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Abstract
The paper exploits the 2009 Constitutional Amendment in Brazil that introduced compulsory
high schooling of 16-17 years olds as a natural experiment to investigate the effects of high
schooling on selected violent youth crime indices. Using a unique data compiled from various
official sources for over 5000 Brazilian municipalities over 2000-2013, we find the
following: while the Amendment was successful to lower violent youth crime rates in the
overall sample, the impact was relatively small because it worked primarily through
incapacitation. There is no evidence that it boosted employment prospects or returns to
schooling in the treated municipalities. More importantly the Amendment fails to lower youth
crime rates in the poorer municipalities where over-crowding in classes increased after the
Amendment, thus deteriorating the school’s learning environment. Unlike much of the
previous literature that focused on more developed countries, a key finding of our study is
that good governance is a pre-requisite for reaping the benefits of compulsory high schooling
in an emerging economy; the result has important implications for other countries beyond the
Brazilian border.
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1. Introduction
Crime reduction is a high policy priority of most governments, primarily because it brings large
economic and social benefits. Policies to tackle crime include both punishment and incentive (through
compulsory schooling/training) mechanisms. Since criminal justice system is costly and re-offending
rates are usually very high, the value of incentive mechanisms to tackle crime cannot be ignored.1 In
this paper we shall examine the effect of compulsory high schooling on violent youth crime in Brazil,
using a Constitutional Amendment as a natural experiment.
Brazil is surely an important case in point where the violence among youth has grown into a
major public policy issue. Brazil has 197 million people (World Bank, 2012b), 30% of whom are
under the age 18 (UNICEF, 2012). Despite various public interventions, the rate of deaths by
homicides among 16 and 17 years old increased 496% between 1980 and 2013. According to IPEA,
the country recorded about 28.9 homicides per 100 thousand inhabitants in 2015, much higher than
most developed countries. Access to education has increased greatly due to education decentralization
to states and municipalities: the proportion of people with seven or more years of formal education
increased from 19% to 47% between 1976 and 2008 (Paim et al., 2011). However, there are still
significant challenges to be overcome including high enrolment, overcrowding and double school
shifts (day and night), lack of teacher’s training and weak school governance leading to low quality of
education (Cavalcanti et al., 2010) in public schools, drug use and anti-social behaviour (Nardi et al.
2012), especially in poorer regions of the country.
Soares and Naritomi (2010), Burdett, Lagos and Wright (2003), and Kelly (2000) identify
income inequality as one of the major determinants of crime in Brazil. While the country has
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According to Aizer and Doyle (2015), juvenile incarceration results in substantially lower high-school
completion rates and higher adult incarceration rates, including for violent crimes.
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generally been successful to improve its income distribution since 2000 (e.g., see Figure 1),2
persistent drop in inequality seems to have little impact on crime, especially youth crime rates in this
country, thus motivating our study.
In this paper we examine the impact of the introduction of compulsory high-schooling of 1617 year old, by the Amendment 59 of 11 November 2009, on violent youth crime rates in Brazil.
First, compulsory high schooling directly promotes “incapacitation effect” that limits the opportunity
for criminal activity during the schooling hours. Second, high schooling may directly affect the
financial rewards from crime itself. Finally, high schooling may also lead to higher returns to
legitimate work, which in turn raises the opportunity costs of illicit behaviour.
However, Brazil’s success to tackle youth crime by means of an educational amendment
could be limited if the local school governance is weak leading to poor learning environment. As such
compulsory high schooling may not necessarily be sufficient: it may fail to increase high school
attendance and/or schooling quality, which determines the trade-off between returns from high
schooling and costs of committing crime. Why? First, in the absence of sufficient resources,
compulsory high schooling of all 16-17 year olds may lead to overcrowding in existing schools, thus
adversely affecting the quality of learning (see further discussion in Section 2). Given high school
enrolment rates, double shifts in public schools are common, entailing the possibility of night
schooling in Brazil. An important implication of this schooling system is that hours spent in schools
are short and compulsory high schooling may fail to take youths off the streets during daytime.
Further the quality of night schooling is usually inferior and as such, may not necessarily boost the
returns from high schooling relative to the cost of committing crime. Learning environment in public
schools is also affected by drug problems and related anti-social behaviour. In particular, according to
a 2010 UN report 6.3% of students aged 15 to 16 years use marijuana at least once yearly. With
regard to cocaine, Brazil and Argentina are the countries with the largest markets for this drug in
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Although, IBGE data suggest that the level of inequality has been reducing in Brazil, huge political instability
at the time of the impeachment of President Dilma Roussef brought the economy down and there are now signs
that these inequality trends are reversing. In particular, using data from income tax and aggregate accounts,
Morgan (2017) contradicts the IBGE finding and suggests that the Brazilian income distribution did not change
in the long run and is being driven by the upward inequality trend for the top 1% richest income.
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South America (over 900 and 600 thousand users, respectively). Nardi et al. (2012) suggest that drug
use and anti-social behaviour are correlated among 14-19 year olds attending public schools in poor
localities in Brazil. Finally, compulsory high schooling may not necessarily increase the cost of crime
if it is not accompanied by improving employment situation and/or the returns to high schooling is
lower in a locality (especially the poorer ones without much social opportunities and greater reliance
on informal jobs). Taken together, it is not obvious that compulsory high schooling of 16-17 year olds
would necessarily lower youth crime rates as its costs may outweigh its benefits. Using municipalitylevel annual data from all 5560 Brazilian municipalities over 2000-2014, we therefore examine if
compulsory high schooling after the adoption of the Constitutional Amendment 59 has lowered youth
crime rates in our sample; we also identify its possible mechanisms.
While the bulk of the literature find beneficial effects of compulsory schooling on crime
primarily in the US, UK and some other developed European countries (e.g., Machin, Marie and
Vujic, 2010; see further discussion in Section 2), there is no guarantee that similar beneficial effects
are found in Brazil’s emerging economy, thus motivating our study. In this respect, we also depart
from the existing Brazilian literature that primarily focuses on specific regions (e.g., Sao Paulo) and
overall crime rates rather than youth crime rates. Given the circularity between schooling and selected
youth crime indices, we use the Constitutional Amendment 59 as a natural experiment to identify the
causal effect of high schooling on selected violent youth crime indicators using a difference-indifference framework. Note however that the Amendment was adopted in a staggered fashion during
2010-16. As such an early adoption of the Amendment is unlikely to be random. In order to redress
this non-randomness of the adoption of the Amendment before 2016, we use an instrumental variable
(IV) approach. We choose the distance of the municipality from the provincial capital as the relevant
and exogenously given IV for our purpose (see discussion in Section 3 on the rationale for the IV
selection). 2SLS IV estimates of violent youth crime rates suggest that the effect of high schooling on
selected crime rates has generally been small in the overall sample. We argue that the that the
observed drop in youth crime rates in our sample can only be attributed to incapacitation associated
with compulsory high schooling, but no change in employment or returns to schooling after the
Amendment in the treated municipalities in our sample. Further, we find that the Amendment was
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failed to impact youth crime rates in the poorer municipalities in our sample. We attribute the latter to
the overcrowding in classes in poorer treated municipalities after the adoption of the Amendment
among others, which may deteriorate school’s learning environment, especially in the presence of
drug problems - according to IBGE (National Research of Student Health, PeNSE) among the youth
male 13-15 years old around 10.6% consumed illicit drugs at least once between in 2009-2012, and
4.7% are usual consumers - and weak school governance in the poorer regions. In other words, the
success of compulsory high schooling crucially depends on school governance and learning outcomes,
among others. Given the high costs of crime, especially among the youth, the prevention of youth
crimes is high on the public policy agenda in most countries including Brazil. Results from the present
study have thus important implications for further policy making not only in Brazil, but also beyond
its border.
The paper is developed as follows. Section 2 provides the background information, develops
the hypotheses and describes the data. Section 3 introduces the empirical strategy while Section 4
discusses the results in section 4. Section 5 concludes.

2. Literature Review and Background
2.1. Literature review
Economists have long advocated for the beneficial role of education in fighting crime (Becker, 1978).
The underlying rationale is that schooling increases the returns to legitimate work, thus raising the
opportunity costs of criminal behaviour. Surely this is not a new idea and has long been tested for
many developed countries (Ehrlich, 1975a; Lochner and Moretti 2004; Machin et al. 2011; Deming
2011).
The research on crime has generally focused on either deterrence issues like punishment or
economic factors like education, wages that affect the costs and benefits related to criminal actions.
There is a well-established literature on the efficacy of punishment to prevent crime (Ehrlich 1975a;
1975b; Archer and Gartner, 1984; Grogger (1991) and Levitt, 1996; 1997) though the findings are
mixed. On the other hand, Lofstrom and Raphael (2016) argue that the high declining crime rate in the
US has been accompanied by an enormous and unprecedented expansion of its correctional
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populations.
The literature on economic deterrents of crime has, however, heavily focused on the role of
education. While most studies find a negative effect of schooling on crime (Ehrlich (1975a); Grogger
(1998); Machin and Meghir, 2004), education may also increase the earnings from crime and the tools
learnt in school may be inappropriately used for criminal activities (e.g., Levitt and Lochner, 2001).
Deming (2011) measures the school quality on crime and concludes that better quality is connected
with fewer serious crimes and fewer days spent in incarceration, and these results come largely from
years after enrolment in the better school is complete.
A common problem of examining the impact of schooling on crime is that there is
simultaneity between education and crime. Thus more recent crime research has increasingly relied on
various exogenous shocks to identify the causal effect of education/unemployment on crime rates with
a view to address the issue of endogeneity. Along this line, Biderman, Mello and Schneider (2010)
use a difference-in-difference design to estimate the causal impact of the adoption of dry laws in the
Sao Paulo Metropolitan Area (SPMA) on violent behaviour. Chioda et al. (2016) examine the impact
of the extension of Bolsa Familia in 2008 on crime in Sao Paulo municipality in Brazil. Dix-Carneiro
et al. (2016) exploit the 1990s trade liberalization in Brazil and show that regions facing more
negative shocks experience large relative increases in crime rates in the medium term, but these
effects virtually disappear in the long term. Further, Damm and Dustmann (2014) explore the impact
of early exposure to neighbourhood crime on subsequent criminal behavior of youth in Denmark and
find strong evidence that the share of young people convicted for crimes, in particular violent crimes,
in the neighbourhood increases convictions of male assignees later in life.
In the literature using natural experiments to deal with endogeneity problems, there are many
papers evaluating specifically the effect of compulsory schooling laws on crime. There is a general
consensus in this literature that these interventions including compulsory schooling help tackling
various crime indices. Lochner and Moretti (2004) studied the beneficial role of compulsory
education laws in the US. Machin, at al. (2011) find a negative causal relation of education, measured
by compulsory school leaving age laws, on criminal activities in the United Kingdom. Bell at al.
(2016) investigate if compulsory schooling laws, in U.S. using data from Census years 1980, 1990,
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2000 and 2010, reduce crime and find different causal effect for black and white people and for age
group, since the younger have more years of education. Beatton et al. (2016) also investigate the
causal relation between education and male youth crime, using individual level state-wide
administrative data for Queensland, Australia, and find an incapacitation effect and a reduction in
crime among young males, around late teens and early twenties, with different impact according the
type of crime.
The question is whether the link between compulsory schooling and reduced crime
necessarily works. Focusing on the case of Brazil, as an important case in point, we consider the
effect of high schooling on selected youth crimes rates among 15-19 year olds. In this respect, we
depart from the existing literature in that we consider youth crime rates and focus on all Brazilian
municipalities rather than specific regions. We also explore if the compulsory schooling effects
observed in the UK, US or Australia necessarily hold in Brazil and if not, why. Surely the success of
compulsory schooling to tackle crime relies on the assumption that compulsory schooling will not
deter the quality of learning and hence will boost returns to schooling and thereby increase the
opportunity cost of committing crime. What if it is not necessarily the case? We try to answer this
question in the paper.

2.2. Background
International evidence suggests that crime rate starts increasing during teen years reaching its peak at
around 20 years of so (see Figure 2). The social and economic costs of crime and violence are large
especially when considering youth crime as the country’s future depends on them. Despite ensuring
significant expansion of the access to education between 1976 and 2008 (Paim et al 2011) and
reduction in income inequality, tackling crime, especially youth crime, remains a policy priority of the
government in Brazil.
Not surprisingly, the social and economic costs of crime and violence are large especially
when considering youth crime as the country’s future depends on them. In addition, injuries, fear, and
psychological health problems (Andrade et al., 2012; Lopes, et al., 2008) have profound impacts on
individuals' quality of life. Wider societal costs, including expenditure on healthcare and public and
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private security, are no less important: summing expenditure on police, prisons, private security,
public health, and loss of human capital (from premature deaths caused by violence), and personal
loss from robbery and theft, the total cost of crime in Brazil was estimated to be about 5.1% of GDP
(Cerqueira et al. 2007). Human capital costs of homicide alone were equal to 2.3% of GDP in 2007
(Murray et al., 2013) most of which could be attributed to youths. Criminal involvement rises sharply
with the onset of adolescence in the US (Levitt and Lochner, 2001) and also in Latin America
(Carvalho and Soares, 2016; see Figure 2). So the prevention of youth crimes is high on the public
policy agenda in most countries including Brazil.
There has been a series of educational reforms in Brazil. Since 1998 Amendment of the
Brazilian Constitution, primary and secondary education have been decentralized to the
municipalities, but the process is still on going. More specifically, secondary education initially was
under state management but this is moving to the municipality gradually. The law number 11.274 of 6
February 2006 introduced 9 years compulsory education from age 6-14 years replacing the former 8
years (age 7-14) compulsory education programme. Constitutional amendment no 53 of February
2006 replaced 1996 FUNDEF by the Fund for Maintenance and Development of Basic Education and
for enhancing the value of the teaching profession (FUNDEB). The Amendment 53 is regulated by
the law number 497 of 2007 and by the decree number 6.253 of 2007. Finally, the Constitutional
Amendment 59 of 11 November 2009 further increased the duration of compulsory schooling from 9
to 14 years, which made it mandatory for all 15-17 year old to attend schools. It is required that the
states and municipalities would complete the progressive extension by 2016.
Adoption of Amendment 59 necessitated directing additional resources to institute the
compulsory schooling among 4-17 year old, which meant a change in all budget. Before the
introduction of the Amendment 59, the central government was willing to reduce some education
resources earmarked for "linked expenses". After the introduction of Amendment 59, the central
government altered the policy and instead promised more resources for compulsory basic and high
school using the resources set aside for “linked expenses”. Accordingly, the municipalities that
adopted the policy of mandatory education of 4-17 year old in the post-amendment years are more
likely to get federal transfers marked to be spent in education area.
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In addition to ensure the resources for the implementation, the Federal Government also
ensured enforcement of the Amendment through monitoring. In particular, the Public ministry is
required to do a Census to audit if public schools are obeying the compulsory schooling rule by
providing free education to 4-17 year olds. The punishment for the municipalities is regulated by the
Constitution of 1988 (art. 208, § § 1º e 2º), the Law of guidelines and base of 1996 (Law nº 9,394 of
December 20 of 1996) that set the general characteristics of mandatory primary education, and
(widening the last Law) the Law nº 12,796 of 2013 to include changes of Amendment 59. The
ministry is also given the authority to punish the public schools if they fail to obey the compulsory
schooling laws. Constitution of 1988 (art. 208, § § 1º e 2º), the Law of guidelines and base of 1996
(Law nº 9.394, of December 20 of 1996, that sets the general characteristics of mandatory primary
education), and (widening the last Law) the Law nº 12.796, of 2013 to include changes of
Amendment 59.3
Further, there have been mechanisms to punish the parents (Código Penal Brasileiro (art.
246), Law nº 11.114, of 2005, for mandatory primary education among 6 years old; and the new
writing of Law nº 12.796, of 2013, for mandatory education from 4 years. Also the Child and
Adolescent Statute (Law nº 8.069, of 1990) and the Brazilian penal code indicate punishment for the
parents in case of not enrol their children at school. However the Law nº 12.796 of 2013, that punish
public institutions and parents in case of failure to abide by the Amendment 59 will be applied only
from 2016.

3. Data description
Brazil has the highest years of life lost to violence out of any World Health Organization (WHO)
member states. Also there has been an enormous rise in homicides in Brazil over the last three
decades. Victims of homicide in Brazil are most likely to be young, male, and black (Murray at al.,
2013).
3
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Using various official sources, we compile a novel dataset of municipality level annual
information on a wide ranging variables including violent youth crime rates for 5560 municipalities
over a period of 2000-2013 from all the Brazilian states. Appendix Table A1 shows the variables
definitions and their sources.
We use the following indices of violence-related death among 15-19 years old from the
Brazilian health ministry: (a) death by assaults, (b) death by guns. We further aggregate (a) and (b) to
construct an index of violent deaths incidence due to assault and guns. Since, there is no crime data
from the Security Ministry for all the Brazilian municipalities, we use the alternative information
about deaths from the Health ministry to study the whole country. Only the state of Sao Paulo and its
municipalities have more specific data on various property crimes; the latter may be one explanation
as to why the bulk of existing studies focus on this region.
Unfortunately, we could not get crime data specifically for 16-17 year olds and hence we
focused on 15-19 crime rates for which the information is available. In order to trace the evolution of
crime-rates among 15-19 year olds after the Amendment, we check the crime rates among 10-14 year
old cohort in the pre-Amendment years who became 15-19 after the Amendment (i.e., during 20102013) in our sample. Simple mean comparisons suggest that compared to the crime rates among 15-19
year olds during 2010-2013, the average 10-14 crime rates in the treated communities were
significantly higher during 2006-2009. In the absence of any other changes, the latter seems to
highlight a beneficial effect of the Amendment 59 on 15-19 crime rates in the treated municipalities
during 2010-13. Later we shall also explore whether this result can necessarily be attributed to the
Amendment and if so, what are the possible mechanisms.
Regional variation in crime is striking in Brazil – it not only depends on the region’s socioeconomic conditions, but also on its crime prevention strategy. Figures 3 and 4 suggest that the
violence is lower in the richer region, e.g., the Southeast that included Sao Paulo and Rio de Janeiro,
but higher in poorer regions, especially the Northeast. The capital of states municipalities in Brazil are
the more populated and more developed regions in terms of human capital, infrastructure
development and also stronger institutions. In general, except for some cases in the Northeast and
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North regions,4 these are the municipalities near the capital state and their metropolitan region (the
conurbation of the capital state with other near municipalities). Other exception relates to the
dormitory municipalities that are very poor. This is because the big and more developed
municipalities attract poor migrants largely employed in the informal sector who start living in the
borders and new municipalities are created as a result. The latter can be attributed to the federal
monetary incentive to create new municipalities.
Traditionally big cities tended to be very violent in Brazil. However, recent trend highlights
incidence of increasing violence in the smaller municipalities as well, particularly those located in the
Northeast and North regions of the country (Campos et al., 2011). The latter can be attributed to
increasingly better security and safeguards against crime in more developed municipalities. Figure 3
highlights this new trend, as we split total deaths by gun in the 5 Brazilian’s macro regions,
distinguishing between the rich South-eastern and poor North-eastern regions.
Finally, we compare the poor and non-poor municipalities in our sample in terms of certain
observable characteristics as summarised in Table A2. In this respect, we follow the the Ministry of
Health definition: poor municipalities are the ones where the income per capita is less than half of
minimum wage. In general, we find that poorer municipalities in our sample tend to be significantly
smaller (both in geographic size and in population) and are also more distant from the provincial
capital. Poorer municipalities are more likely to have significantly lower GDP, lower
employment/income index, higher income inequality as reflected in the Gini index and so returns to
higher schooling are likely to be lower. Third, class sizes and drop-out rate are significantly higher
while teachers are less likely to be graduates in poorer municipalities. Finally, poorer municipalities
are less likely to have educated Mayors, municipal safety board as well as municipal education board
monitoring school performance; the latter surely have implications for weaker municipality and
school governance in poorer municipalities and may assume greater importance under decentralised
governance.

4 In these regions even the capital states are not developed.
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4. Empirical Strategy and Results
The 2009 Constitutional Amendment allowed municipalities to adopt the reform by 2016 – so all the
sample municipalities did not adopt the reform immediately; rather it was a case of staggered
introduction. We, however, do not have the administrative information about the timing of the
adoption of the reform for each sample municipality. Thus, to identify the municipalities that adopted
the reform during 2010-13, we use the high school enrolment rate data available from the Education
Ministry and also check if increase in high school enrolment was supported by an increase in
educational expenditure of the community, as per the administration rule (see discussion in Section
2.2). Accordingly, we define a treatment municipality as follows: the binary variable ‘treated’
assumes a value 1 if the municipality-level average high school enrolment rate for the 15-19 age
group during 2010-2013 is greater than its corresponding rate in 20095 and also if the municipality
had an increased educational spending; it is 0 otherwise. A tabulation of the treatment dummy
suggests that about 53% sample communities adopted the reform during 2010-2013 in our sample.
Table 1 compares the mean high school enrolment and educational expenditure and dropout rates after
middle schools for treated and non-treated municipalities before and after the Amendment. It is
evident that the municipalities that adopted the reform within the sample period (2010-13) not only
have significantly higher high school enrolment rates and lower dropout rates, but also received
significantly higher educational spending. Note however that the education spending was allotted in
such a way that per student education spending was still equated between the treated and non-treated
communities, thus rendering the mean difference in per capita educational spending insignificant.
Figure 4 illustrates the trend in 15-19 enrolment in treated and control groups in our sample.
Both these groups experienced a drop in high school enrolments before 2009; the latter was a
response to the federal government’s attempt to have information on education quality, such as
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Until 2006, municipalities could inflate the student enrolment numbers to get more federal resources, however
as off 2006 the central government changed the way that the municipalities and states need to report the number
of enrolments (e.g., they need to report student grades) in order to receive federal transfers. As a result reported
student numbers dropped until 2009. Accordingly 2009 can be regarded as reflecting the true enrolments and
hence we use it as our reference point to identify the municipalities the adopted the reform, strengthening the
control of the number reported.
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grades, number of students by classes, etc. starting from 2006. Since the federal transfers is linked to
number of enrolment, there is an incentive to over-report student enrolment. But this became difficult
as the schools need to provide additional quality information, thus resulting in a gradual drop in total
enrolment between 2006-2009. However, high school enrolment started diverging in the treated and
control communities diverged in high school enrolment from 2009 onwards when the Amendment
was initiated; in particular, high school enrolment of treated communities exceeded that of control
communities soon after 2010.
Further to Figure 4, we obtain some parametric evidence that high school enrolment started
increasing only after the Amendment and that there was no pre-reform trend. To this end, we regress
the treatment dummy Treated, year dummies (2001-2013) and the interaction between Treated and
year dummies on high school enrolment rate of 15-19 year olds. Results summarised in column (1) of
Table 2 show that the interaction dummies are insignificant for all the pre-reform years, thus
suggesting that there was no pre-reform trend in high school enrolment between treatment and control
groups in our sample. These interaction dummies are only significant in the post-Amendment years.
Second, we check that the treated group did not adopt greater policing during the postAmendment years, which could have contributed to a decline in crime rates. Since security is under
the state provision, having a municipal police is not mandatory. We define the municipal police
dummy as follows: it takes a value 1 if the municipality is concerned about security and has a
municipal police force; it is zero otherwise. As before, we regress the treatment dummy Treated, year
dummies (2001-2013) and their interactions on the binary municipal policing variable. These
estimates are summarised in column 2 Table 2. As with high school enrolment, we find that
Treated*Yeart, t= 2001….2013 remains insignificant for all the sample years in our sample, thus
confirming that municipal policing remained unchanged, especially in the post-Amendment years,
ruling out the possibility that crime was not influenced by changes in policing in the treated
communities in the post-reform years.
Table 3 compares the mean crime rates between treatment and control groups before and after
the reform. Evidently, youth death due to violent assault as well as gun was not significantly different
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between treated and non-treated municipalities before the Amendment, but these two groups diverged
only after 2009 such that crime rates measured by gun deaths and assault deaths were significantly
lower in the treated districts in the post-Amendment years, thus signifying the role of the Amendment.
Second, the treated municipalities that adopted the reforms earlier were not located closest (in terms
of log distance) to the provincial capital than the control municipalities and this did not change after
the reform. Further our data show that the distant municipalities are poorer and also had lower high
school enrolment, therefore making it easier for them to accept additional high school students. So
when the 2009 Amendment was introduced, the relatively more distant municipalities had the
incentives to adopt the reform that enabled them to get additional resources too, disbursed by the
provincial authority located in the provincial capital. Indeed, our first stage estimates show that the
treated communities that adopted the reform early are farther from the provincial capital (in logarithm
of distance) than the control communities and this holds only in the post-reform years (see further
discussion below and also in Section 5).
Assuming the exogeneity of the Treated dummy, we first use the pooled data to estimate a
difference-in-difference model of youth crime rate Cit in community i in year t as follows:
Cit = α0+ α1 Treatedit + α2 Post + α3 Treated* Post+ α’Xit + uit (1)
where Treated=1 if the i-th community adopts the Amendment in any year t where t>=2010 and 0
otherwise. Post is a second binary variable that takes a value 1for year>=2010 and 0 otherwise. X is a
set of control variables that includes GDP per capita, Gini index, Mayor gender, Mayor education,
Mayor’s party, if Mayor’s party is the same as that of the President. We also control for a set of state
and year dummies to account for the unobserved state and year level factors including unemployment
rate, wage rates, natural calamity or any change in government policy that may also influence youth
crime rates. The coefficient of interest to us is α3, which yields the effect of the adoption of the reform
on selected crime rates among treated (relative to control) communities.

2SLS IV estimates
Early adoption of the Amendment by the municipalities before 2016 can be considered to be nonrandom since these communities are only required to adopt it before the end of 2016, which would
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make the estimates of Eq. (1) biased. The natural question is what drives the early adoption of the
Amendement. Clearly, the successful adoption of the reform depends on the availability of resources
to implement the reform, which is managed by the provincial authority who are also supposed to
monitor the adopting municipalities. We therefore argue that the location of the municipality,
measured by its physical distance from the provincial capital (that is exogenously determined by
history) could be an important driver in this respect. However, the likelihood of adopting the law
earlier by a municipality may not be exactly linear to its distance from the capital state. Municipalities
at the border of the capital state are in general dormitory municipalities with poor transport
infrastructure from where residents travel to the capital to work. In contrast, municipalities farther
from the provincial capital tend to have better public goods provision including public transport since
they are too far to use the capital state’s public goods provision. However, the municipality located at
a medium distance to the provincial capital is likely to have a stronger network with the provincial
authority, which may enable them to secure the essential resources for the implementation of the
Amendment earlier than those located farther that are more rural in general. At the same time,
geographic closeness of the municipality may make it easier for the provincial authority to monitor
the schools and parents in the municipality. In order to address the possible non-linearity involved in
the link between the distance from the provincial capital and the likelihood of adopting the
Amendment earlier, we use log(distance from the provincial capital) as the relevant instrumental
variable for determining the adoption of the reform. Without much loss of generality we also argue
that the location of the municipality in relation to the state capital is given exogenously as the
individual municipalities are unlikely to influence it and it is unlikely to be directly related to the
youth crime indices (see further discussion below and in Section 5).
Accordingly, we adopt a two-stage least squares instrumental variable (IV) model as follows:
we first determine the likelihood of being a treated (i.e., adopting the Amendment) early (as proxied
by the binary variable Treated) and also Post*Treated as a functions of the log(distance) and
Post*log(distance) as follows:
Treatedit = β0+ β 1 log(distance)it + β2 Post*log(distance)it + β’Xit + uit
Post*Treatedit = β0+ β 1 log(distance)it + β2 Post*log(distance)it + β’Xit + uit

(2a)
(2b)
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where X is the same set of controls as in equation (1). We use the estimates of (2a) and (2b) to
generate the IVs for the binary variable Treated IV and Post*Treated IV, which are then used to
replace Treated and Post*Treated in equation (1) respectively with a view to obtain the IV estimates
of (1) as follows:
Cit = γ0+ γ 1 Treated IVit + γ 2 Post + γ 3 Post * Treated IV+ γ’Xit + uit

(3)

Equation (3) constitutes the second stage IV estimates of youth crime rates and is argued to be
an improvement over the simple ols estimates of equation (1). The underlying idea is that the Treated
IV in equation (3) is correlated with the binary variable Treated in equation (1), but uncorrelated with
the residual of equation 3, thus helping us to minimise the potential endogeneity of estimates of (3).
Later we test for the IV relevance (that Treated IV is correlated with Treated) and validity (that
Treated IV is uncorrelated with the crime rates directly). This is discussed in Section 5 below.
All estimates are clustered at the municipality level to minimize the autocorrelation of errors
of across years for a given municipality, thus producing cluster-robust standard errors.

5. Empirical Findings and discussion
We start with the simple OLS estimates of the selected youth crime indices, namely, deaths by gun,
deaths by assault, and violent deaths (a composition of deaths by gun and by assault) using equation
(1) within a difference-in-difference framework.
Note that the consistency of the difference-in-difference crime estimates of equation (1)
depends on the fact that there are parallel trends between the treatment and control groups in the prereform years.
In the absence of a better alternative, we follow McCrary (2008) to run a simple regression as
follows: we regress the reform adoption dummy treated, year dummies (2001-2013) and the
interaction between treated and year dummies on selected crime indices, after controlling for state
dummies in our sample. These results are summarised in Table 4: columns (1)-(3) summarise the
estimates for rates of deaths by guns, assault and also the sum total of the two that we label as violent
deaths. In each regression, we include the Treated dummy, the year dummies and also their
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interactions. The fulfilment of the parallel trends assumption requires that the interaction terms remain
statistically insignificant in the pre-2010 years. Indeed these estimates confirm this for all three
selected youth crime rates. In other words, we can conclude that the treated municipalities were not
significantly different from the control municipalities in the pre-Amendment years.
Having established the validity of the parallel trends in treated and control group of
municipalities, we can now consider the OLS youth crime estimates summarised in Table 5. For each
index, we provide two sets of estimates – estimates for death rates among 15-19 years old and also
those for logarithm of total number of deaths among 15-19 years old and we focus on the estimated
coefficient of the interaction term that captures the differential effect of the constitutional amendment
on specific crime rates among treated (relative to control) communities. In order to minimise the
omitted variable bias of our estimates, we also included the state dummies, year dummies, and
crossed dummies of year and state that capture all possible state-level and year level unobserved
factors and also state-level unobserved time trends that may influence crime indices.

Table 5

estimates show that the estimated coefficients of the interaction terms are all negative and statistically
significant for the logarithm of the levels of each crime index, but the effect is much weaker when we
consider the rates of relevant crime rates. In terms of the levels of crime, the treated communities
experience about 3% drop in levels of crime in the post reform years relative to the control
communities. However, in terms of crime rates, treated communities experience a 2% drop in assault
death rate per 10000 youth. While the estimated coefficients are all negative for various crime rates, it
is not statistically significant for gun death rate or violent death rates in our sample.
To redress the concern of circularity between the adoption of the Amendment and crime rates,
we next estimate the 2sls-IV (see Table 6).6 We argue that the municipality distance from the
provincial capital is a key determinant of its early adoption and is a good instrumental variable, since
it is historically given and is therefore beyond the control of the municipality. Accordingly, we use
log(distance) from the provincial capital to allow for the non-linearity in the effect of distance on the

6

For comparisons, we also estimate crime rates using fixed effects models (see Annex 1); these results
are in general compatible with OLS and 2SLS-IV estimates.
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likelihood of being treated by the reform. We also include its interaction with the Post dummy to
explore if the distance became more relevant in the post-Amendment years in our sample.
Table 6 summarise the first (equation 2a and 2b) and second stage (equation 3) estimates. It
follows from the first stage estimates (see top panel of Table 6) that the municipalities located farther
from the province capital in terms of log(distance) are significantly more likely to adopt the
Amendment in the post 2009 years in our sample. The statistical significance of the IV, after
controlling for all other factors that also influence crime rates, establishes its relevance in our sample.
We also perform the F-test for the joint significance of Treated=0 and Post*Treated=0 and the
statistical significance of the F-statistics highlight that we can reject the null in favour of the
alternative, thus formally establishing the IV relevance. Using these first stage estimates, we generate
the IVs for the Treated and Post*Treated, which are then used in the second estimates of equation (3).
The IV estimates of youth crime rates are summarised in the bottom panel of Table 6 for the three
selected crime indices.
Before discussing the results it is important to consider the validity of our IV in that
log(distance) of the municipality from the provincial capital does not directly affect crime rates (as a
share of population). In particular, municipalities closer to the provincial capital may have higher total
crimes, but not higher crime rates (as a share of population). The latter is corroborated by the CraggDonald test statistic as reported in Table 6. The null hypothesis here is that the equation is underidentified. Since all the Cragg-Donald chi-square statistics are statistically significant, we can reject
the null hypothesis in favour of the alternative that the crime equations are all exactly identified. This
is further confirmed by the Epanechnikov kernel fit in Figure 5 that plots the non-parametric
association between log(distance) and the relevant youth crime rates in our sample, indicating that
each crime rate remains rather flat even when the IV value changes in our sample. Further Hansen Jstatistics suggests that the system is exactly identified as we have exactly two instruments, namely,
log(distance) and Post*log(distance) to determine to potentially endogenous variables Treated and
Post*Treated.
The coefficient of the interaction term PostxTreated IV that accounts for the differential effect
of the Amendment on the treated municipalities after 2009 is negative and statistically significant for
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all crime indices. Evidently, these IV coefficient estimates are bigger than the non-IV estimates
summarised in Table 5, but have the same signs. We thus infer that municipalities that adopted the
reform by 2013 experienced lower violent youth crimes after 2010 compared to communities that did
not adopt it. In view of results summarised in Tables 2 and Table 4 ruling out reverse causality, we
attribute this to increases in high school enrolment in the treated municipalities in the postAmendment years and not vice versa.
How do we explain these results? First, we have already shown in Table 2 that the high
school enrolment rate has gone up in the treated municipalities only after the Amendment, which in
turn may help generating an “incapacitation effect” to reduce crime rates in our sample as these high
school students are contained in schools during the school hours. Second, we rule out the possibility
that there has been any change in municipal policing in the treatment communities after Amendment
59 (see column (2) of Table 2) so that the drop in crime in the treated districts cannot be attributed to
increased policing. However, the crime reducing effect of compulsory high schooling seems small
(see columns 3 and 4 of Table 2) in our sample from Brazil as compared to the available estimates for
the US and the UK. We argue that the latter can be attributed to the fact that employment rate (neither
overall nor that for under-17 year olds) did take off among the treated municipalities even after the
Amendment in our sample, thus ruling out the possibility that compulsory high schooling necessarily
increased the costs of committing crime. In other words, the small immediate benefit of the
Amendment in terms of reduction in youth crime over 2010-13 seems to have been the result of
incapacitation as 16-17 year olds are being held in high schools after the adoption of the Amendment.

Eliminating competing explanations
We next attempt to ensure that our results are not biased because of any confounding events
including, for example, the presence of Rio de Janeiro metropolitan area or Sao Paulo state in our
sample.
For decades, many of Rio de Janeiro's favelas have been controlled by gangs of armed drug
traffickers. Beginning with the launch of 2008 Police Pacification Unit (UPP for short) that was
implemented in Dona Marta in 2008, many of Rio's major favelas have received pacifying police
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forces. The favelas chosen for the UPP program have previously not paid for public utilities, but
would have to pay fees to whatever criminal organization controlled the area; this often leads to a
recurrence of extortion and tax evasion. Therefore, the concept for the UPP, which was given even
more impetus once Rio was chosen to host the FIFA World Cup and the Summer Olympic Games,
was finally put into action as a first-step solution to deal with the urban cycle of violence.
There are 21 municipalities drawn from Rio de Janeiro in our sample. In order to test that our
results are not influenced by the UPP intervention, we dropped these 21 Rio municipalities and reestimated our regression model. These results, summarised in Table 7, confirm the robustness of our
estimates: we find that the size, sign and significance of the interaction coefficients are rather similar
to those in Table 6.
Second, we consider the estimates for the state of Sao Paulo, which has traditionally devoted
significant resources for tackling all sorts of crime. Estimates for Sao Paulo are shown in Table 7A
while estimates for all but the state of Sao Paulo are shown in Table 7B. Both these sets of estimates
confirm our baseline results as in Table 6 that the common indices of youth crime rates had
significantly dropped in the treated municipalities in the post-2009 years. A comparison of the
treatment impact between Sao Paulo and other states however highlights that the treatment impact has
been somewhat higher in the Sao Paulo municipalities than others for gun deaths and violent deaths
particularly, thus confirming our hypothesis.

Heterogeneous impact
Finally, we consider the heterogeneous impact, if any, of the Amendment on violent crime rates in
poor and non-poor regions in our sample (see discussion in section 3). The 2SLS-IV estimates,
summarised in Table 8, highlight the differential effectiveness of the Amendment: the treatment has a
small positive effect on deaths by gun and no effect on death by assaults or total violent death rates in
the poor municipalities. In contrast, the interaction term is negative and statistically significant for all
three crime rates in the non-poor municipalities.
As discussed earlier, the municipalities in the north-eastern region of Brazil are particularly
underdeveloped relative to the rest of the country. In order to probe the matter further, we also split
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the north-eastern region municipalities into poor and non-poor categories to reassess the effect of the
Amendment. Table 9 further reaffirms the results obtained in Table 8: as before, we do not find any
significant effect of the Amendment in poor municipalities of the north-eastern region, but a
significant reduction in youth crimes in the non-poor north-eastern municipalities after the adoption of
the Amendment.

Possible explanations
How can we explain the heterogeneous impact of the Amendment in our sample? We examine some
possible hypotheses here.
First, using the class size information available from INEP, we compare the average class size
in treated and control municipalities. The left panel of Figure 6 shows that the average class size is
significantly higher in the treated districts that adopted the Amendment; in other words, adoption of
the Amendment has given rise to larger class size in the treated municipalities in our sample, at least
in the immediate aftermath of the adoption. The right hand panel of Figure 5 shows that the same also
holds in the poorer municipalities in the north-eastern region; in fact, the difference in class size
between the treated and control municipalities goes up significantly in the poor municipalities in the
north-eastern region. Second, Appendix Table A2 suggests that poor and non-poor municipalities tend
to differ significantly in terms of various selected governance indices. For example, in comparison to
the non-poor municipalities, poor municipalities are less likely to have a municipal education board
that monitors school performance. They are also less likely to have a safety board that oversees the
overall safety and security of the municipalities. Further these poor municipalities are worse-off when
we compare their composite index (both municipal education board and safety board) using the
principal component analysis with that for the non-poor municipalities. The discrepancy between the
poor and the non-poor municipalities is magnified when we consider the north-eastern region. Taken
together, the adoption of the Constitutional Amendment 59 has led to greater class size, especially in
the treated municipalities located in poorer regions thus leading to worse overcrowding in schools.
The latter is likely to be more problematic if school governance is weak as well (as per Table A2) as
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overcrowding and weak governance may worsen the problems of drug use and anti-social behaviour
in the school premises,1 thus worsening the school learning environment, learning quality as well as
the crime situation. Finally, poorer municipalities (including those in the north-eastern region) tend to
suffer from lower job prospects, lower income/employment opportunities and hence lower returns to
high schooling, even after the Amendment. As a result, the costs of the Amendment introducing
compulsory high schooling may outweigh its benefits so that the compulsory high schooling after the
adoption of the Amendment in poorer municipalities may not be successful to lower youth crime rates
there.
Thus our estimates highlight the limits of the compulsory high schooling of 16-17 year olds in
Brazil as its success depends not only on the job market and returns to schooling but also on the effect
of the Amendment on learning outcome. We also argue that, to a large extent, weaker governance
may arise from the fact that poorer and smaller regions in remote areas may not have enough human
and physical capital needed to conduct their administrative services to the fullest capacity, especially
when decentralised (e.g., see Bardhan and Mookherjee, 2005). This is illustrated in Appendix Table
A2 that confirms this (also see discussion in Section 3). As such the schools in poorer regions that are
poorly administered usually perform worse especially under Brazilian decentralised governance.
Similar argument is made by Galiani, Gertler and Schargrodsky (2008) in the context of Argentina.
Thus an important implication of our results is that the effectiveness of the compulsory highschooling
Amendment crucially depends on the quality of municipal and school governance in decentralised
Brazilian municipalities.

6. Concluding comments
In order to assess the beneficial role of education in fighting youth crime, we compile a unique annual
municipality-level data over 2000-2013 drawn from all Brazilian territory and use the staggered
implementation of the Constitutional Reform 59 as a natural experiment to identify the causal impact
of compulsory high schooling of 16-17 years old on selected violent crime rates among 15-19 years
1

Interviews with people from the Secretary of Security of Sao Paulo State also indicate that drug traffic was
common in overcrowded schools, especially in night schools.
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old. Given the administrative window of implementing the reform between 2010-16, the adoption of
the reform prior to 2016 is likely to be non-random, thus justifying the use of a 2SLS-IV model. In
this respect, we use the variation in the exogenously given geographic distance of the municipality
from its state capital to identify the adoption of the reform, which suggests that the distance of the
municipality from its state capital is a significant predictor of early adoption of the reform after the
introduction of the Amendment.
Departing from the previous studies in Brazil focused, we consider the impact of compulsory
high schooling on youth crime rates (rather than overall crime rates) in all Brazilian municipalities
(rather than specific regions, e.g., Sao Paulo). Our estimates performed within a difference-indifference framework, suggest that the Amendment reduced youth crime rates in the treated
municipalities, but the size of the effect was rather small. Further investigation shows that this small
reduction in youth crime rates can only be attributed to incapacitation because of compulsory high
schooling; but there was no evidence that the Amendment has been accompanied by improved
employment generation or higher returns to schooling in the treated municipalities after the
Amendment. In addition, we identify a heterogeneous impact of the reform in poor and non-poor
municipalities; there is suggestion that compulsory high schooling only worked in the non-poor
municipalities, but has no beneficial effect on youth crime in the poorer municipalities after the
Amendment. We thus argue that the costs of the Amendment, including overcrowding in schools,
weaker school governance and also lower returns to schooling, outweighed the incapacitation effect of
the Amendment, especially in poorer (relative to non-poor) regions of the country.
Evidently, the criminal involvement rises sharply with the onset of adolescence in the US
(Levitt and Lochner, 2001) and also in Latin America (see Figure 1). Given the enormous real and
psychological costs of crime, the prevention of youth crime is high on the public policy agenda in
most countries including Brazil. An important value-added of our analysis is that the success of
compulsory high schooling crucially depends on school’s learning environment and job market
prospects, bearing important implications for future policies for tackling youth crime not only in
Brazil, but also beyond its border.
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Figures
Figure 1 – Evolution of Gini Index in Brazil
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Figure 2 - Age profile of criminals in selected South American Countries

Source: Paim et al 2008

Figure 3 – Number of deaths by gun – total and for 15-19 years old – over Brazilian regions
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Figure 4 – Trend in total enrolments among 15-19 year old among treated and control
municipalities
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Tables
Table 1 – Rationale for treatment and control municipalities: Mean comparisons
2000-2009
Variables
Number of
enrolments at
middle school
Number of
enrolments at high
school
Rate of enrolment at
high school and
population between
15-19 years old
Age lag (school
delay)
Share of dropout
after middle school
Total education
spending
Education spending
per student

Treated=1

Treated=0

2010-2013
T-stat

Treated=1

Treated=0

T-stat

2844.86

2587.86

2.09**

2634.91

2248.13

2,108**

1600.86

1523.83

0.905

1601.13

1376.45

1.880*

0.4231

0.4622

-27.825***

0.4755

0.4477

18.402**

43.29

46.75

-16.72***

33.38

35.72

-9.467***

0.000366

0.0004422

-6.842***

0.000235

0.000288

-7.303***

2273844

2142740

1.188

3126076

2903411

1.883*

357,679

349,703

1.412

762,518

793,464

-1.553

Note: Municipalities that adopted the reforms and those that did not. The first had significantly higher
high school enrolment, but lower dropout rates after the middle school, thus suggesting that the
reform was successful to lower dropout rates after middle schools and also to increase high school
enrolment in the post-reform years. *** p<0.01, ** p<0.05, * p<0.1
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Table 2. Time trend in high school enrolment, employment and municipal policing
Variables
Treated
treatx2001
treatx2002
treatx2003
treatx2004
treatx2005
treatx2006
treatx2007
treatx2008
treatx2009
treatx2010
treatx2011
treatx2012
treatx2013
Constant
Year dummies
Observations
R-squared

1.Enrolment rate for 1519 year olds

2.Dummy of municipal
police

3.Employment/income
Index

-0.03059***
(0.005)
-0.00642**
(0.003)
0.00114
(0.004)
0.00054
(0.004)
-0.00171
(0.005)
-0.00151
(0.005)
-0.00069
(0.005)
-0.00323
(0.005)
-0.01921***
(0.004)
-0.02356***
(0.004)
0.02533***
(0.004)
0.04170***
(0.004)
0.04977***
(0.004)
0.05187***
(0.004)
0.25233***
(0.016)
Yes
77,180
0.253

0.00812
(0.007)
0.00053
(0.003)
0.00380
(0.004)
0.00474
(0.005)
0.00641
(0.005)
0.00582
(0.006)
0.00422
(0.007)
0.00400
(0.007)
0.00043
(0.007)
-0.00284
(0.008)
-0.00506
(0.008)
-0.00680
(0.008)
-0.00888
(0.009)
-0.00452
(0.009)
-0.00312
(0.003)
Yes
83,355
0.160

0.017***
(0.004)
-0.001
(0.001)
-0.003
(0.002)
-0.004*
(0.003)
-0.006*
(0.003)
-0.007*
(0.004)
-0.003
(0.004)
-0.008**
(0.004)
-0.014***
(0.004)
-0.017***
(0.004)
-0.011***
(0.004)
-0.017***
(0.004)
-0.012***
(0.004)
-0.009**
(0.004)
0.352***
(0.003)
Yes
82,999
0.090

4.Under 17 employment share

-0.0271***
(0.00806)

0.00903
(0.0114)

0.00858
(0.0112)
-0.00913
(0.0113)
-0.00457
(0.0112)
-0.00662
(0.0112)
-0.00267
(0.0112)
0.000202
(0.0111)
-0.00231
(0.0110)
0.00203
(0.0110)

0.467***
(0.00594)
54,619
0.005

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
Since security is under the state provision, having a municipal police is not mandatory. We define the municipal
police dummy as follows: it takes a value 1 if the municipality is concerned about security and have a municipal
police force.

Table 3- Mean comparisons of crime rates for treatment and control municipalities
before/after 2010
Before 2010
Variables

After 2010

Treated=1

Treated=0

Assault deaths

0.0002

0.0002

0.4124

0.00027

0.00034

-6.749***

Gun deaths

0.00016

0.00017

0.1689

0.00021

0.00028

-7.867***

5.28

5.25

3.8008***

5.28

5.25

3.8008***

1.412

1.322

13.578***

1.718

1.668

5.158***

Ln(Distance from capital)
Log. GDP per capita
*** p<0.01, ** p<0.05, * p<0.1

T-stat

Treated=1

Treated=0

T-stat
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Table 4. Test of Parallel Trend
VARIABLES
Treated
treatx2001
treatx2002
treatx2003
treatx2004
treatx2005
treatx2006
treatx2007
treatx2008
treatx2009
treatx2010
treatx2011
treatx2012
treatx2013
Constant
Year dummies
Observations
R-squared

Youth gun death rates
(15-19 y.o.)

Youth assault death
rates (15-19 y.o.) by

Youth deaths due violent
crimes (15-19 y.o.)

0.00001
(0.000)
0.00001
(0.000)
0.00001
(0.000)
0.00000
(0.000)
-0.00001
(0.000)
0.00000
(0.000)
0.00001
(0.000)
-0.00001
(0.000)
-0.00001
(0.000)
-0.00001
(0.000)
-0.00001
(0.000)
-0.00002
(0.000)
-0.00001
(0.000)
-0.00001
(0.000)
0.00011***
(0.000)
Yes
46,801
0.063

0.00001
(0.000)
-0.00001
(0.000)
0.00002
(0.000)
-0.00001
(0.000)
-0.00002
(0.000)
-0.00001
(0.000)
0.00001
(0.000)
-0.00003
(0.000)
-0.00002
(0.000)
-0.00001
(0.000)
-0.00002
(0.000)
-0.00003
(0.000)
-0.00002
(0.000)
-0.00005
(0.000)
0.00013***
(0.000)
Yes
52,584
0.059

0.00002
(0.000)
0.00001
(0.000)
0.00004
(0.000)
-0.00000
(0.000)
-0.00000
(0.000)
0.00001
(0.000)
0.00003
(0.000)
-0.00004
(0.000)
-0.00002
(0.000)
-0.00004
(0.000)
-0.00004
(0.000)
-0.00003
(0.000)
-0.00002
(0.000)
-0.00005
(0.000)
0.00024***
(0.000)
Yes
44,411
0.074

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

Table 5 –OLS estimates for selected crime indicators in rates and levels
Crime rates (15-19 years old) as a share of
15-19 municipal population
Variables

Gun
deaths

Post 2009

0.00005
(0.000)

Treated

-0.00001
(0.000)

PostXTreated

-0.00001
(0.000)

Assault
deaths
-0.00008

Violent
deaths

logarithm of number of youth crimes (1519 years old)
Gun deaths

Assault
deaths

0.00011

0.00310

-0.20688**

(0.086)

(0.090)

(0.119)

-0.00296

0.00052

-0.00335

(0.014)

(0.014)

(0.018)

-0.0300***

-0.03281**

(0.000)

(0.000)

-0.000003

-0.00002

(0.000)

(0.000)

-0.00002*

-0.00003

-0.02548**
(0.012)

Violent
deaths
-0.00432

(0.000)

(0.000)

(0.011)

(0.016)

Observations

41,750

46,815

39,689

41,750

46,815

39,689

R-squared

0.091

0.085

0.105

0.441

0.463

0.476

Robust standard errors in parentheses - *** p<0.01, ** p<0.05, * p<0.1
Controls included: mayor education (1 if college graduated, 0 c.c.), mayor party is the same of president party,
mayor gender, education board, municipal population, GDP per capita, illiterate rate and Gini index. Dummies
of year, dummies of state and crossed dummies of year and state are also included.
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Table 6– 2SLS IV estimates for crime rates, all municipalities
First stage
Treated
Logarithm of distance
from the capital state

PostXTreated

-0.017***

-0.0089***

(0.0000)

(0.0000)

0.0045

0.0117***

(0.411)

(0.006)

Observations

41693

41693

F-test exclusion

14.97

4.99

R-squared

0.1181

0.4425

Post2009 x Logarithm
of distance from the
capital state

Second stage – IV estimates of crime rates among youths 15-19 years old

0.0036

Assault deaths as a
share of youth
population
0.0036

Violent deaths as a
share of youth
population
0.0077

(0.001)

(0.000)

(0.002)

Treated IV

0.0058***

0.0053***

0.0114***

(0.000)

(0.000)

(0.001)

PostXTreated IV

-0.0074***

-0.0072***

-0154***

(0.000)

(0.001)

(0.000)

41,693

46,764

39,656

VARIABLES
Post 2009

Observations

Gun deaths as a share
of youth population

R-squared
0.253
0.169
0.243
Cragg-Donald test
14.46(0.00)***
11.29 (0.00)***
11.43 (0.00)***
Chi-square(P-value)
Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1
Controls included in both stages include: dummy of post Amendment, mayor education (1 if college graduated,
0 c.c.), mayor party is the same of president party, mayor gender, municipal population, GDP per capita,
illiterate rate, Gini index, state dummies and also interacted dummies of state and year.
Cragg-Donald test: Ho: matrix of reduced form coefficients has rank=K-1 (under-identified)
Ha: matrix has rank>=K (identified). Hansen J-stat tests for over-identification – a value of 0 means that the
equation is exactly identified.
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Table 7. 2SLS-IV estimates of youth crime rates excluding Rio de Janeiro Metropolitan area
Second stage - Crime rates excluding RJ metropolitan area – youths 15-19 years old
VARIABLES
Post 2009
Treated IV
PostXTreated IV

Observations

Gun deaths

Assault deaths

Violent deaths

-0.00012

0.00002

-0.00019

(0.000)

(0.000)

(0.000)

0.00276***

0.00275***

0.00563***

(0.000)

(0.000)

(0.001)

-0.00031***

-0.00033***

-0.00068***

(0.000)

(0.000)

(0.000)

41,480

46,551

39,443

R-squared
0.097
0.090
0.111
Robust standard errors in parentheses - *** p<0.01, ** p<0.05, * p<0.1
Controls included: mayor education (1 if college graduated, 0 c.c.), mayor party is the same of president party,
mayor gender, municipal population, GDP per capita, illiterate rate, Gini index, state dummies, interacted
dummies of state and year.

Table 7A. 2SLS IV estimates of 15-19 Crime rates for Sao Paulo

Gun deaths
rate

Assault
deaths as a
share of
youth
population

violent
deaths as a
share of
youth
population

-0.00001

0.00032

(0.000)

Rate of theft

Rate of
robbery

Rate of
homicide

0.00078**

0.01359

-0.00247***

0.00012**

(0.000)

(0.000)

(0.043)

(0.001)

(0.000)

0.00343***

0.00406***

0.00887***

-0.21488

0.03898***

0.00296***

(0.001)

(0.001)

(0.001)

(0.230)

(0.006)

(0.000)

-0.00056**

-0.00100***

-0.00237***

0.04478

-0.00148*

-0.00056***

(0.000)

(0.000)

(0.001)

(0.042)

(0.001)

(0.000)

Observations

4,157

4,830

3,360

5,976

6,507

6,507

R-squared

0.071

0.048

0.111

0.052

0.040

0.102

VARIABLES
post2009

Treated IV

PostXTreated
IV

Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1
Controls included in both stages include: dummy of post Amendment, mayor education (1 if college graduated,
0 c.c.), mayor party is the same of president party, mayor gender, municipal population, GDP per capita,
illiterate rate, Gini index, state dummies and also interacted dummies of state and year.
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Table 7B. 2SLS IV estimates of 15-19 Crime rates after excluding Sao Paulo state
Gun deaths as a
share of youth
population

Assault deaths as a
share of youth
population

violent deaths as a
share of youth
population

0.00019***

0.00031***

0.00079***

(0.000)

(0.000)

(0.000)

-0.00014***

-0.00013***

-0.00040***

(0.000)

(0.000)

(0.000)

-0.00016***

-0.00015***

-0.00052***

(0.000)

(0.000)

(0.000)

Observations

37,536

41,934

23,757

R-squared

0.052

0.052

0.080

VARIABLES
post2009

Treated IV

Post* Treated IV

Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1
Controls included in both stages include: dummy of post Amendment, mayor education (1 if college graduated,
0 c.c.), mayor party is the same of president party, mayor gender, municipal population, GDP per capita,
illiterate rate, Gini index, state dummies and also interacted dummies of state and year.
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Table 8 – 2SLS-IV second stage estimates of the crime rates for poor and non-poor regions
Municipalities
Region

Brazil

Non Poor

Poor

Gun death rates among 15-19 years old

Indicator
Brazil

Non-poor

Poor

Post 2009

-0.0001

-0.00004

-0.0005***

(0.000)

(0.000)

(0.000)

Treated IV

0.0028***

0.0029***

0.0005

(0.000)

(0.000)

(0.000)

-0.0003***

-0.0004***

0.0004**

(0.000)

(0.000)

(0.000)

Observations

41,693

28,533

13,160

R-squared

0.100

0.130

0.069

PostXTreated IV

Assault death rates among 15-19 years old

Indicator
Region

Brazil

Non Poor

Poor

-0.0001

0.0001

-0.0003

(0.000)

(0.000)

(0.000)

Treated IV

0.0028***

0.0029***

0.0005

(0.000)

(0.000)

(0.000)

PostXTreated IV

-0.0004***

-0.0004***

0.0001

(0.000)

(0.000)

(0.000)

Observations

46,764

32,011

14,753

R-squared

0.092

0.123

0.068

Post 2009

Violent death rates among 15-19 years old

Indicator
Region
Post 2009
Treated IV
PostXTreated IV
Observations

Brazil

Non Poor

Poor

-0.0002

0.0003

-0.0007**

(0.000)

(0.000)

(0.000)

0.0057***

0.0058***

0.0011

(0.001)

(0.001)

(0.001)

-0.0007***

-0.0008***

0.0005

(0.000)

(0.000)

(0.000)

39,656

27,117

12,539

0.114
0.155
0.080
R-squared
Robust standard errors in parentheses - *** p<0.01, ** p<0.05, * p<0.1
Poor municipalities have income per capita less than half of minimum wage.
Controls included: mayor education (1 if college graduated, 0 c.c.), mayor party is the same of president party,
mayor gender, municipal population, GDP per capita, illiterate rate, Gini index, state dummies, interacted
dummies of state and year, and post2009 variable.
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Table 9–2SLS-IV estimates of crime rates poor and non-poor municipalities in the North-east
Gun death rates among 15-19

Assault death rates among 15-

Violent death rates among 15-

years old

19 years old

19 years old

Indicator

NE - Non Poor

NE – Poor

0.00046*

NE – Poor
-0.00030**

NE - Non Poor
-0.00127*

NE - Poor

Post 2009

0.00061***
(0.000)

(0.000)

(0.000)

(0.000)

(0.001)

(0.000)

Treated IV

0.00260***

0.00097**

0.00273***

0.00151***

0.00526***

0.00252***

(0.001)

(0.000)

(0.001)

(0.000)

(0.001)

(0.001)

-0.00106***

0.00018

-0.00111***

0.00022

-0.00231***

0.00033

(0.000)

(0.000)

(0.000)

(0.000)

(0.001)

(0.000)

Observations

7,048

8,534

7,594

9,260

6,710

8,146

R-squared

0.268

0.076

0.271

0.081

0.293

0.091

PostXTreated
IV

-0.00060***

NE - Non Poor

-0.00017

Robust standard errors in parentheses - *** p<0.01, ** p<0.05, * p<0.1
Poor municipalities have income per capita less than half of minimum wage. NE: North-east;
Controls included in all stages: dummy of post Amendment, mayor education (1 if college graduated, 0 c.c.),
mayor party is the same of president party, mayor gender, municipal population, GDP per capita, illiterate rate,
Gini index, state dummies, and interacted dummies of state and year.
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Appendix Tables
Table A1. Summary of variables and Statistics
Full sample
Variable

Description

Gun deaths
15-19

logarithm of number of deaths by
guns - people from 15 to 19 years
old

Obs

Mean

Std. Dev.

Source
DATASUS – Health
Informatics
Department of the
Brazilian Ministry of
Health.
DATASUS – Health
Informatics
Department of the
Brazilian Ministry of
Health.
DATASUS – Health
Informatics
Department of the
Brazilian Ministry of
Health.
INEP – National
Institute
for
Educational Studies
and Research "Anísio
Teixeira".
IBGE – Brazilian
Institute of Geography
and Statistics.

46,858

0.37

0.76

logarithm of number of deaths by
Assault deaths
assault (aggressions) - people from
15-19
15 to 19 years old

52,653

0.40

0.77

logarithm of sum of deaths by gun
Violent deaths
and assault -people from 15 to 19
15-19
years old

44,463

0.60

1.00

Treated

It takes a value 1 if average of
number of enrollments in high
school per population of 15-19
years old is greater than this rate in
2009; 0 c.c.;

83,460

0.00

1.00

Distance of
capital state

Distance of municipality from the
capital state em km

77,098

253.20

163.67

GDP per
capita

logarithm of municipal gross
domestic product per capita prices of 2000

75,294

1.47

IBGE – Brazilian
0.77 Institute of Geography
and Statistics.

Mayor
education

binary variable: 1 = mayor
graduated at a college; 0=the
opposite

73,762

0.41

TCU - Tribunal de
0.49 Contas da União Federal court accounts

Aligned with
President

Mayor Party Aligned and Supports
President Party

83,880

0.10

TCU - Tribunal de
0.30 Contas da União Federal court accounts

Gini index

Gini index by municipalities,
according to the residents'
distribution of income

77,896

0.52

IBGE – Brazilian
0.08 Institute of Geography
and Statistics.

Population

Municipal resident population

80,860

31193

Population
15-19 years 15-19 years old resident population
old

72,259

3129

Cash transfer
program
Number of people receiving cash
'Bolsa
transfers Bolsa Familia
Família'

50,040

2003

6090

77,205

1545

INEP – National
Institute
for
9661 Educational Studies
and Research "Anísio
Teixeira".

44,248

2.83

INEP – National
3.58 Institute
for
Educational Studies

High-school
enrolments

Number of enrolments at high
school

Dropout rate
Dropout rate at elementary and
after middle
middle school
school

TCU - Tribunal de
187024 Contas da União Federal court accounts
TCU - Tribunal de
16577 Contas da União Federal court accounts
Brazilian
Ministry

Social
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and Research "Anísio
Teixeira".
TCU - Tribunal de
Contas da União Federal court accounts
TCU - Tribunal de
Contas da União Federal court accounts

Mayor party

mayor party

83,880

President
party

president party

83,880

Poor
municipality

Municipality with less than half
minimum wage as income per
capita

83,460

0.28

RJ
metropolitan

Municipalities of Rio de Janeiro
metropolitan area

83,880

0.00

Mayor gender Mayor gender

79,480

2.16

Education
Board

83,460

0.23

82,999

0.45

Municipality has an education
board

Employment Composite index of employment
/Income index and income
Theft

Data of municipalities of Sao Paulo
state - number of thefts

9,016

156.78

Robbery

Data of municipalities of Sao Paulo
state - number of robberies

9,016

58.12

Homicide

Data of municipalities of Sao Paulo
state - number of homicides

9,016

6.73

IBGE – Brazilian
0.45 Institute of Geography
and Statistics.
IBGE – Brazilian
0.06 Institute of Geography
and Statistics.
TCU - Tribunal de
0.55 Contas da União Federal court accounts
IBGE – Brazilian
0.42 Institute of Geography
and Statistics.
FIRJAN – Federation
0.14 of industries of Rio de
Janeiro
Secretary of Public
219.26 Security of Sao Paulo
State
141.34

Secretary of Public
Security of Sao Paulo
State

Secretary of Public
24.77 Security of Sao Paulo
State

Note: Assault: Homicides by assault among 15-19 years old; Gun: homicides by gun among 15-19 years old;
Violent: homicides by assault and gun among 15-19 years old; Car-crash: homicides by car crash among 15-19
years old.
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Appendix Table A2. Comparison of governance indicators across regions
Brazil

Poor

Non-poor

T-statistics

Population

15220

39553

-4.2060***

Logarithm of GDP per capita in Reais of 2000)

8.4

16.40

-17.6002***

Distance from capital (km)

276

244

22.3607***

Northeast

0.59

0.21

29.0864***

Gini index

0.52

0.49

-13.1231***

Employment/income index

0.41

0.51

-26.6006***

Mayor professional

0.31

0.35

-2.5085***

Mayor graduate

0.39

0.45

-3.6893***

Class size

30

28

8.3571***

Drop out rate

4.33

2.22

57.9929***

Graduate teachers

0.83

0.92

20.9397***

Have an education board

0.2

0.25

-14.6320***

Have a safety board

0.04

0.09

-26.2972***

Have not been audited

0.96

0.97

-5.1055***

PCA Composite index[1]

-0.06

0.02

25.4693***

Northeast

Poor

Non-poor

T-statistics

Have an education board

0.18

0.26

26.0107***

Have a safety board

0.02

0.10

-37.8170***

Have not been audited

0.97

0.98

-4.8948***

PCA Composite index[1]

-0.08

0.04

-40.6054***

Employment/income index
0.36
0.40
- 23.2809***
Note: [1] We use the principal component analysis to derive the composite index of governance using the
information on having an education board, safety board and not being audited.
*** p<0.01, ** p<0.05, * p<0.1

Table A3 – Fixed effects gun deaths estimates for 15-19 years olds
Level Indicator - logarithm of the gun deaths
(15-19 y.o.)

Variables

Rate Indicator - Gun death rates (15-19 y.o.)

Post 2009

0.000041***

0.000078***

0.000065

0.041838***

0.075550***

0.065763

(0.000)

(0.000)

(0.000)

(0.009)

(0.017)

(0.084)

-0.00004***

-0.00004***

-0.00002

-0.06414***

-0.06454***

-0.03345***

(0.000)

(0.000)

(0.000)

(0.012)

(0.012)

(0.011)

Controls included

yes

yes

yes

yes

yes

yes

year dummies

no

yes

yes

no

yes

yes

PostXTreated

crossed year and
state dummies
Observations

no

no

yes

no

no

yes

41,742

41,742

41,742

41,742

41,742

41,742
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R-squared
Municipality code

0.016

0.018

0.050

0.027

0.030

0.085

3,308

3,308

3,308

3,308

3,308

3,308

Robust standard errors in parentheses - *** p<0.01, ** p<0.05, * p<0.1
Controls included: mayor education (1 if college graduated, 0 c.c.), mayor party is the same of president party,
municipality has safety board and municipal police (to control for municipal security expenditure, since security
is in state charge), mayor gender, municipal population, GDP per capita, illiterate rate and Gini index.

Table A4 – Fixed effects assault death estimates for 15-19 years olds
Level Indicator - Logarithm of the number of
assault deaths (15-19 y.o.)

Variables

Rate Indicator - Assault death rates (15-19 y.o.)

Post 2009

0.00005***

0.00012***

0.00006

0.042854***

0.10220***

0.06244

(0.000)

(0.000)

(0.000)

(0.009)

(0.016)

(0.071)

-0.00005***

-0.00005***

-0.00002*

-0.06190***

-0.06254***

-0.03402***

(0.000)

(0.000)

(0.000)

(0.011)

(0.011)

(0.010)

PostXTreated
Controls
included

yes

yes

yes

yes

yes

yes

year dummies
crossed year
and state
dummies

yes

yes

yes

yes

yes

yes

no

no

yes

no

no

yes

Observations

46,807

46,807

46,807

46,807

46,807

46,807

R-squared
Municipality
code

0.017

0.019

0.043

0.029

0.032

0.078

3,715

3,715

3,715

3,715

3,715

3,715

Robust standard errors in parentheses - *** p<0.01, ** p<0.05, * p<0.1
Controls included: mayor education (1 if college graduated, 0 c.c.), mayor party is the same of president party,
municipality has safety board and municipal police (to control for municipal security expenditure, since security
is in state charge), mayor gender, municipal population, GDP per capita, illiterate rate and Gini index.

Table A5 – Fixed effects violent crime estimates 15-19 years olds

Variables
Post 2009

Rate Indicator: indicator by youth municipal
population

Level Indicator: logarithm of total value

number of youth deaths due violent crimes (15-19
y.o.) by youth population (15-19 y.o.)

logarithm of the number of youth deaths due
violent crimes (15-19 y.o.)

0.00010***

0.00022***

0.00013

0.06499***

0.15562***

0.08502

(0.000)

(0.000)

(0.000)

(0.013)

(0.024)

(0.117)

-0.00010***

-0.00010***

-0.00004

-0.09056***

-0.09124***

-0.04384***

(0.000)

(0.000)

(0.000)

(0.016)

(0.016)

(0.015)

yes

yes

yes

yes

yes

yes

year dummies
crossed year
and state
dummies

no

yes

yes

no

yes

yes

no

no

yes

no

no

yes

Observations

39,681

39,681

39,681

39,681

39,681

39,681

R-squared
Municipality
code

0.021

0.024

0.059

0.031

0.034

0.087

3,141

3,141

3,141

3,141

3,141

3,141

PostXTreated
Controls
included

Robust standard errors in parentheses - *** p<0.01, ** p<0.05, * p<0.1
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Controls included: mayor education (1 if college graduated, 0 c.c.), mayor party is the same of president party,
municipality has safety board and municipal police (to control for municipal security expenditure, since security
is in state charge), mayor gender, municipal population, GDP per capita, illiterate rate and Gini index.

39

