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Police network analysis applied to Street crime control in Bogota

Abstract The community police models, together with the georeferencing of crime and work
focused on solving specific problems, have allowed improving indicators of attention to crime
and the perception of security in cities. However, little care has been placed in these models
for cooperative networks between patrols organized by districts or urban sectors, to maintain
an articulated action that compensates for the scarcity of police resources and avoids over-
targeting. This article analyzes the interaction between the network of police reinforcements
and homicides and personal thefts in Bogotd, capital of Colombia. Exponential random graph
(ERG) models, network analysis, and georeferenced gamma estimates of criminal behavior are
used. At the level of the police sectors known as Commands for Immediate Attention (CAI), it
is found that patrol network organization schemes are conditioned by the city’s socioeconomic
segregation patterns which limits the scope of the network in control of the crimes.

Keywords: Networks, Police, Security, Crimes, Homicides, Thefts; JEL: D85, H56, K40, K42,
C72

Anilisis de redes policiales aplicado al control de la delincuencia callejera en Bogota

Resumen Los modelos de policia de comunitaria, junto con la georreferenciacién del delito y el
trabajo enfocado ala resolucién de problemas concretos, han permitido mejorar los indicadores
de atencién al delito y la percepcién de seguridad en las ciudades. Sin embargo, poca atencién
se ha prestado en estos modelos a las redes de cooperacién entre patrullas organizadas por
distritos o sectores urbanos, para mantener una accién articulada que compense la escasez de
recursos policiales y evite su sobrefocalizacién. Este articulo analiza la interaccién entre la red
de refuerzos policiales y los homicidios y hurtos a persona en Bogotd, capital de Colombia. Se
utilizan modelos de graficos aleatorios exponenciales (ERG), andlisis de redes y estimaciones
gamma georreferenciadas del comportamiento delictivo. A nivel de los sectores policiales
conocidos como Comandos de Atencién Inmediata (CAI), se encuentra que los esquemas de
organizacién de las redes de patrullaje estin condicionados por los patrones de segregacién
socioeconémica de la ciudad, lo que limita el alcance de la red en el control de los delitos.

Palabras clave: Redes, Policia, Seguridad, Crimenes, Homicidios, Hurtos; JEL: D85, H56,
K40, K42, C72

Andilise de redes policiais aplicadas ao controle da delincuéncia de rua em Bogota

Resumo os modelos de policia comunitdria, conjuntamente com o georreferenciamento do delito
e o policiamento focado em problemas concretos, tém permitido melhorar os indicadores de
atengdo ao delito e a percepgio de seguranc¢a nas cidades. No entanto, nesses modelos, pouca
atengdo tem sido dada as redes de cooperagio entre patrulhas organizadas por distritos ou
setores urbanos, a fim de manter uma atuagio articulada que compense a escassez de recursos
policiais e evite sua focalizagdo excessiva. Este artigo analisa a interagio entre a rede de reforgos
policiais e os homicidios e roubos em Bogotd, capital da Colémbia. Sdo usados modelos de grafos
aleatérios exponenciais (ERG, da abreviatura em inglés), andlise de redes, e estimativas gamma
georreferenciadas de comportamento criminoso. No nivel dos setores policiais conhecidos como
Comandos de Atengdo Imediata (CAI), se verifica que os esquemas de organizagio em rede
das patrulhas sdo condicionados pelos padrées de segregagio socioecondmica da cidade, o que
limita o escopo da rede no controle do crime.

Palavras-chave: Redes, Policia, Seguranc¢a, Crimes, Homicidios, Roubos; JEL: D85, H56, K40,
K42,C72
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rime is usually concentrated in places in cities called hotspots

(Collazos, Garcia, Mejia, Ortega, & Tobén, 2019). These areas
reveal dynamics of criminal actors that can be prevented (Bond &
Nader, 2018). In the United States, the place-based police survei-
llance model was implemented, which reduced drug trafficking,
property crimes and improved police decentralization for the control
of criminal gangs. Blattman, Ortega, Green & Tobén (2019) show
the scope of the model in terms of deterrence or displacement of
crime. In the same way, the police and community security models
presuppose a knowledge of the interests and needs of the citizens, by
the authorities, as well as mechanisms to verify the quality of police
surveillance. (Frihling, 2007).

In Brazil, Ecuador, Guatemala, and Colombia, decentralization
helped with territorial control and the development of citizen security
programs (Friihling, 2007). In Rio de Janeiro, the Pacifying Police
Units (UPP) and the Secretary of Security of Rio were implemented
to reduce rates of violence and drug trafficking (Saborio, 2017).
"These units improved the perception of security and the respect of
the police for human rights, given the decrease in police violence
(Riccio, Ruediger, Ross, & Skogan, 2013). In Ecuador, the planned
population approach model improved citizens’ perception of the police
and increased police presence in neighborhoods by 17.7% (Pontén
& Rivera, 2016). These results reveal the effectiveness of the models
mentioned in problem solving, as well as focusing on specific places
such as neighborhoods or blocks (Bond & Nader, 2018).

In Colombia, the National Model of Community Surveillance by
Quadrants (IMNVCC, from the Spanish acronym) led the National
Police to include the community as an actor in crime prevention and
in the formation of communication networks (Frihling, 2007). The
security models adopted by the National Police up to the MNVCC
have evolved by proposing security work in conjunction with the com-
munity and citizens in general, giving police action a social character
combined with security (Murillo, Sandoval and Escalante, 2020).
Starting in 2016, patrolling in the streets was intensified, along with
improvements in lighting and cleaning services (Blattman, Ortega,
Green, & Tobén, 2019). The quadrants, or police districts, were
grouped under the coordination of Immediate Attention Centres
(formerly Commands) (CAI, from the Spanish acronym), which
can support each other through reinforcements between patrols.This
network of reinforcements and its scope on crime control is the object
of analysis in this paper, with the city of Bogota (Colombia’s capital)
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as the epicentre. In addition to being the country’s most important
political and economic city, Bogotd was the first city to implement
the current model of Community Surveillance in 2010 (National
Police of Colombia, 2014).

"The present analysis aims to offer inputs to encourage the debate
on the potential use of the network of reinforcements as a tool for
planning the police service in Colombia. So far, this type of patrol
action is hardly mentioned in the Community Surveillance model.
In practice, without a global vision of the set or network that all
reinforcing ties would create, patrol action is limited to the support
tied to criminal events that occur daily in different sectors of the city.

"To develop the proposed analysis, the next section reviews the lit-
erature on the impact of community surveillance over crime fighting
and hotspot control. The third section describes the analysis strat-
egy, along with the data and variables used to develop it. The fourth
presents and discusses the results of the first analysis block. The fifth
presents the second block, focused on the network of reinforcements
between CALI, its structure, and conditions. Section six closes with
conclusions.

COMMUNITY POLICING, HOTSPOTS, AND POLICE ACTION
NETWORKS

"The community policing model in the United States, implemented in
the 1970s, allowed for citizen participation in policy formulation and
adopted problem-oriented policing approaches (Namgung, 2018).'The
community surveillance model allows a decentralized action of the
authority and facilitates responses to the calls of citizens, by eliminat-
ing hierarchies in emergency responses (Fyfe, 1992). According to
Riccio et al. (2013), the elimination of organizational pyramids im-
proved communication channels among officers and enabled greater
effectiveness in the deployment of police forces in territories with
high crime rates. However, it is necessary to maintain coordination
among institutions, police officers, and citizens to ensure consistent
action on crime hotspots (Bond & Nader, 2018). Where the design
of the support network can reduce the number of hotspots and their
crime levels in cities (Sandoval, Veldsquez and Riafio, 2023), as well
as control their expansion and multiplication despite the scarcity
of police resources and other urban and socioeconomic factors that
promote the occurrence and spatial persistence of crime (Sandoval,

2018).
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Community policing in recent years has been accompanied by
geo-referencing of crime occurrence, which makes it possible to
identify and analyze areas with high rates of victimization and the
occurrence of crimes (Byrne & Pease, 2008) for police attention. This
is observed, for example, in the results-oriented police program of the
Military Police Command of Minas Gerais (Brazil), which focused
on the deployment of force in small geographical areas impacted by
crime and delinquency (Frihling, 2007).

This spatial strategy has a deterrent potential for criminal
groups and with it seeks to increase the effectiveness in the alloca-
tion of troops, even more so if it is accompanied by a distribution
of the number of patrollers in each area according to: response
time, size, contiguity, compactness and convexity of the districts
(D’Amico, Wang, Batta, & Rump, 2002). Other studies for the
city of Buffalo (United States) allow us to appreciate the addi-
tional effect of minimization on patrol workers’ workloads. With
the redistribution of districts and the redefinition of police com-
mands, the disparity in workloads is improved and the response
times are optimized for emergency calls and conflict management
(ID’Amico et al., 2002).

In the Colombian context, the National Model of Community
Surveillance by Quadrants IMNVCC) has facilitated communication
between the citizen and the police, since it operates with a certain
geographical delimitation (Garcia, 2015), establishes quadrants within
the city’s localities, assigns them a police team that is responsible
for their security and surveillance (Murillo, Sandoval and Escalante,
2020). Each quadrant is classified by geographic information, demo-
graphic, social and economic conditions along with the crime situation
as determined by the National Police (Policia Nacional de Colombia,
2008,2010,2014). The action of the aforementioned Immediate At-
tention Centres (CAI), within the model, responds to socioeconomic
factors, unemployment, and the presence of schools in each of their
respective jurisdictions (Sandoval & Marin, 2017). However, the
MNVCC is rigid as it is formed by static quadrants in the face of a
crime that behaves dynamically, it responds to a geographic vision
instead of prioritizing the attention to crimes, the quadrants present
different sizes with no relation to the population or the incidence of
crime, the quadrants are geographically defined and limited but there
are gaps in their limits.

In the main Colombian cities of Bogotd and Medellin, where
surveillance has been concentrated in hotspots, decreases in crime
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rates have been observed as a result of increased patrolling within
each jurisdiction (Collazos et.al, 2019). These measures have direct
effects on these points, in nearby neighborhoods and streets, places
where citizens have a better perception of police action (Blattman et.
al 2019). A similar situation occurred with the UPP in Rio de Janeiro,
where the sense of security experienced by the middle and upper
classes increased, given the effect of contiguity between neighbour-
hoods (Saborio, 2017). Hence, the tendency of hotspots to expand
or move when they are intervened requires compensating for gaps in
attention when police resources are scarce and need to be reorganized
spatially (Sandoval, Veldsquez and Riafio, 2023).

Despite the focused efforts in spatial terms, there is an analytical
gap in the community policing strategy. This means, the deployment
in a network through the set of reinforcing ties that police units (or-
ganized by sectors or urban districts) can provide to control crimes.
'This article aims to contribute to filling this gap through an analysis
of the scope of the network of police reinforcements in the rates and
distribution of crime in Bogota (capital of Colombia).

"The reinforcements have specific tasks such as conducting control
posts (checkpoints, in popular jargon) or closure devices to prevent
the escape of a suspect, as well as supporting requests that exceed the
available police resource (Colombian National Police, 2014). How-
ever, reinforcements tend to follow a reactive pattern in the face of
criminal events and do not necessarily respond to a systemic vision
of the set of network ties as a tool for territorial order coverage and
occupation of police presence.

ANALYSIS STRATEGY, VARIABLES, AND DATA USED

In a first stage, the analysis is developed through a statistical panel
model to verify and discuss the effect of the police reinforcement
network on the distribution of street crime among the CAI in Bogota
during the years 2016 and 2017, for which relevant information was
available. Since street crime tends to concentrate in certain urban
sectors, without corresponding to a normal distribution curve, a gen-
eralized linear model was chosen, whose flexibility of assumptions
allows the analysis of the conditional distribution of the response
variable (crimes) in light of a wide variety of possible adjustments. In
addition, the predictor can be linearized with the mean using a link
function, which facilitates the interpretation of the results (Hardin

and Hibe, 2007).
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In a second stage, given the partial and contradictory scope of
the police reinforcement network regarding crime control, a detailed
analysis of the network is carried out to highlight the group rein-
forcement schemes among patrols that underpin the entire set of ties,
and their constraints, some of which may be the crimes themselves
given the aforementioned reactive nature of police action. For this
part, exponential random graph (ERG) models from social network
analysis and sociometry, not necessarily in virtual environments, are
used to study systems described by a structure of ties. A graph is the
geometric representation of actors or nodes in the form of points and
their links by lines.

These models are a useful tool for understanding and analyzing
complex social networks. It requires knowledge of the subject to take
advantage of sociological insights of the resulting networks in the
study problem, appropriate data, choice of model to avoid specification
problems, and consideration of the size of the resulting networks to
optimize the interpretation of the problem.

'The reinforcement ties between CAls are taken from a previous
study conducted by Sandovaland Marin (2017), in which the internal
communication system of the Bogotd police was investigated, where
a survey is conducted to members of all police stations and CAI in
19 localities of Bogota and questions are asked about communica-
tion between members of each quadrant and those closest to them.
Subsequently, the databases are constructed in the period 2016-2017
to match the information collected in the fieldwork conducted in
each shift of the quadrants by locality. Regarding criminal activity,
the selected behaviours are homicides and personal thefts, both
considered impactful to the perception of urban security. Homicide
stands out among crimes against life and personal integrity, and its
record is more reliable due to the difficulty in hiding corpses and
the joint work of several justice entities in the collection of bodies
and registration of events. Personal theft stands out among crimes
against economic asset, and its occurrence is possible in different
places in the city, depending on the modality with which it is carried
out. The data in this regard come from the statistics of the crime
information group (GICRI) of the National Police of Colombia
2010-2018.

'The estimates made take as a reference a system of attention that
revolves around the quadrants and the response that each police unit
must make to respond to the problems of the assigned quadrant.
Leaving aside dynamic movements between units and quadrants
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to respond to crimes that can give rise to a new dynamic model of
quadrants that addresses crime by needs in each locality of Bogota.

Regarding the control variables, socioeconomic and demographic
characteristics were chosen based on their relevance in the literature
on factors that may contribute to criminal behaviour, such as un-
employment or the quality of employment in Latin America and
the Caribbean; population composition and its changes; the role of
illegal organizations; or the inadequacy of educational and employ-
ment programs for youth, among others (Gambi, 2007; Dix Carneiro,
Soares, & Ulyssea, 2018; Freedman, Owens, & Bohn, 2018; Espaiia,
2014; Alesina, Piccolo, & Pinotti, 2016; Gémez & Almaraz Calde-
rén, 2017; Bratsberg, Hernzes, Markussen, Raaum, & Reed, 2018).
"The control variables finally incorporated in the analysis, and whose
source of available information was the District Planning Secretariat
of Bogotd, are commercial and service activity, low socioeconomic
category housing, young male population, and population density.
'The first variable measured as the proportion of area destined for
commercial and private and institutional uses of the land in 2016.

'This variable is relevant due to the flow of the population, both
service providing and consuming, exposed to criminal activity in
public spaces, as well as the impact that some of these activities may
have if they allow the sale of stolen goods or psychoactive substances,
or produce noise, pollution, or vehicular congestion.

On the other hand, the proportion of housing units in socioeco-
nomic category 1 and 2 (year 2016) is an approximation, within the
socioeconomic scale used by the city government, for households that
usually face difficulties in education, health, employment, and habitat
among others. They would be exposed to offers from criminals for
status and monetary gain, which may be even more attractive to their
children and young people who may, more acutely, experience feel-
ings of frustration about their future. Similarly, young males tend to
be the population group that participates the most in criminal acts,
either as perpetrators or victims. Hence the inclusion of the variable
that accounts for the proportion of male inhabitants aged between
10 and 19 years old in the year 2017.

Finally, population density per urban hectare (year 2017) is in-
cluded because neighbourhoodswith a high number of residents are
expected to be more difficult for the police to monitorand protect
than those with a relatively lower number. The basic unit of aggrega-
tion and analysis for all variables is the sectors delimited or under the

responsibility of the Immediate Response Centres (CAI in Spanish).
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CHARACTERIZATION OF THE CAI ACCORDING TO THEIR
ATTRIBUTES

The average number of homicides per CAI is 8 and for personal
thefts it is 364, their high standard deviations relative to the same
average, allow to notice the existence of subgroups ofpolice CAls that
concentrate these crimes (Chart 1).

Chart 1.
Descriptive statistics
Commercia  Catego-  Population Populati
.. Personal 1and service riesly2 aged 10-19 opuration
Homicides : Density /
Thefts land use (Housing  years (Pro-
. . . Ha. Urban
(Area ratio) proportion)  portion)
Mean 8.0 364.0 0.2 0.4 0.1 206.0
Standard 7.0 354.0 0.2 0.4 0.0 121.0
deviation
Variance 52.0 125,281.0 0.0 0.2 0.0 14,634.0
Minimum 1.0 1.0 0.0 - - -
Maximum 31.0 2,884.0 1.0 1.0 0.1 678.0
Count 132.0 147.0 147.0 147.0 147.0 147.0
Confidence
Interval 1.0 58.0 0.0 0.1 0.0 20.0
(95,0%)

Source: Authors’ calculation.

On the other hand, the mean and standard deviation of the area of the
CAI for commercial useis 20%, and the proportion of low category
housing has a mean and standard deviation o0f40%.

'The high dispersion of the data reveals the existence of a signifi-
cant number of police CAls with proportions that are much higher
or lower than the average for these socioeconomic variables. The
geographic proximity between these CAls (police nodes in network
language), that stand out from the average, formed out of larger ar-
eas in the city, approaching the limits of the political-administrative
management of the Bogota government’s Localities (boroughs).
These Localities coincide with the jurisdictions of the police sta-
tions, within which the sectors (comprised by the CAls) are located
(Annexes, maps1 and 2.) Additionally, positive correlations were
verified between these variables and other dummy variables which
account for the distribution of these same characteristics at the Lo-
cality (borough) level. Thus, it can be said that at the CAI level, an
already verifiable pattern of socio-spatial segregation is reproduced
in terms of Localities.

"The proportion of the population that is considered young (10 to 19

years old) has a mean of 10%, without a statistically significant range
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of variation. The average density per urban hectare is 206 inhabitants
with (+/-) 20 additional inhabitants, in a 95% confidence interval.

CAINETWORK AND THEIR EFFECTS ON CRIME IN BOGOTA

According to the language of generalized linear models, if the pa-
rameter of interest is only one (homicides or thefts), the involved
distribution belongs to the uniparametric exponential family. Therefore,
the sequence of components to be analysed is:

1) (V| X)) ~ ¢f(®) such that®=0"*

2) N = XB in such a way that 1N = /(p) fulfilling that”

3) M)'=p=E[Y|X]*(McCullagh y Nelder, 1989).

'The selection criteria for the specific model are its goodness of
fit and empirical knowledgeof the situational context. The former
is measured using Akaike (AIC) and Bayesian (BIC) information
criteria, which simplifies the selection when the decision bound-
ary is fuzzy (Burnham and Anderson, 2004). Empirical knowledge
is used to avoid spurious relationships.The final model obtained is
estimated using maximum likelihood and computational iterations,
such as Fisher scoring, aimed at locating its convergence (Cuervo
and Achcar, 2010).

In this model it has been chosen in order to analyse the behaviour
of crimes in terms of rates per 10,000 inhabitants, rather than in levels,
to avoid biases induced by population size (Table2). The data in rates
also does not show a normal distribution (Graphics 1 and 2), which
confirms the suitability of the chosen estimation model.

Chart 2.
Descriptive statistics on crime rates

Homicides Personal thefts
Observations 131 147
Mean 2.3 165.5
Standard deviation 2.7 317.2
Minimum 0.0 0.0
Maximum 16.0 2335.0

Source: Authors’calculation

* Where is the density function of the homicide or theft rate conditional
on the covariates that explain its behaviour which, in turn, explain the pa-
rameter and whose distribution is part of what is known as the unipara-
metric exponential family (ef, from english acronym).

5That is, is the link function, which is a function of the mean of the model

¢ In other words, the inverse function of the application will result in the
mean of the data generating process
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Graphic 1.
Homicides rate density
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Graphic 2.
Personal thefts rate density
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Source: Authors’calculation

MODEL 1: HOMICIDE RATE

Finally, a Gamma-type model has been used as it showed the best

fit (AIC and BIC) and prediction results. The estimated functional
relationship is given by:
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N = XB = HomRatel7
=c+ B, cent + B, cent” + B, homil6 + B, £S1y2 + B, Scu
+ B, benescl7 + B, oftschl7 + B, uneml7 + ¢,

The network of ties is introduced as the centrality indicator (cent)
of each CAI in the sub- network of the police station to which they
belong, given that the variables are expressed here as attributes of
the CAls. This highlights the degree of interaction between patrols
from different CAls, since the indicator is defined as the effective
ties with respect to the potential ties. The same centrality variable
squared (cent2) has also been used in the estimation to capture its
marginal effects.

Within the group of control variables, the homicide rate from the
previous year (homil6) was added to verify the temporal inertia of
homicides. Other indicators at the Locality level were used to capture
the patterns of socioeconomic segregation, previously mentioned, that
persist in the CAIT context. This is how the number of sports school’s
beneficiaries (benesc17), the number of official schools or campuses
(offsch17), and the unemployment rate (uneml7), in 2017 were
introduced. All of them were taken from the statistical repository of
the District Planning Secretariat. Greater coverage of recreational
and cultural activities would allow young people to find alternatives
for free time and socio-psychological development, away from offers
of criminal activity. Schools would function as an indicator of educa-
tional opportunities and greater opportunities for social advancement
through legal activities.

Finally, the unemployment rate would serve as a reference for the
scarcity of opportunities to capture economic income legally. Popula-
tion density is excluded for now since the number of inhabitants has
been incorporated into the homicide rates as their calculation base.

Using the link function of the generalized linear model, we obtain
incidence rate ratios (IRR) Ratios greater than 1 indicate direct rela-
tionships, while those between 0 and 1 indicate inverse relationships.
Table 3 below is the result of transforming the beta coeflicients (3)
according to the link function.

The incidence of the degree of centralization of the CAI, simple
and square root, is not significant. In the previous section it was
verified that the support ties between CAI were partially aimed at
controlling the availability of firearms. Perhaps the flow of these
weapons connects more extensive areas of the city, than those covered
by CAI or local areas, thus police efforts on the matter are insufficient
and this reflects in the in the control of the number of murders in a
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specific CAL In the same sense, there is a temporary inertia of the
homicides that occurred in the CAI, since the corresponding variable
illustrates a positive and significant relationship. On the other hand,
the relevance of the local areas is reflected in the significant and direct
influence of the unemployment rate, with the highest coefficient; and
the inverse relations with the educational and cultural offer.

Chart 3
Estimation Results, Homicides rate vs. Covariates
Aggregation level Dependent variable: Homicides rate In}iﬁfssce
Constant 0.029%**
(0.013)
Degree of Centrality in the network 0.740
(0.8045)
Degree of Centrality in the network squared 2.380
CAlIs (0.1467)
Homicides rate (year 2016) 1.067**
(0.0088)
Proportion of social categories 1 and 2 1.845%**
(0.3348)
Share of commercial land use 2.222%*
(0.9003)
Beneficiaries of sports schools 0.999*
(0.0001)
Locality Number of official schools 0.978™**
(0.0027)
Unemployment rate 1.250™**
(0.0477)
AIC -15.892
BIC -4.932.305
Observations 120

Source: Calculation performed b*y the authors.
Standard errors in parenthesis **p<0.01, **p<.05, *p<0.1

‘The variables with the greatest incidence are the rates of low-income
housing and commercial use and land services at the CAI level, al-
though they also include patterns that also work at the local area or
Station level. The land use variable is the one that stands out compared
to its socio-economic type counterpart; What is striking is that, in the
previous section of the analysis, commercial activity was more linked
to the occurrence of theft to person than to homicides.

MODEL 2: RATE OF PERSONAL THEFTS

When analysing the functional form of thefts, it fits a gamma regres-
sion as follows:
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Il = XB = TheftRatel7
=c+ B, cent + B, cent + B, perthrl6 + B, thrnel7 + B, ES1y2,
+ B, nese + B, offschl7 + By uneml7 + B, hopl + ¢,

In the context of the CALI, the following variables were used for analy-
sis: degree of centrality of the CAI in the network and its squared
centrality in 2017 (cent and cent?, respectively); proportion of homes
in category 1 and 2 in 2016 (ES1y216); theft rate in the previous
year, 2016 (perthr16); and theft rate in neighbouring CAls in 2017
(thrnel?7). In the context of the locality, the number of cultural and
sporting events in 2017 (ncsel7); number of official schools in 2017
(offsch17); employment rate in 2017 (unem17); and households be-
lowthe poverty line in 2013 (hbpl) were used as variables. Unlike the
previous model on homicides, some variables were replaced by similar
ones that resulted in better model fit. Thenumber of sports school
beneficiaries was replaced by the number of cultural and sporting
events, and the unemployment rate was replaced by the employment
rate. In contrast to the latter, the employment rate would have an
inverse relationship with theft. Additionally, the households below
the poverty line complement the information provided from category
1 and2 homes, and, like them, would exhibit an inverse incidence
since they form unattractive neighbourhoods for thieves (Chart 4).

In this model, the police reinforcement network reveals a signifi-
cant coeflicient only in its marginal effect, which is inverse. Although
not significant, the simple indicator of the network presents a direct
relationship, its ratio being the highest magnitude and the one that
stands out from the estimation. That is to say, when observing
the joint influence of the two indicators, the expected effect of the
network would only be achieved from a critical number of reinforce-
ments. At the beginning, the concentration of reinforcements towards
the CAI ofa Station would not have an impact on thefts and may
perhaps even stimulate them.

"Thefts from individuals are more widespread, fortuitous, and easily
committed with any object that can function as a weapon. This is reflected
in the tendency towards a direct and significant relationship with thefts
in neighbouring CAls, without significant temporal inertia according to
the ratio of thefts that occurred in 2016. Therefore, it is possible that an
increase in police controls, towards a specific CAI, may produce unusual
increases in multiple sectors of the same police node as a reaction. That
is until the police identify more precise action profiles of the thieves
and thus the neutralization capacity of the officials meets expectations.
In other words, until the initial advantage of the offenders is reversed.
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Chart 4.
Estimation Results, Personal thefts rate vs. Covariates
Aggregation Dependent variable: Homicides rate Inc1d$:nce
level Ratios
Constant 331.389™*
(116.6542)
Degree of Centrality in the network 5.434
(5.1021)
Degree of Centrality in the network squared 0.154**
(0.1467)
CAls Personal Thefts rate (year 2016) 1.002
(0.0002)
Theft rate in neighbouring CAls (year 2017) 1.000**
(0.0000)
Proportion of social categories 1 and 2 0.739*
(0.1235)
Number of cultural and sports events 0.999*
(0.0000)
Number of official schools 1.028™*
. (0.0022)
Locality Unemployment rate 0.979
(0.02303)
Households below the poverty line (year 2013) 0.985%**
(0.0036)
AIC 17.508
BIC -614.971
Observations 142

Source: Calculation performed by the authors.

Standard errors in parenthesis **p<0.01, **p<.05, *p<0.1

A similar analytical logic could even be applied to homicides them-
selves. In the previous model, and despite its lack of significance, the
centrality of the CAI in the Station’s network revealed an inverse
relationship with murders and a direct relationship when squared.
'That isa situation opposite to that described in the model on thefts,
where initial reinforcements would help limit homicides up to a level,
beyond which they would no longer work as expected. Here, then,
learning is on the part of the offenders, and it is the police who would
lose the initial advantage.

This would be associated with the fact that homicides are often
committed with firearms, a scarce and elaborate means compared to
bladed weapons. Consequently, police controls over firearms could
yield effective advantages only at the beginning.

On the other hand, the influence of local hierarchical variables is
significant, except for the employment rate. Meaning that the edu-
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cational offer of official schools is directly related. It would indicate
that these places, and their student population, function as a target
for thieves. For their part, poor households and low category housing
record the expected inverse relationships significantly.

The limited and speculative impact of the police reinforcement
network on homicide andrates of theft raises the question of why
it has relatively little importance compared to other socioeconomic
variables.

REINFORCEMENT NETWORK BETWEEN CAIS:
CHARACTERISTICS

The main characteristic of the reinforcement network in Bogota is
its fragmentation (Figure 1), especially because the CAls operate
grouped by Stations whose geographical boundaries coincide with
the so-called “Localities” into which the city is divided from a
political-administrative management perspective.

Figure 1.
Network of reinforcements between police CAls in Bogotd, organised by
Stationsor Localities.

Source: Authors’ calculation.

Each grouping or subgraph of CAls in the network reveals a
substructure of interactionwithin a Station, without connections
between CAls belonging to different stations. As a global result for
the city, the proportion of pairs of CAls that do NOT connect

RevisTA DE EcoNnomia INSTITUCIONAL, VOL. 26, N.© 50, PRIMER SEMESTRE/2024, PP. 145-173
ISSN 0124-5996/E-1SSN 2346-2450



POLICE NETWORK ANALYSIS APPLIED TO STREET CRIME CONTROL IN BoGcoTA 161

with eachother, directly or indirectly, is 94.6%, which means that just
over 5% of pairs establish effective connection (Chart 5, indicators
1 and 2).

Chart 5.

Characteristic network indicators

1 Fragmentation 0.946
2 Connectivity 0.054
3 Components 23.000
4 Component Ratio 0.151
5 Average Degree 2.721
6 Density 0.019
7 Degree of centralization 0.023

Source: Authors’ calculation

Another reflection of the fragmentation is the number of components
in the set of thenetwork, which amounts to 23 (Table 5, indicator 3)
and includes those of the 18 police stations described in the network.
Each component is composed of pairs of nodes linked by some path
of police reinforcements or ties. Of the 5 components additional
to the stations, itis revealed that, in general, the interactions within
each station are sparse, that is, with a reduced effective number of ties
compared to the total possible ties or pairs of direct connection. In
fact, each component uses an average proportion of 15% of possible
pairs to connect in the global network of the city (Chart 5,indicator 4).

The global fragmentation of the network into stations and the
low relative interaction within each station is reflected in the low
levels of other indicators (Chart 5, indicators 5, 6, and 7), also global.
Each CAI or node, in network language, interacts with an average of
3 other nodes; the density of ties in the complete network in Bogota
is only 1.9%; and the degree of centrality or connections that any
CALI establishes as a proportion of its total possible, in the hypo-
thetical case of interaction with any other in the city, is 2.3%. Given
the degree of disconnection observed in the global network, a more
detailed look is necessary from the neighbourhoods (also called ego
networks) that each police node has formed, through its interactions,
and the average behaviour of the measured characteristics in each of
these same neighbourhoods.

'The average size of ego networks, or the number of police nodes
with which each CAI sharesreinforcements, is also 3, with a range
between 2 and 4. While the average density of ties in ego networks is
just over half (54.9%), which is low considering that it is an indicator
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of neighbourhoods, i.e., the set of relationships between, and with,
the nodes with which each CAI establishes connections of mutual
support (Chart 6, indicators 1 and 2). Similarly, theties between
the neighbours, or alters, of each CAI in the network are, on average,
fewer in number. The average number of components formed by the
alters is between 1 and 2, and each component groups around half
(54.3%) of the total possible pairs of alters (Chart 6, indicators 3 and
4). As an additional measure, the average percentage of connection
for each police node with the neighbours of its neighbours in the
network stands out, reaching up to 62.5%, which again is reduced
when considering the already mentioned sizes of the ego networks

(Chart 6, indicator 5).

Chart 6.
Characteristic indicators of the Ego Networks (neighbourhoods) of each
CAI

Indicators Mean Standard deviation
1. Size 2.72 1.23
2. Density 54.95 31.62
3. Components 1.31 0.54
4. Component Ratio 54.31 27.64
5. Reach Efficiency 62.48 21.38

Source: Authors’ calculation

REINFORCEMENT NETWORK: MODEL, GROUP SCHEMES
BETWEEN CAIS AND THEIRCONSTRAINTS.

In this part of the analysis, ERG models are used, in which the
probability of the occurrence of the network is an exponential func-
tion of group interaction schemes, statistically weighted,and can be
reproduced and multiplied as a pattern to form an entire structure
of ties. In these models, ties are assumed to be interdependent. Their
mechanics are given by a Markov-type process in which a given num-
ber of actors or nodes to be connected is started and a set of random
graphs is generated, each with the same probability of occurrence,
called the sample space. The idea is for the graph of the observed
network with the available data to be central in this simulated space;
that is, it approximates the mean value of the quantity of each group
relationship scheme under analysis.

Thus, from the sample space of graphs, statistics are calculated
on the frequency with which each group scheme occurs. On this
distribution of frequencies, the null hypothesis of equality between
the quantity of a particular scheme in the observed network and the
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mean value of the quantity of this same scheme in the random sample

space of graphs is evaluated. If the observed quantity is well above

or well below (with a 95% probability, for example) themean

value of the random distribution, it can be stated that the scheme is

statistically relevantor not for the formation of the observed network.
The mathematical expression of ERG models is:

1

Pr(X=x1]6)=P, (x) 0!

exp{0, z, (x)+ 0, z, (x) + ... + GP z, (%)}

Where: X is the sample space of random graphs; x the observed
network; 6,, 6, ... 0, the weighting coeflicients; z, (x), z, (%), ... z, (%),
the statistics of each relationship scheme evaluated; P, (x) the prob-
ability mass function; % (0) = 3e)expl0,2,(0) +6,2,(0) +...+ 0,2 ()} is
a normalisation term to ensure that the sum of the probability mass
function P, (x) over the entire set of random graphs is 1.

'The results of the ERG model are divided into two main blocks
of effects: structural and contextual. In the first block, the group
interaction patterns that support the network are identified, while
in the second block, the patterns associated with individual charac-
teristics ofthe nodes or CAls are identified, including the levels of
crime (homicides or personal theft), which can also influence the
probability of the existence of network ties. Regarding themodel
based on homicides, the structural results reveal the following
significant patterns,with their own names in network language and
explained below: adjacency, two-star, triangle,alternating triangles,
and alternating path of two ties (Chart 7).

The adjacency scheme serves as a mathematical intercept and,
from a conceptual point of view, accounts for the degree of difficulty
in the appearance of a tie between CAls, which is also expressed in
the negative sign of the accompanying coefhicient. For its part, the
two- point star integrates the type of mechanisms that characterize
the activity or popularity of the nodes in the network; that is, nodes
that extend several ties to others will be active and, conversely, those
that channel ties from others will be popular. When the ties are bidi-
rectionalor reciprocal, as is the case with the CAI network, the roles
of active and popular are equivalent.

"The mentioned star points to mutual support relationships of one
CAI with two other CAls, or two points, which are relatively frequent
given the positive sign of its coeflicient. Its observed frequency is sig-
nificantly higher than the expected average randomly, and therefore
constitutes a trend within the network.
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Chart 7.

Structural and contextual model of the network as a function of homicides

Network effects

Parameters

Standard

(coefficients) Deviation
Pure structural effects (endogenous)
Edge (adjacent) o -1,10 0,44
Activity/Popularity <
2-star (2-point star) 0,47 0,18
Closure
Triangle A -4,78 1,12
Alt-Triangle (AT) » 3,69 0,48
Brokerage
Alt-2-Path (A2P) > 1,27 0,21
Contextual (exogenous) effects of node
attributes (CAIs)
Heterophilic
Commercial use of the ground_ diff (diffe- °— -1.86 0,45
rence between attributes)
Housing socioeconomical strata 1 and 2_ _ 1,01 0,17
diff
Populational density_ diff [ g 0,00 0,00
Thefts to people at knifepoint [ S -0,13 0,25
Thefts to people neighboring CAIs_diff o= 0,00 0,00

Source: Calculation performed by the authors

On the other hand, three-way interactions in the form of triangles
constitute the most basic representation of the clustering mecha-
nism, in that they indicate the effective realization ofall potential
ties in larger gatherings of two nodes; in this sense, they also reveal a
reproduction of ties or relationships of the same class. Triangles can
be deepened or thickened based on a common base or tie, as they
involve more and more third parties. This isthe scheme present in the
alternating triangles, which functions as one of the fundamental trends
in the network of police nodes. This means that within each police
station in Bogotd, there is generally a pair of CAls that concentrate
mutual support with the remaining CAls of the same team integrated
in the station. 'This clustering scheme is the most important in the
network, as expressed in its positive associated coefficient of 3.69,
which is also higher than the 0.47 of the two-point star.
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In addition to the adjacency scheme, simple triangles, and the
alternating path of two tieshave negative coeflicients since their
observed frequency is significantly lower than what would be expected
randomly. Therefore, they do not constitute a trend and occur in the
network only a few times, in one or another police station, and their
function is to serve as a model adjustment factor so that it is a suitable
representation of the city’s overall network. Simple triangles would
be rare to find as an isolated clustering scheme, and the alternat-
ing path of two ties would apply in cases, in some stations, where the
pair of CAls that concentrate the police reinforcement ties do not
cooperate with each other.

Regarding the second block of effects in the model, contextual
effects are significant, and heterophily has a negative coefficient, in-
dicating that it is rare in the network. Therefore, homophily is statisti-
cally frequent and a trend in the network. The term “homo” refers to
reinforcement ties between CAls with similar levels in the respective
characteristic or variable; in this case, commercial and service activity,
socioeconomic category, and population density variables. However,
the effect of population density is practically null, with a coeflicient
of 0.00. Two alternative explanations are possible here. On the one
hand, the police may have a preventive orientation by acting on factors
related to crime before they occur, considering the socio-economic
characteristics of their CAls to activate reinforcementsbetween
similar nodes. On the other hand, as it has been verified before that
the socio- economic variables at the CAI level reproduce the most
extensive segregation patterns of Localities or police stations, CAls
within the same station share a similar socio-economic profile. Thus,
it would be logical to find that reinforcements between them occur
based on homophily.

In a previous sequence of estimations (Annexes, Chart A1), it was
evidenced that the preventive character of the police network was
found in the homophilic relationships between CAls with similar
proportions of homicides committed with firearms (coeflicient of
0.59); meaning that support is provided to reinforce surveillance in
neighbourhoods containedwithin CAls where the circulation and use
of firearms may be frequent, and the similarity in the crime profile
of CAls in a Station is taken into account to share police resources.
In another estimation, the incidence of total homicides in terms of
homophily was also verified, albeit relatively minor (coefficient of
-0.06). However, when socioeconomic and demographic variables
are incorporated (Chart A1, final estimation), the significance of the
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effect of homicides with firearms is lost, and the coefficients (1.86 and
1.01) of theseincorporated variables even stand out above the afore-
mentioned coefficient of total homicides. Therefore, the statistical
fact of the reproduction of the city’s segregation patterns is imposed,
which leads to the CAIs of the same Station revealing similar living
conditions oftheir inhabitants.

On the other hand, in the ERG model based on personal thefts
(Chart 8), the preponderant importance of socioeconomic variables
around homophily within the contextual eftfects blockis also evident.
Once again, these variables absorb the significance that a specific type
of crime, such as thefts committed with a knife, may have had at a
given time in the allocationof police reinforcements (Annexes, Chart
A2).Additionally, in this sequence of estimates thatpreceded the final
model, the total levels of personal thefts did not show significance as
a criterion for organizing the police network (Annexes, Chart A2).
"Thus, the reproduction of socioeconomic segregation patterns among
the CAlIs of the Localities (or stations) is confirmed, so that police
support configures homophiles between the nodes of the same station.

Regarding the structural block of the model, the importance of
the alternate triangles persists, as was the case in the results based on
homicides. Consequently, the network centrality of certain CAls in
their respective station, based on this triangular scheme, confirms the
logic ofassistance around nodes considered problematic in already
demanding areas. In particular, where commercial and service activi-
ties tend to be predominant, if one thinks about controlling personal
theft, and where low category housing is prominent when the focus
is on controlling homicides, given the relative importance of these
variables in one or the other model.

CONCLUSIONS

The community policing approach involves the design and imple-
mentation of units that are closer to the population, with reduced
spatial and scale coverage. This requires efforts towards operational
decentralization, with local responsibilities accompanied by an orga-
nizational and territorial overview. Otherwise, there is a risk of frag-
mentation of the police force and the isolation of its units focused on
addressing criminal problems. Hence, theimportance of considering
network designs for police units or nodes that ensure their flexible
articulation to the variable spatial and temporal scales with which
these problems persist.
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Chart 8
Structural and contextual model of the network as a function of personal

thefts

Network effects

Parameters Standard
(coefficients) Deviation

Pure structural effects (endogenous)

Edge (adjacent) e -0,83 0,50
Activity/Popularity

2-star (2-point star) ‘<: 0,38 0,21

Closure

Triangle 2\ 441 1,16  *

Alt-Triangle (AT) » 3,56 0,47 *

Brokerage

Alt-2-Path (A2P) > 1,18 024 %

Contextual (exogenous) effects of node attributes
(CAlIs)

Heterophilic
Commercial use of the ground_ diff (difference

. oo -1,71 0,47 *
between attributes)
Housing socioeconomical strata 1 and 2_ diff o ——o -0,88 0,21 *
Populational density_ diff o— 0,00 0,00 *
Thefts to people at knifepoint [ ] -2,37 1,26
Thefts to people neighboring CAls_diff [ 0,00 0,00

Source: Calculation performed by the authors.

The ties formed by reinforcements between CAls represent an
attempt to maintain operational coordination of crime control.
However, the principle joint action scheme described by alternating
triangles (with a focus on hotspots in Bogotd, within each neighbour-
hood or police station) presents contradictory results regarding the
decrease in homicides and thefts from persons. The influence of the
network is relatively low, statisticallysignificant only with respect to
thefts, and from a certain number of ties. An explanation is that the
unique pattern of densifying police presence via reinforcements on
hotspots leads to an over-focus of patrols’actions, losing sight of the
broader context in which criminalbehaviour develops, and the pos-
sibilities of multiplication or displacement of hotspots. This becomes
even more problematic if one considers that this context tends to
exceed the limitsof CAls and even Localities.
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Beyond the attributes of the sectors delimited by the CAls, the
idea of a critical threshold (from which the ties would have the ex-
pected effect of controlling crime) is a marker of the importance of
comprehending ties as the unit of observation and analysis in the field
deployment of the reinforcement network as an articulated system. To
put it in network language, it is about guaranteeing not only dyadic
efficiency (or efficiency by pairs) but also structural efficiency. The lat-
ter is based on the interdependence between ties, which, in this case,
reflects the systemic effects or sacrifices of police coverage every time
it is reinforcedin another sector of the network stationed in the field.
'This is a reason to propose a model of attention by mobile quadrants,
more appropriate to the dynamic behavior of crime in Bogota and in
other cities where the MNVCC is implemented, in order to respond
more quickly to the needs of the population affected by crime.

And yet, the situational attributes of crime (e.g., type of weapon
used, day, and time of occurrence) that police attention and rein-
forcement are directed towards, are surpassed by therealities of so-
cioeconomic order present in their surveillance sectors. The typical
homophilic ties between police nodes in each Station and the weight
of socioeconomic variables throughout statistical estimates, measured
at levels of spatial resolution of CAI or Localities, reflect that hotspot-
type neighbourhoods are inserted and sustained in geographic areas
of more extensive criminal activity that encompass the entire Station
or beyond its borders. It is clear then that the situational nature of
reinforcements, focused on controlling criminal eventsrather than
the roots of transgressive behaviour, is insufficient for socioeconomic
factors to operate only as constraints and not as determinants.

To avoid the erosion of community policing, which is restricted to
the spatial disposition of patrol tasks and control operations, requires
a territorial vision through the extension of tiesor networks of police
work towards the exchange of experiences and activities with other
public entities, whose mission is to address social problems related
to crime and proximate to the daily life of local populations. In this
sense, station commanders play a key role along with local authori-
ties. Additionally, CAI commanders must complement these types
of articulations with guidance to the patrols under their command
in order to become facilitatorsin addressing collective demands rel-
evant to criminogenic contexts, which ensures greater well-being of
the population.

The CAlIs can represent a level of resolution in the analysis that
is still very dependent on the trends of the Localities and prevents
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capturing more micro scenarios of urban neighbourhoods. The devel-
opment of this paper lacks some information that has prevented more
diverse and complete characterizations of the neighbourhoods within
the CAIs. However, the absence of studies on the possible networks
of ties between spatial policing units, such as CAls or quadrants,
is surprising given their importance in a surveillanceprogram
that aspires to be truly community based. This paper represents an
initial exploration in that direction.
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ANNEXES
Chart Al.
Sequence of network estimates based on homicides
Pro-
Com- . Pro- ‘Wee- Homi- Homi-
. ., portion Popu- . . .
Estim- H.oml mercial social lational POrHO ker{d. Firearm cides CI.d o8
cides  use of crata 1 densi shifts 1 homici- 2015- neigh-
land Sarjdaz ensity and 4 des 2016 bors
1 -0.06
2 -1.86 -1.04 0.00
3 -0.29 -0.29 -0.59 -0.02 -0.02

4 -1.86 -1.01 0.00 -0.13

Source: Authors’ calculations. Coefficients in bold were significant.

Each estimation in the sequence contains a differentiated block of
variables to avoid problemsof multicollinearity among the regressors.
The block in the third estimation presents variablesthat result from
the discrimination of homicides into aspects that can be considered
by the police to carry out situational prevention. These include mur-
ders committed during the night and early morning shifts of police
surveillance, those that occurred on weekends or with firearms, those
that occurred during the years prior to 2015 and 2016, or in the CAIs

neighbouring each police node.

Chart A2.

Sequence of network estimates based on personal thefts

Com- Social
Thefts to  mercial  strata 1 Popu-  Thefts Theftat ‘Thefts  Thefts

Estim- lational  shifts 2 knife- 2015-  neigh-
person  useof  and 2 densi -
ensity and 3 point 2016 bors
land rates
1 0.00
2 -1.86 -1.04 0.00
3 -1.73 -4.74 0.00 0.00

4 -1.71 -0.88 0.00 -2.37 0.00

Source: Calculation performed by the authors Coefficients in bold are significant.

Each estimate in the sequence contains a differential block of variables
to avoid multicollinearity problems among the regressors. The third
block estimate presents variables that result from the discrimination
of homicides in aspects that can be considered by the police to carry
out a situation prevention. These are the thefts committed during the
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day shifts of police surveillance, those with a at knifepoint during
the previous years of 2015 and 2016, or in the neighboring CAI for
each police node.

Map 1

Proporcion de suelo dedicada a’ mieTciales,y deiservicios,
por. CAl's a

Source: Authors’ calculations.
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Map 2
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