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Abstract 
 

We estimate the impact of fire-armed police on violent crimes (homicides and acts of aggression) 
in a quasi-natural experiment in Brazil. In 2003, Brazilian legislators approved a law that regulates 
the use of firearms by the municipal police. We explore the population eligibility criterion as an 
instrumental variable of firearm possession in a linear regression discontinuity design. We find 
robust results that a municipal police force with firearms significantly reduces homicides and acts 
of aggression between 2002 and 2012. Moreover, we find suggestive evidence of more arrests, the 
incapacitation of criminals, and absence of deterrence.  
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1. Introduction 
 

Societies create institutions to combat crime. Law enforcement mechanisms and criminal 

justice systems are developed to induce the deterrence of crime by influencing either the risk 

perception (e.g., see the literature review conducted by Apel, 2013) or the severity of punishment  

(e.g., see Chalfin et al., 2013 on capital punishment) associated with criminal activity (Loughran et all. 

2012). To make this system work in practice, different societies apply different technologies to 

identify, capture, prosecute, sentence and incarcerate offenders. One choice that societies must 

consider is whether police bear firearms. This paper addresses the consequences of this technological 

choice by answering the following question: what is the impact of fire-armed police on crime in 

comparison with non-fire-armed police?  

In principle, the effect of fire-armed police on crime can be negative or positive. On the one 

hand, fire-armed police can increase the police’s effectiveness in combating crime. It can induce both 

greater effort by the police (e.g., more vigilance and more arrests) and greater deterrence of criminal 

behavior. On the other hand, it can trigger an arms race between police and criminals so that the 

crime rates increase. In addition, it can induce the police to engage in more violent behavior. Thus, 

the direction of the expected impact of fire-armed police on crime is ambiguous, and its actual effect 

is an empirical issue. Recently, the fact that some police do not carry firearms as usual equipment for 

fighting criminality has been questioned in the public arena given the occurrences of terrorist attacks1 

2. However, to our knowledge, there is no systematic evidence on the impact of the police’s use of 

firearms on crime.  

The literature on the effects of the presence of the police on criminality is vast (e.g., Evans 

and Owens, 2007; Lin, 2008; Marvell and Moody, 1996 on police manpower; Braga, 2001; Sherman 

                                                           
1 For instance, some recent headlines in the news are as follows: “To Counter Terror, Europe's Police Reconsider Their 
Arms” (The New York Times Jan, 19, 2015); “5 countries where police officers do not carry firearms — and it works 
well” (The Washington Post Feb 18, 2015); and “Unsettling Wariness in Norway, Where Police Are Rarely Armed” (The 
New York Times July 25, 2011). 
2 Following the recent protests against the Dilma´s government in Brazil (2015), a group of Senators proposed 
(Constitutional Emend number 51) that the State Military Police be disarmed given the confrontation between the police 
and organized groups of civil society, including violent confrontations such as the self-referred “Black Block” group.  
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and Weisburd, 2005 on “hot spots” policing; Braga et al., 2001 on “problem-oriented” policing). The 

main challenge that these empirical studies face is addressing the problem of endogeneity of police. 

To solve this problem, some authors use an instrumental variable approach and find a negative effect 

of police on crime in the US (Levitt, 1997; Levitt, 2002; Evans and Owens, 2007; Lin, 2008 and 

Chalfin and McCrary, 2012). Regarding police deployments, Di Tella and Schargrodsky (2004) use the 

moment of the terrorist attack (a shock) on the main Jewish center in Buenos Aires (Argentina) as an 

exogenous change that lead to unusual police protection. Draca, Machin and Witt (2011) use the 

terrorist attack (a shock) as an exogenous change in Central London that provoked a redeployment 

of police officers. Both studies find evidence that the police force reduces crime. Interestingly, these 

were two distinct situations; in one situation, the police use firearms as usual/standard equipment (in 

the US and Argentina), and in the other situation, they do not (England). 

 Although no systematic investigation of the effect of the use (or non-use) of firearms as 

usual/regular police equipment on criminality has been conducted, empirical evidence shows that the 

set of actions involving punishment for or risk associated with individuals’ criminal behavior has an 

important effect on violent crimes.3 For instance, Levit (1997) shows that a 1% increase in the 

incarceration rate reduces the number of violent crimes by -0.42 percent in the US. Furthermore, 

Levitt (2002) argues that a 1% increase in the number of police officers per capita is associated with 

a -0.43 percent reduction in violent crimes in the United States. In Brazilian cities in the State of São 

Paulo, the imposition of a dry law on commerce (a limits to bar hours) is associated with a large 

reduction (10%) in homicide rates (Biderman et al. 2010). 

 

  

                                                           
3 According to the US Department of Justice, violent crimes include murder and nonnegligent manslaughter, rape, 
robbery, and aggravated assault. Violent crimes are offenses that involve force or the threat of force. 
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Moreover, the literature on the effects of arms permits for individuals’ use on crime and 

suicide is extensive but inconclusive.4 

 Considering the emergent importance of this issue for different societies, Brazilian 

municipalities offer a quasi-experiment opportunity that allows us to evaluate the differences in 

criminality by comparing two situations: when the police carry firearms and when they do not. We 

explore the legal eligibility criterion for a municipality to have a fire-armed municipal police established 

by Federal Law in 2003 (the Statute of Disarmament n.10.826) as an exogenous source of firearm use 

by the police. As discussed in detail below, Federal Law establishes that only municipalities with 50 

thousand inhabitants or more are allowed to have municipal police who carry firearms. Moreover, 

this law increased the costs of carrying firearms privately for individual’s use for all individuals in all 

municipalities.5 Thus, it creates a quasi-experiment of an across the board increase of restrictions of 

firearm use by the individuals and an increase of firearm use permission by the eligible police. Using 

panel data of non-metropolitan municipalities with municipal police from 2002 to 2012 and exploring 

the population eligibility criterion as an instrumental variable of firearm use by the police that can be 

interpreted as a parametric fuzzy regression discontinuity (FRD) design, we find evidence that fire-

armed police reduce crime in comparison with non-fire-armed police. Moreover, we find suggestive 

evidence that this crime reduction is at least partially due to greater police efforts. Fire-armed police 

perform more inquires, stop more incidences of flagrant behavior and make more arrests. 

 Finally, the increase in police effort may lead potential criminals to restrain from engaging in 

criminal behavior. One method of investigating indirect evidence of deterrence behavior is checking 

the spillover effects on neighboring municipalities. We investigate this possibility and we do not 

observe effect of deterrence (i.e., migration of potential criminals from one municipality to its 

neighbor). 

                                                           
4 See Sloan et al., 1990; Loftin et al., 1991; Kellermann et al., 1992; Lott and Mustard, 1997; Ayres and Donohue, 2003; 
Black and Nagin, 1998; Duggan, 2001; Moody 2001; Cook and Ludwig, 1998; Azrael, Hemenway, and Miller, 2000; 
Duggan, Hjalmarsson, and Jacob, 2011. 
5 1,885,910 firearms have been destroyed by the Brazilian Army between 1997 and 2008. Source: Implementing Brazil´s 
“Disarmament Statute”: Putting Law into Practice (2010). 
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 This paper is organized into eight sections, including this introduction. Section 2 describes the 

institutional background of Brazil and the source of exogenous variation used in the empirical 

exercise, section 3 describes the data and samples selected, section 4 presents the empirical strategy, 

section 5 shows the results, section 6 discusses some possible mechanisms that might explain the 

results; section 7 presents some additional robustness checks, and section 8 concludes. 

2. Institutional Background 

The Brazilian Constitution (chapter III, article 144) and the Decree Law (5,289/2004; article 

4) establish that the public security system is constituted by the following organizations: the National 

Guard, the Federal Police, the Federal Highway Police, the Federal Railroad Police, the State Civil 

Police, the State Military Police, and the Municipal Police.   

 The National Guard is a complementary and special force formed by members of the forces 

from different states of the country. It helps state and local forces in emergent situations and may be 

convened by a either a Ministry or State Governor (Decree 7,957/2013). 

The Federal Police is responsible for combating political and social crimes, drug trafficking, 

and crimes against the interest of the federal government and its institutions. In addition, these police 

are responsible for the country’s border control and serve the functions of judicial police. The Federal 

Highway (railroad) Police is responsible for ostensibly patrolling the federal highways (railroads).  

The State Civil Police serve the functions of criminal police and investigate criminal offenses. 

The State Military Police is responsible for overt policing and the maintenance of public order. One 

of its divisions, the military fire brigades, is responsible for the implementation of civil defense 

activities.  

Finally, the Municipal Police was originally created in 1988 by the Federal Constitution to 

protect the municipalities’ goods, services and facilities. The Constitution delegates the decision to 

have Municipal police to the municipal authorities (the local Executive and Legislative branches).   
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Over the years, the duties of the Municipal Police have diversified. Ultimately, the Municipal 

Police perform auxiliary functions in public safety, collaborating in the patrolling of schools and roads 

and assisting the Civil and Military Police (IBGE-MUNIC, 2012). 

 The increase in tasks over time generated some overlap of activities with other police forces 

and a demand for the use of similar technologies to combat crimes, including the use of firearms. 

Recognizing the possibility of generalized use of this instrument indiscriminately, the Federal 

Legislative decided to regulate the use of firearms by the individuals and police forces.  It enacted the 

Law Number 10.826 on December 22, 2003 called the Statute of Disarmament.  This law increased the 

requirements for the individuals to purchase a gun and banned civilians carrying guns.6 Additionally, 

its chapter III, article 6 establishes the criteria under which the Municipal Police can carry firearms. 

These criteria are as follows: (i) all municipalities in metropolitan areas are allowed to have municipal 

police with firearms, and the members of the local police force can carry firearms at any time7; (ii) for 

all municipalities in non-metropolitan areas, the allowance of firearm use depends on the size of the 

municipality. In municipalities with less than 50,000 inhabitants, local police members cannot carry 

firearms. In municipalities with 50,000 inhabitants or more, the members of the Municipal Police can 

bear firearms.8 Moreover, the local force members in municipalities with a population size between 

50,000 and 500,000 can use firearms as instruments for security during work hours only. However, 

the members of Municipal Police in municipalities with over 500,000 inhabitants can also carry 

firearms outside of work hours.  

                                                           
6 See the importance of Statute of Disarmament on Hartung (2009) and dos Santos (2012) 
7 The metropolitan and non-metropolitan municipalities are established by law. The metropolitan areas include Manaus, 
Belém, Macapá, São Luis, Sudoeste Maranhense, Cariri, Fortaleza, Natal, João Pessoa, Campina Grande, Recife, Maceió, 
Agreste, Aracaju, Salvador, Belo Horizonte, Vale do Aço, Vitoria, Rio de Janeiro, São Paulo, Baixada Santista, Campinas, 
Curitiba, Londrina, Maringá, Florianópolis, Itajaí, Nordeste Catarinense, Rio Itajaí, Carbonífera, Tubarão, Lages, Chapecó, 
Porto Alegre, Cuiabá, Goiânia, Nordeste – Rio Grande do Sul, Urbana Sul – Rio Grande do Sul, Integrada de 
Desenvolvimento, do Distrito Federal e Entorno, Integrada de Desenvolvimento da Grande Teresina  e Integrada de 
Desenvolvimento do Polo Petrolina e Juazeiro. 
8 When this law was established, the number of 50,000 inhabitants was quite challenged by municipalities. Reading the 
arguments on the bill proposed by the federal deputy Carlos Sampaio (the bill number 3854/2004) to change this cutoff, 
we clearly observe dissatisfaction: “Thus, the legal field established an unreasonable discrimination based on random numerical data - 
municipal population - which has no relationship with the level of risk that the municipal police are subjected to. It is possible that the level of 
insecurity of a municipality with forty-five thousand inhabitants is much higher than the level of uncertainty of a municipality with fifty-one 
thousand inhabitants. However, in the second case, the municipal police have the right to bear arms in service and, at first, they did not.” 
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Finally, the Regional Federal Police is responsible for licensing the use of firearms. To be 

allowed to use firearms, the law requires the Municipal Police to have an Inspector and an 

Ombudsman Office (law number 11,706/2008).  

 The Municipal Police is under the local authority, the State Civil and Military Police forces are 

under the state authorities and the Federal Police is under the federal authority. Thus, in a given 

municipality, three police forces can co-exist under different authorities and act together but have 

different duties.9  In some municipalities, mainly those with larger populations, the actions of these 

different police forces may be coordinated and centralized. Different states have different rules and 

practices regarding assigning state police to the municipalities. We do not have complete information 

about the distributions of the state police across the municipalities. We know that the State of Sao 

Paulo, the richest and the most populated state in the country, has clear rules on the distribution of 

military police across localities (Dispatch from general commander of Military Police 004/322/2003). 

Basically, the rules are based on population distribution. We do not have information on the other 26 

states and the distribution of federal police by country. 

Although the legislation precludes the municipalities in non-metropolitan areas and with under 

50,000 inhabitants from having fire-armed municipal police, the law was enacted after some smaller 

municipalities decided to have municipal police with firearm possession. Some of those municipalities 

have provisory authorization for their members of the police force to use firearms during service. The 

issue is currently being analyzed and discussed in the Brazilian Judiciary, and a definite solution has 

not yet been determined.10  

                                                           
9 According to the Planning Coordinator & Analyst from the Secretary of Public Safety of São Paulo State Government, 
the municipal police, the largest police contingent on non-metropolitan municipalities, is responsible by ostensible 
policing. The state military police coordinates the policing and it acts on the criminal events when either municipal police 
or population calls them. The state civil police is responsible for investigation on criminal events. 
10 We consulted the Ministry of Justice about this situation and received the following information: “Some municipalities, 
especially in the State of São Paulo, have gotten permission to carry a firearm - regardless of the number of inhabitants - through judicial 
authorization. However, I have no information on which municipalities. Perhaps it is most appropriate to ask the municipalities to submit the 
documentation that enables the use of a firearm in violation of the Disarmament Statute (law number 11,706/2008) because some use firearms 
illegally without proper approval.” (Cristina Gross Villanona, Director from Department of Politics, Programs and Projects – 
The National Public Security Secretary/Ministry of Justice – e-massage from July 24, 2014). 
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 As explained in more detailed below, we explore the population eligibility criterion established 

in the law as a source of exogenous variation in the probability that a municipality has local police 

with firearms.   

3. Data and Sample Selection 

3.1. Data Sources 

We compile different sources of data for this work. First, the information on the existence of 

municipal police and the possession (or non-possession) of firearms are obtained from the MUNIC  

(Pesquisa de Informações Básicas Municipais) produced by the Brazilian Census Bureau IBGE (Fundação 

Instituto Brasileiro de Geografia e Estatística) every two or three years since 2001.  MUNIC is a census on 

all Brazilian municipalities and carries information about the structure and functioning of the 

municipal public institutions. The questionnaire is answered by the administrative branch of the 

municipality. Particularly relevant to our study is the available information on the existence of 

municipal police and the possession of firearms for selected years. The information on the existence 

of municipal police is available for the following years: 2002, 2004, 2006, 2009, and 2012. These are 

the years used in our analysis. 

The MUNIC information about the possession of firearms is available only for the following 

years: 2004, 2006, 2009, and 2012. Given that the law changed in 2003, we want to obtain information 

on the use of firearms for 2002 as well. To fill in this information gap, we collect retrospective 

information on the use of firearms by the local police for the year 2002 for a group of municipalities 

used in our national sample. A total of 818 municipalities declared to the 2002 MUNIC that they had 

municipal police during that year. We contacted these municipalities via phone and obtained 221 

complete answers.11 Of these municipalities, 44 declared that their municipal police used firearms in 

2002, 177 of them declared that their municipal police did not use firearms in 2002, and the remainder 

                                                           
11 We established three-step procedure to obtain and to check the 2002 municipal information. First, two research 
assistants contacted the municipalities by phone. Then, we hired a specialized firm to check the information obtained and 
to get additional information where there were lack of information yet. Finally, we hired a new research assistant to re-
check information on the São Paulo State. The entire process was financed by the Brazilian National Council for Scientific 
and Technological Development (CNPq).   
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did not know the answer or did not reply to our questions. For these latter cases, we assume that the 

municipal police did not use firearms.  

The information on crime outcomes is obtained from the National Public Hospitals Reports 

from the Ministry of Health (SIM/DATASUS)12. The Ministry of Health compiles, organizes and 

makes publically available a series of indicators constructed from different data sources. The system 

SIM/DATASUS collected information provided by victims from the hospital reports, and this 

information is of particular interest to us. The information is aggregated at the municipality level and 

the year and has been made publically available for all municipalities since 1996. We use this 

information to construct our crime outcomes (crimes against the person)- homicide and acts of 

aggression rates13 - following the 10th version of the International Classification of Diseases/The 

World Health Organization (ICD-10), Chapter XX (the External Causes of Morbidity and Mortality). 

These outcomes correspond to codes V01-Y98. We create homicide and aggression indicators for all 

municipalities and merge them with the MUNIC dataset for the years 2002, 2004, 2006, 2009 and 

2012. 

 We also construct municipality control variables derived from additional data sources. We use 

demographic and economic control variables at the municipality level. The demographic controls 

(municipal population and the percentage of population between 15 and 29 years old in the total 

municipal population) are extracted from the DATASUS database. The municipal nominal GDP is 

extracted from IBGE.14 The real municipal GDP is calculated using the price index IGP-DI from 

IBGE. Finally, we control for the values of unconditional transfers from the Federal government to 

the municipalities. 15 This fiscal variable (Federal Unconditional Transfer - FPM) is obtained from the 

National Treasury and is deflated by the same price index IGP-DI from IBGE. 

                                                           
12  http://www2.datasus.gov.br/DATASUS/. 
13 To our knowledge, it is the first study of crime literature to investigate acts of aggression as crime against the person.   
14 We do not have data from the municipal GDP for the 2012 year. Thus, we use the GDP from 2011 to impute the 2012 
GDP. 
15 The unconditional transfers are municipalities’ most import source of revenue. See Arvate, Mattos and Rocha(2015). 
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In addition to obtaining all this information for all municipalities in the country, we have 

access to police report data for the State of Sao Paulo. The information is aggregated at the 

municipality level on a year basis. The data are collected from the Secretary of Public Safety of São 

Paulo State Government (named INFOCRIM). Based on this information, we obtain not only crime 

indicators at the municipality level (homicide and aggression indicators) but also other indicators of 

police efforts such as the total number of inquiries, the number of individuals seized for flagrant 

behavior, and arrests. We use this additional information to verify the robustness of the national 

results and to explore possible mechanisms that might explain our findings. 

3.2. Sample Selection 

We construct two samples, the national sample and the Sao Paulo state sample. The national 

sample consists of all municipalities in non-metropolitan areas in Brazil that have municipal police in 

at least one of the study years (2002, 2004, 2006, 2009 and 2012) according to the MUNIC/IBGE 

data.  Accordingly, the São Paulo State sample consists of all municipalities in non-metropolitan areas 

in Sao Paulo that have municipal police in at least one of the years between 2002 and 2012 according 

to the MUNIC/IBGE data. 

Table 1 below presents the figures for the national and the Sao Paulo State samples according 

to MUNIC/IBGE. For each year, it shows the number of municipalities with municipal police, the 

number of municipalities with municipal police with firearms, and the number of municipalities with 

municipal police without firearms. It presents the total figures and the figures for municipalities with 

less than and more than 50 thousand inhabitants separately.  

Table 1 

 Brazil had approximately 5,700 municipalities in 2012, and 4,882 of them were located in non-

metropolitan areas. On average, the non-metropolitan municipalities encompass approximately 88% 

of all municipalities in Brazil.  Of all Brazilian municipalities in non-metropolitan areas, approximately 

15% (average across the years) have municipal police. Of these municipalities, approximately 10% 

have police carrying firearms. Interestingly, the process of municipalities’ adaptation of the new law 
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(after 2003) seems to be captured by our data. Of all 657 Brazilian non-metropolitan municipalities 

with municipal police and less than 50 thousand inhabitants in 2002, 22 of them have police who bear 

firearms, corresponding to 3.3% of them. Of all 161 Brazilian municipalities with municipal police 

and a population equal to or greater than 50 thousand individuals in 2002, 22 of them have police 

who possess firearms, corresponding to 13.7% of them. Along the period that covers the change in 

the law, these shares increased for both groups of municipalities. However, they increased more 

among municipalities with more than 50 thousand people. Indeed, in 2012, these shares are 5.8% 

(34/585) and 24.29% (45/186) for municipalities with less than and more than 50 thousand 

inhabitants, respectively.  

There were 645 municipalities in the State of Sao Paulo in 2012. Of those, 578 are located in 

non-metropolitan areas. Approximately 25% of them have municipal police. Similarly to Brazil 

overall, the municipalities with 50 thousand or more inhabitants experience a greater increase in the 

proportion of municipalities with municipal police carrying firearms in comparison with municipalities 

with less than 50 thousand individuals. In fact, of all municipalities with municipal police in 2002, the 

shares of those with fire-armed police are 17.4% (20/115) and 40% (18/45) for municipalities with 

less than and more than 50 thousand individuals, respectively. These shares change to 25.3% (25/99) 

and 66% (35/53) in 2012 for municipalities with less than and more than 50 thousand individuals, 

respectively. Figure A.1 in the appendix presents the Maps of the distribution of Municipal police 

across municipalities in Brazil in 2002 and 2012, respectively. Although the municipalities with 

municipal police are scattered across the regions, those municipalities with police carrying firearm are 

more concentrated in the Southeast and northeast regions. 16 

Our identification strategy relies on the different changes in the probability that municipalities 

have police carrying firearms among eligible (equal to or more than 50 thousand inhabitants) and non-

eligible (less than 50 thousand inhabitants) municipalities according to the law. The number of 

municipalities with municipal police changes along the years. To illustrate the nature of the variation 

                                                           
16 See Ferreira, Mattos, and Terra (2016) on the importance of Municipal Police on the criminology. 
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in the data explored in our empirical exercise, Table 2 below presents the transitions of having and 

not having fire-armed police before and after the law for all Brazilian municipalities with municipal 

police in 2002.    

Table 2 

  Table 2 shows that all 22 eligible municipalities where local police use firearms in 2002 kept 

carrying firearm at least one year after 2002. Of the 140 eligible municipalities where the police do not 

use firearms in 2002, 37 of them, corresponding to 26.4%, begin to use firearms after 2002. Regarding 

the 22 non-eligible municipalities where police used firearms before 2002, 13 of them report 

continued firearm use after 2002. Moreover, of the 634 non-eligible municipalities where firearms are 

not used before 2002, 31 of them, corresponding to 4.9% of them, initiated a fire-armed local police 

force after 2002.      

Finally, table 3 shows the descriptive statistics for the main variables used in our exercises for 

both samples. The figures are calculated for the pooled sample and separated by municipalities with 

and without fire-armed police17.    

Table 3 

The first column of Table 3 shows that the overall means of crimes in the national sample are 

17.52 homicides per 100 thousand individuals for the average of years (2002, 2004, 2006, 2009, and 

2012) and 18.49 acts of aggression per 100 thousand individuals for the same period. 

Figure A.1 in the appendix present the maps for the presence of municipal police in Brazil in 

2002 and 2012. Figures A.2.a and A.2.b in the appendix show the maps of the distribution of both 

crime rates across Brazilian municipalities in 2002 and 2012. Figure A.3 presents the (smoothed) 

evolution of the averages of homicides and acts of aggression along the years for Brazil and Sao Paulo. 

Crime rates increase at relatively same pace from 1998 to 2003 across all types of municipalities but 

decreased at different rates from 2003 to 2012. The decrease rate among non-metropolitan 

                                                           
17 The sample is divided in the following way: the non-fire-armed municipalities are those whose municipal police do not 
use firearms in year t; the fire-armed municipalities are those whose municipal police use firearms in year t. The statistics 
are obtained by pooling all the years.    
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municipalities with more than 50 thousand individuals was greater than the one of those with less than 

50 thousand individuals. 

The distribution of crime rates across municipalities is highly skewed. Figures A.4 to A.7 in the 

appendix presents the histograms of homicides and aggression rates by year for both the national and 

the Sao Paulo samples. 

The municipalities without fire-armed local police are associated with lower crime rates in 

comparison with those with fire-armed local police. Indeed, an average of 18.09 (19.27) homicides (acts 

of aggression) per 100 thousand individuals is found in non-fire-armed municipalities, whereas these 

figures are 21.52 and 23.16, respectively, in municipalities with fire-armed police. Moreover, the 

municipalities with fire-armed police are more populated, richer, and receive more transfers from the 

Federal government. 

The crime figures for the São Paulo sample using the police report depict similar patterns. 

Municipalities where police use firearms are associated with a greater crime incidence in comparison 

with municipalities where police do not use firearms. In addition, they are more populated, richer, and 

receive more transfers from the Federal government. 

4. Empirical Strategy  

The main challenge in estimating the causal effects of firearm possession by the police on crime 

outcomes is solving the potential endogeneity of firearm and crime. First, there is a reverse causality 

problem. On the one hand, one can imagine environments where the police carry firearms and the 

crime rate is lower. The police may become more proactive and exert more efforts to combat crime. 

Furthermore, potential criminals may deter their criminal behavior due to the police force’s use of 

firearms. On the other hand, one can also imagine a different environment where the police start or 

increase their use of firearms because of increases in the crime rate. Second, the study suffers from the 

problem of omitted variable bias. The quality of the local institutions, for instance, can be correlated 

with both the use of firearms by the police and the level of local crime.     
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Thus, the main challenge of this exercise is to credibly find exogenous variation in firearm 

possession by the police. The Brazilian intuitional change in the 2000s provides this opportunity. We 

explore the change in the law at the end of 2003 that regulates firearm possession by the local police 

as a source of exogenous variation. We use the population eligibility criterion as an excluded instrument 

and apply the instrumental variable approach to estimate the effect of the use of firearms by the police 

on crime outcomes.  Formally, we estimate the following system of equations. The first-stage regression 

is as follows: 

 

𝐺𝑚𝑡 = 𝛼0 + 𝛼11(𝑝𝑜𝑝𝑚2000 ≥ 50)𝑚 ∗ 1(𝑝𝑜𝑠𝑡 𝑙𝑎𝑤)𝑡 +  ∑ 𝜆𝑡𝑇𝑡 + 𝑡 ∑ 𝜏𝑡 𝑝𝑜𝑝𝑚2000 ∗ 𝑇𝑡 +𝑡

 ∑ 𝛾𝑏𝑃𝑚𝑡
𝑏

𝑏 + 𝜑′𝑿𝑚𝑡 + 𝜃𝑚 + 휀𝑚𝑡      (1) 

 

where 𝐺𝑚𝑡 is an indicator variable that assumes that the value equals one if the local police of 

municipality m use firearms in year t (and zero otherwise); 1(𝑝𝑜𝑝𝑚2000 ≥ 50)𝑚 is the indicator variable 

that assumes that the value equals one if the municipality m has equal to or more than 50 thousand 

inhabitants in the year 2000 (and zero otherwise)18;  1(𝑝𝑜𝑠𝑡 𝑙𝑎𝑤)𝑡 is the indicator variable that assumes 

that the value equals one if the period is after the year 2002, i.e., the post-law period (and zero 

otherwise); 𝑇𝑡 is the year t dummy variable;  𝑝𝑜𝑝𝑚2000 ∗ 𝑇𝑡 is the interaction term between the 

population of municipality m in the year 2000 and the year t dummy variable; 𝑃𝑚𝑡
𝑏  is an indicator variable 

that assumes that the value equals one if the municipality m has population size within the range of 

bracket b in year t. The brackets are defined by the cut-off values used for the federal transfers to the 

municipalities; 𝑿𝑚𝑡 is a set of time-varying municipality controls. These controls are as follows: the 

values of federal unconditional transfers to  municipality m in year t;  population in year t; percentage 

of 15- to 29-year-old individuals in the total population of municipality m in year t; and the municipal 

per capita GDP; 𝜃𝑚 is the municipality fixed effect; and  휀𝑚𝑡 is the error term. 

                                                           
18 The law establishes the year 2000 as the reference year to be considered for the immediate effect of the law. The year 
2000 is a population census year. 
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 The second-stage regression is as follows: 

𝐶𝑚𝑡 = 𝛽0 + 𝛽1𝐺𝑚𝑡 +  ∑ 𝜌𝑡𝑇𝑡 + 𝑡 ∑ 𝛿𝑡 𝑝𝑜𝑝𝑚2000 ∗ 𝑇𝑡 + 𝑡 ∑ 𝜗𝑏𝑃𝑚𝑡
𝑏

𝑏 +  𝜙′𝑿𝑚𝑡 +  𝜇𝑚 + 𝜖𝑚𝑡 

 (2) 

 
where Cmt is the crime outcome for municipality m in year t. The main crime outcomes are homicides 

(per 100 thousand individuals) and acts of aggression (per 100 thousand individuals); μm is the 

municipality fixed effect; and ϵmtis the error term. 

 The parameter of interest is 𝛽1. The parameters of equations (1) and (2) are estimated using a 

two-stage least square estimation in which the (potentially endogenous) firearm use variable 𝐺𝑚𝑡 is 

instrumented by the instrumental variable 1(𝑝𝑜𝑝𝑚2000 ≥ 50)𝑚 ∗ 1(𝑝𝑜𝑠𝑡 𝑙𝑎𝑤)𝑡. The instrumental 

variable captures the eligibility criterion of the law that allows all non-metropolitan municipalities with 

a population equal to or above 50 thousand inhabitants (measured in the population Census year 2000) 

to have a municipal police who carry firearms after 2003. Note that since we control for municipality 

fixed effect and the interactions of 2000 municipal population and year dummies, our strategy can be 

interpreted as a parametric FRD design on the changes of crime rates around the cut-off population 

value of 50 thousand individuals. Our identification assumption is that (once we control for other 

variables) the eligibility criterion directly affects the probability that a municipality has a change in status 

regarding having local police with firearms and does not directly affect changes in the local crime 

outcomes.  The correlation between the population eligibility criterion and crime occurs through the 

use of firearms by the local police only.   

We believe this is a plausible assumption given the additional controls that we use. We control 

for year fixed effects and municipality fixed effects that are entirely collinear with the population levels 

in the year 2000. We also control for the interactions of population levels in 2000 and the year fixed 

effects, the current municipal population levels and the current shares of young adults in the municipal 

populations. Moreover, we control for indicator variables associated with the population brackets that 

the Federal government uses to regulate the values of the federal unconditional transfers to 
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municipalities every year. The discontinuity of the value transfers associated with population size can 

potentially be confounded with the discontinuity driven by the law that we use as an instrument.19 We 

also control for the values of the federal unconditional transfers. Thus, the effect of the population 

eligibility criterion on the probability of a change in firearm use by the local police is an effect over and 

above the direct effects of the population level of year 2000 and the current population on the current 

crime outcomes. This effect is likely to be driven by the change in the law. The impact can be interpreted 

as a local average treatment effect in which the effect of firearm use is estimated for those municipalities 

that are induced to have fire-armed local police due to the law20. 

5. Results  

 In this section, we present our main results. The first set of results represents the analysis for 

Brazil using the crime data from the Brazilian National Hospital Report collected, organized and 

released by the Ministry of Health. The second set of results concerns the State of Sao Paulo and is 

based on two sources of crime data. One source is the Brazilian National Hospital Report. Additionally, 

we have access to the police report data for the State of Sao Paulo. The data are collected by the 

Secretary of Public Safety of the State of Sao Paulo. 

5.1. Brazil 

This subsection presents the main results for Brazil. The sample consists of all non-metropolitan 

municipalities with municipal police in at least one of the years considered in our analysis. As it was 

mentioned, the crime rate outcomes are homicides per 100 thousand individuals and acts of aggression 

per 100 thousand individuals.  

                                                           
19 The Complementary Law no. 91/1997 and the Supplementary Law no. 106/2001 establish the rules for the unconditional 

Federal transfers to the municipalities. The amount of the transfers is a function of the municipalities’ population size. 

The population brackets established in the law are as follows: up to 10,188; 10,189-13,584; 13,585-16,980; 16,981-23,772; 

23,773-30,564; 30,565-37,356; 37,357-44,148; 44,149-50,940; 50,941-61,128; 61,129-71,316; 71,317-81,504; 81,505-91,692; 

91,693-101,880; 101.881-115,464; 115,465-129,048; 120,049-142,632; 142,633-156,216; and above 156,216. Eggers et al. 

(2015) develop arguments about the need to consider population rules. 

20 We performed McCrary tests on the discontinuity of the density functions at the cut-off value of 50 thousand inhabitants 
for each year of the sample (Eggers et al., 2015). They are presented in figure A.8 in the appendix. We do not find any 
discontinuity of the densities at this cut-off level. The results suggest that there is no population manipulation related to 
the change in the law.  
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We start with OLS regressions of firearm possession by the municipal police on crime 

outcomes.  Table 4 below presents these results. 

Table 4 

Columns (1) and (2) of Table 4 show the results for the pooling OLS regressions for homicide 

and aggression, respectively. Columns (3) and (4) present the OLS results when year dummies are added 

for homicide and aggression, respectively. There are positive correlations between the presence of 

municipal police with firearms and crime rate outcomes. Column (3) (column (4)) shows that, among 

all municipalities with municipal police, the possession of firearms by the police is associated with 3.69 

(3.55) more homicides (acts of aggression) per 100 thousand individuals, and (both) results are 

statistically different from zero at reasonable levels of confidence. The positive correlation may suggest 

that in localities with higher incidences of crime, the local authorities respond to crime more 

aggressively.  

 Table 4 also presents the results when municipality fixed effects are added. Adding municipality 

fixed effects controls for all local characteristics (observable and unobservable) that are time invariant. 

For instance, the quality of the local institutions and voters’ preference, which are time invariant, are 

controlled. The regressions that control for municipal and year fixed effects are difference-in-

differences estimations. Columns (5) and (6) present the difference-in-differences results for homicides 

and acts of aggression, respectively. They show that municipalities where the local police start to use 

firearms are associated with a decrease of 5.216 (5.304) homicides (acts of aggression) per 100 thousand 

individuals in comparison with those municipalities that do not change their firearm possession status.  

These results are statistically different from zero at the 1% confidence level. Columns (7) and (8) present 

the results for specification that adds the interaction between the municipal population in the year 2000 

and the year dummies, and dummies for each bracket of population (established by the FPM law) as a 

control. Finally, columns (9) and (10) show the results for the specification that adds municipality time-

varying observable characteristics. These characteristics include the current municipality population, the 

percentage of young adults in the total municipal population, the municipal per capita GDP, and the 
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value of the transfers as established by the Federal unconditional transfer law. The point estimates for 

all of them remains negative (-2.9) for both homicides and acts of aggression but are no longer 

statistically significantly different from zero.  These results may still be biased. Transitioning from no 

firearm use to firearm possession may be endogenous. For instance, municipalities where the local 

police start to use firearms may be those where the crime rates are displaying a greater increase. 

Furthermore, an unobservable omitted variable that changes over time and is associated with both 

changes in firearm possession and changes in the crime rate may exist.  For instance, if a municipality 

changed the overall quality of its institutions, these changes may have concomitantly led to local police 

improvements and declines in the crime rate. 

 To address these potential endogeneity issues, we perform an instrumental variable estimation 

(FRD) in which the change in the status of firearm possession by the local police is instrumented by 

the law that changed the eligibility criterion for firearm possession by the local police. The specification 

of the instrumental variable system of equations is formally described by equations (1) and (2) above. 

Table 5 below presents the IV results. 

 Columns (1) and (2) present the results for homicides and acts of aggression, respectively, for 

the overall Brazil sample. Columns (3) and (4) perform the same exercise for a subsample in which the 

year 2004 is dropped. We drop the year 2004 because the law was approved at the end of 2003, and 

arguments state that 2004 can be a treatment year or a control year.  

Table 5 

 When using the overall sample (columns (1) and (2)), the first-stage regression results show that 

the instrument is statistically significantly different from zero at the 1% significance level and points in 

the expected direction. Becoming eligible to have municipality police with firearms increases the 

probability that a municipality’s municipal police carry firearms by 13 percentage points. When using 

the sample that drops the information for the year 2004 (columns (3) and (4)), the first-stage results are 

also statistically significantly different from zero at the 1% significance level, and the magnitude is 

similar (12 p.p.). 
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 The second-stage regression results are also presented in Table 5. The results reveal a strong 

and negative effect of fire-armed police on crime rates. Indeed, having fire-armed municipal police 

reduces the homicide rate by 67.281 (74.807) homicides per 100 thousand individuals, as reported in 

column (1) (column (3)). Similarly, having fire-armed municipal police reduces the aggression rate by 

54.341 (63.224) acts of aggression per 100 thousand individuals, as reported in column (2) (column (4)). 

All the coefficients are statistically different from zero at the 1% confidence level.  

These results point to a strong negative effect of firearm possession by the police on crime rate 

outcomes. The homicide rate distribution across municipalities with municipal police in non-

metropolitan areas in 2002 ranges from 0 to 195.8 homicides per 100 thousand individuals, as shown 

in Figure A.6. Decreasing this rate by approximately 67 homicides per 100 thousand individuals roughly 

corresponds to moving a municipality from the 95th percentile to the 50th percentile of the homicide 

rate distribution that is practically zero. Likewise, a decrease of 54 acts of aggression per 100 thousand 

individuals corresponds to moving a municipality from the 90th percentile to slightly below the median 

of the aggression rate distribution across municipalities in 2002.    

 These results are not driven by the municipalities with very large populations. We also 

performed the same IV estimation for a restricted sample of municipalities with less than 500 thousands 

inhabitants. The results are presented in Table A.1 in appendix A and are qualitatively similar to those 

obtained for the overall sample.  The presence of municipal police with firearms reduces the homicide 

rate by 47.139 (56.482) homicides per 100 thousand individuals, as reported in column (1) (column (3)). 

Similarly, the presence of municipal police with firearms reduces the aggression rate by 36.574 (45.989) 

acts of aggression per 100 thousand individuals, as reported in column (2) (column (4)). All the 

coefficients are statistically different from zero at the 1% confidence level. 

5.2. The Sao Paulo State 

 We also perform the same exercises for the municipalities in non-metropolitan areas of the State 

of Sao Paulo. First, these analyses can be used as robustness checks for the findings based on the data 

for Brazil. The Sao Paulo information suffers from fewer measurement error problems. The 



20 
 

information on possession of firearms by local police in 2002 is more accurate. In fact, we are able to 

obtain the retrospective information for relatively more municipalities in the Sao Paulo State than in 

the country. We obtain complete answers from approximately 22% of municipalities with municipal 

police in Brazil. In the Sao Paulo State, we obtain complete answers from 94 municipalities, representing 

58.75% of the municipalities with municipal police in 2002.  In addition, the State of Sao Paulo has a 

law that regulates the distribution of the state military police across municipalities. It requires that the 

presence of military police in a locality should be proportional to the population of the municipality. 

This proportion should be the same for all municipalities. Due to this requirement, the likelihood that 

the state adjusts military police presence due to the existence of fire-armed local police is low. Second 

and more importantly, we have police report data for Sao Paulo that can be used to check the robustness 

of the SIM/DATASUS crime data and to complement the analysis for Brazil. We can explore the data 

to search for possible mechanisms that might explain our main findings.  

 Before proceeding with the police report data, we first verify whether the main findings for 

Brazil can be replicated for Sao Paulo when we use the Brazilian National Hospital Report data. Table 

6 below presents the results of the OLS and fixed effect regressions for Sao Paulo; these results are 

comparable to the results of Table 4 above. 

Table 6 

 Columns (1) to (4) show the OLS results for homicides and acts of aggression. Column (3) 

(column (4)) shows a positive correlation between the presence of municipal police with firearms and 

homicide rates (aggression rates). Municipalities with local police with firearms are associated with 5.123 

(5.369) more homicides (acts of aggression) per 100 thousand inhabitants. The controls of columns (5) 

to (10) are identic those showed on columns (5) to (10) on table 4. All the results show a negative 

relationship between initiating a fire-armed local police force and crime rates.  For instance, column (9) 

(column (10)) shows that transitioning to having municipal police with firearms is associated with a 

decrease of 3.68 (3.69) homicides (acts of aggression) per 100 thousand individuals. Overall, these 

results are qualitatively similar to those for Brazil. 
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 We also perform the same IV estimation for the Sao Paulo sample using the Brazilian National 

Hospital Report data. The results are shown in Table 7 below. 

Table 7 

 Columns (1) and (2) of Table 7 present the results for homicides and acts of aggression, 

respectively, for all the years with available information. Columns (3) and (4) present the results for 

homicides and acts of aggression, respectively, when all observations from 2004 are dropped. The 

results are qualitatively similar to the results for Brazil reported in Table 5. The first-stage regression 

results show that the instrument is strongly associated with the probability of having municipal police 

with firearms, and the result is statistically different from zero at the 1% confidence level. Municipalities’ 

eligibility to have fire-armed local police increases the probability that municipalities have fire-armed 

local police by 31 percentage points when using observations for all the study years. Moreover, the 

second-stage regression results show a strong and negative effect of fire-armed police on crime 

outcomes. Indeed, column (1) (column (2)) shows that the presence of local police with firearms 

decreases the homicide rate (aggression rate) by 31.09 (30.54) homicides (acts of aggression) per 100 

thousand individuals. When we drop the observations for 2004, we find that the homicide rate 

(aggression rate) decreases by 30.64 (29.20) homicides (acts of aggression) per 100 thousand individuals. 

Thus, the results for Sao Paulo are qualitatively similar to those for Brazil when we use the data from 

the Brazilian National Hospital Report. 

 Next, we explore the crime data from the Sao Paulo State Police Report. How one interprets 

the crime data from police reports is not trivial. On the one hand, one’s interpretation can be a good 

indicator of the level of crime in a locality. On the other hand, it can reflect the level of organization 

and the quality of the police force itself. A police force that is more organized and exhibits better 

performance may have a better system of data collection, procedures and reports. Municipalities with 

greater police-reported crime levels may be those that, in fact, have greater crime incidences or simply 

have a more organized police force and citizens who feel more confident in reporting occurrences to 

the police.   
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We have police report information on the number of homicides and number acts of aggression, 

both wrongful and intentional, for all municipalities in the State of Sao Paulo. We select the years 2002, 

2004, 2006, 2009 and 2012 so that we can match them with the MUNIC data on the presence of 

municipal police. We construct the crime variables as the number of crimes per 100 thousand 

individuals by municipality and year.  These variables are positively correlated with the crime figures 

from the Brazilian National Hospital Report. However, the correlation is not very high. In fact, the 

correlation coefficient of homicides from the hospital reports and the intentional homicides from the 

police reports is 0.10. Similarly, the correlation coefficient of acts of aggression from the hospital reports 

and intentional acts of aggression from the police reports is 0.09. The weak correlation may be due to 

the different natures of the data sources. One set of data is collected by the hospitals and the other set 

of data is either reported directly by the police or reported by the victims to the police. For these 

reasons, we believe that the hospital data are more accurate for measuring incidences of crime in a 

locality. With the exception of homicide figures, the police report crime data may not be very accurate 

for measuring crime incidence and may reflect the police organization, police efforts or even the 

population’s confidence in the police. 

Nonetheless, considering the above caveats, we estimate the IV regressions described in 

equations (1) and (2) for the municipalities with municipal police in non-metropolitan areas of the State 

of Sao Paulo as a robustness check. The results are presented in Table 8 below. 

Table 8 

Columns (1) and (2) of Table 8 show the first- and second-stage regression results for wrongful 

and intentional homicides, respectively. We find no effect of the presence of police with firearms on 

wrongful homicides, but we find a negative effect of fire-armed police on intentional homicides. We 

estimate that the presence of fire-armed police decreases the intentional homicides reported by the 

police by approximately 42.98 homicides per 100 thousand individuals. This result is statistically 

different from zero at the 5% confidence level. 
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Columns (3) and (4) of Table 8 show the results for wrongful and intentional acts of aggression, 

respectively.  We find no effect of the presence of police with firearms on wrongful acts of aggression. 

However, we find a positive and statistically significant effect on intentional aggression. We find that 

the presence of fire-armed police increases the police-reported intentional acts of aggression by 347.35 

acts of aggression per 100 thousand individuals. 

The negative effect on intentional homicides is in line with the results obtained when we use 

the crime data from the hospital reports. The presence of a local police force with firearms reduces 

homicides. However, the results for acts of aggression are discrepant. The positive effect found when 

we use police report data may reflect the fact that a police force with firearms became more organized 

and effective and, thus, reported more acts of aggression.  Furthermore, people may have become more 

confident in reporting or considered it more useful to report acts of aggression to the police. 

In summary, taken all together, our results strongly suggest that the OLS estimations are biased. 

The OLS results show that, as expected, municipalities with fire-armed police are the ones with higher 

crime incidences. The municipality fixed effect estimations reduce the bias but still can be biased as 

well. It may be that municipalities where crime incidences increased more reacted by having fire armed 

local police. Our IV estimations recovers the causal effect for a sub-group of municipalities, i.e., those 

municipalities that initiated fire-armed local police due to the change in the law. Among them, there is 

a strong negative effect of fire-armed police on crime incidence.     

6. Mechanisms 

The negative effect of fire-armed police on crime may be explained by two different but not 

exclusive mechanisms. On the one hand, the use of firearms by the police may change police behavior. 

The police can exert more efforts and act more effectively in combating crime. On the other hand, the 

use of firearms by the police may change criminal behavior by deterring potential criminals from 

committing crimes. We explore some suggestive evidence for both types of mechanisms in this section.  
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6.1. Police Effort 

We also obtain additional pieces of information that can be used as proxies for police efforts 

from the Secretary of Public Safety of the State of Sao Paulo. We construct police effort indicators for 

each municipality of the State of Sao Paulo used in our sample for the years 2002, 2004, 2006, 2009 and 

2012. All indicators are measured per 100 thousand inhabitants. They are as follows: total number of 

inquiries, number of individuals over 18 years old seized due to flagrant behavior, seizure of narcotics, 

recovered vehicles and number of arrests. We use these indicators as dependent variables in the IV 

regressions described in equations (1) and (2).  Table 9.A below presents the results. 

Table 9.A 

The first-stage regression is the same as that in Tables 7 and 8 above. The second-stage 

regression results indicate suggestive evidence that fire-armed police exert more efforts in combating 

criminal behaviors.  Although not statistically significantly different from zero at reasonable confidence 

levels, the point estimates for total number of inquiries, the number of individuals over 18 years old 

seized due to flagrant behavior, seizure of narcotics, recovered vehicles and number of arrests are all 

positive. For instance, the number of arrests points to an increase of 193.63 prisoners per 100 thousand 

individuals in municipalities that start to have fire-armed local police as induced by the law. Moreover, 

the number of individuals over 18 years old seized due to flagrant behavior is positive and statistically 

significantly different from zero at the 10% confidence level. Municipalities that adopt fire-armed police 

exhibit an increase in the number of adults seized due to flagrant behavior of 193.14 individuals per 

100 thousand individuals. This corresponds to 56% of the average number of adults seized due to 

flagrant behavior in the Sao Paulo sample. 

As mentioned in the institutional background section, the Statute of Disarmament increased the 

cost for civilians to carry firearm. Carrying firearms have penalties of prison between one and six years 

(article 12, 14, and 16 of the Statute of Disarmament, Law No.10.826). Since the same Statute allowed 

municipalities with 50 thousand or more inhabitants to have local police with firearms, it is likely that 

the probability of individual be captured with firearm changed. In principle, potential criminal may have 
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reacted in different ways. On one hand, potential criminals may have decreased the use of firearms in 

order to reduce their expected punishment (Becker, 1968). On the other hand, potential criminals may 

have increased the use of firearm in order to face a better-equipped police force.21  

We do not have data of weapons with criminals to do a direct investigation. However, we have 

municipal data on the total number of firearms seizures by police in the São Paulo State. We investigate 

the effect on seizure of firearms estimating one more time the system of equations (1) and (2). We 

interpret the results as the net effect of the changed behaviors by police and criminals. They are 

presented on Table 9.B. 

Table 9.B 

The results of table 9.B show that there are less firearm seizures on ‘treated’ municipalities 

compared to ‘non-treated’ ones. Taking this result together with the ones on more effort exerted by the 

police in Table 9.A, they suggest that the potential criminal may have reduced the use of firearms. 

6.2. Spillovers 

The results presented above suggest that crime reduction related to firearm use by local police 

may be due to an increase in police effort (partly) associated with incapacitation. However, we cannot 

rule out a deterrence effect. The increase in police effort may lead potential criminals to restrain from 

engaging in criminal behavior. One method of investigating indirect evidence of deterrence behavior is 

checking the spillover effects on neighboring municipalities. Because a typical non-metropolitan 

municipality is small both in terms of population and territory, the flow of criminals between 

municipalities may not be non-negligible. On the one hand, the criminals in a municipality that starts 

to have a fire-armed local police force may move to a neighboring municipality (that does not have fire-

                                                           
21 There are some evidence of increased relative scarcity of firearms. 1,885,910 firearms was removed of circulation and 

destroyed by the Army between 1997 and 2008. Additionally, there was a reduction of 90% on gun sales (i.e., comparing 
the years of 2000 and 2008).  The practical effect of reduction on supply of weapon was an increasing on cost them on 
illegal market. Before the Statute, in São Paulo, a 9mm pistol value at least R$ 800 - reais is the Brazilian currency -, and in 
2008 the value is R$1,300; in Rio de Janeiro an automatic shotgun was sold at US$6 thousand and in 2008 the new cost is 
between U$ 30 and U$ 40 thousand (i.e., information mentioned on Implementing Brazil´s “Disarmament Statute”: Putting 
Law into Practice, 2010).  
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armed police) to commit their crimes. In this case, we would observe a decrease in the crime rate in the 

municipality with fire-armed police and an increase in the crime rate in its neighboring municipalities 

simultaneously. On the other hand, if the incapacitation effect is large, even the crime rates in the 

neighboring municipalities may decrease because the criminals that are accustomed to committing their 

crimes in the neighboring municipalities are no longer active.  

To estimate the spillover effect, we construct new samples for both Brazil and Sao Paulo State 

in the following way: the treated municipalities are the non-metropolitan municipalities that never have 

fire-armed police from 2002 to 2012 and are neighbors of a municipality that has a fire-armed local 

police force in at least one year from 2002 to 2012. The comparison group is composed by the 

municipalities that are not a neighbor of a municipality with fire-armed police and that have municipal 

police in at least one year between 2002 and 2012 but never have fire-armed municipal police. We chose 

this comparison group so that we can directly compare the spillover results with the main results. Thus, 

note that our treatment and comparison groups are formed by municipalities that have never had fire-

armed local police. The results are presented in Table 10.A below.  

Table 10.A 

The first-stage regression refers to the indicator variable that is equal one to if there is a 

neighboring local police force with firearms in year t and zero otherwise. The instrumental variables 

and additional controls refer to the neighboring municipality with fire-armed police in the case of the 

treatment group. As expected, the first-stage result is positive and significant. Eligible municipalities are 

more likely to have fire-armed local police.  

The second-stage regression results show a decrease in the homicide and aggression rates for 

Brazil.  The results are statistically significantly different from zero. A municipality that has never had 

a fire-armed local police force exhibits a decrease in its homicide (aggression) rate by 13.02 (12.96) 

homicides (acts of aggression) per 100 thousand inhabitants because its neighbor has a fire-armed local 

police force induced by the change in the law.  On the other hand, the results for Sao Paulo State are 
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not statistically significant different from zero, although the point estimates is negative for homicides 

and positive for aggression.  

Table 10.B shows the results for the same exercise in a restricted sample. We restrict the sample 

to the municipalities that never have armed local police but are neighbors of a municipality that has 

fire-armed local police in at least one study year. The treated municipality in a given year in the 

municipality that is a neighbor of a municipality with fire-armed police the same year. The control in a 

given year is the municipality that is not a neighbor of a municipality with fire-armed police the same 

year. Since the status of having a fire-armed police changes along the time, being treated or control 

changes along the time. The results are qualitatively the same as those presented in Table 10.a. 

Table 10.B 

These results suggest that there is not a positive spillover effect. Indeed, we find negative 

spillover effects for Brazil. These results reinforce the plausibility of the incapacitation effect as a 

mechanism that (at least partly) explains the decrease in the crime rates due to the police force’s use of 

firearms.22 

7. Robustness Checks 

Our exercises use the indicator variable for fire-armed local police as a dichotomous variable 

that assumes value equal to one if the local police bear arms in year t and zero otherwise. However, it 

is possible that the use of firearms by local police is associated with the number of police officers. One 

can imagine that once a municipality is eligible to have fire-armed local police, it may increase its number 

of local police officers. Established evidence shows that a greater presence of police officers reduces 

the incidence of crime. To verify this possibility, we perform the same exercises for our main samples 

(Brazil and Sao Paulo State) adding the number of municipal guards reported by the municipalities as a 

control. Table 11 presents the results. 

Table 11 
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The results of Table 11 are similar to our main results. After the presence of municipal police 

is controlled, we find no effect of the number of municipal police officers. 

One can still argue that the number of police officers is endogenous. We allow for this possibility 

as well. In this case, we use the interaction between the population eligibility criterion indicator variable 

and the dummies for the years separately as instrumental variables. The results are presented in Table 

12 and confirm our main results.  

Table 12 

The number of police officers is not statistically significantly different from zero in the second-

stage regression, and the presence of fire-armed police remains negative and significantly different from 

zero.  

We also perform placebo exercises. The exercises consider the hypothetical case if the law was 

approved earlier. We keep the same sample of non-metropolitan municipalities that declared to have a 

municipal police in one of the MUNIC years and looked at the years from 2001 to 2010. We run reduced 

form regressions of the instruments on homicides and acts of aggression using the National Hospital 

report data for Brazil and Sao Paulo state. We run separate regressions using the following instruments: 

(i) the interaction between the dummy variable if the municipality has 50 thousand or more inhabitants 

in 2000 and the dummy variable of the years after 2001, (ii) the interaction between the dummy variable 

if the municipality has 50 thousand or more inhabitants in 2000 and the dummy variable of the years 

after 2004, and (iii) the interaction between the dummy variable if the municipality has 50 thousand or 

more inhabitants in 2000 and the dummy variable of the years after 2006. The purpose of these analyses 

is to determine whether changes in crime rates were occurring before the law was enacted. The results 

are presented in Table A.2.(A and B) in the appendix. Table A.2.A presents the results for Brazil and 

Table A.2.B shows the results for Sao Paulo. The first four columns show the results for homicides and 

the last four columns present the results for acts of aggression. If the law were enacted in 2002, we 

found no differences in both crime rates between eligible and non-eligible municipalities for Brazil and 

Sao Paulo samples. However, we find differences between eligible and non-eligible municipalities when 
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the law was enacted in 2003 as expected.   Moreover, there are some evidences that the effects of the 

law persisted. We do not find differences between eligible and non-eligible municipalities if the law 

were enacted in 2006 for Brazil but there are statistically significant differences for Sao Paulo yet. These 

results suggest that our findings are driven by the law enacted in 2003.  

8. Conclusions 

We estimate the impact of fire-armed police on crime in a quasi-natural experiment in Brazil. 

In 2003, Brazilian legislators approved a law that regulates the use of firearms by the municipal police. 

It establishes that municipalities with 50 thousand or more inhabitants are allowed to have local police 

with firearms. We explore the discontinuity of the population eligibility criterion as a source of 

exogenous variation of firearm possession. We find municipalities with local police with firearms exhibit 

significant reductions in crime. Moreover, we find suggestive evidence that the effect may be due to 

more police efforts such as more vigilance and arrests, which may have led to the incapacitation of 

criminals. These findings add to the literature on the effect of police presence on crime. The finding 

that the presence of police reduces crime is well established. Now, we show systematic evidence from 

a large society that the presence of local police with firearms reduces crime more than the presence of 

local police without firearms. 

Some caveats are worth mentioning.   First, our exercises compare municipalities with fire-

armed municipal police and municipalities with non-fire-armed municipal police. Thus, the results are 

conditioned on municipalities with municipal police. Approximately 15% of all non-metropolitan 

municipalities in Brazil have municipal police. There are two choices involved. First, the municipality 

chooses whether to have (or not have) a municipal police force. Second, the municipality has the 

(restricted) choice to have (or not have) a fire-armed municipal police force. We are able to address the 

potential endogeneity problem of the second choice. We do not address the first choice. Our results 

should be interpreted as the effect of fire-armed police among those municipalities that self-select to 

have a municipal police force. These results cannot be generalized to the entire country without further 

assumptions.    
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Second, we use the population eligibility criterion as an instrumental variable for the possession 

of firearms. Thus, the results are local average treatment effects among those municipalities that 

initiated fire-armed local police due to the change in the law with population size around the cut-off 

value of 50 thousand inhabitants. Again, the results cannot be generalized to the entire country without 

further assumptions. 

Third, similar to previous studies on police presence, our study is not able to disentangle the 

impact of criminal behavior deterrence or incapacitation on crime reduction. However, we find that 

fire-armed police make more arrests. Moreover, we find negative spillover effects in neighboring 

municipalities. Municipalities that are neighbors of municipalities that start to have fire-armed local 

police have a greater decrease in crime rates compared with non-fired-armed municipalities with no 

neighbors with fire-armed local police. Without fully ruling out the deterrence mechanism, the results 

suggest that the incapacitation mechanism plays a role in crime reduction.     

 Given the scarcity of evidence and the importance of the debate on the use or non-use of 

firearms by the police, we believe our results bring valuable information to this debate. 
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Table 1: Municipal Police and Municipal Police with or without firearms in non-metropolitan areas (Brazil) 

Years 

Total 
Municipalities 

in non-metropolitan 
areas (approximately 
88% of the total in 

Brazil) 

Municipal Police Municipal Police with firearms* Municipal Police without firearms* 

Total 
 

Freq of 
Total 

Less than 
50,000 

inhabitants 

More than 
or equal to 

50,000 
inhabitants 

Total 

Freq of 
Total 

Municipal 
Police 

Less than 
50,000 

Inhabitants 

More than 
or equal to 

50,000 
inhabitants 

Total 

Freq of 
Total 

Municipal 
Police 

Less than 
50,000 

inhabitants 

More than or 
equal to 50,000 

inhabitants 

The Brazilian National Data 
2002 4,867 818 16.81% 657 161 44 5.38% 22 22 774 94.62% 634 140 
2004 4,867 779 16.01% 610 169 79 10.14% 30 49 700 89.86% 580 120 
2006 4,869 611 12.55% 451 160 69 11.29% 21 48 532 88.71% 430 112 
2009 4,869 683 14.03% 518 165 78 11.42% 33 45 605 88.58% 485 120 
2012 4,882 771 15.79% 585 186 79 10.25% 34 45 692 89.75% 551 141 

The São Paulo State Data 
2002 578 160 27.68% 115 45 38 23.75% 20 18 122 76.25% 95 27 
2004 578 155 26.82% 107 48 49 31.61% 18 31 106 68.39% 88 18 
2006 578 141 24.39% 93 48 50 35.46% 16 34 91 64.54% 75 16 
2009 578 145 25.09% 94 51 51 35.15% 19 32 94 64.83% 74 20 
2012 582 152 26.12% 99 53 60 39.47% 25 35 92 60.53% 72 20 

Note: Brazil data are from MUNIC´s search (IBGE).  Although the IBGE is an institution of the government, a small number of municipalities refuse to give information 
about their municipal police. * The IBGE did not produce information regarding whether the municipal police had firearms in 2002. Thus, we investigated whether the 
municipalities with municipal police had or did not have firearms in 2002 by calling them. In some cases, it was impossible to obtain the information. 
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Table 2: Transition Matrix of Firearm Use by Non-Metropolitan Municipalities with Municipal Police in 2002 

  

Before the law (2002) After the law (2004, 2006, 2009, and 2012) 

With Municipal 
Police 

With Municipal 
Police 

 
Without Municipal 

Police all years 

Eligible 

With Firearms 22 
8 

At least one year without 
Firearms  0 

14 All years with Firearms 

Without Firearms 140 
37 At least once with Firearms 

8 
95 All years without Firearms 

Non-Eligible 

With Firearms 22 
9 

At least one year without 
Firearms 0 

13 All years with Firearms 

Without Firearms 634 
31 At least one year with Firearms 

147 
456 All years without Firearms 

Total of Municipalities 818 663    155 

Note: Eligible municipalities have more than 50,000 inhabitants (the 2000 population) and zero otherwise. “After the law” considers only the 
municipalities that we have information for at least one year (i.e., municipalities with municipal police for at the least one year after 2002).  
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Table 3: Descriptive Statistics (Non-Metropolitan Areas) 

Covariates 
Municipalities with Fire-armed Police in all 

years (2002, 2004, 2006, 2009, and 2012) 

Municipalities with Fire-armed Police in 
at least one year  

(2002, 2004, 2006, 2009, and 2012) 

Municipalities without Fire-armed Police 
in all years  

(2002, 2004, 2006, 2009, and 2012) 

 The Brazilian National Hospital Report 
 Av. Sd. Min. Max. Av. Sd. Min. Max. Av. Sd. Min. Max. 

Homicides per 100,000 inhabitants  17.52 15.92 0 81.90 21.52 22.21 0 194.18 18.09 22.50 0 189.36 

Acts of aggression per 100,000 inhabitants  18.49 15.56 0 80.27 23.16 22.38 0 194.18 19.27 22.75 0 189.36 

 Municipal Controls – Brazil 

Percentage of population between 15 and 29 years old 
in the Total Municipal Population 

0.26 0.01 0.19 0.31 0.27 0.01 0.19 0.34 0.27 0.01 0.21 0.35 

The Total Municipal Population 130,574.4 153,669.30 1,922 619,746 108,939.5 124,879 1,922 643,603 43,171.42 52,944.42 2,415 472,300 

Municipal GDP per capita 14.14 14.82 3.87 116.54 9.42 9.32 0.88 643,603 5,07 7.75 0.62 111.90 

Federal Unconditional Transfer (FPM) 1.11e+07 6,326,113 1,803,010 2.50e+07 1.20e+07 1.15e+07 0 1.17e+08 6,874,472 8,545,429 0 1.86e+08 

Number of municipal guards 121.60 103.08 19 406 94.74 90.10 5 406 52.11 75.85 1 917 

 The São Paulo Police State Report  

Wrongful Homicides per 100,000 inhabitants 1.21 3.80 0 33.94 0.83 2.67 0 33.94 0.32 1.66 0 19.84 

Intentional Homicides per 100,000 inhabitants  21.66 50.55 0 306.14 16.76 38.48 0 306.14 9.11 46.69 0 506.79 
Wrongful acts of aggression per 100,000 inhabitants 22.74 55.37 0 419.31 16.37 46.97 0 419.31 7.32 38.05 0 410.13 

Intentional acts of aggression per 100,000 
inhabitants  

704.85 1,226.72 0.22 5,491.78 
609.85 1,108.93 0.22 5,491.78 230.13 860.32 0.09 5,814.21 

Total number of inquiries 1,142.25 2,046.24 0.36 9,414.48 998.34 1,916.25 0.36 11,771.61 509.51 2,333.57 0.34 18,585.56 

Number of Individuals seized on flagrant behavior 345.86 709.88 0.13 3,737.88 296.90 616.49 0.13 3,737.88 119.42 504.73 0 3,725.26 

Seizure of narcotics 9.18 31.64 0 230.87 10.64 29.52 0 230.87 9.57 55.77 0 601.43 

Recovered Vehicles 322.18 870.42 0 4,567.82 220.09 621.58 0 4,567.82 102.15 562.95 0 5,125.54 

Number of performed prison 418.11 848.54 0.14 4,454.53 342.19 718.59 0.14 4,830.20 163.33 675.12 0 4,684.83 

 Municipal Controls – São Paulo 

Percentage of population between 15 and 29 years old 
in the Total Municipal Population 

0.26 0.01 0.19 0.31 0.26 0.01 0.19 0.31 0.26 0.01 0.21 0.32 

The Total Municipal Population 125,753.5 154,583.4 1,922 619,746 105,389.1 129,745.9 1,922 643,603 39,235.54 52,058.43 2,415 283,899 

Municipal GDP per capita 14.15 15.10 3.87 116.54 10.88 10.41 3.31 116.54 7.54 4.80 2.53 53.69 

Federal Unconditional Transfer (FPM) 1.08e+07 6,215,515 1,803,010 2.50e+07 1.02e+07 5,884,524 15,443.24 2.50e+07 6,042.755 4,799,571 0 2.50e+07 

Number of municipal guards 117.32 102.44 19 406 92.90 92.57 7 406 31.81 32.61 1 272 
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Table 4: Municipalities in non-Metropolitan Areas (The Brazilian National Hospital Report) 

  
  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Homicides Aggression Homicides Aggression Homicides Aggression Homicides Aggression Homicides Aggression 

OLS OLS OLS OLS FE FE FE FE FE FE 

Is there a municipal police force with 
firearms? 

2.673* 2.434 3.692** 3.552** -5.216** -5.304*** -2.893 -2.841 -2.948 -2.929 

(1.581) (1.613) (1.595) (1.632) (2.169) (2.014) (2.100) (1.929) (2.144) (1.963) 

Percentage of population between 15 and 29 
years old in the Total Municipal Population 

- - - - - - - - 105.454*** 107.184*** 

- - - - - - - - (30.586) (30.975) 

Population 
- - - - - - - - -0.000 -0.000 

- - - - - - - - (0.000) (0.000) 

Municipal GDP per capita 
- - - - - - - - 0.014 0.053 

- - - - - - - - (0.082) (0.085) 

Federal Unconditional Transfer (FPM) 
- - - - - - - - -0.000* -0.000 

- - - - - - - - (0.000) (0.000) 

Constant 
17.298*** 18.811*** 24.882*** 27.170*** 26.087*** 28.484*** 25.942*** 28.337*** 22.919** 24.402** 

(0.579) (0.588) (1.242) (1.221) (0.911) (0.872) (0.880) (0.842) (10.622) (10.733) 

Year Fixed Effects? No No Yes Yes Yes Yes Yes Yes Yes Yes 

Municipal Fixed Effects? No No No No Yes Yes Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? No No No No No No Yes Yes Yes Yes 

Dummies for each bracket of population 
(established by the FPM law)? 

No No No No No No Yes Yes Yes Yes 

Municipal controls? No No No No No No No No Yes Yes 

Observations 3,463 3,463 3,463 3,463 3,463 3,463 3,452 3,452 3,452 3,452 

R-squared 0.001 0.001 0.043 0.048 0.111 0.130 0.140 0.163 0.176 0.194 

Number of codes         1,227 1,227 1,222 1,222 1,222 1,222 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level. t-statistic test; *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 
Municipal controls: Percentage of population between 15 and 29 years old in the Total Municipal Population; the Municipal Population; Municipal GDP per capita, and Federal Unconditional Transfer 
(FPM) 
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Table 5: Municipalities in non-Metropolitan Areas using the rule as the IV (The Brazilian National Hospital Report) 

 

(1) (2) (3) (4) 

Homicides Aggression Homicides Aggression 

 FE-IV FE-IV  FE-IV  FE-IV  

 Second Stage 

Is there a municipal police force with firearms?  
-67.281*** -54.341*** -74.807*** -63.224*** 

(22.753) (20.919) (25.971) (23.942) 

Year Fixed Effects? Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes 

Municipal controls? Yes Yes Yes Yes 

Observations 3,079 3,079 2,327 2,327 

Number of codes 849 849 742 742 

 First stage for The Municipal Police with Firearms variable 

Municipality has more than 50,000 inhabitants?2000*After 2004 (2004/2006/2009/2012) 
0.13*** 0.13*** - - 

(0.02) (0.02) - - 

Municipality has more than 50,000 inhabitants?2000*After 2006 (2006/2009/2012) 
- - 0.12*** 0.12*** 

- - (0.03) (0.03) 

F-statistic (First-Stage) 21.55*** 21.55*** 18.33*** 18.33*** 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and Mullainathan, 2002). t-

statistic test; *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. Municipal controls: Percentage of 

population between 15 and 29 years old in the Total Municipal Population; the Municipal Population; Municipal GDP per capita, and Federal 

Unconditional Transfer (FPM) 
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Table 6: Municipalities in non-Metropolitan Areas (São Paulo - The Brazilian National Hospital Report ) 

  
  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Homicides Aggression Homicides Aggression Homicides Aggression Homicides Aggression Homicides Aggression 

 OLS OLS  OLS  OLS  FE  FE  FE  FE  FE  FE  

Is there a municipal police force with firearms? 
3.478*** 3.835*** 5.123*** 5.369*** -5.518** -5.529** -3.875* -3.886* -3.681 -3.690* 

(1.289) (1.328) (1.234) (1.279) (2.372) (2.372) (2.188) (2.179) (2.240) (2.197) 

Percentage of population between 15 and 29 years 
old in the Total Municipal Population 

- - - - - - - - 71.945 64.598 

- - - - - - - - (61.395) (62.409) 

Population 
- - - - - - - - 0.000 0.000 

- - - - - - - - (0.000) (0.000) 

Municipal GDP per capita 
- - - - - - - - 0.216** 0.236** 

- - - - - - - - (0.099) (0.094) 

Federal Unconditional Transfer (FPM) 
- - - - - - - - -0.000 -0.000 

- - - - - - - - (0.000) (0.000) 

Constant 

12.711*** 13.292*** 25.926*** 25.879*** 29.673*** 29.673*** 29.278*** 29.277*** 16.336 17.149 

(0.874) (0.898) (2.012) (2.016) (1.574) (1.560) (1.394) (1.374) (18.417) (18.524) 

Year Fixed Effects? No No Yes Yes Yes Yes Yes Yes Yes Yes 

Municipal Fixed Effects? No No No No Yes Yes Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? No No No No No No Yes Yes Yes Yes 

Dummies for each bracket of population 
(established by the FPM law)? 

No No No No No No Yes Yes Yes Yes 

Municipal controls? No No No No No No No No Yes Yes 

Observations 729 729 729 729 729 729 729 729 729 729 

R-squared 0.011 0.013 0.224 0.203 0.381 0.354 0.454 0.430 0.480 0.461 

Number of code         194 194 194 194 194 194 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and Mullainathan, 2002). t-statistic test; *, **, and *** indicate statistical significance at the 
10%, 5%, and 1% level, respectively.  Municipal controls: Percentage of population between 15 and 29 years old in the Total Municipal Population; the Municipal Population; Municipal GDP per capita, and 
Federal Unconditional Transfer (FPM) 
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Table 7 Municipalities in non-Metropolitan Areas using the rule as the IV (São Paulo - The Brazilian National Hospital Report ) 

 

(1) (2) (3) (4) 

Homicides Aggression Homicides Aggression 

 FE-IV FE-IV  FE-IV  FE-IV  

 Second Stage 

Is there a municipal police force with firearms? 
-31.092*** -30.544** -30.643** -29.206** 

(12.053) (11.968) (12.101) (11.882) 

Year Fixed Effects? Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes 

Municipal controls? Yes Yes Yes Yes 

Observations 694 694 544 544 

Number of codes 159 159 148 148 

 First stage for The Municipal Police with Firearms variable 

Municipality has more than 50,000 inhabitants?2000*After 2004 (2004/2006/2009/2012) 
0.31*** 0.31*** - - 

(0.07) (0.07) - - 

Municipality has more than 50,000 inhabitants?2000*After 2006 (2006/2009/2012) 
- - 0.33*** 0.33*** 

- - (0.07) (0.07) 

F-statistic (First-Stage) 16.24*** 16.24*** 18.18*** 18.18*** 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and Mullainathan, 2002). t-
statistic test; *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.  Municipal controls: Percentage of population 
between 15 and 29 years old in the Total Municipal Population; the Municipal Population; Municipal per capita GDP, and Federal Unconditional 
Transfer (FPM) 
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Table 8: Municipalities in non-Metropolitan Areas (The São Paulo Police State Report ) 

 

(1) (2) (3) (4) 

Homicides Aggression 

Wrongful Intentional Wrongful Intentional 

IV-FE IV-FE IV-FE IV-FE 

 Second Stage 

Is there a municipal police force with firearms? 
1.964 -42.986** 11.918 347.352*** 

(1.563) (20.011) (20.589) (134.069) 

Year Fixed Effects? Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes 

Municipal controls? Yes Yes Yes Yes 

Observations 733 733 733 733 

Number of codes 171 171 171 171 

 First stage for The Municipal Police with Firearms variable 

Municipality has more than 50,000 inhabitants?2000*After 2004 
(2004/2006/2009/2012) 

0.31*** 0.31*** 0.31*** 0.31*** 

(0.07) (0.07) (0.07) (0.07) 

F-statistic (First-Stage) 17.16*** 17.16*** 17.16*** 17.16*** 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and Mullainathan, 2002). Involuntary Homicides per 100,000 
inhabitants; t-statistic test; *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.  Municipal controls: Percentage of population between 15 
and 29 years old in the Total Municipal Population; the Municipal Population; Municipal per capita GDP, and Federal Unconditional Transfer (FPM) 
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Table 9.A: Municipalities in non-Metropolitan Areas (The São Paulo Police State Report ) 

 

(1) (2) (3) (4) (5) 

Total number of 
inquiries 

Number of 
Individuals over 
18 years seized 

on flagrant 
behavior 

Seizure of 
narcotics 

Recovered  
Vehicle 

Number of 
arrests 

IV-FE IV-FE IV-FE IV-FE IV-FE 
 Second Stage 

Is there a municipal police force with firearms? 
296.628 193.136* 0.695 33.693 193.630 

(327.700) (114.596) (18.540) (134.850) (165.784) 

Year Fixed Effects? Yes Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes Yes 

Municipal controls? Yes Yes Yes Yes Yes 

Observations 733 733 733 733 733 

Number of codes 171 171 171 171 171 

 First stage for The Municipal Police with Firearms variable 

Municipality has more than 50,000 inhabitants?2000*After 2004 
(2004/2006/2009/2012) 

0.31*** 0.31*** 0.31*** 0.31*** 0.31*** 

(0.07) (0.07) (0.07) (0.07) (0.07) 

F-statistic (First-Stage) 17.16*** 17.16*** 17.16*** 17.16*** 17.16*** 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and Mullainathan, 2002). Involuntary Homicides per 
100,000 inhabitants; t-statistic test; *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.  Municipal controls: Percentage of population 
between 15 and 29 years old in the Total Municipal Population; the Municipal Population; Municipal per capita GDP, and Federal Unconditional Transfer (FPM) 
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Table 9.B.: Effect of firearm on seizure of firearms in non-metropolitan 

municipalities using the rule as the IV ( The São Paulo Police State Report ) 

 

 

(1) 

Seizure of firearms 

 FE-IV 

Second Stage 

Is there a municipal police force with firearms? 
-99.87** 

(47.71) 

Year Fixed Effects? Yes 

Municipal Fixed Effects? Yes 

Population 2000*Year Fixed Effects? Yes 

Dummies for each bracket of population (established by 

the FPM law)? Yes 

Municipal controls? Yes 

Total Observations  733 

Number of Codes 171 

 
First stage for The 

Municipal Police with 
Firearms variable 

Municipality has more than 50,000 inhabitants?2000*After 

2004 (2004/2006/2009/2012) 

0.31*** 

(0.07) 

F-statistic (First-Stage) 17.16*** 

Note: Standard robust errors are presented in parentheses and are clustered at 

the municipal level (Bertrand, Duflo and Mullainathan, 2002). t-statistic test; *, 

**, and *** indicate statistical significance at the 10%, 5%, and 1% level, 

respectively. Municipal controls: Percentage of population between 15 and 29 

years old in the Total Municipal Population; the Municipal Population; 

Municipal GDP per capita, and Federal Unconditional Transfer (FPM) 
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Table 10A: Spillover Effect – Effect on Neighboring Municipalities without Firearms, all years (The Brazilian National Hospital Report ) 

 

Brazil  São Paulo 

(1) (2) (3) (4) 

Homicides Aggression Homicides Aggression 

 FE-IV FE-IV  FE-IV  FE-IV  

 Second Stage 

Is there a neighboring municipal police force with firearms?  
-13.027** -12.969* -0.380 0.560 

(6.537) (6.633) (11.395) (11.550) 

Year Fixed Effects? Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes 

Municipal controls? Yes Yes Yes Yes 

Total Observations  804 804 414 414 

Number of Codes 210 210 92 92 

Observations of municipalities that can have firearms at any time 48 48 21 21 

 First stage for The Municipal Police with Firearms variable 

Municipality has more than 50,000 inhabitants?2000*After 2004 (2004/2006/2009/2012) 
0.70*** 0.70*** - - 

(0.09) (0.09) - - 

Municipality has more than 50,000 inhabitants?2000*After 2004 (2004/2006/2009/2012) 
- - 0.50*** 0.50*** 

- - (0.10) (0.10) 

F-statistic (First-Stage) 57.91*** 57.91*** 21.83*** 21.83*** 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and Mullainathan, 2002). t-

statistic test; *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. Municipal controls: Percentage of 

population between 15 and 29 years old in the Total Municipal Population; the Municipal Population; Municipal GDP per capita, and Federal 

Unconditional Transfer (FPM) 
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Table 10B: Spillover Effect – Effect on Neighboring Municipalities without Firearms, all years (The Brazilian National Hospital Report) 

 

Brazil  São Paulo 

(1) (2) (3) (4) 

Homicides Aggression Homicides Aggression 

 FE-IV FE-IV  FE-IV  FE-IV  

 Second Stage 

Is there a neighboring municipal police force with firearms?  
-13.102* -13.530** 6.596 5.824 

(6.745) (6.834) (15.652) (15.636) 

Year Fixed Effects? Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes 

Municipal controls? Yes Yes Yes Yes 

Total Observations  569 569 209 209 

Number of Codes 157 157 45 45 

Observations of municipalities that can have firearms at any time 35 35 11 11 

 First stage for The Municipal Police with Firearms variable 

Municipality has more than 50,000 inhabitants?2000*After 2004 (2004/2006/2009/2012) 
0.84*** 0.84*** - - 

(0.12) (0.12) - - 

Municipality has more than 50,000 inhabitants?2000*After 2004 (2004/2006/2009/2012) 
- - 0.71*** 0.71*** 

- - (0.19) (0.19) 

F-statistic (First-Stage) 43.91*** 43.91*** 13.19*** 13.19*** 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and Mullainathan, 2002). t-

statistic test; *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. Municipal controls: Percentage of 

population between 15 and 29 years old in the Total Municipal Population; the Municipal Population; Municipal GDP per capita, and Federal 

Unconditional Transfer (FPM) 
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Table 11: Municipalities in non-Metropolitan Areas controlling for the number of municipal guards (The Brazilian National 

Hospital Report) 

 

(1) (2) (3) (4) 

Homicides Aggression Homicides Aggression 

 FE-IV FE-IV  FE-IV  FE-IV  

 National Results 

 Second Stage 

Is there a municipal police force with firearms?  
-60.893*** -47.396** -69.146*** -56.497** 

(21.433) (19.683) (24.796) (22.727) 

Number of municpal guards 
-0.012 -0.013 -0.016 -0.015 

(0.016) (0.014) (0.024) (0.022) 

Observations 3,004 3,004 2,249 2,249 

Number of codes 839 839 723 723 

 First stage for The Municipal Police with Firearms variable 

Municipality has more than 50,000 inhabitants?2000*After 2004 

(2004/2006/2009/2012) 

0.17*** 0.17*** - - 

(0.09) (0.09) - - 

Municipality has more than 50,000 inhabitants?2000*After 2006 

(2006/2009/2012) 

- - 0.06*** 0.06*** 

- - (0.12) (0.12) 

F-statistic (First-Stage) 22.02*** 22.02*** 18.26*** 18.26*** 

 São Paulo Results 

 Second Stage 

Is there a municipal police force with firearms?  
-20.867** -20.183** -21.781** -20.044** 

(9.523) (9.448) (9.953) (9.762) 

Number of municpal guards 
0.072* 0.061 0.109* 0.089 

(0.043) (0.043) (0.058) (0.057) 

Observations 639 639 490 490 

Number of codes 153 153 137 137 

 First stage for The Municipal Police with Firearms variable 

Municipality has more than 50,000 inhabitants?2000*After 2004 

(2004/2006/2009/2012) 

0.36*** 0.36*** - - 

(0.08) (0.08) - - 

Municipality has more than 50,000 inhabitants?2000*After 2006 

(2006/2009/2012) 

- - 0.38*** 0.38*** 

- - (0.08) (0.08) 

F-statistic (First-Stage) 17.58*** 17.58*** 18.53*** 18.53*** 

 For all estimative 

Year Fixed Effects? Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes 

Municipal controls? Yes Yes Yes Yes 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and 

Mullainathan, 2002). t-statistic test; *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

Municipal controls: Percentage of population between 15 and 29 years old in the Total Municipal Population; the Municipal 

Population; Municipal GDP per capita, and Federal Unconditional Transfer (FPM) 
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Table 12: Municipalities in non-Metropolitan Areas endogenizing the number of municipal guards (The Brazilian National 

Hospital Report) 

 

(1) (2) (3) (4) 

Homicides Aggression Homicides Aggression 

 FE-IV FE-IV  FE-IV  FE-IV  

 National Results São Paulo Results 

 Second Stage 

Is there a municipal police force with firearms?  
-84.500*** -95.165*** -33.412*** -32.575*** 

(21.711) (22.997) (10.036) (9.921) 

Number of municpal guards 
-0.006 -0.036 0.277 0.259 

(0.101) (0.107) (0.318) (0.314) 

Observations 3,004 3,004 639 639 

Number of codes 839 839 153 153 

 First stage for The Municipal Police with Firearms 

Municipality has more than 50,000 inhabitants?2000*Year dummy 2004 
8.85e-07*** -6.04e-07 

(1.80e-07) (5.26e-07) 

Municipality has more than 50,000 inhabitants?2000*Year dummy 2006 
8.94e-07*** -6.78e-07 

(2.01e-07) (6.67e-07) 

Municipality has more than 50,000 inhabitants?2000*Year dummy 2009 
8.85e-07*** -7.06e-07 

(2.16e-07) (7.22e-07) 

Municipality has more than 50,000 inhabitants?2000*Year dummy 2012 
7.12e-07*** -1.14e-07 

(2.35e-07) (9.10e-07) 

 First stage for the Number of municipal guards 

Municipality has more than 50,000 inhabitants?2000*Year dummy 2004 
-0.00002 -1.68e-06 

(0.00002) (0.00002) 

Municipality has more than 50,000 inhabitants?2000*Year dummy 2006 
0.00002 -0.00002 

(0.00002) (0.00003) 

Municipality has more than 50,000 inhabitants?2000*Year dummy 2009 
-0.00008** -0.00004 

(0.00003) (0.00003) 

Municipality has more than 50,000 inhabitants?2000*Year dummy 2012 
0.00008** 2.53e-06 

(0.00003) (0.00004) 

F-statistic (F-stage) -  The Municipal Police with Firearms 7.68*** 4.59*** 

F-statistic (F-stage) -   The Number of municipal guards 17.66*** 2.02* 

Test of Weak Identification: Stock and Yogo (2005) - Cragg-Donald 

Wald F-statistic (Bias of IV relative to OLS) 7.59B 1.53D 

Test of Weak Identification: Stock and Yogo (2005) - Cragg-Donald 

Wald F-statistic (Size of 5% Wald Test) 7.59E 1.53H 

 For all estimative 

Year Fixed Effects? Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes 

Municipal controls?     

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and 

Mullainathan, 2002). t-statistic test; *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

Municipal controls: Percentage of population between 15 and 29 years old in the Total Municipal Population; the Municipal 

Population; Municipal GDP per capita, and  Federal Unconditional Transfer (FPM); A, B, C, and D are the maximal IV relative 

bias at 5%, 10%, 20%, and more than 30%, respectively; E, F, G, and H are  the maximal IV size at 10%, 15%, 20%, and more 

than 25%, respectively. 
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Table A1: Municipalities (with less than 500,000 inhabitants) in non-Metropolitan Areas using the rule as the IV (Brazil) 

 

(1) (2) (3) (4) 

Homicides Aggression Homicides Aggression 

FE-IV FE-IV FE-IV FE-IV 

 Second Stage 

Is there a municipal police force with firearms?  
-47.139** -36.574** -56.482*** -45.989** 

(18.651) (17.602) (20.805) (19.496) 

Year Fixed Effects? Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes 

Municipal controls? Yes Yes Yes Yes 

Observations 3,055 3,055 2,311 2,311 

Number of codes 843 843 738 738 

 First stage for The Municipal Police with Firearms variable 

Municipality has more than 50,000 inhabitants?2000*After 2004 (2004/2006/2009/2012) 
0.15*** 0.15*** - - 

(0.03) (0.03) - - 

Municipality has more than 50,000 inhabitants?2000*After 2006 (2006/2009/2012) 
- - 0.15*** 0.15*** 

- - (0.03) (0.03) 

F-statistic (First-Stage) 25.48*** 25.48*** 22.82*** 22.82*** 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and Mullainathan, 2002). t-statistic 
test; *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.  Municipal controls: Percentage of population between 
15 and 29 years old in the Total Municipal Population; the Municipal Population; Municipal per capita GDP, and Federal Unconditional Grant (FPM) 
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Figure A.1. Municipal Police Force 

2002 2012 

  
Legend: 
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Figure A.2.a Homicides per 100, 000 inhabitants 

2002 2012 

  
Legend: 
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Figure A.2.b. Acts of Aggression per 100, 000 inhabitants 

2002 2012 

  
Legend: 
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Figure A.8: McCrary test for the Manipulation of the Population around 50,000 inhabitants by year 
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Table A.2.A: Placebo – The effect of law on different moments of time – (Brazil -  The Brazilian National Hospital Report) 

  
  

Between 2001 and 2010 – Reduced Form Estimative 

(1) (2) (3) (4) (5) (6) (7) (8) 

Homicides Aggression 

FE FE FE FE FE FE FE FE 

The municipality has a population up to (or equal to) 50,000 inhabitants2000(dummy equal to 1 if the municipality has 50 mil inhabitants or more and zero otherwise)* 

*Application of rule (dummy equal to 1 for the years after 2002 and zero otherwise)  
1.013 - - - 1.101 - - - 

(1.195) - - - (1.196) - - - 

*Application of rule (dummy equal to 1 for the years after 2004 and zero otherwise) 

- -3.040** - - - -2.441* - - 

- (1.530) - - - (1.436) - - 

*Application of rule (dummy equal to 1 for the years after 2005 and zero otherwise) 

- - -2.606* - - - -1.783 - 

- - (1.435) - - - (1.324) - 

*Application of rule (dummy equal to 1 for the years after 2006 and zero otherwise) 

- - - -1.827 - - - -0.919 

- - - (1.391) - - - (1.281) 

Year Fixed Effects? Yes Yes Yes Yes Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes Yes Yes Yes Yes 

Municipal controls? Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 11,508 11,508 11,508 11,508 11,508 11,508 11,508 11,508 

R-squared 0.091 0.092 0.092 0.091 0.102 0.102 0.102 0.102 

Number of code 1,265 1,265 1,265 1,265 1,265 1,265 1,265 1,265 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and Mullainathan, 2002). t-statistic test; *, **, and *** 
indicate statistical significance at the 10%, 5%, and 1% level, respectively.  Municipal controls: Percentage of population between 15 and 29 years old in the Total 
Municipal Population; the Municipal Population; Municipal GDP per capita, and Federal Unconditional Transfer (FPM) 
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Table A.2.B: Placebo – The effect of law on different moments of time – (São Paulo -  The Brazilian National Hospital Report) 

  
  

Between 2001 and 2010 – Reduced Form Estimative 

(1) (2) (3) (4) (5) (6) (7) (8) 

Homicides Aggression 

FE FE FE FE FE FE FE FE 

The municipality has a population up to (or equal to) 50,000 inhabitants2000(dummy equal to 1 if the municipality has 50 mil inhabitants or more and zero otherwise)* 

*Application of rule (dummy equal to 1 for the years after 2002 and zero otherwise)  
2.968 - - - 3.349 - - - 

(2.493) - - - (2.510) - - - 

*Application of rule (dummy equal to 1 for the years after 2004 and zero otherwise) 

- -7.156*** - - - -6.598*** - - 

- (2.514) - - - (2.493) - - 

*Application of rule (dummy equal to 1 for the years after 2005 and zero otherwise) 

- - -7.003*** - - - -6.357*** - 

- - (2.188) - - - (2.149) - 

*Application of rule (dummy equal to 1 for the years after 2006 and zero otherwise) 

- - - -6.145*** - - - -5.387*** 

- - - (1.994) - - - (1.971) 

Year Fixed Effects? Yes Yes Yes Yes Yes Yes Yes Yes 

Municipal Fixed Effects? Yes Yes Yes Yes Yes Yes Yes Yes 

Population 2000*Year Fixed Effects? Yes Yes Yes Yes Yes Yes Yes Yes 

Dummies for each bracket of population (established by the FPM law)? Yes Yes Yes Yes Yes Yes Yes Yes 

Municipal controls? Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 1,832 1,832 1,832 1,832 1,832 1,832 1,832 1,832 

R-squared 0.314 0.320 0.321 0.320 0.289 0.295 0.295 0.294 

Number of code 195 195 195 195 195 195 195 195 

Note: Standard robust errors are presented in parentheses and are clustered at the municipal level (Bertrand, Duflo and Mullainathan, 2002). t-statistic test; *, **, and *** indicate 
statistical significance at the 10%, 5%, and 1% level, respectively.  Municipal controls: Percentage of population between 15 and 29 years old in the Total Municipal Population; the 
Municipal Population; Municipal GDP per capita, and Federal Unconditional Transfer (FPM) 


