applied on sanitation there is an economy between R$1.5 and 
R$4 in the health system expenditures. 
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7. Social Convergence and the Role of Infrastructure 

In this section, we followed the standard economic growth literature and tested the role 

of infrastructure variables in terms of reducing inequality between income and other 

variables across Brazilian Units of the Federation. We basically implemented a standard 

convergence analysis running regressions of income growth against the natural logarithm 

of initial per capita household income comparing the results with and without 

infrastructure variables. Preliminarily, we use the same infrastructure variables described 

above from  PNAD. using the 27 Brazilian states as units of analysis from 2004 and 2015. 

The results were not very satisfactory given the few degrees of freedom involved in this 

type estimation.  

 

The next step was to try to overcome this lack of degrees of freedom scarcity using data 

at municipal level with more than 5500 observations for each year. We decided to extend 

the analysis beyond income using a myriad of social endogenous variables coming from 

various sources: municipal accounts, Atlas of Human Development (Ipea, UNDP and FJP 

(2013), proficiency data from INEP plus a series of infrastructure constructed using the 

Demographic Census microdata. The set of variables tested includes per capita GDP, per 

capita household income, the Human Development Index, its 3 components plus a series 

of related variables such as poverty and inequality, life expectancy, child mortality, school 

attendance for various age brackets and the Basic Education Development Index (IDEB) 

which includes the results of proficiency exams.. For each of these variables we run a set 

of three regressions.  

 

i) Unconditional growth regression:  endogenous variable growth against the 

natural logarithm of its initial value plus a constant. This simple regression 

provides useful references for the comparison with the next two regressions. 

 

ii) Conditional growth regression:  same as above (endogenous variable 

growth against the natural logarithm of its initial value) plus a set of 

infrastructure coverage variables which includes water, sewerage, garbage, 

electricity, telephone and computer in 2000. The comparison of the lagged 

variable coefficient with the first regression gives an idea of the infrastructure 

variable in terms of the observed speed of convergence. While the comparison 
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of the adjusted R2 yields the marginal contribution of infrastructure variables 

in terms of growth. 

 

iii) Simple growth against infrastructure regression against the six 

infrastructure variables plus a constant: the R2 provides de gross explanatory 

power of the set of infrastructure variables by itself.  

We present in the graph below a synthesis of the speed of convergence for all variables. 

For 16 out of the 17 endogenous variables tested, the speed of convergence is higher at 

face value with the set of infrastructure variables than the model without infrastructure.  

 
Source: FGV Social / CPS from the Demographic Census IBGE microdata; Ipea, 

UNDP and FJP (2013) and INEP/MEC. 

 

The somewhat surprising exception is GDP, where the size of the lagged endogenous 

variable coefficient decreases in absolute terms when we include the infrastructure 

parameters. Household income seems to capture better than GDP the infrastructure 

induced effects.  
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Regressions for Rates of Change across 5500 Municipalities between 2000-2010
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Poverty rate regression was treated in levels with the results showed below:  
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Endogenous Variable: Poverty (Proportion of Poor) Variation 2000-2010

Coefficients Stat t Coefficients Stat t Coefficients Stat t

Intercept -6.991 -39.45 11.029 14.39 -19.622 -35.55

Endogenous -0.264 -69.88 -0.333 -49.89

Water_network -0.015 -3.13 -6.390 -11.01

Garbage_collected -0.024 -4.68 5.642 9.62

Electricity -0.168 -24.66 -3.134 -4.16

Sewerage Network 0.022 6.24 3.495 8.09

Has_Telephone -0.004 -0.42 18.304 15.95

Has_computer 0.294 8.06 46.048 10.50

Adjusted R-squared: 0.4702 0.5520 0.3491
y = -0.264x - 6.991
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Another statistics across these series of regressions that is worth looking at is the adjusted 

R2 that captures the potential explanatory power of infrastructure in terms of the various 

dimensions of social progress presented in the graph below. For example, in the low end, 

the gross contribution of this vector on child mortality below one year of age is 13.9%.  

On the high end, two thirds of the Human Development Index variation across Brazilian 

municipalities is explained solely by this six-fold infrastructure vector.  

 

Source: FGV Social / CPS from the Demographic Census IBGE microdata; Ipea, 

UNDP and FJP (2013) and INEP/MEC. 

 

The Human Development Index regression, as its name suggests, is a more encompassing 

measure of social progress, including inside by construction the effects of other variables 

considered. The table and the graphs below illustrate the correlation between the growth 

of the Human Development Index. 

# This regression is for the endogenous variable in percentage against its variation in percentage points

## sample for 5010 cities between 2007 and 2015
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The growth regression exercise with infrastructure variables as explanatory variables  was 

to some extend unsatisfactory when one look at the signs of the infrastructure variables. 

We should do tests taking advantage the availability of household surveys microdata. 

 

Before moving to the next step of the analysis it is useful to pose a few additional 

questions, namely: Why income convergence between states in Brazil matters? There is a lot 

of income inequality within States. Why not looking at overall inequality directly? Should we 

invest in poor States, or in poor people anywhere in the country? Should we be looking in 

broader terms a social welfare that combines lower overall inequality and higher overall growth?  

What type of inequality measure should we use? Overall inequality measures such as Gini, 

Atkinson or Theil that gives a lot of weight to the top of the income distribution? Or should we 

use instead a poverty measure and derive inequality measures from there? To be sure, what is 

the objective function to be pursued more standard Social Welfare Functions, or poverty 

directly. 

Endogenous Variable: Human Development Index (HDI) Growth 2000-2010 

Coefficients Stat t Coefficients Stat t Coefficients Stat t

Intercept -0.154 -71.08 -0.197 -22.98 0.720 108.29

LN (Endogenous) -1.514 -212.73 -1.669 -117.32

Water_network -0.016 -4.40 -0.018 -2.60

Garbage_collected 0.020 5.14 -0.071 -10.10

Electricity -0.026 -4.57 -0.389 -42.93

Sewerage Network -0.019 -6.86 -0.020 -3.86

Has_Telephone 0.101 12.80 -0.233 -16.85

Has_computer 0.237 8.32 -0.234 -4.43

Adjusted R-squared: 0.8916 0.9037 0.6626

y = -1.514x - 0.154
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Another related question: should we use per capita GDP or incomes that come directly from 

household surveys? The former is more related to growth and production considerations which 

may be a key intermediary step. While the latter is a closer source of peoples well-being. First, 

because the concept itself that is more related to what accrued to people and second because 

it allows to calculate the dispersion of income between individuals. 

 

The next step is to construct from household surveys microdata a platform to test the 

social impacts or at least the correlations social outcomes with the series of infrastructure 

variables proposed. First, we construct from PNAD 2004 and 2015 a series of social 

results variables which includes per capita household income (total sources and labor 

earnings), years of schooling (for the whole population and for people between 7 and 15 

years of age). Imputed rents coming from a hedonic equation and the opportunity time 

cost of commuting time evaluated at individual hourly wage rates. 
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8. Distributive Analysis of Infrastructure Social Impacts  

We now address possible social impacts of our basic infrastructure items on the 

distribution of a vast array of end variables. These social results include per capita total 

income, per capita labor earnings, years of schooling, rental value and transportation time 

cost. To capture the distributive asymmetry of these impacts we use a quantile regression 

approach divided by vintiles. This approach allows us to isolate changes observed along 

the distribution of these variables controlled by similar variables used in the other 

regressions such as gender, race, city size, unit of federation and second degree 

polynomials for age, household size, per capita income9 plus a series of categories for 

infrastructure elements discussed above. We opt here to use more detailed categories for 

each type of infrastructure. This allow us to recognize finer differences in their potential 

impacts. For example, in the case of water services instead of using the binomial having 

or having not access to water network we use water sources coming from wells and local 

fountain, common in rural areas, and also other alternative water sources to incorporate. 

We do not attempt to extract causal relationships here because we do not have 

experiments or quasi experiments to warrant for each of the variables analyzed, as in the 

previous estimation of income impacts on infrastructure coverage. Nevertheless, these 

exercises do provide useful information. In the case of income and rental equations this 

type of exercise can help to target socio-economic groups for the selection of beneficiaries 

of social programs. We use a traditional mincerian log-linear equation approach to 

measure these influences on income. In the case of rental value, we estimate an hedonic 

log linear equation incorporating housing characteristics such as number of rooms and 

number of bedrooms, the existence and location of bathrooms, type of house (or 

apartment), type of construction materials used in walls and ceiling. This is a typical 

exercise that allows the estimation of housing wealth, that is the most important physical 

wealth component, or alternatively to be incorporated on top of income as imputed rent 

values. Similarly one can deduct directly from income the opportunity cost of 

transportation of those that go directly to work using the respective hourly-earnings 

values. Labor earnings is another key determinant of total income while years of 

schooling is the most important determinant of both income variables. In turn, years of 

schooling for the 7 to 15 years of age group provides a flow perspective on the 

                                                 
9 Except when we use income as the explained variable. 



70 

 

determinants of the stock of the quantity of education. Both equations are regressed in 

levels.  

We will discuss for each social result variable the regressive, neutral or progressive 

pattern of impacts for each infrastructure variable using a graphical perspective and 

reporting the results for the 40th and 90th percentiles. Also for the sake of concision, we 

present here an analysis of various infrastructure items following an increasing order of 

magnitudes around the median of BSW10. Lack of Electricity - The coefficient by those 

who use Oil, Kerosene or Gas as sources of light in comparison with those that have 

electricity at home as a general rule presents a robust negative sign in all results variables 

tested. Total Income plus Imputed Rent Minus Transportation Time Cost – In this 

overall welfare measure coefficients are always negative and reaches the bottom at the 

60th percentile. The distribution reaches -6% at the 40th percentile and -7.8% at the 90th 

percentile. Total (reported) Income -  always negative effect rises from -7.5% at the 40th 

percentile to -9.4% at the 90th percentile; Labor Earnings – Starts positive but is negative 

in 18 out of 20 vintiles. Does not change much when comparing -4.3% at the 40th 

percentile to -4.4% at the 90th percentile; Rental Value - always negative effect, bigger 

than the previous variables. It falls from -42% at the 40th percentile to  -19.3% at the 90th 

percentile.  Years of Schooling – almost always negative effect rises from -25.3% at the 

40th percentile to -38% at the 90th percentile; Years of Schooling (flow) for population 

between 7 and 15 years- almost always negative effect. Falls from -46.9% at the 40th 

percentile to -25.8% at the 90th percentile11.  

 

Lack of Water - The coefficient of those with no connection to Water Network at home 

as a general rule also presents a robust negative sign in all results variables tested. Total 

Income plus Imputed Rent Minus Transportation Time Cost – Coefficients are 

always negative and reaches the least negative values around the median. The distribution 

of coefficients reaches -20% at the 40th percentile to -19.2% at the 90th percentile. Total 

Reported Income -  always negative effect. Relatively stable around  -18% between 40th 

                                                 
10 The reader is invited to analyze the distribution for each type of infrastructure impact of each social 

component in the appendix.  Including the full specification of the model, the graphical results for other 

categories and the full set of equations estimated.  

 
11 Imputed Rent – It is also always negative ranging from -4.91% at the 40th percentile to  -6.65% at the 
90th percentile. We present the results in the appendix, but we decided to include imputed rent in all 
analysis since its effects are included in the most general measure used here and some of its effects can 
be grasped through the rental value hedonic equation above in this paragraph. 
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and 90th percentile, more negative at the extremes of the distribution ; Labor Earnings –

very similar pattern to total income across vintiles, with coefficients 2 to 3 percentage 

points more negative; Rental Value - always negative effect. Has a negative trend as we 

move to the top of rents distribution little around -25% fluctuates from the 40th percentile 

to  the 90th percentile. Years of Schooling – somewhat similar pattern to last two items 

coefficients fluctuate from -30% at the 40th percentile to  -36% at the 90th percentile; 

Years of Schooling (flow) for population between 7 and 15 years- effect more negative 

at the basis of the distribution. Its negative effect falls from -28.7% at the 40th percentile 

to  -16% at the 90th percentile;  

Lack of Sewerage – Coefficients of those who live in dwellings with Rudimentary 

Cesspit compared with those that have a Sewerage Network connection at home presents 

a very robust negative signs in all results variables tested except years of schooling for 

those at the age corresponding to primary level of education12. Total Income plus 

Imputed Rent Minus Transportation Time Cost – The effect increases almost 

monotonically in absolute value as we move to the upper tail of the distribution from  -

18.3% at the 40th percentile to -24.3% at the 90th percentile. Total Income - always 

negative effect with an inverted U-shaped pattern rising  in the intermediary interval 

between -12.3% at the 40th percentile to -18.2% at the 90th percentile; Labor Earnings –

very similar pattern to total income across vintiles, with similar magnitude of coefficients 

2 to 3 percentage points more negative (bigger); Rental Value - always negative effect 

with an almost monotonic increase in its negative effect. It falls from -22.6% at the 10th 

percentile to -18.6%  at the 40th percentile reaching  -14.4% at the 90th percentile. Years 

of Schooling – usually negative effect but higher at the middle of its distribution. 

Negative effect falls from -37% at the 40th percentile to -32.7% at the 90th percentile; 

Years of Schooling (flow) for population between 7 and 15 years- small coefficients not 

always negative effect. It changes from -1.52% at the 40th percentile to -0.05%  at the 90th 

percentile;  

Communication - The impact coefficient of those who are in dwellings with telephone 

or cell phones for at least one of the household members compared to the rest of the 

population without this device. Note that we are looking now those who have access 

compared with those who have not so all the signs in the impact analysis of infrastructure 

                                                 
12 This pattern replicates itself for other types of sewerage especially those not connected to any 
network, especially those related to sewage directed to natural water deposits. 
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work the other way around. Most of the effect is due to cell phone possession that became 

much more diffused than landline phone. As opposed to the internet, the total income 

effect is higher than the labor earnings effect but both remain higher than the rental value 

effect. The cell phone effect is relatively higher on the basis of the distribution than 

internet access. The statistics organized by type of social outcome show that:  as a general 

rule, communication coefficients present a robust positive sign in all results variables 

tested. Total Income plus Imputed Rent Minus Transportation Time Cost –  Overall 

effects increases from 34.7% at the 40th percentile to 43.4% at the 90th percentile. Total 

Income -  always positive effect following an U shaped pattern with bigger effects on the 

extremes of the income distribution. This suggests that the bottom also benefits a lot from 

cell phone contrary to what happened with internet access. In the 5th percentile the 

coefficient is 36.4% reaches 32% at the 40th percentile then rises back to 36.5% at the 90th 

percentile; Labor Earnings – always positive effect rising almost monotonically 

suggesting that the bottom part of the distribution does not benefit as much as in the total 

income which may suggest that is not a labor related issue. The coefficient rises when 

comparing 30.6% at the 40th percentile to 36% at the 90th percentile; Rental Value - 

always positive effect with a declining trend especially as we move from the 5th to the 

20th percentile stabilizing between 12% and 11% from this point onwards. The respective 

coefficient is much smaller than the income and labor earnings coefficients. Years of 

Schooling always positive effect following an inverted U shaped pattern with smaller 

effects on the extremes falling from 149% at the 40th percentile to -124% at the 90th 

percentile; Years of Schooling (flow) for population between 7 and 15 years- With the 

exception of zeros in the upper half of the distribution falls from 29.4% at the 40th 

percentile to 27.9% at the 90th percentile.  

Internet - The impact coefficient of individuals in dwellings with internet access 

compared with those without it presents a robust positive and high sign in all results 

variables tested. The coefficients presents a positive trend as we move towards the top of 

each distribution, suggesting at face value that those at the top benefit relatively more 

from internet access. The income variables related coefficients increase along each 

particular concept. As a consequence, the diffusion of internet should lead to a divergence 

in these different social outcomes. Total Income plus Imputed Rent Minus 

Transportation Time Cost –  effects increases from 58.4% at the 40th percentile to 

82.7% at the 90th percentile. Total Income – always positive effect rising almost 



73 

 

monotonically. It changes from 52.8 % at the 40th percentile to 68.8% at the 90th 

percentile; Labor Earnings – Also always positive effect rising almost monotonically 

along the distribution. Effect very much alike the previous total income effect but a little 

steeper. Magnitude 2 to 3 percentage points lower in bottom percentiles and 2 to 3 points 

higher in top percentiles. It changes from 49.2% at the 40th percentile to 71.2% at the 90th 

percentile; Rental Value - always positive effect also with an upward trend as we move 

towards the top of the distribution but its magnitude is smaller than the income variable. 

Rises from 11.5% at the 40th percentile to 12.8% at the 90th percentile. Years of Schooling 

–always positive and substantive effects, more pronounced in the core of the formal 

human capital distribution. This effect falls from 159% at the 40th percentile to 107% at 

the 90th percentile; Years of Schooling (flow) for population between 7 and 15 years- 

positive in most parts of the distribution with a few zeros. It rises from 14.4% at the 40th 

percentile to  21.3% at the 90th percentile;  

Commuting Time evaluated at hourly-wage rate – It works as an approximation to 

transportation cost in urban areas. It is included in the broader welfare measure. We just 

check whether it has increased from 2004 in 2015 and its distributive change pattern. The 

5% poorest had the highest increase of 41.1% that tended to decrease reaching 33.6% at 

the 40th percentile with some stability reaching to 32.3% at the 90th percentile, then rising 

to 35.4% in the top vintile; 
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9. Ranking Infrastructure Direct Social Impacts & their Externalities 

Stepwise Models -Instead of imposing a particular model of analysis, we implement here 

a stepwise variable selection procedure to determine which socio-economic and 

infrastructure related variables are more statistically important to explain each social 

outcome variable seen in section 8. We also include poverty in this analysis using a 

binomial logistic regression, the remaining variables we apply an OLS log-linear 

minceriana regression. Given the results of the quantile regressions where each category 

of each infrastructure variable was tested, we use here a twofold division of the most 

relevant category for each variable. In the selection process we included variables that 

capture externality effects from infrastructure. This is done by including in the regressions 

the mean of these variables across geographic areas. The idea is to see how much a 

subdivision of the 27 units of the federation into three or four areas each namely rural, 

urban non metropolitan or capital of the state. In the case of the states that include one of 

the 11 major Brazilian metropolitan cities we include a finer division between capital and 

suburbs for these metro regions.  Given the difference in economies or diseconomies of 

scale between cities sizes. After the variable selection process, we discarded externality 

related variables with signs that are in disagreement with the expected sign provided by 

theory. The idea is that beyond individual impacts at the household level, what our 

neighbors and other community members have in terms of infrastructure use may also 

affect ours respective social outcomes. For example, if there is a widespread diffusion of 

landline or cell phones in my region of residence the value of my phone line increases 

due to network scales, given the fixed cost of intercity connections. Following a different 

strand the effects of electricity access at the community level may also improve my social 

outcomes through better work opportunities or school or health services. Transportation 

use on the other extreme imply a common good congestion problem where the excessive 

use of infrastructure generates a negative externality on all users. The order of variable 

selection is indicative of the relevance reached by each explanatory variable. 

 

 Poverty - In the case of the proportion of the poor, the six infrastructure variables are 

significant in descending order: communication, internet, transportation, water, electricity 

and sewerage. Two of the externality related variables also presented statistically 

significant impacts, namely mean transportation time and mean electricity coverage. The 

respective regression coefficients can be found in the appendix. 
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Mean Broader Welfare -  For broader social measure mean - that includes besides total 

income sources from PNAD survey, imputed rents from housing minus opportunity time 

cost of commuting at individual level – the results are similar to poverty, with ICTs and 

transportation time presenting highest significance. Externalities with respect to 

electricity and transportation time are also included in the final model. Internet related 

infrastructure at the regional level does not show any geographical externality, which is 

somewhat expected since the use of the so-called world wide web allows to overcome 

these location barriers. One difference is that externality of communications appears here 

as one of the top variables. 

  

Externalities and other social outcomes - The existence of intercity and inter-state costs 

makes the case for stronger externality at the local level. If we look at total per capita 

income as well as labor earnings they both are show externality effects in the same fields 

of phone communications and transportation. In contrast, completed years of schooling 

are affected by internet related infrastructure. This may be a proxy for the effects of the 

digital age in schools, libraries and so on. When we restrict this variable to school age 

between 7 and 15 years of age, the main externality is yield by electricity. Programs like 

Light in Schools (Luz na Escola) and Light for Everybody (Luz para Todos) attempt to 

explore this effect. Imputed rents indicate that housing values are also affected by phone 

communications and transportation costs, especially the former that occupies the top 

position among all explanatory variables. 
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10. School Performance and Infrastructure  

Using the microdata of the Basic Education Evaluation System (SAEB/MEC) of 2003 

and 2015, we estimated the impact of infrastructure variables in school proficiency and 

grade repetition. This is done combining the objective infrastructure coverage 

information at students home and at school with the perceived quality of infrastructure 

services in school and running OLS regressions explaining proficiency tests outcomes in 

levels. We focused especially in kids in the fifth grade, once this group represents the 

youngest group evaluated and the next generation within Brazilian workforce. Results for 

the fifth grade in Mathematics and Portuguese language reveal an improvement of the 

educational system during this period, with a mean increase of almost 35 and 31 points, 

respectively. Multivariate results do not allow us to reject the hypothesis that investment 

in public infrastructure services is more important for proficiency improvement than 

typical physical investment in school buildings, once good electricity and water 

installations had a higher impact than the conservation status of classrooms and 

bathrooms. Robustness tests were made with the math exams of students in the ninth 

grade and in the last year of high school. 

Between 2003 and 2015, Brazilian students in the fifth grade improved almost 25% their 

proficiency in math tests, going from a mean of 177 points up to a mean of 219 points, an 

improvement of 42 points. In both years, students with bathroom at home had a better 

performance than those who had not. The same pattern was observed for students with 

computer at home. In terms of schools infrastructure in terms of attributes like electricity, 

water, illuminated and well-made classrooms and bathrooms, students enrolled in schools 

with good infrastructure had higher proficiency. Nevertheless, what can we say about the 

impact of the verified coverage expansion of these infrastructure attributes on the upward 

trend in math proficiency? In other words, have they contributed for the recent proficiency 

improvement? 

Multivariate results for the math proficiency of the fifth grade students were controlled 

for year (2003 and 2015), student characteristics (sex and color), household assets 

infrastructure (existence of bathroom in student house and existence of computer in 

student house), school characteristics (if school is private or public and rural or urban) 

and school assets infrastructure (has good illumination and well-made classrooms, has 

good bathrooms, water installations and electricity). Students with the same household 

and school characteristics had an improvement of almost 35 points in 2015 compared 
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with 2003, which represents a progress of the quality of education13. We observed the 

same pattern for similar students that differed only in terms of infrastructure coverage, 

whether at home or school, as the graph below shows. Those with access to good 

installations of electricity and water in school had a math proficiency, in average, 7 and 

6 points higher, respectively. It is interesting to notice that classrooms walls in good 

status, our proxy for well-made classrooms, showed little importance for the outcome, 

suggesting at face value that investment in public infrastructure services that is connected 

outside schools was more important for proficiency improvement than typical private 

investment in buildings. However, the quality of bathrooms seemed important, once 

students with access to good bathrooms had proficiency 9 points higher. Robustness tests 

for Mathematics in the ninth grade and the last year of high school, besides Portuguese 

exams for the 5th grade, generated interesting results. Both ninth grade and last year of 

high school presented similar results in math proficiency for household and school assets 

infrastructure. The difference were the neutrality of good electricity installations and the 

kickback of mean proficiency measured by the dummy for 2015 in the last year of high 

school estimations. On the other hand, Portuguese language for the fifth grade had a 

similar evolution process. The average proficiency advanced 22.5%, going from 170 up 

to 207 points, while students with household assets infrastructure and school assets 

infrastructure had higher scores. The controlled multivariate tests showed that similar 

students in schools with good private and public infrastructure were better ranked. 

Electricity (10 points), bathroom (8 points) and water (5 points) were the main 

infrastructures assets of impact. The improved quality hypothesis also remains, with a 30 

points average for students in 2015 than in 2003, given their controlled characteristics. 

                                                 
13 Taking into account the hypothesis that our coefficient is not being influenced by omitted variables or 
any kind of bias. 
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The difference-in-difference method provides a dynamic analysis of the infrastructure 

contribution, once it compares the difference in proficiency between students with access 

to an infrastructure asset in 2015 and 2003 with the difference between the group of 

students marginalized in terms of these assets in both years. Controlling for home and 

school attributes, students with access to good electricity and water installations in school, 

compared with those without that, had an average proficiency improvement of 27 and 11 

points, respectively, between 2003 and 2015. In the other hand, at the same period, 

proficiency of students with access to good bathrooms and classrooms in school had no 

statistical difference than of students enrolled in more precarious schools. Therefore, the 

diff-in-diff test corroborates the main role of public infrastructure in the recent upward 

movement of school proficiency in the fifth grade. Robustness tests for math exams for 

the ninth grade and the last year of high school showed no statistical significance for good 

electricity installations diff-in-diff coefficient, however, most water interaction 

coefficients were with switched sign, especially for the last year of high school.  

The diff-in-diff method for proficiency in Portuguese language for the fifth grade, 

notwithstanding, presented new features. While good quality of electricity installations at 

school remained the main infrastructure attribute, with 28.6 points of difference in favor 

or those with access between both years, coefficient of good quality of water installations 

#Controlled for household assets infrastructure, student general characteristics, school assets infrastructure and year of the survey

## All coefficients significative at 99%

Source: FGV Social/CPS using SAEB/IBGE microdata
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and bathroom, were not statistical significant14. Well-made classrooms coefficients 

neither. 

 

We also applied a process of variable selection using a stepwise statistical procedure. This 

program evaluates all the variables pre-selected to the model and rank them by better 

adjustment with the variable of interest. In both models for fifth grade mathematics 

proficiency (with and without interaction variables), the champion and runner-up 

variables were “computer at home” and “color” of the student. “Bathroom at home” and 

“local of the school” (urban or rural) were in the third and fourth positions for the model 

without interaction, respectively. Both variables lost one position for the interactive 

variable “Bathroom at school*Dummy 2015”, that was in third place in the model with 

interactions. Water and Electricity installations were in top 10 in both models. Eighth and 

ninth positions, respectively, in the model without interaction, and ninth and tenth 

positions, respectively, in the model with interaction. In both models for fifth grade 

Portuguese language proficiency, “computer at home”, “sex”, “color”, “bathroom at 

home”, “water installations” and “electricity installations” occupied the 1st,2nd,3rd,4th,8th 

and 9th places, respectively. “Computer at home” was also the champion in both models 

for the ninth grade, whether for math or Portuguese language. The type of school (public 

or private) was the most important variable in the models for the last year of high school. 

Grade Repetition and Infrastructure – To make a parallel of the present infrastructure 

analysis with changes of the so-called IDEB (Basic Education Development Index), we 

                                                 
14 Surprisingly, regular quality bathroom had an impact of 7.7 points. 

#Controlled for household assets infrastructure, student general characteristics, school assets infrastructure and year of the survey

## All coefficients significative at 99%

Source: FGV Social/CPS using SAEB/IBGE microdata
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use the question of SAEB on grade repetition to proxy flow variables in IDEB. IDEB is 

a synthetic indicator of education quality based on the academic passing rate and the 

results of proficiency exams (as SAEB and Prova Brasil) for each municipality and school 

in the country. As we have seem in section 7, among many different social outcomes, 

IDEB across the Brazilian municipalities converged at a higher speed in the last decade 

in the presence of infrastructure variables, meaning the municipalities with lower initial 

educational performance grew faster than the higher ones and this speed was influenced 

by infrastructure. In this section, we are attempting to mimic the flow of students captured 

in IDEB using the SAEB data. The main questions is: Do infrastructure variables affect 

grade repetition? To answer this question we generated logistic regressions using a 

dummy for students that have repeated at least once. As in the previous section, our model 

controls for year (2003 and 2015), student characteristics (sex and color), household 

assets infrastructure (existence of bathroom in student house and existence of computer 

in student house), school characteristics (if school is private or public and rural or urban) 

and school assets infrastructure (has good illumination and well-made classrooms, has 

good bathrooms, water installations and electricity). 

Results for the non-interactive model showed statistical significant coefficients for 

household assets, with 12% and 37% more chances for repetition for students without 

computer and bathroom at home, respectively. However, the quality of classrooms 

physical structure and illumination apparently did not affect grade repetition. The only 

school private infrastructure with positive impact was the quality of bathrooms, with 24% 

less chances for repetition for students with good bathrooms in their schools. While water 

installations did not improve school flow (with more chances of repetition for all 

coefficients), students in schools with good electricity installations had 9% less chances 

of repeating their grade. The time variation, measured by the dummy for 2015, suggested 

a huge advancement in the quality of education in this grade, with 95% less chances of 

repetition for students in 2015 in comparison with peers with the same scholar and home 

characteristics and infrastructure in 2003. Robustness tests for the ninth grade and the last 

year of high school corroborated the importance for household assets in reducing 

repetition probability. In the other hand, good water installations at school had positive 

impact in school flow in both groups (12% and 25% less chances of repetition, 

respectively), while good electricity installations and bathroom at school were statistical 

neutral for the last year of high school and positive for the ninth grade (17% less chances 

of repetition for both infrastructure variables). The dummy for 2015 also showed a 
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progress in the quality of education for peers in the ninth grade and the last year of high 

school (29% and 40% less chances of repetition, respectively). 

The difference-in-difference method for the fifth grade measured by the interaction of 

school infrastructure variables with the dummy for 2015 captured a positive impact of 

51% less chances of repetition for students in schools with good bathrooms, compared 

with peers without this infrastructure variable, during this period. However, the quality 

of classroom physical structure, water installations and electricity had no statistical 

impact on repetition of the fifth grade between both years. Robustness tests for the ninth 

grade and the last year of the high school presented different features. In none of them 

the interaction between the quality of bathroom and the dummy for 2015 were statistical 

significant. For the ninth grade, the only coefficients with marginal statistical significance 

were about physical structure of classrooms. However, we cannot infer that well-made 

classrooms are better than poor-made ones because both have similar impacts compared 

with peers without walls in their classrooms. In turn, the only statistical significant 

coefficient for the last year of the high school were the interactive variable for bad quality 

water installations and the dummy for 2015, suggesting a higher importance for the 

coverage than the quality of this public service. 
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11. Conclusions and Prescriptions 

This paper has provided an empirical analysis on the access to public services 

infrastructure in order to base prescriptions for improvement policies. The final objective 

of this work is to create a basic infrastructure of knowledge to guide the use of the new 

generation of programs in the universalization of public utility services. 

A first contribution of this work was to analyze in a comparative way the coverage of 

these surveys with different databases, including information provided by service 

providers and even School Census, in order to more critically analyze their evolution and 

create monitoring systems. The household survey approach is also particularly useful 

because it allows to study a vast array of social consequences derived from infrastructure 

expansion. Attributes of the various public services through household surveys, such as 

spatial coverage, perceived quality, expenditures and delay of accounts. We compared 

also the Perceived Quality and Priorities given to infrastructure sectors - In general, 

the quality of services associated with water enjoys lower perceived quality than that of 

public services such as electricity and garbage collection. Besides the subjective quality, 

an analysis of the priorities of the Brazilian population that out of 16 new Sustainable 

Development Goals (SDGs), infrastructure variables stay in the following positions: 

Transportation (7th); Water and Sanitation (9th); Electricity (13th) and ICTs (16th). 

Access to infrastructure services has increased significantly over the past decade. 

This is mainly due to lagged effects of the privatization programs of the 1990s (especially 

in telecommunications), the adoption of public programs aimed at expanding coverage in 

remote areas (especially in electricity due to the “Luz Para Todos” program) and the 

demand effect from the combination of faster household income growth and falling 

inequality that lasted until 2014. Using household level data on coverage of infrastructure 

services, the service that had the highest increase in access between 2004 and 2015 was 

ICT. The past 10 years has seen an explosion in the use of mobile telephones. In 2004, 

around 85 million people had mobile phones at home, and in 2015 the number increased 

to 186 million – an increase of 101 million users. During the same period, home internet 

coverage was extended to an additional 64 million Brazilians.  Despite its rapid growth, 

internet service is the infrastructure service that presents the lowest level of access (42.5 

percent) when compared to other services. On the other extreme is electricity, with an 

access level of 99.7 percent. Access to potable water has an intermediate rate of 83.6 

percent, but significantly more than sewage services, at 56.9 percent. 
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Coverage of infrastructure services in rural areas has expanded but the sharp divide 

between rural and urban coverage within the country persists. Only in sanitation has 

rural coverage not changed much. However access gaps between rural and urban areas 

remain high. While rural areas represent around 14 percent of the Brazilian population in 

2015, only 4 percent of this population has access to sewerage services with only a third 

having access to the water system. In urban areas, where most of the population lives, the 

rate of access to the water system is about 90 percent while access to sewerage services 

is about 80 percent.  The pattern of low rates of access in rural areas and high rates of 

access in urban areas is evident in all infrastructure services with the exception of 

electricity where access rates have converged.  

As a product of the demographic transition household size had fallen 1.43% per year 

bigger than the 0.8% per year of total population size growth rate. This means that the 

supply of infrastructure has to increase not only because of the existing infrastructure 

deficit and population growth but also as a response of the household size reduction. 

Infrastructure access reflects and reinforces Brazil’s poverty profile and extreme 

high income inequality. Access rates among the poor have been improving in the last 

decade but coverage remains much higher among wealthier groups. Sewerage, water and 

internet tend to be the most unequally distributed services across income groups. In 2015, 

less than half of the poorest segment of the population had access to sanitation facilities, 

compared with 80 percent of the richest.  

Income Causality - How much access to public infrastructure is related to exogenous 

increase of income.  through the Bolsa Familia program. The results are a relative 

improvement for all infrastructure items, except sewerage. This lack of sensibility may 

be due to the predominance of externalities in the supply of sewerage where individual 

or private returns to sewerage connection benefits mostly others. 

Infrastructure Convergence - Multivariate exercises revealed that keeping socio-

demographic structure constant, the highest temporal change between 2004 and 2015 was 

observed in electricity, internet and cell phone. The lowest expansion was found in water 

and sewerage. State level dummies has taught us that São Paulo presents the best 

infrastructure across Brazilian States. While interactions between State and year dummies 

has shown that the differential between different states and São Paulo tended to fall. This 
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shows a clear convergence trend of infrastructure between Brazilian States even if we net 

out the effects of income, education and other variables during this period. 

 

Social Convergence - We implemented a standard convergence analysis running 

regressions across 5500 Brazilian municipalities of growth of each variable against the 

natural logarithm of initial value comparing the results with and without infrastructure 

variables. The set of variables tested includes per capita GDP, per capita household 

income, the Human Development Index, its 3 components plus a series of related 

variables such as poverty and inequality, life expectancy, child mortality, school 

attendance for various age brackets and the Basic Education Development Index (IDEB) 

which includes the results of proficiency exams. For 16 out of the 17 endogenous 

variables tested the speed of convergence is higher at face value with the set of 

infrastructure variables than the model without infrastructure. The exception is per capita 

GDP where the size of the lagged endogenous variable coefficient decreases in absolute 

terms when we include the infrastructure parameters. The gross explanatory power of 

infrastructure in terms of the various dimensions of social ranges from 13.9% on child 

mortality to 66% for the Human Development Index.  

 

Distributive Impacts - Quantile regressions based platform infrastructure variables 

social impacts along the distribution of different outcomes which includes per capita 

household income (total sources and labor earnings), years of schooling (for the whole 

population and for people between 7 and 15 years of age). Imputed rents coming from a 

hedonic equation and the opportunity time cost of commuting time evaluated at individual 

hourly wage rates. For the sake of concision, we emphasize here the potential distributive 

impacts on the broader social measure that includes total reported income plus imputed 

rent minus commuting costs. We present here following an increasing order of 

magnitudes around the median for various infrastructure items.  Lack of Electricity 

coefficients reaches -6% at the 40th percentile and -7.8% at the 90th percentile. Lack of 

Water coefficients reaches -20% at the 40th percentile to -19.2% at the 90th percentile. 

Lack of Sewerage coefficients from -18,3% at the 40th percentile to -24.3% at the 90th 

percentile. Communication - The coefficient of those who are in dwellings with 

telephone or cellphones increases from 34.7% at the 40th percentile to 43.4% at the 90th 

percentile. Internet - The coefficients effects increases from 58.4% at the 40th percentile 

to 82.7% at the 90th percentile presents a positive trend as we move towards the top of 
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each distribution, suggesting at face value that those at the top benefit relatively more 

from internet access. As a consequence, the diffusion of internet should lead to a 

divergence in these different social outcomes.  

Infrastructure Externalities - We implemented a stepwise variable selection procedure 

to determine which socio-economic and infrastructure related variables are more 

statistically important to explain each social outcome variable seen above. In the selection 

process we included externality effects from infrastructure. Poverty - In the case of the 

proportion of the poor the six infrastructure variables are significant in descending order: 

communication, internet, transportation, water, electricity and sewerage. -  Broader social 

measure mean that includes besides total income sources from PNAD, imputed rents from 

housing less opportunity time cost of commuting– the results are similar to poverty. On 

both social outcomes. two of the externality related variables presented statistically 

significant impacts namely mean transportation time and mean electricity coverage. 

Electricity access at the community level may improve individual social outcomes 

through better work opportunities or school or health services. Transportation use on the 

other extreme imply a common good congestion problem where the excessive use of 

infrastructure generates a negative externality on all users. Externality of communications 

appears here as one of the top variables but only in mean broader social welfare 

measure. The existence of intercity and inter-state extra calling costs makes the case for 

externality for phones at the local level. Externalities with respect to electricity and 

transportation time are also included in the final model. Internet related infrastructure at 

the regional level does not show any geographical externality which is somewhat 

expected since the use of the so-called world wide web allows to overcome these location 

barriers.  

Education and Infrastructure - The interaction between infrastructure related physical 

capital and human capital occupies a central role in the analysis. School quality 

convergence - among many different social outcomes, IDEB across the Brazilian 

municipalities converged at a higher speed in the last decade in the presence of 

infrastructure variables, meaning the municipalities with lower initial educational 

performance grew faster than the higher ones and this speed was influenced by 

infrastructure. To make a parallel of the present infrastructure analysis with changes of 

the so-called IDEB (Basic Education Development Index), we use the question of SAEB 

on grade repetition to proxy flow variables in IDEB. Grade Repetition - Results showed 
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statistical significant coefficients for household assets, with 12% and 37% more chances 

for repetition for students without computer and bathroom at home, respectively. While 

water installations did not improve school flow, students in schools with good electricity 

installations had 9% less chances of repeating their grade. School Proficiency 

SAEB/MEC tests were also used - We cannot reject the hypothesis that home 

infrastructure coverage and investment in public infrastructure services is more important 

for proficiency improvement than typical physical investment in school buildings. 

 

Policy Prescription - After comparative empirical analysis of the various public services 

in different databases, we return to the analysis for the sanitation sector. For three reasons: 

the first is the evidence of lower coverage, poorer quality and stagnation of sanitation 

coverage in the country compared to other public services. Secondly, the deleterious 

impacts of sanitation on all dimensions of human development, by the health of people 

in general and children in particular. Finally, in addition to the importance of sanitation, 

we need to take into account the specificities of the sector's enormous challenges, such as 

the lower visibility of its impacts by the population and associated coordination problems. 

Despite the existence of large investments in public infrastructure, such as the announced 

Growth Acceleration Program (PAC), the new Basic Sanitation Law and a certain 

mobilization of public opinion, the incentive structure for the provision of public services 

has not helped. 

 

The results suggest that the difficulty of sanitation vis-a-vis other public services is not 

only a lack of income. The lack of light or water is obvious to the ordinary citizen in their 

daily life, however the lack of sanitation is not. It is a problem of others. In this context, 

the individual ideal is for others to collect their respective sewage. Now if everyone thinks 

so, we all end up living next to open ditches. The collection of sewage is not perceived as 

an individual gain, it is therefore a challenge of collective action. Now how to do it? That 

is the question. A response should be "Bolsa Saneamento", which refers to the use of the 

Bolsa Família program structure for the provision of incentives to consumers and 

companies in expanding coverage of sewage collection and its treatment. 

 

We focus on the possibilities offered by Bolsa Família, whether to test the impact of 

income on access to services, or as a platform for granting subsidies. The marked 
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expansion of the program between 2004 and 2006 served initially as an experiment about 

the impacts of the income increase associated with policies to combat poverty on the 

coverage of public services. We analyze how much the income increase of this population 

is related to the increase of their access to public services. The results show that, in the 

controlled analysis, cellular was the only service that grew in the period. We combined 

the variables year and program eligibility to measure whether with the income gain the 

access of the population of low income grew more than the others. The results are positive 

in the case of cellphone access and access to the general water network. However, in 

sanitation there was no statistically significant improvement over the other group. The 

higher income provided by the Bolsa Família program did not affect the access to 

sanitation of the population eligible for the program. This may be due to the operation of 

externalities. This point will be analyzed from an empirical perspective in section 9. 

 

If the Bolsa Família program itself was not a sufficient condition to lead to the provision 

of sanitation to the poor segments, it serves as a platform for access to the poor through 

the single social cadaster used in its operation. As a central policy prescription, we have 

the use of the Bolsa Família structure. This possibility is through the availability of the 

Single Social Registry (CadÚnico) associated with the operation of the Bolsa Família 

program (PBF). The CadÚnico presents the people's financial address associated with the 

program's payment card possession while allowing infrastructure programs to connect 

with the poorest. In that way, companies can receive incentives for network extension 

focused on the poor or a direct subsidy to the value of incentives. In particular, the 

association of OBA (Output Based Aid) incentive schemes with Bolsa Família, the 

country's main policy to combat poverty, is a privileged way to provide incentives for 

public services to reach the poor.  
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APPENDIX: Microdata Sources and Econometric Techniques  

This appendix details the different statistical techniques used in the analysis, such as 

logistic regression, applied to discrete variables for example in the case of indicators of 

access to infrastructure, as well as log-linear income equations. We also detail the 

difference in difference estimator and the stepwise methodology applied to these models.  

 

A. Database Description 

 

i. Demographic Census 

The sample of the demographic census is a household survey that seeks to interview a 

portion of the Brazilian population throughout the national territory (ranging from 25% 

in the 70th Census to 10% in the 2000 Census, reaching a variable value in the 2010 

Census, nor inversely related to demographic density). This is a survey of occupied 

households. 

The Census details personal and occupational characteristics of all household members 

and has detailed information about the sources of income, access to housing, public 

services, trasportation and durable goods, among others. The Census allows analyzing 

livin conditions of the population and their determinants at the spatially disaggregated 

level. The Census also allows analyzing the long-term trends living conditions of the 

population. 

 

ii. National Household Sample Survey (PNAD) 

Besides the Demographic Census, there are two main sources of household data at a micro 

level that can be used to evaluate at least at an annual frequency the evolution of per capita 

income distribution and living conditions in Brazil: PNAD and PNADC. PNAD offers 

the possibility of covering different income sources at a national level. In this respect, 

PNADC basically covers labor earnings up to now. However, one must have in 

perspective that PNAD presents just one picture at one point in every year that the survey 

is carried out. Since PNADC is a monthly survey it can provide a better idea of what 

happened during the whole year to a less comprehensive set of variables than PNAD.  In 

sum, PNAD offers a detailed picture once a year of Brazilian social indicators while 

PNADC offers a not so detailed but more updated monthly film of the same object. 

 

The PNAD survey is carried annually by the Brazilian Institute for Geography and 

Statistics (IBGE) since 1976 (in practice this is the data available), except for the years 
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when the Census takes place. Its sample involves more than 100 thousand families per 

year and it has information about several demographic and social-economics 

characteristics of the population, including features of households, individuals, families 

and workers. It is suitable for objective measures of income and education.  Every year it 

includes a special supplement about one specific topic. The 2004 and 2006 special 

supplement on social  programs and education and few supplements on ICTs use will be 

central here.  

 
iii. Family Budget Survey (POF) 

The first Family Budget Survey (POF) carried out by the IBGE took place in 1987-1988 

and has the same geographical coverage as the 1995-1996 survey, which included the 

Metropolitan Regions of Belém, Fortaleza, Recife, Salvador, Belo Horizonte, Rio de 

Janeiro, São Paulo, Curitiba, Porto Alegre, Brasília and Municipality of Goiânia. In 1996, 

it had a sample of 16,060 households, where information was obtained from expenses 

incurred during different reference periods (seven, thirty, ninety days or six months), 

whose information was collected from October 1995 to September 1996. 

 

The survey was carried out in 2002/03 and 2008/09 with its sample encompassed around 

50 thousands households for each wave of the survey. POF’s main objective is to 

determine the consumption and expenditures structure of the population. Problems with 

paying public services bills and other bills in separate. However, POF also includes 

questions about the subjective perceptions of the agents, such as the quality of public 

services, such as water service, waste collection and electric energy; perceptions about 

related problems such as Dark House, Dark Street, Humidity Problems, Environmental 

Problems,; among others. 
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B. Microeconometric Techniques 

 

Multivariate Analysis – Methodology  

The bivariate analysis captures the role played by each attribute considered 

separately in the demand for insurance. That is, we do not take into account possible 

and probable interrelations of the explanatory variables.  For example, in the calculation 

of insurance by state within the Federation, we don’t consider the fact that Sao Paulo is 

a richer place than most states, thus should have greater access to insurance. The 

multivariate analysis used further ahead seeks to consider these interrelations through a 

regression of the many explanatory variables taken together. 

Aiming to provide a better controlled experiment than the bivariate analysis, the 

objective is to capture the pattern of partial correlations between the variables, interest 

and explanatory. In other words, we have captured the relations between the two 

variables, keeping the remaining variables constant. This analysis is very useful to 

identify the repressed or potential demand as we compared them, for instance, which are 

the chances of a person with more education having higher income, if he/she has the 

same characteristics as the comparison group. 

 
i. Logistic regression 

The type of regression used in our simple discrete variables multivariate regressions, as well as 

to estimate differences-in-differences models. Binomial logistic regression is one method used 

to study the determination of dummy variables - those composed of only two options of events, 

such as "yes" or "no" . For example: 

Let Y be a dummy random variable defined as: 

 

Where each iY  has a Bernoulli distribution, which probability distribution function is given by: 

y-1y p)-1(pp)|P(y   

where y identifies the event that occurred and p is the probability of success of the event. 

Since this is a sequence of events with Bernoulli distribution, the sum of the number of 

successes or failures in this experiment has binomial distribution of parameters n (number of 

observations) and p (probability of success). The binomial distribution probability function is 

given by: 

y-1y p)-1(p
y

n
p)n,|P(y 








  

Logistic transformation can be interpreted as the logarithm of the ratio between the odds of 

success versus failure, in which logistic regression gives us an idea of the return of a person to 

obtain occupation, given the effect of some explanatory variables that will be introduced later, 

in particular vocational education. 

The bonding function of this generalized linear model is given by the following equation: 
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Where the probability pi is given by: 
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The models used here have the objective of identifying the variables related to 

the characteristics of interest (response variable). When performing the model 

adjustment, it is desired to find, and to identify, the main factors that best describe the 

behavior / variation of the characteristics of interest. 

 The generalized linear model used here is defined by a probability distribution 

for the response variable, a set of independent variables (explanatory factors) that make 

up the linear predictor of the model, and a bond function between the mean of the 

response variable and the linear predictor. 

Odds Ratio: 

 

 

 
 

ii. VARIABLES SELECTION 

 

To select the model we used a Stepwise procedure. The final models were 

selected step by step, after grouping the factor levels based on the Wald statistic, 

including at each step the interactions that produced the greatest decrease in 

Deviance, considering the reason test.  

 
 

iii. Difference in difference estimator 

Example of methodology applied to two different periods 

In economics, vast research is done analyzing the so-called experiments or quasi-
experiments. To analyze a natural experiment it is necessary to have a control group, that 
is, a group that was not affected by the change, and a treatment group that was directly 
affected by the event of interest, both with similar characteristics. In order to study the 
differences between the two groups, pre and post-event data are needed for both groups. 
Thus, the sample is divided into four groups: the pre-change control group, the post-
change control group, the pre-change treatment group, and the post-change treatment 
group.  

The difference between the differences between the two periods for each of the groups 
is the difference in difference estimator, represented by the following equation: 

g3 = (y2,t – y1,t) – (y2,c – y1,c) 





















2

2

1

1

p-1

p

p-1

p





106 

 

Where each y represents the mean of the studied variable for each year and group, with 
the subscript number representing the sample period (1 for before the change and 2 for 
after the change) and the letter representing the group to which the data belongs (c for 
the control group and t for the treatment group). g3 is the so-called difference in 
difference estimator. Once the g3 is obtained, the impact of the natural experiment on 
the variable to be explained is determined. 

In order to study the impacts of local infrastructure policies between two groups, we 
need data at least two moments in time for both of them. Our sample is thus four fold. 
The interactive effect between the treatment group dummy (dT=1; dT=0 (control group 
omitted category)) and the time dummy (d2 =1; d2=0 (initial instant omitted category), 
which as we will see gives us the difference-in-difference estimator. 

 Mathematically, we can represent this difference-in-difference estimator (D-D) used 
from equations in discrete or continuous variables (for example, in the case of logistic 
regressions or  mincerian-type per capita income equations):  

 

Y = g0 + g1*d2 + g2*dT+ (D-D)*d2*dT + other controls 

 

 
iv. Mincerian Income Equation 
 

The mincerian equation of wage determination is the basis of an enormous literature on 

empirical economics. Jacob Mincer's (1974) wage model is the framework used to 

estimate returns to education, returns to quality of education, returns to experience, and 

so on. Mincer developed an income equation that would be dependent on explanatory 

factors associated with schooling and experience, as well as possibly other attributes, 

such as gender, for example. It is the basis of education economics in developing 

countries and its estimation has already motivated hundreds of studies. It is also used to 

analyze the relationship between growth and level of schooling of a society, as well as 

effects on inequality. We incorporate variations of this model using infrastructure 

variables as possible determinants. 

One of the great virtues of the Mincerian equation is to incorporate a single 

equation into two distinct economic concepts:  

(a) a price equation revealing how much the labor market is willing to pay for 

productive attributes affected by infrastructure coverage.  

(b) The premium rate of infrastructure,. 

 
 

REGRESSION MODEL 

The typical econometric regression model derived from the Mincerian equation is: 

  

ln w = β0 + β1 educ + β2  hc + β3  hc² + γ′ x + є 

where  

w is the wage received by the individual, 

 infra is a vector of categorical variables related to the access of different 

infrastructure elements 

 hc is a vector of quadratic terms for human capital related variables such as years 

of schooling, experience (approximated by the age of the individual and household size 
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 x is a vector of other observable characteristics of the individual, such as race, 

gender, region..  and          

є it's a stochastic error 

 

The Coefficient and Attribute Prize 

This is a regression model in the log-level format, that is, the dependent variable, the 

income is in logarithmic format and the most relevant independent variable here, 

infrastructure, is in level format. Therefore, the coefficient β1 measures how much the 

coverage of a specific item causes in proportional variation in the wage of the individual. 

For example, if sewerage coverage component of vector β1 is estimated at 0.18, this 

means that granting sewerage access is related on average with a wage increase of 18%. 

This corresponds to the premium of the attribute (or rate of return if the costs were zero). 

Mathematically, we have: 

    Deriving, we find that: ( ∂ ln w / ∂ infra )= β1 

    On the other hand, by the chain rule, we have: 

( ∂ ln w / ∂ infra ) = ( ∂ w / ∂ infra ) ( 1 / w ) = ( ∂ w / ∂ infra ) / w) 

    Thus, β1=(∂w/∂educ)/w, corresponds to the percentage variation of the wage from a 

increase of one year of study.. 

 

The coefficient of the mincerian regression with only the constant and a specific variable, 

say sewerage coverage, gives the gross or uncontrolled relative premium in terms of 

income variation. 

 

The coefficient of a variable of a multivariate mincerian regression (that is, a log-linear 

equation with a constant and a series of additional variables) gives us the marginal 

controlled relative premium in terms of income variation. Thus, a tentative to isolate the 

effect of this variable from the possible correlations with the other variables considered. 

 

 

 


