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Abstract

Environmental criminology theories analyze the relationship between crime rates and features
of bounded geographic areas, such as neighborhoods, census tracts, cities, counties, states,
or nations. Crime Prevention Through Environmental Design (CPTED) theory represents a
multifaceted approach to crime reduction that outlines six principles: Surveillance, defensible
space, access control, territorial reinforcement, target hardening, space management, and activity
support. We ask what spatial characteristics of public places in Medelĺın, Colombia, relate to
crime and whether the presence of surveillance mechanisms impacts the crime rate in those places.
We used proxies to measure the principles of CPTED in 1512 public places and implemented a
regression to compute their correlation with the number of homicides and thefts in the places.
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1 Introduction

As Pratt & Cullen (2005) describe, a “macro-level” or “ecological” analysis examines how characteristics
of delimited geographic areas —such as neighborhoods, census tracts, cities, counties, states, or
nations— are related to crime rates. Macro-level theories seek to explain why certain characteristics
of ecological areas, but not others, account for the distribution of crime. In particular, the concept
Crime Prevention Through Environmental Design (CPTED), coined by Jeffery (1977), explores the
assumption that the proper design and effective use of built environment can lead to a reduction in
the fear of crime and the incidence of crime, and to an improvement in the quality of life.

Medelĺın is the second most important city of Colombia and capital of the department of
Antioquia; it has an extension of 105 square kilometers of urban land, 270 of rural land, and
5.2 of land for expansion; according to Medelĺın-Cómo-Vamos (2020) data. In their study, Ortega
et al. (2015) analyzed a crime index that aggregates homicide, personal injury, vehicle theft, theft
of persons and trafficking, production or possession of narcotics, and found significant spatial
concentration levels: In Medelĺın, only 2.5% of road segments concentrate 50% of aggregate crime
incidence. These crime hotspots, along with the fact that 17% of Medelĺın’s citizens claimed having
been victims of crime in a survey conducted by Medelĺın-Cómo-Vamos (2020), make the city a
notable study subject.

Furthermore, in the last few years, Medelĺın’s City Hall has made an effort to deter criminals
using surveillance strategies. For instance, the National Police has 2 886 working security cameras in
Medelĺın and has recently implemented a camera system called Robocop, which allows monitoring
any point of the city in real-time without physical networks or electricity, as stated by Arango (2021).

It is then relevant to ask two questions: What spatial characteristics of public places (parks)
in Medelĺın relate to crime? And do surveillance mechanisms impact crime rates in those places?
To answer them, we did an exploratory analysis to understand how urban surveillance mechanisms
and characteristics of public spaces correlate to homicides and theft in Medelĺın. It is the first
step to later on making a causal analysis that can help urban planners in Medelĺın make informed
decisions if their aim is to prevent crime, potentially leading up to the opporunity of increasing its
understanding as an urban and planning phenomenon rather than merely a policing and surveillance
one.
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The remainder of this paper is organized as follows. Section 2 presents the state of the art of
the study of environmental analysis of crime, as well as the study of crime in Medelĺın. Section 3
describes the methodology undertaken for the development of the exploratory analysis. Section 4
shows the results of the study, and conclusions and future work are presented in Section 5.

2 State of the art

At the beginning of the 20th century, a macro-level analysis of crime started to emerge, shifting the
focus from individuals to geographical units. Shaw et al. (1929) began studying social disorganization
and argued how macro-level processes explained why crime was endemic to inner-city neighborhoods.
Pratt & Cullen (2005) affirm that in 1970, these macro-level theories took off with four primary
school contributions: Cohen & Felson (1979) development of routine activity theory; the seminal
work of Blau & Blau (1982) on inequality and violent crime; the rediscovery in the 1980s of Shaw
and McKay’s social disorganization theory by scholars; and, finally, Blumstein et al. (1978)’s interest
in deterrence theory at the macro-level.

CPTED is a famous theory of macro-level analysis of crime. As described by Armitage &
Monchuk (2019), it represents a multifaceted approach to crime reduction that draws upon theories
from environmental criminology, architecture and urban design. Its importance as a crime reduction
approach has been formalized through strategy, policy, and regulation and its effectiveness has been
confirmed in evaluations. Cozens & Love (2015) outline six principles of CPTED: Surveillance (e.g.
street lighting, large windows that look to the street, police stations), defensible space, access control
(deny access to potential targets by creating a heightened perception of risk in offenders), territorial
reinforcement (signage, fences, clear delimitation of private, semiprivate, and public spaces), target
hardening (use of locks or burglar alarms to increase the effort and risk of offending), image/space
management (routine maintenance of built environment, giving a sense of “ownership”), and activity
support (encouraging the use of built environment for safe activities).

A famous scholar of the relationship between urban design and arising human behaviors (such
as crime) is Jacobs (1993). Jacobs explained that public peace (the sidewalks and street peace) of
cities is not kept primarily by the police, but it rather is kept primarily by ”an intricate, almost
unconscious network of voluntary controls and standards among the people themselves, and enforced
by the people themselves”. She proposed that there must be “eyes on the street”, mixed land use,
and small blocks to create and strenghten a sense of community, among others.

The relationship between crime and urban characteristics in Medelĺın has been studied. For
instance, Patino et al. (2014) used remote sensing to assess the relationship between crime and the
urban layout. They tested which land cover, structure and texture descriptors were significantly
related to intra-urban homicide rates in Medelĺın, while controlling for socioeconomic confounders.
They found that areas with higher homicide rates tended to be more crowded and cluttered, with
small dwellings with different roofing materials located close to one another, and often lacked other
homogeneous surfaces such as open green spaces, wide roads, or large facilities.

As for the deterrent effect of surveillance cameras on crime in Medelĺın, Gómez et al. (2021)
found that quasi-random allocation of cameras led to a decrease in crimes and arrests, with data
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provided by Medelĺın’s Security Secreatariat. The results suggest offenders were deterred rather than
incapacitated, and there is no evidence of crime displacement or diffusion of benefits to surrounding
locations.

3 Methodology

This methodology comprises four phases: Topic understanding, data acquisiton and understanding,
data preparation and exploration, and modeling.

3.1 Topic understanding

Since the study has a considerable component of urbanism, for the topic understanding phase,
regional and data scientists helped guide the objectives and the problem statement. Moreover, the
state of the art was helpful in understanding what work has already been done in the subject.

3.2 Data acquisiton and understanding

Selecting the data was a large part of the project. The CPTED planning approach and its branches
helped guide this process. Due to the importance of lighting, surveillance, and green zones in these
theories, the following variables were selected as independent variables:

• density of lighting posts

• density of security cameras

• mean vegetation index

In addition, the model uses the following variables that account for a sense of community and
relate to activity support (encouraging the use of built environment for safe activities):

• distance to nearest sports equipment,

• number of sports equipments within the place,

• distance to the nearest church,

• number of churches within the place,

• distance to the nearest cultural equipment (eg. libraries, museums, culture centers),

• number of cultural equipments within the place,

• distance to nearest educative institution,

• number of educative institutions within the place.
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As per the access control aspect of CPTED, the public force and justice equipments are among
the collected data. Finally, other features in the model are land use, area and population density
of the public places.

The Information System of Security and Convivence (SISC) provided georeferenced data on
homicides and thefts (2018-2022), types of equipment in the city, land use (2014), surveillance
cameras (2015-2021), polygons of public spaces, and light posts. They also provided a Sentinel
Image of Medelĺın and data from the last National Census (2018).

3.3 Data preparation and exploration

To delimit the research, data were filtered to only include person-to-person thefts, and only 40% of
the public places –our unit of analysis were analyzed. The criterion to discard a public place was its
area since some of the polygons in the data were extremely small (mostly corresponding to sidewalks
and smaller green areas) and would potentially become noise in the model. For the resulting sample,
the types of public places in the data were distributed as follows: Recreational Green Zone: 75.22%,
Public Square: 2.27%, Recreative Park: 18.37%, Panoramic ViewPoint: 0.20%, Eco-park: 2.40%,
Civic Park: 1.54%. Figure 1 shows the polygons of the public places after filtering them.

Figure 1: Public places after filtering.

A 10-meter and a 100-meter buffer, shown in figures 2 and 3, were helpful to aggregate the
georeferenced data. Variables were calculated to each unit of analysis. The following variables were
aggregated to a 10-meter buffer: number of thefts, number of homicides, number of light posts, and
number of surveillance cameras; while the 100-meter buffer was found to be more suitable for mean
population density, mode of land use, number of cultural equipments, number of sports equipments,
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number of educative institutions, number of justice institutions, number of public force institutions,
and number of churches.

Figure 2: 10-meter buffer on the selected public
places.

Figure 3: 100-meter buffer on the selected public
places.

The sentinel image was used to compute the mean and maximum vegetation index of each public
place. We used the red band (R) and the near infrared band (NIR) to calculate the Normalized
Differential Vegetation Index (NDVI) using equation (1).

ndvi =
NIR−R

NIR+R
(1)

Figure 4: Original sentinel image.
Figure 5: NDVI.

Finally, we computed the Mahalanobis distance of each observation to its mean to detect outliers
within the resulting dataset. None of the Mahalanobis distances were greater than the cutoff (set
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using χ2(0.95, n+1), where n is the number of covariates). Therefore, there were no outliers in the
data.

3.4 Modeling

We implemented two OLS regression models to find relationships between the covariates and
the thefts and homicides, respectively. For both models, we implemented backward stepwise
regression to select the variables that minimized the models’ AICs. The resulting models had
no multicollinearity problems.

Since crime is a spatial phenomenom, a Moran’s I correlation was computed to identify a very
likely spatial autocorrelation in the data. The p-values were significant and the Z-scores were
positive, which confirmed that Medelĺın presents clusters of thefts and homicides, as shown in
figures 6 and 7. Henceforth, the results of the models should be analyzed critically.

Figure 6: Distribution of thefts to people in
Medelĺın 2018-2022

Figure 7: Distribution of homicides in Medelĺın
2018-2022

4 Results

Sections 4.1 and 4.2 depict the results of both the homicide and the theft models, respectively. The
tables show the variables that were selected in the model, along with their coefficient estimates and
significance.
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4.1 Homicide model

Covariate Coefficient P-value

Number of cameras -0.3307 <2e-16
Total area 0.4555 <2e-16
Number of light posts -0.2024 1.75e-15
Density of cameras 0.0661 0.00432
Number of cultural equipments 0.0519 0.02709
Distance to nearest educative institution -0.0526 0.04295
Distance to nearest sports equipment -0.0484 0.05580
Number of justice institutions -0.0415 0.07094
Max vegetation index 0.0389 0.10713
Distance to nearest cultural equipment 0.0406 0.14401
Distance to nearest justice equipment -0.0386 0.14863

Table 1: Covariates and their coefficients and significances. Sorted by significance.

P-value < 2.2e-16
Multiple R-squared = 0.2607
Adjusted R-squared = 0.2552

The number of cameras refers to the total number of cameras within the 10-meter buffer of the
park, whereas the density of cameras is the quotient of the total number of cameras in the place
and its area. The number of light posts also represents a total, and its density was not selected to
be part of the model.

The cultural types of equipment are mainly museums, libraries, and cultural centers; and sports
pieces of equipment correspond to sports facilities, badges, courts, and fields. Justice institutions
are police departments and stations, houses of justice, and centers of protection and support. Public
force institutions correspond to infantry battalions, military bases, CAIs, police stations, and centers
for criminal intelligence. Lastly, educative institutions refer to schools and universities.

The negative correlation between the number of cameras and homicides, and the number of
light posts and homicides, is coherent with the theory. However, the density of cameras has a
positive correlation with thefts, which contradicts it. The same contradiction holds for the variables
“number of cultural equipments”, “distance to nearest educative institutions”, “number of justice
institutions”, “max vegetation index”, and “distance to nearest justice equipment”. This mismatch
signals that the variables might not explain well the phenomenon, or that, rather than bringing
information about the activities/surveillance in the public places, they are a proxy of the occupation
in said places.
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4.2 Theft model

Covariate Coefficient P-value

Number of light posts 0.4156 <2e-16
Number of cameras -0.2024 1.3e-09
High mixture land use 0.1476 1.62e-08
Distance to nearest educative institution 0.2150 2.65e-07
Distance to nearest sports equipment 0.2024 8.78e-07
Number of cultural equipments 0.0953 0.000878
Total area 0.1193 0.001386
Mean population density -0.0793 0.003955
Mean vegetation index 0.0841 0.005102
Dotacional land use 0.0677 0.015091
Distance to nearest public force institution -0.0611 0.028109
Density of cameras 0.0601 0.035441
Number of churches 0.05645 0.030114
Distance to nearest cultural equipment -0.06578 0.065848

Table 2: Covariates and their coefficients and significances. Sorted by significance.

P-value < 2.2e-16
Multiple R-squared = 0.3155
Adjusted R-squared = 0.307

“High mixture land use” and “Dotacional land use” are categories for uses of land. Areas and
corridors destined for residence, deposits that include local sales and services, and commercial
metropolitan affluence are categorized as areas with a high mixture land use. Places with a
dotacional land use have areas destined for public service use (directly by the administration or
by an individual), like educational, cultural, health-related, religious, recreational, social, public,
and urban services.

It is interesting to note that the coefficient estimate for “mean population” is negative, which
means that, counterintuitively, highly populated areas do not necessarily have more thefts. This
result coincides with a result obtained by Patino et al. (2014) in a similar study.

4.3 Discussion

Though the models’ Multiple Squared R and Adjusted Squared R were not high, their p-values were
very good. Since the idea of the research was not to predict crime but to identify which variables
relate to it, the p-value is more crucial than the Squared R for evaluating the models’ performance.

In both models, the number of light posts and the number of cameras appear as very significant
variables, with a strong correlation with the number of homicides and thefts. Nevertheless, in
the theft model, the number of light posts had a positive coefficient, which indicates that places
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with more lighting have more thefts, which does not seem to be in agreement with the CPTED
theory. As stated above, this disagreement could be due to a poor selection of the explanatory
variables. However, as this mismatch occurs in the thefts model, in the thefts model, it could be a
consequence of the way the data is taken -only the reported thefts are in the data and several thefts
go unreported, contrary to the case of homicides.

In none of the models, the variables related to the vegetation index were significant, and if they
appeared in the model, their coefficient was positive.

As per the features related to activity support and a sense of community, namely the ones that
corresponded to cultural, sports, and educative types of equipment, the results are unclear since
sometimes their presence correlated negatively to crime, and other times it was the opposite.

5 Conclusions and future work

There are two main limitations to this study. First, the data is from 2018 to 2022, and the Covid-19
pandemic hit in 2019. Since the pandemic restrictions in Colombia were strict, people were in
quarantine during a large part of those years, which favored the diminution of crime. Second, a
model that uses public place occupation would be more unbiased than population density because it
would give a better idea of the population baseline from which crime can actually occur. However,
finding data on the occupation of spaces in Medelĺın would have taken monts and would have been
an uncertain endeavour, so we leave population density as a placeholder proxy for occupation, and
we aknowledge this limitation.

Another area to refine in the future is the selection of public places as analysis units for our
model. Even though the local government keeps a detailed hierarchy and structure of public spaces,
these categories were not enough. We found size to be a better filtering category, but we are aware
that more refining needs to be done, and we need to establish an urban-rural cutoff (that may not
be the same as the city limits) point to distinguish the kinds of parks that we are after from more
rural ones.

We speculate that Geographically Weighted Regression could be used to evaluate the selected
features taking into account the spatial nature of the crime, which could yield much better results
and deal much better with spatial autocorrelation.
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