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Abstract

Indicators of violence involving public transportation have reached alarming levels in most Brazilian states,
hampering mobility. This article aims to identify the level of vulnerability and resilience of public
transportation in 21 administrative regions of the city of Rio de Janeiro, in light of criminal occurrences.
Variables related to population, employment, intervening opportunities, travel time, criminal occurrences
associated with public transportation and police coverage of each evaluated region were used. The results
indicated that the five most vulnerable regions are Campo Grande, Méier, Barra da Tijuca, Rio Comprido and
Iraja, and the most resilient are Lagoa, Copacabana, Botafogo, Vila Isabel and Tijuca. The contribution of this
work is the proposal to analyze the level of vulnerability and resilience based on public security data, with
emphasis on the spatial dependence relation among the regions.
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Resumo

Os indicadores de violéncia no entorno dos transportes publicos tém alcancado niveis alarmantes na maioria dos
estados brasileiros, afetando inclusive sua mobilidade. Este artigo objetiva, utilizando a l6gica nebulosa, identificar o
nivel de vulnerabilidade e de resiliéncia do transporte piiblico em 21 regiées administrativas da cidade do Rio de
Janeiro, em face das ocorréncias criminais. Foram utilizadas varidveis relacionadas a populagdo, emprego,
oportunidades intervenientes, tempo, ocorréncias criminais no entorno dos transportes publicos e cobertura policial de
cada regido avaliada. Os resultados permitem concluir que as cinco dreas mais vulnerdveis sdo: Campo Grande, Méier,
Barra da Tijuca, Rio Comprido e Irajd e as dreas mais resilientes sdo: Lagoa, Copacabana, Botafogo, Vila Isabel e Tijuca.
A contribuigdo deste trabalho pode ser verificada pela proposta de analisar o nivel de vulnerabilidade e de resiliéncia
a partir de dados de seqguranga ptiblica, com destaque para uma relagdo de dependéncia espacial das regides.
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Public Safety and Urban Mobility

Infroduction

Epidemiological and criminal statistics show that social violence in Brazil has reached unprecedented
magnitude and intensity, even higher than observed in some war zones (de Souza & de Lima, 2006). The
country has suffered in recent decades from expansion of organized crime and the consequent damages to
society. Security is a subject that has long been a concern of Brazilian citizens (Carvalho & Risso, 2018).
According to Rolim (2007), the seriousness of the phenomena of violence and criminality in Brazil, with the
emergence of unexpected situations capable of putting entire cities at risk, such as the terrorist practices
constructed by the PCC in Sao Paulo, or by groups organized in Rio de Janeiro, it has not, however, allowed
the offer of new and more effective responses in terms of public security policies.

On the contrary, exceptions aside, it is noteworthy that the policies implemented by different
governments are almost always attempts to minister again, models that have already been tested and are
known to be incapable of producing different results from the remarkable failure already accumulated
(Rolim, 2007).

According to Moreira & Fochezatto (2017), the growth of crime has intensely preoccupied public
security policy makers, as the advance of different forms of violence has caused profound changes in
society's lifestyle, especially in the way cities are organized.

According to Fajnzylber & Aratjo Jr (2001), surveys conducted with the population not only Latin
American, but also North American and European, point out that, from the 1990s onwards, violence became
the main concern of opinion overlapping themes such as unemployment, inflation, interest and taxes,
themes that have long been of concern to the whole of society.

The growth of modern cities, following the period of industrialization, brought with it a new form of
spatial organization of existing cities. In addition, the disorganized growth of urban space, resulting from
this enormous pressure of population convergence, significantly changed the appearance of cities, as well
as the type of life of their inhabitants, giving rise to the emergence of a specific criminality (Rolim, 2007).

The economic losses result from various criminal activities, such as cargo hijacking, extortion, drug
gang violence, and cartel formation (FBSP, 2018), including crimes affecting public transport.

Users of public transportation are vulnerable to crime during their trips, in commuter trains, buses,
vans and taxis, among others, causing them to change from one mode to another, or just to go on foot to
work and home (Kruger & Landman, 2007).

Crime and personal safety are the main fears inhibiting the use of public transport, despite studies
related to its good reliability and accessibility (Newton, 2004). The use of public transport would increase
by 11.5% if public worries about safety could be addressed adequately (Moore, 2011).

Daily in large Brazilian cities, bus drivers, conductors and passengers are exposed to sound and air
pollution, traffic congestion and accidents, as well as acts of violence (Castro et al., 2017). Therefore, it is
relevant to investigate how resilient urban areas can be to those acts of violence that happen on public
transport and how vulnerable riders are to those threats.

The concept of resilience permits identifying a city’s ability to respond to such threats and can be
defined as the capability of a system to persist, adapt, transform, recover and absorb impacts (Gaitanidou
et al,, 2017; Marchese et al., 2018) due to internal or external threats. One the other hand, the concept of
vulnerability involves the magnitude the community is able to absorb and also the pace of recovery when
the community is faced with a threat. Besides this, the degree of vulnerability is related both to the nature
of threats and resilience of the system (Langridge et al., 2006).

This article analyzes the resilience and vulnerability of public transport against crimes reported to the
police in 21 administrative regions of the city of Rio de Janeiro, based on fuzzy logic. The article is organized
in five more sections: urban violence; resilience and vulnerability; methodological procedures; results; and
final considerations.
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Urban Violence and Public Transport

A survey conducted by the National Confederation of Industries (CNI, 2018) indicated that public safety
was among the four greatest concerns of Brazilians, mentioned by 38% of the respondents. Crime affects
not only users of public transport but also potential users (Kruger & Landman, 2007).

Crime associated with public transport encompasses a wide range of violations, which can be classified
into at least three types of situations: (i) while commuting to, from or between stations/terminals; (ii) while
waiting at boarding points or deboarding; and (iii) on board the vehicle, e.g., a bus or train (Newton, 2004).

The level of violence also causes psychological damages, associated with the feeling of fear and
intimidation by criminals. This subservience prompts a feeling of impotence and doubt about the ability of
the public authorities to assure security (FBSP, 2018).

The fears related to violence and personal safety are important inhibiting factors that should be
considered to understand the efficacy of public transportation, because they diminish the trust of many
people and consequently their accessibility. Negative experiences during any part of the trip can influence
demand due to fear, and with this change the travel patterns of passengers and even cause them to cease
using public transportation.

Little information is available about the extent of crime and disorder while using public transport.
Besides this, there are discrepancies regarding the real levels observed (Newton, 2014). The most likely
reasons include the multiple agencies responsible for maintaining and operating the various public security
systems, the lack of standardized records and reports of crimes and disorder, the difficulties of analyzing
the available data, different policing and security strategies, and underreporting of crimes.

Violence associated with public transport undermines one of the basic rights of citizens — mobility -
besides having a deleterious effect on public health. Insecurity within vehicles impairs the quality of the
service. Public transport plays an important role in reducing social exclusion, by providing access to
activities such as pursuing health care, employment and leisure (Newton, 2014). In this respect, it is
important to consider that since mobility is related to access to other places and opportunities, it has a direct
impact on people’s quality of life (Hernandez, 2012). This poses an even greater challenge than reducing the
risk of disasters and the related hazards (Spaans & Waterhout, 2017), and affects people’s daily routines
and the functioning of the city.

The role of public transport is to stimulate sustainable urban social and economic development by
meeting the needs of passengers (Proper & Pienaar, 2011). The ongoing improvement of public transport
is necessary, but often this occurs without adequate concern for the security against violence of users (Kooi,
2015). The effort to supply public transport more focused on the needs of users requires development of
resilience in the sector. Better resilience can contribute to the process of adaptation, which includes a
defensive and reactive strategy (Proper & Pienaar, 2011).

Studies in cities around the world have shown that the problems of violence cannot be totally
eliminated, but they can be controlled. However, projects over the medium to long range need to be
established, and participation of the community is fundamental to tackle this problem more effectively (Carr
& Spring, 1993). Studies of the spatial trends of crime reveal that regional differences regarding the effects
of contextual variables, such as anomie, deprivation, unemployment and poverty in cities, are critical
determinants of the local level of criminality (Ajayi & Ajayi, 2013).

Resilience and Vulnerability

Transportation networks are fundamental for the circulation of goods and people in the globalized
market. Transportation systems are complex networks where the characteristics of resilience and
vulnerability can be analyzed and examined from different standpoints (Reggiani et al.,, 2015).

The definition of resilience is the ability of systems to resist various disasters or problems and recover
their normal operating situation (Xu & Xue, 2017). It reflects the level of adaptability to risks, externalities
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and shocks of a system, to maintain or stabilize its functions (Gaitanidou et al., 2017). In other words, it
denotes the ability of a network to maintain its connectivity even in the occurrence of an event that is
unfavorable to its functionality (Kim & Song, 2018).

Unlike the concept of resilience, vulnerability does not have a convergent definition. It can be associated
with interruptions or susceptibility to certain damages. Vulnerability is the exposure of a city to shocks in
terms of magnitude and frequency (Boschetti et al., 2017) or also the susceptibility to incidents that can in
some way affect the system (Berdica, 2002). Here we define vulnerability as the susceptibility of a system
to a determined threat. It is important to note that vulnerability is not necessarily the inverse of resilience.
In some situations, the system can be resilient to a threat while at the same time being vulnerable.

The importance of recognizing areas of high vulnerability and improving their resilience by mitigating
risks has attracted the interest regarding local and community development in academic and political circles
(Wang et al,, 2017). The reason is that resilience not only involves persistence, but also the opportunities
that threats bring in terms of recombination of structures and processes, renovation of systems and
emerging trajectories (Folke, 2006).

Therefore, it can be said that resilience of urban mobility is the ability of the system to prepare for,
respond to and recover after an extreme event (Gaitanidou et al., 2017). A city can be more or less vulnerable
to threats, hence the importance of identifying the threats that can affect mobility, such as urban violence.

Methodological Procedures

Fuzzy logic is a useful tool to resolve complex problems, given its ability to infer conclusions and
produce responses based on ambiguity and/or qualitative, incomplete or imprecise information (Cosenza
etal, 2016).

A typical model uses rules based on “If-Then” logic (e.g., “If ‘U’ is near 50, Then V' is large”). More
formally, the process used to determine the output from an input is called inference. Each link corresponds
to a set of fuzzy rules, called an inference block (IB), in which the linguistic variables are computed by
aggregation and composition, so as to produce an inferred result, also in the form of a linguistic variable
(Cury, 2007). Each inference block has a set of rules considering linguistic values.

In this section we describe the application of fuzzy logic to measure the levels of resilience and
vulnerability of the administrative regions of the city of Rio de Janeiro. Of the 33 such regions, we chose 21,
based on available data on the occurrence of crimes and consistent police crime fighting efforts during the
12-month period analyzed. The methodological steps used were based on the procedure developed by
Santos et al. (2020).

Fuzzy System Modelling

Using fuzzy concepts, evaluators can use linguistic terms to assess indicators in a natural language
expression, where each linguistic term is associated with a membership function. Then, the necessary
concepts of fuzzy system modelling is described as follows (Vinodh & Devasan, 2011; Satabun et al., 2019;
Yager, 2000; Satabun, 2014; Faizi et al.,, 2018), based on the work Santos et al. (2020).

Definition 1. Fuzzy set and membership function. The characteristic function pa of a crisp set A € X
assigns a value of either 0 or 1 to each member in X, since crisp sets only allow full membership (u,(x) =
1) or non-membership (u4(x) = 0). This function can be generalized to a function u, such that the value

assigned to the element of the universal set X falls within a specified range, i.e., uz : X — [0, 1]. The assigned

value indicates the membership grade of the element in set A. The function pj is called the membership

function and the set A = (x, uz(x)), where x € X, defined by uj(x) for each x € X, is called a fuzzy set.
Definition 2. Triangular fuzzy number. A fuzzy set A, defined on the universal set of real numbers R, is

said to be a triangular fuzzy number A(a, m, b) if its membership function has the following form according
to equation 1:
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0, x<a
X—a
, as<x<m
m-—a
patx,a,mb) =4 1L x=m (1)
b —x
) m<x<b
b—m
0, x=a
And the following characteristics (equations 2, 3):
X1, %5 € [a, D] x5 > x; = pplag) > puxp(xq) (2)
x1,%z € [b,c]axy, > x; = pua(xz) > palxy) (3)

Definition 3. Trapezoidal fuzzy number. A fuzzy set A, defined on the universal set of real numbers R,
is said to be a trapezoidal fuzzy number, such as A(x,a,b,c, d), ifits membership function has the following
form (equation 4):

( 0, x<a
X—a
b—a’ a <x<b
ui(x,a,b,c,d) =1 1, b<x<c 4)
j:? c<x<d
0, d<x

Definition 4. Symbolically, A is denoted by uz(x, a, b, ¢, d). The generalized trapezoidal fuzzy number
A= (x,a,b,c,d) divides into three parts: the left part, middle part, and right part.

Definition 5. Gaussian fuzzy number. A fuzzy set A, defined on the universal set of real numbers R, is
said to be a Gaussian fuzzy number, such as A(x,c,s,m), ifits membership function has the following form
as given by equation 5:

1ix—c™
|] (5)

ui(x,c,s,m) = exp [_E S

Where cis the centre, s is width, and m is the fuzzification factor.

Definition 6. The rule base. The rule base consists of logical rules determining causal relationships that
exist in the system between fuzzy sets of its inputs and its output.

Definition 7. The fuzzy rule. The single fuzzy rule can be based on a modus ponens. The reasoning
process uses logical connectives IF-THEN, OR, and AND.

Definition 8. A typical fuzzy model employs rules based on “IF-THEN”. More formally, the process used
to determine the output for a given input is called fuzzy inference. Based on this inference, the output is
called the pertinence degree, with values ranging from 0 to 1, and is determined by equation 6:

Ei(y) = T(Bi(¥)) (6)
where Ej is a fuzzy subset,, tiis the degree of the function, and B; is the fuzzy subset of linguistic concepts
defined in space y.
Definition 9. For the method considering the “AND” rules of a set of variables (for example, IF
employment in the destination is high AND the population of the origin is high, THEN the potential use of
transportation is high), then (equation 7 and 8):

T(tBi(y)) = t"Bi(y)  (* = min) (7)

T(tiBi(y)) = tBi(y) (output) (8)
Besides this, the operator S(E1(y),E2(y),--En(y)), for the method that considers the union of rules with “OR”,
involves equations 9 and 10.
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S(E1(y), E2(y), ..., En(y)) = Max;(Ei(y)) 9)

S(E1(9), E2(¥), ., En () = 1 = TI(1 — Es(y)) (10)

Definition 10. To obtain a crisp output, it is necessary to defuzzify the result denoted by y*, according
to the centroid method, as given by equation 11.

. ZyEWy

T 3ER) (11)

Input variables

The proposed procedure presents a hierarchical architecture of the problem (measuring the level of
resilience and vulnerability), in a combination of blocks of inference that uses fuzzy rule based on linguistic
expressions, for each variable to be expressed by means of a value. The structure of the procedure is
fundamentally based on the input variables of a quantitative nature based on these data: population,
employment, income, police station, number of crimes in public transport, and trip time using public
transport. The procedure uses 9 input variables and transforms these into linguistic variables (very low,
low, medium, high and very high), with the respective degrees of certainty for each block of inference. Table
1 shows the description of input variables.

Table 1 - Description of input variables

Input Variables Description Source

Population (origin)  Referring to population in administrative region of origin Census Data (2010)

Employment Referring to jobs in administrative region of destination Annual Report of Social

(destination) Information

Intervening Number of jobs that can be reached until destination Annual Report of Social

opportunities Information and Google API

(time)

Trip time Time required to reach destfination Google API

Occurrence index Measures the ratio between the number of crimes Institute of Public Security of
associated with public transport and the population of Rio de Janeiro

each region
Index Police Base  Measures the ratio between the number of police based  Institute of Public Security of
and the population of each region Rio de Janeiro
Average time The average time taken to travel from each Google API
administrative region to the other regions by public
transportation
Jobs (60 minutes)  Number of jobs that can achieve 60 minutes using public  Annual Report of Social

fransport Information and Google API
(time)
Income (origin) Average nominal income Census Data (2010)

Source: Authors (2020).

We used the following input variables: population, employment, number of jobs within travel time of
60 minutes, trip time, income, police coverage (number of police stations), and number of crimes committed
involving public transport. The demographic data (population and income) were obtained from the
“Armazém dos Dados” (“Data Warehouse”) for 2010, based on data collected in the census conducted that
year by the Brazilian Institute of Geography and Statistics (IBGE), while the employment data were collected
from the Annual Report of Social Information (RAIS), submitted by companies to the Labor Ministry,
covering 2017.
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The “trip time” variable was obtained from Google (Maps and API), considering the average time taken
to travel from each administrative region to the other regions by public transportation. The number of
police stations and number of criminal occurrences were obtained from the Institute of Public Security of
Rio de Janeiro. We used these data to calculate the occurrence index, which is the ratio between the number
of crimes associated with public transport and the population of the region. The police coverage index was
computed analogously.

After the input variables have been defined, we defined the sets generic fuzzy for all input variables,
which present five levels of linguistic terms: very low, low, medium, high and very high. For the variable of
employment, we added one more level of linguistic term: extremely high. This is because the input variable
of employment presents the administrative region of the center with very different values from the other
regions. Figure 1 shows a general membership function plots that were defined for all variables (inputs and
outputs).

Yoy Low | Low Medium | /‘ /"i“i'\\ Very m/,h
5 /\\)(/ . \ /
; y 2N
Y

Output value

Pertinence Degres

Figure 1 - Membership function. Source: Authors (2020).

Fuzzy Logical Architecture

For this study, we created seven inference blocks. In inference block 1, the potential for use considers
the population of the origin region with employment in the destination region. For example, if the
population of the origin is high and employment in the destination is also high, then the potential for use is
high. Inference block 2, among other rules, considers that if the intervening opportunities are high until
reaching the destination and the travel time is high, then the impedance is high. The flow level consists of
the relation between the potential for use and the impedance: if the potential is high and the impedance is
low, then the flow level will be high. In inference block 4, if the occurrence index is high and the police
coverage index is low, then the violence factor will be high. Table 2 presents the rules created with the
certainty factor when the destination employment is “very low”.

Table 2 - Base of fuzzy rules for inference block 1 for “very low” employment

IF THEN

Destination Origin Population Potential for Use Certainty Factor
Employment

Very Low Very Low Very Low 1

Very Low Low Very Low 0.95

Very Low Medium Low 0.85

Very Low High Medium 0.7

Very Low Very High Medium 0.8

Source: Authors (2020)

The architecture of the problem has nine input variables and always two variables converging to their
nodes, a total of seven nodes of logical architecture. In the seven nodes were defined a total of 180 rules.
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Figure 2 depicts the problem’s logical architecture, with data from the 21 administrative regions of Rio de
Janeiro.

/ INPUT \
Population (Origin) Fp

(Destination)

Br2>»| Impedance
*

/

Potencial for use

Occurrence index

Violence factor

Average time

Index Police base

\. J
J/
e N
Jobs in 60 minutes
I Resilience Index |
-
. J

B2 I Vulnerability Index |
*-

S A

Figure 2 - Logical Architecture of the Problem. Source: Authors (2020).

As indicated in Figure 2, the resilience index was defined with the following inputs: number of jobs that
the workers of a region can access in up to 60 minutes, and the region’s average household income. The
justification for choosing these variables to measure resilience is the fact that if a region manages to access
a large number of jobs within 60 minutes, this implies, besides the existence of more than one transport
modality available to the region, its proximity to regions like Centro, Botafogo and Barra da Tijuca (together
responsible for approximately 40% of the formal jobs in the city). The choice of income converges with
other factors in transport engineering, such as land use and availability of transport modes. For this reason,
we defined that regions able to access a large number of jobs within 60 minutes, with very high income,
have very high resilience index. The description of each inference block is described in Table 3.

Table 3 - Description of inference blocks

Output Description Inference
Variables block
Potential use Measures O-D link that can be used based on population and employment Inference
variables block 1
Impedance Measures the opposition to movement Inference
block 2
Flow Level Measures O-D link flow considering impedance and potential use Inference
block 3
Violence Measures the violence factor based on the occurrence index and index Inference
factor police base block 4
Exposure Measures the exposure of each administrative region based on violence Inference
factor and average fime block 5
Resilience Measures the resilience index based on number of jobs that can reach in 60 Inference
Index minutes and the income of each administrative region block 6
Vulnerability Measures the vulnerability level based on flow level and exposure Inference
level block 7

Source: Authors (2020).
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Results and Discussion

The criminality data demonstrate that violence affects virtually all urban systems used by the people
of Rio de Janeiro when carrying out their routine activities, including mobility. This means to say that public
transport in the city is affected by insecurity and violence.

It should be noted that the crime maps prepared by the public security authorities contain inevitable
gaps. The reason is that due to factors such as lack of trust in police, fear of possible reprisals by criminals,
feeling of shame in reporting certain situations or even lack of first-hand knowledge, a significant problem
of underreporting crimes exists.

Therefore, in the city of Rio de Janeiro we only considered the 21 administrative regions in which the
Public Security Institute (ISP/R]) was able to gather substantial information about criminality affecting
public transport in 2017.

For these 21 administrative regions, we evaluated factors that, when combined, demonstrate the main
characteristics of each one regarding the use of public transport. The administrative region with the greatest
availability of public transport was Centro (downtown), since it is served by five modes: ferry boat
(connecting to other cities across Guanabara Bay, and hence disregarded in this study), bus, commuter train,
subway, and (most recently) a light rail vehicle (LRV) system. In relation to the number of police stations,
Centro has the highest number with six, making this the region with the best geographic coverage.

We then grouped all the criminal occurrences involving public transport. Despite having the largest
number of police stations, Centro presented the largest number of criminal occurrences associated with
public transport, with 19,145 reported occurrences in 2017.

With respect to the level of vulnerability, the results demonstrated that the five regions most vulnerable
to criminality affecting public transport were Campo Grande, Méier, Barra da Tijuca, Rio Comprido and Iraja.
Campo Grande has the second highest population of the city’s administrative regions. Although not having
the largest number of reported crimes among the five most vulnerable regions, it has the lowest police
coverage, given its high population density: 542,084 people with only two police stations. Another
contributing factor is its average household income. Of the five most vulnerable regions Campo Grande had
the lowest nominal income. The statistics are displayed in Table 4.

Table 4 - Regions with highest vulnerability indices

Administrative Criminal Police Modes of Public Population Household Vulnerability
Region Occurrences  Coverage Transport Income Index
(stations) Available (RS$/month)

Campo Grande 14,155 2 2 542,084 737 0.74

Méier 18,399 5 3 397,782 1,271 0.73

Barra da Tijuca 17,716 3 3 300,823 3,244 0.72

Rio Comprido 5,246 2 3 78,975 967 0.71

Irajé 10,198 4 3 202,952 1,001 0.71

Source: Authors (2020)

The vulnerability index map of the chosen regions is presented in Figure 3.
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2 - Centro 11 - Penha 18 - Campo Grande
3 - Rio Comprido 12 - Inhadma 19 - Santa Cruz
4 - Botafogo 13 - Méier 22 - Anchieta
S - Copacabana 14 - Irajé 24 - Barra da Tijuca
6 - Lagoa 15 - Madureira 25 - Pavuna
7 - Sdo Cristévio 16 - Jacarepagud
8 - Tijuca 17 - Bangu
9- Vila isabel
10 - Ramos

[ 0.2980 - 0.3085
[] 0.3085 - 0.3950
[ 0.3950 - 0.4766
[ 0.4766 - 0.6456
Il 0.6456 - 0.7078
5 0 5 10 5 20 km I 0.7078 - 0.7423
. I ] I Disregarded in the Analysis

Figure 3 - Level of vulnerability of public transport regarding criminal occurrences. Source: Authors (2020)

Figure 3 and Table 4 together show that despite having the highest population among the five most
vulnerable regions, Campo Grande has the fewest modes of public transport (only bus and commuter train).
All these factors combined explain why Campo Grande was found to be the most vulnerable region in this
analysis.

With respect to resilience, Lagoa had the highest capacity to react to crimes related to public transport.
This administrative region is composed of seven districts and is served by the 23rd Military Police Battalion
and the 14th and 15th Civil Police Stations!. Table 5 presents the administrative regions with the highest
resilience indices and their respective criminal occurrences, police coverage, availability of public transport,
income and population.

Table 5 - Regions with highest resilience indices

Administrative Criminal Police Modes of Public Population Household Resilience
Region Occurrences Coverage Transport Income index
(stations) Available (RS$/month)
Lagoa 9.288 3 2 167,774 4,643 0.918
Copacabana 10,817 3 2 161,191 3,229 0.917
Botafogo 5,742 3 2 239,729 3,306 0.917
Vila Isabel 3.221 3 3 189,310 2,009 0.748
Tijuca 8.169 3 3 181,810 2,424 0.748

Source: Authors (2020)

Figure 4 present a map with the resilience level of the regions regarding criminal occurrences. Note
that the three regions with the highest resilience levels are concentrated in the city’s South Zone.

1 The Military Police is the uniformed police constabulary while the Civil Police is the investigative force. Both are
under state control. The city of Rio de Janeiro also has a Municipal Guard (unarmed), not considered here.

urbe. Revista Brasileira de Gestdo Urbana, 2021, 13, e20200231 10/14



Public Safety and Urban Mobility

2 - Centro 11 - Penha 18 - Campo Grande
3 - Rio Comprido 12 - Inhadma 19 - Santa Cruz
4 - Botafogo 13 - Méier 22 - Anchieta
5 - Copacabana 14 - Irajd 24 - Barra da Tijuca
6 - Lagoa 15 - Madureira 25 - Pavuna
7 - So Cristévio 16 - Jacarepagud
8 - Tijuca 17 - Bangu
9 - Vila isabel
10 - Ramos
-
P—
S
7 i
o
4 19
~\
—
S
N\
o
- ’V/
J/l//i;‘o.os%m - 0.458219 .
[ 0.458219 - 0.500000 ,{_
[ 0.500000 - 0.747553 s
0.747553 - 0.747553 ¢
Bl 0.747553 - 0.747613
5 0 5 10 15 20 ks I 0.747613 - 0.918393
[ a— e I Disregarded in the Analysis

Figure 4 - Resilience level of public transport regarding criminal occurrences. Source: Authors (2020)

Figure 5 presents a graph with the vulnerability and resilience index of each of the administrative
regions, divided into six sections. Section I contains the region of Santa Cruz, considered the worst in the
analysis due to the high vulnerability index and low resilience index. Although not among the 10 regions
highlighted for having high indices, the results point to Santa Cruz as the least resilient among the regions
analyzed here. Itis policed by one Military Police battalion and two Civil Police stations, serving a population
of 368,534, considered as providing insufficient coverage due to the existence more than 8,000 crimes
related to public transportation in the year analyzed.

Section II contains the regions of Bangu, Campo Grande, Jacarepagud and Iraja. The first three are
located in the city’s West Zone while Iraja is located in the North Zone. They have resilience index between
0.37 and 0.50 and vulnerability index from 0.67 to 0.74. The regions in section III have vulnerability indices
around 0.30 and a resilience index that varies between 0.55 and 0.68. Its three regions are located in the
city’s North Zone.

Section IV contains the regions of Méier, Rio Comprido, Vila Isabel and Barra da Tijuca. The first three
are in the North Zone while Barra da Tijuca is located in the West Zone. The vulnerability index varies
between 0.63 and 0.73 and the resilience index between 0.51 and 0.61. Section V contains the regions of
Inhatima, Madureira, Ramos, Tijuca, Sdo Cristovao and Centro. The first five are situated in the North Zone.
The vulnerability index ranges from 0.30 to 0.47 and the resilience index has values near 0.72. Finally,
section VI contains three regions, Copacabana, Botafogo and Lagoa, all located in the South Zone, near
Centro. These regions have on average the highest income level in the city and are served by buses and the
subway system. This combination allows accessing a large number of jobs with low commuting time.
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Figure 5 - Resilience and vulnerability indices of the chosen administrative regions. Source: Authors (2020)

This region does not have the lowest number of criminal occurrences related to public transport, does
not have the greatest police coverage (despite a population of 167,774 people), but does have the highest
nominal income. This shows once again that the economic factor has high capacity to enhance the resilience
of a given region in response to urban violence.

The division observed in Figure 5 demonstrates that the most resilient regions are those in the South
Zone of Rio de Janeiro, and the resilience and vulnerability indices in the six sections corroborate the spatial
dependence among the regions.

Final Considerations

The state of Rio de Janeiro was a pioneer in creating its Public Safety Institute (ISP/R]), through State
Law 3,329 of December 28, 1999. It has the objective of gathering information, disseminating studies and
analyses to support implementation of public safety policies, and assuring social participation in the
formulation of these policies.

The ISP/R] collects data on criminality throughout the state, to supply law enforcement authorities and
public policymakers with useful information on fighting crime. This information enhances the potential
effectiveness of security policies, involving tactical actions, strategic planning and definition and delegation
of responsibilities.

The concept of resilience considered here consists of the ability of a system to continue functioning
even after a shock or rupture. The threats most discussed in the literature regarding public transport
involve the effects of natural disasters or technical flaws in the system. However, we noted a gap regarding
public security. This study applied fuzzy logic with the aim of measuring the level of resilience and
vulnerability of 21 administrative regions in the city of Rio de Janeiro from the standpoint of violence. For
this purpose, we chose variables that can be related to the use of public transport and the number of criminal
occurrences related to that transport (at stations/terminals, bus stops and aboard vehicles).

We analyzed data on public safety obtained from various sources, and by applying fuzzy logic measured
the level of resilience and vulnerability of the 21 administrative regions regarding criminality associated
with public transport. The results revealed that Campo Grande was the region most vulnerable to criminal
occurrences associated with public transportation (with the second most inhabitants but police coverage
disproportional to its population), while Lagoa was most resilient in this respect. In turn the region with the
worst overall ranking was Santa Cruz. Despite the large transit system serving the region, the low nominal
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income of the population (R$ 527.00 per month) increases its economic vulnerability, and thus the
vulnerability to criminal actions.

The results of this study serve to promote reflection about public policies related to violence,
vulnerability and resilience. In particular, the income level of the regions has a strong relationship with their
resilience and vulnerability, as well as spatial dependence.

A final point worth mentioning is the division in Brazil between the Military Police and Civil Police. As
mentioned in the footnote, the former force has responsibility for ostensive policing, mainly through
patrolling by car and presence at neighborhood booths/posts, while the latter has responsibility for
investigating crimes. These two forces need to work more effectively together (if not being merged), to
enable reducing criminality in Rio de Janeiro, with the support of better informed public policies.
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