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The Deterrent Effect of Surveillance Cameras on Crime*

Santiago Gomez Daniel Mejia Santiago Tobén T

May 9, 2019

Abstract

From the US to Colombia to China, millions of public surveillance cameras are at
the core of crime prevention strategies. Yet, little is known on the effects of surveillance
cameras on criminal behavior. We study an installation program in Medellin and find
that quasi-random allocation of cameras led to a decrease in crimes and arrests. With
no increase in monitoring capacity and no chance to use camera footage in prosecu-
tion, the results suggest offenders were deterred rather than incapacitated. We find
no evidence of close range negative or positive spillovers after the installation of the
cameras. JEL codes: H41, K42
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El efecto disuasivo de las cdmaras de seguridad sobre el crimen

Santiago Gomez Daniel Mejia Santiago Tobén T

Resumen

De Estados Unidos a Colombia a China, millones de camaras publicas de seguridad se
encuentran en el centro de estrategias de prevencion del crimen. Sin embargo, se sabe muy
poco sobre los efectos de estas camaras sobre la conducta criminal. En este paper estudiamos
un programa de instalacion de camaras en Medellin, y encontramos que la asignacion cuasi-
aleatoria de camaras lleva a una disminucién del crimen y los arrestos. Sin incrementos en la
capacidad de monitoreo ni posibilidades de usar grabaciones en procesos judiciales, los
resultados sugieren que los criminales fueron disuadidos y no incapacitados. No encontramos

evidencia de efectos de desplazamiento positivos o negativos en rangos de distancia cortos.



1 Introduction

Many countries are installing large numbers of public surveillance cameras to help law en-
forcement agencies in preventing crime and violence. China alone will have more than 500
million surveillance cameras installed in 2020.! However, the extent to which surveillance
cameras effectively reduce crime is still unclear and most of the evidence is restricted to
a handful of highly developed countries. Moreover, when crime drops after cameras are
installed, the mechanisms in play are also unclear.

In this paper, we study a large installation program of public surveillance cameras in
the city of Medellin, Colombia. In particular, we look at changes in crime and arrest trends
at camera locations and assess the extent of short-range spatial spillovers. We also dig
into the institutional setting of the city to understand whether these cameras helped law
enforcement agencies in incapacitating offenders, or rather deterred them from engaging in
criminal behavior.

The empirical evidence regarding the effects of public surveillance cameras on crime is
inconclusive. Welsh and Farrington (2009) present a systematic review of previous studies
which we update in this brief summary. Some evaluations find significant reductions in crime
rates ranging from 18 to 57 percent (Armitage et al., 1999; Ditton and Short, 1999; Blixt,
2003; Brown, 1995; Caplan et al., 2011; Gill and Spriggs, 2005; Griffiths, 2003; Ratcliffe et al.,
2009; Skinns, 1998). Others find significant increases of as high as 24 percent (Brown, 1995;
Farrington et al., 2007; Gill and Spriggs, 2005; Winge and Knutsson, 2003).2

However, most of these studies fail to control for the simultaneous determination of
camera installation sites and crime hot spots, or suffer from methodological drawbacks that

do not allow for a causal interpretation of the results. For instance, some studies focus on

'See media coverage by the BBC.

2Note Gill and Spriggs (2005) find different results for different locations. One study worth mentioning
in more detail is Piza et al. (2012), which focus on the mechanisms. The authors compare case processing
times and enforcement rates between crimes detected by camera footage and 911 calls for service. Results
show a significant reduction in processing times by surveillance cameras, which provides evidence of an effect
through an increase in the operational capacity of law enforcement agencies.


https://www.bbc.com/news/av/world-asia-china-42248056/in-your-face-china-s-all-seeing-state

the time evolution of crime at intervened areas (Armitage et al., 1999; Blixt, 2003; Ditton
and Short, 1999; Piza et al., 2012), some involve additional interventions along with the
installation of public surveillance cameras (Skinns, 1998), some rely on small samples of as
low as six cameras (Farrington et al., 2007; Gill and Spriggs, 2005; Ratcliffe et al., 2009;
Winge and Knutsson, 2003), and some involve arbitrary selection of control areas (Brown,
1995; Caplan et al., 2011; Griffiths, 2003; Ratcliffe et al., 2009; Winge and Knutsson, 2003).

Two studies stand out with better methodological quality. Priks (2015) studies an instal-
lation program in the Stockholm subway system and finds that crimes dropped 25 percent at
stations in the city center. However, most property crime displaced outside the stations with
increases as large as 300 percent. Munyo and Rossi (2019) study a large installation program
in the city of Montevideo and find a decrease in crime of about 20 percent in coverage areas,
with positive spillovers to neighboring locations.?

Beyond adding one additional data point on studies on surveillance cameras, to the best
of our knowledge, this is the first attempt to effectively disentangle the deterrent effects

4 Broadly speaking, law enforcement

of public surveillance cameras on criminal behavior.
policies can prevent crimes either by deterring or incapacitating offenders. These mechanisms
entail different costs, and therefore understanding if one prevails over the other has relevant
policy implications. To incapacitate an offender, the criminal justice system needs to identify,
arrest, prosecute and incarcerate the person. Moreover, all these actions are taken after a
crime has already been committed. A deterred offender, on the other hand, does not engage
in crime and is not subject to all the costs in the criminal justice system stemming from the
identification of the subject and further stages.

The literature on the identification of the deterrent effects of law enforcement can be split

into two categories (Chalfin and McCrary, 2017): police manpower and severity of criminal

sanctions. This paper studies a different kind of policy: the installation of public surveillance

3To identify causal effects, both studies exploit the variation in time and space in camera installation
using difference-in-differences methods. We follow a similar approach in this paper.

4Other studies find evidence of the deterrent effect of sanctions for other kinds of anti-social behavior as
drunk driving. See for instance Hansen (2015).



cameras. The main argument of the Becker (1968) and Ehrlich (1973) framework is that
offenders decide to commit a crime by weighing the expected benefits and costs of engaging
in a given criminal action. The presence of public surveillance cameras, as do increases in
police or the severity of sanctions, rise these costs. There is some evidence on the deterrent
effect of increases in police manpower (Greene, 2013; Levitt, 1998), as well as in sentence
length (Drago et al., 2009; Helland and Tabarrok, 2007; Kessler and Levitt, 1999; Zimring
et al., 2001), although the latter is less clear and has been controverted (Raphael, 2006;
Webster et al., 2006).°

We estimate the causal effect of the surveillance cameras on criminal behavior by exploit-
ing the temporal and spatial variation in the installation of roughly 450 cameras in Medellin.
A main concern that arises is the possible endogeneity of the allocation of surveillance cam-
eras with respect to crime. As with other law enforcement policies, governments decide to
allocate resources—in this case surveillance cameras—at crime hot spots. This decision may
not be orthogonal to unobservable characteristics of the hot spots that also affect crime
control outcomes. We address this issue by following different approaches, detailed below.

Our analysis relies on the fact that pre-selected hot spots were not ranked nor priori-
tized beforehand and the installation procedure was based upon bureaucratic and logistical
considerations. A total of 587 places were simultaneously selected for camera installation,
but the cameras were not installed at once. Instead, most of them were progressively put
operational over a period of two years between May 2013 and April 2015. By the end of this
period, 448 out of 587 new cameras were installed and the remaining 139 were still projected
for installation with no exact dates.®

Each installed camera had its own post and street signals noting its presence. Moreover,

the number of camera operators remained constant at 12 people over the total installation

®Raphael (2006) and Webster et al. (2006) directly question the results from Kessler and Levitt (1999).
Levitt (2006) replies back to Webster et al. (2006).

6Before this process started, 383 cameras were already operational in the city. All of them were installed
prior to 2012 but exact dates of installation are not available. The 139 pending cameras were progressively
installed during 2018 along with additional places in a process that involved the prioritization of crime hot
spots. Therefore, we restrict our analysis to the 587 places originally selected.



period. This implies that before the process to install the new cameras started there were
about 32 cameras per operator and after the installation of the new 448 cameras there were
about 69.

By using the exact dates of installation and geo-located data on crime and arrests, we
build a panel data for which the cross sectional units are buffers of 120 meters surrounding
the camera installation sites and the time series units are months.” The variation in the
timing of installation as well as the high frequency occurrence of crimes and arrests at each
location, allow us to control for unobservable time invariant characteristics at crime hot spots
as, for instance, the ability of police patrols at the location or environmental factors that
favor or un-favor crime occurrence.® We estimate the effect of public surveillance cameras
on crime and arrests by following a difference-in-differences approach over multiple time
periods.

We use administrative records in our analysis. The National Police of Colombia provided
the data on reported crimes and arrests. Each case specifies exact coordinates, date and
type of reported crime or arrest as being related to either property or violent crime. The
Department of Security of Medellin provided the data on location coordinates and times of
installation of all public surveillance cameras. We assigned a crime or arrest to a camera if
it fell within a 120 meters buffer around the camera. Whenever a crime or arrest lied on two
camera buffers the decision rule was to assign it to the closest camera.

Our difference-in-differences estimation suggests there is a reduction in crime reports
following the installation of the cameras. This effect is statistically significant at conventional
levels. In our preferred specification, the coefficient of interest shows a reduction of 0.09
standard deviations in reported crime levels, which is equivalent to a 24 percent decrease

relative to the average reported crime level in the year before the installation started. We

"The technical specifications from the Department of Security of Medellin indicate that the high quality
range of the cameras is 120 meters.

8Police directives in Colombia dictate that surveillance police patrols are expected to remain for at least
two years at a specific location. Even though the timing is probably not an exact match to the period of
installation of the surveillance cameras, the cycle length points at some stability in the expected ability of
police patrols at one place.



also find a reduction of 0.07 standard deviations in arrest levels. The magnitude of the
coefficient is equivalent to a 32 percent decrease, relative to the average arrest levels during
the year before the installation started.

We assess the validity of our approach in different ways. First, we study whether the
common trends assumption holds. The causal interpretation of the results hinge on the
assumption that crime and arrest trends among hot spots with and without cameras were
the same before the installation process started. Our setting, however, is rather singular as
the treatment and control groups change as more cameras are installed at selected locations.
Thus, we assess the validity of this assumption by estimating a hypothetical installation
of surveillance cameras between May 2011 and April 2013, mimicking the exact order and
months of installation with a lag of two years. This estimation serves as both an assess-
ment of the common trends assumption and a falsification test. We find the effect of these
hypothetical cameras on crime and arrests to be not significant at conventional levels and
economically unimportant in size, relative to the coefficient estimates when we consider the
actual dates of installation.

Second, despite the robustness of our results to controls on idiosyncratic characteristics
of the crime hot spots, there may still be unobserved aspects of these locations that are
correlated with crime control in general. For instance, there may be targeted municipal
plans that progressively intervene crime at specific locations and are not captured either
by the installation site or time fixed effects. We rule out these threats by looking at the
effect of the installation of surveillance cameras by type of crime. As most violent crimes
are fights that result from un-planned situations, we hypothesize that the deterrent effect
of the cameras should be stronger on property crimes which require some level of planning
(see Priks, 2015)). Our results are consistent with this hypothesis and show deterrent effects
mainly on property crime. Indeed, the effects of the installation of surveillance cameras on
violent crime and arrests are negligible.

Third, we also assess the sensitivity of our results to alternative buffer radiuses and



the assumptions on the distribution of crime data when estimating ordinary least squares
regressions. On one hand, we study whether changes in the specified area of coverage of
the camera are driving our results. If it is the case that the cameras have a deterrent effect
regardless of the possibility of camera operators to actually use them, the inclusion of smaller
or larger areas of coverage should still be consistent with deterrence. On the other hand,
as crimes and arrests are counts, we estimate the same difference-in-difference models with
poisson regressions. Our results remain robust to these alternative specifications.

Furthermore, we study spatial spillover effects by looking at the effect of surveillance cam-
eras on crime at neighboring areas. Geographically focused interventions as the installation
of surveillance cameras may result in the displacement of offenders to other—presumably
less costly in utilitarian terms—areas of the city. We find no changes in reported crimes at
conventional levels of statistical significance. It remains to be assessed if the deterrent effect
of surveillance cameras on criminal behavior at hot spots is offset by a spillover effect to
farther locations. This situation, although still consistent with the deterrence mechanism,
entails different policy implications. Our setting, however, does not allow us to identify a
causal link to other geographical areas.

To the extent that crime control policies are costly and that deterring potential offenders
is perhaps socially desirable over incapacitating them, these results favor the installation of
public surveillance cameras for crime control. However, there are some additional questions
that need to be addressed before reaching a more robust conclusion. First, the overall
assessment of this policy hinges on the existence of spillovers and whether, if even present,
crime displacement outweigh the direct benefits at crime hot spots. Even if our results do not
point in that direction, we cannot rule out longer distance spillovers or non-spatial spillovers.

Second, even if there are no spillovers and the overall effect of installing surveillance
cameras is an aggregate reduction of crime city-wide, there may be more efficient alterna-
tives. These could range from hot spots policing to “broken widows”-type interventions to

investments in criminal investigation. Any of these could eventually be more cost-effective.



Finally, our results are similar in sign and magnitude to the Priks (2015) and Munyo
and Rossi (2019) studies, which we deem methodologically superior than others finding
more conflicting results. However, there remains the question of the optimal number of
surveillance cameras to be installed in a city, as there may be decreasing returns when the

number of cameras is sufficiently large.

2 Theoretical framework and potential mechanisms

The economic approach to crime introduced by Becker (1968) and Ehrlich (1973) suggests
that criminals behave rationally. In this setting, offenders decide to pursue criminal ac-
tivities whenever they find the expected benefits of committing a crime to be higher than
the expected costs. In particular, a rational offender would engage in a criminal activity if
the expected benefits of committing a crime on the left hand side of the inequality below

outweigh the expected costs on the right hand side:

(1 _pq> Ueg — PgSq > Ui

where ¢ refers to a specific geographical area, in this case a crime hot spot. We define p, =
rq (m)+t,, with 7, (m) being the sum of the actual probability of arrest, the actual probability
of prosecution given arrest and the actual probability of sentencing given prosecution, which
are specific to the enforcement capacity at hot spot ¢. We assume r, (m) to be a strictly
increasing function of the monitoring capacity m. On the other hand, we take t, as a
deviation attributed to perceptions on the probabilities in 7, (m) which are specific to the
environmental setting at hot spot ¢. U, is the utility derived from crime at hot spot q. S, is
the (dis)utility derived from the sanction if the offender is effectively arrested at hot spot ¢,
prosecuted and sanctioned, and U is the utility derived from legal labor or the opportunity
cost of crime.

The installation of surveillance cameras is one alternative way to decrease the expected



benefits of criminal activities through a number of ways:

1. The objective certainty of punishment can rise by means of changes in the probability
of arrest, the probability of prosecution given arrest, or the probability of sentencing
given prosecution. These are changes in 7, in the inequality. The probability of arrest

at hot spot ¢ can increase because of improved surveillance.

2. The probability of prosecution and sentencing provided the arrest was at hot spot ¢ can
increase because of the possibility to use camera footage as evidence during prosecution
and trial. In practice, changes in r, are changes in the operational capacity of the

criminal justice system.

3. The subjective certainty of punishment may also increase because of improved percep-
tion of surveillance by the authorities. These are changes in t,, the perception that
offenders have on the actual enforcement capacity of the authorities, and imply a pure

deterrent effect specific to hot spot q.

4. The severity of punishment could increase if evidence collected from camera footage at

hot spot ¢ results in aggravated sentences. These are changes in S, in the inequality.’

This theoretical setting has three implications. First, if there are effects of public surveillance
cameras on both reported crime and arrests, and these effects are in the same direction, it
is likely that changes in r, are not driving the effect. Second, if the monitoring capacity of
public surveillance cameras (m) decreases or, put it simple, the probability that a camera
operator is using the right camera and pointing in the right direction when a crime occurs
is low, it is also unlikely that an effect of public surveillance cameras on crime are driven
by changes in r,. Finally, if the sentence scheme remains constant, the effect of public
surveillance cameras on crime through changes in S, is only possible if there is enough time

for the criminal justice system to actually arrest, prosecute and sentence an offender.

9For instance, some judicial systems consider longer prison sentences whenever violence is used in com-
mitting a crime. If proof of violence use comes from camera footage, there would be a direct effect on the
severity of punishment.



3 Setting

In this section we describe some institutional characteristics of the system of public surveil-
lance cameras in Medellin. These characteristics are relevant to understand the prevailing
mechanism for these cameras to have an effect on crime. In the first sub-section we describe
the Integrated System for Security and Emergencies in Medellin and some especial charac-
teristics of how public surveillance cameras operate. In the second sub-section we describe
how the selection and installation process for the new group of public surveillance cameras,

the ones we evaluate, took place.

3.1 The Integrated System for Security and Emergencies

Public surveillance cameras in Medellin are part of the Integrated System for Security and
Emergencies known as SIES-M for its Spanish acronym. This system comprises five sub-
systems. First, the 123 calls for service line which works similar to the 911 line in the
US. Second, a set of global positioning system (GPS) devices for police patrols that trigger
red flags when abnormal situations are observed. For instance, when patrols move at high
speed or leave their area of jurisdiction. Third, the network of centers for strategic police
information located at each police station in the city. Fourth, a network of community alarm
buttons. And finally, the sub-system of interconnected public surveillance cameras.

As of mid 2015, the sub-system of public surveillance cameras had 831 cameras connected
and 139 cameras pending installation. Of the 831 cameras, 383 were installed prior to 2012
with no data available on dates of installation. By 2013, a group of 587 locations was selected
for new camera installations. Of those, 448 were installed between May 2013 and April 2015
with the remaining 139 uninstalled until 2018.1° The technical characteristics of the cameras
allow operators to observe criminal activities in detail whenever the camera is pointing in

the direction of such situation. The cameras have high definition with optical zoom of up

10These cameras were installed in 2018 along with a new large group of cameras. The installation process
involved especial targeting for crime hot spots, hence we restrict our analysis to the selected places at 2013
and the data up until 2015.



to 22x. This implies the camera can magnify the scene up to 22 times larger. In practice,
this means that camera operators can see with good quality up to 120 meters around the
camera installation site. Public surveillance cameras can turn 360 degrees horizontally and
270 degrees vertically, they all have night vision and are connected to the network by optical
fiber and radio frequency.

Throughout the installation period, the sub-system of public surveillance cameras was
operated by 36 people divided in three eight-hour shifts of 12 people each. Four of them were
civilians hired by the Department of Security and eight were police personnel. The number
of camera operators was not changed when new cameras were installed. This implies that by
the beginning of 2013 there were about 32 cameras per operator while after the installation
of the new 448 cameras took place there were about 69. Put it differently, the probability
that a camera operator was using the right camera and pointing in the right direction when
a crime occurred was low and, moreover, it decreased by more than half as the new group
of cameras was installed. The sub-system has the capacity to store five years of data on

camera footage, which is made available for criminal investigations under specific requests.

3.2 The Installation of New Public Surveillance Cameras

The new group of 587 sites for new cameras was selected in early 2013. The selection and
installation process took place in three stages.

First, the office of the Information System for Citizen Security of the Department of
Security of Medellin identified 587 candidate locations for camera installations. They used
quantitative data on the amount and location of historical reported crimes, the location of
the 383 previously installed cameras, and the number of additional cameras available, then
a geographic information system software suggested the exact location for new installations.
Specifically, they used a component of Q-GIS, a free and open source geographic information
system software. This component was originally designed for the selection of new points of

sale for commercial businesses, using as inputs the demand, previously operational points

10



of sale and budget availability for new ones. Thus, they mirrored its operation to select
locations for new camera installations. Of most importance, these places were not ranked
nor prioritized by the software but merely suggested as an un-ordered list.

Second, field teams from the National Police and the local liaisons of the Department
of Security made on-site validation visits in order to determine the exact locations for new
installations. These teams validated whether the suggested locations were actually crime
hot spots and not places with high crime reports due of bias on the location of some crimes.
For instance, there are hospitals with a large number of reported homicides because injured
people dies there, or places nearby metro stations where people report thefts when indeed
they were robbed inside railcars before stepping down. Also, these teams verified whether
there were trees, power cables or other operational problems regarding the installation, and
selected the exact places of installation for the cameras taking into account these limitations.

Finally, there was the administrative process for the installation and set up of each public

surveillance camera. This stage consisted in five main activities:

1. Requesting of an installation permit from the Planning Office of the city government,
which must issue a favorable technical concept regarding the provision of most public

goods

2. Requesting of an installation permit from the Transit Authority of the city government.
This office must review any public goods that use or interfere with traffic infrastructure

such as traffic lights and stop or crossing lines

3. Requesting of an installation permit from the environmental authority whenever the

process involved cutting off trees or any other environmental concern
4. Requesting of power and internet connections from local companies

5. After all other activities are finished, requesting of physical installation and final con-

nectivity tests from local contractors.

11



4 Data and Empirical Strategy

In this section we describe the data and present our empirical strategy to identify the effects

of public surveillance cameras on reported crime and arrests.

4.1 Data

To study the effects of public surveillance cameras on crime we use two different data sources.
First, we use data on reported crimes and arrests from the National Police of Colombia.
Through 2013 crimes were reported with their approximate address and we obtain their
coordinates by using a geo-locator add-on from a geographic information system software.!!
From 2014 onwards, the National Police registers specific coordinates for each crime using
a proprietary software available at police stations and other reporting places. For both
reported crimes and arrests we have exact dates and type of crime. We group homicide and
assault cases in a violent crime category and all thefts and robbery cases in a property crime
category.

Second, we have data on the location and dates of installation of a group of 587 public
surveillance cameras. Out of those, 448 were installed between May 2013 and April 2015 and
the remaining 139 had the dates of installation pending. These cameras came in addition to
383 previously installed cameras that were operational before 2012. For those 383 previously
installed cameras we do not have dates of installation and hence we leave them out of our
analyses. All information regarding the cameras and technical facts is from the office of the
Information System for Citizen Security of the Department of Security of Medellin. Since
the approximate recommended operation of the cameras is 120 meters, our units of analysis
are buffers around camera installation sites of this radius.

We merge data from camera installation sites and reported crimes and arrests. We match

a camera and a crime or arrest if the event falls within the 120 meters buffer of the camera.

1 Qpecifically, we use a geolocator add-on for ArcGIS which uses the address to obtain specific coordinates.
Because of imprecise address data, about 75 percent of all reported crimes matched a location.

12



Figure 1: Units of analysis. Buffers around camera installation sites

Fu o -

® Surveillance cameras Medellin, Comuna Candelaria
¢ Crimes

(O Buffers

Notes: The figure depicts buffers around the location of public surveillance cameras. Data is from

the government of Medellin and the National Police of Colombia.
For those cases in which one crime or arrest falls within the intersection of two buffers,
we match the event to the closest camera site. Figure 1 details geographic information on
surveillance cameras, crimes and buffers.

Table 1 presents summary statistics for monthly reported crimes and arrests at 587
camera installation locations for the installation period. This includes data from May 2013
through April 2015. On average, there were 0.8 reported crimes at each camera installation
site per month, with a maximum of 31 and a minimum of 0. Most of the reported crimes
at these places were property crimes. Also, there were about 0.2 arrests at each camera

installation site per month, with a maximum of 9 and a minimum of 0. As for reported

13



Table 1: Summary statistics. Observations are buffers at camera installation sites x months
during the installation period (two years)

Obs. Mean S.D. Min Max
(1) (2) (3) (4) (5)

A. Reported crimes

Total crime 14,088 0.776 1.567 0 31
Property crime 14,088 0.659 1.446 0 31
Violent crime 14,088 0.116 0.471 0 22
B. Arrests

Total arrests 14,088 0.173 0.583 0 9
Property crime arrests 14,088 0.129 0.510 0 9
Violent crime arrests 14,088 0.044 0.244 0 5

Notes: The sample includes data from May 2013 through April 2015 for the in-
stallation period. Data is for 587 camera installation sites at 120m buffers and
month. Reported crime levels and arrests are from the National Police. Geolo-
cation of camera installation sites is from the office of the Information System
for Citizen Security of the Department of Security of Medellin. Violent crime
includes reported homicides and assaults. Property crime includes all kinds of
theft.

crimes, there were more arrests for property crimes than for violent crimes.

4.2 Empirical Strategy

We compare reported crimes and arrests at camera installation sites by using the difference-
in-difference estimator for multiple time periods. In particular, we use ordinary least squares

to estimate equation (1) below:

Yit = BDi + a; + v + € (1)

where ¢ is a buffer at each camera installation site and ¢ is the time period measured in
months. y;; is a measure of reported crimes or arrests at place ¢ and time period t. D;; is
a dichotomous variable that takes the value 1 if there is a camera in operation at place 7

and time period ¢. a; and v, stand for place and time fixed effects, respectively. Place fixed

14



effects allow us to control for idiosyncratic characteristics of camera installation sites as,
for instance, the ability of police patrols at the location or environmental factors that favor
or un-favor crime occurrence. In turn, time fixed effects allow us to control, for instance,
for time based public policies. €; is an error term clustered at the camera installation site
level.'? 'We also include year and month of the year fixed effects to control for seasonal
monthly trends and year specific social, economic or political factors. § is the coefficient of
interest. In this setting, from the first month of installation onwards we have treated groups
of sites with surveillance cameras and control groups of sites without them. These groups
change as more cameras are installed.

There are two identifying assumptions at the core of our empirical strategy. First, we
argue that, restricted on the sample of all selected installation sites, the timing of installation
is exogenous to unobserved characteristics of these places which are also correlated with
reported crime levels and arrests.!®> Put it differently, we argue the setting creates a quasi-
experimental design. We rely on two arguments to support this assumption. First, the
selection procedure does not rank nor prioritize the locations. Hence any order of installation
is, at least in principle, not based on crime levels. Second, timing for all permits and
logistics necessary to carry out the installations was mainly driven by bureaucratic activities
and bottlenecks in each office involved in the process. Both arguments were emphasized by
officials from the Department of Security of Medellin in several interviews between November
2014 and June 2015. Furthermore, we conduct a formal test of the correlation of reported

crime levels and actual dates of installation by estimating equations (2) through (4) below:

Rit = noYi—1 + aoi + Yor + €oit (2)
1 t—1
Ry = 7716 Z Yik + 013 + Yie T E2it (3)
k=t—6

12Tn particular, we estimate standard errors robust to heterostedasticity (Huber, 1967; White, 1980),
allowing for arbitrary correlation within events of the same cluster (Froot, 1989).
13See sub-section 3.2 for further details.
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1 t—1
Ryt = no— Z Yik + 02i + Y2i + E3it (4)
12,570,

where R;; indicates the exact month of installation of camera 7, i.e. it takes the value 1 if
camera ¢ is installed at month ¢, 0 before the installation and we impute a missing value from
the second month of installation onwards. In these specifications, 79, 71 and 1, measure the
extent to which previous reported crime levels determine the timing of the installation of a
camera. These estimations allow us to study whether reported crime levels for the previous
month, and the averages for the previous six or twelve months influence camera installation
dates. As in equation (1), /s, 7's and €’s stand for place and time fixed effects, and error
terms clustered at the camera installation site level, respectively.

Table 2 presents the results of this test. We are interested in looking at any correlation
between reported crime levels in the pre-installation period and the actual dates of instal-
lation. If pre-selected sites were not ranked nor prioritized as the office of the Information
System for Citizen Security of the Department of Security of Medellin informed us, and
indeed the order of installation was driven by the bureaucratic process that followed the
selection, there should be no apparent correlation. The results show that we cannot reject
the hypothesis that previous crime did not affect installation dates at conventional levels of
statistical significance.

Second, we argue that the common trends assumption holds. To support this assumption,
we also conduct a formal test. In a standard difference-in-difference approach there are
treatment and control units that keep their treatment status both before and during the
intervention. In such a case, when data is available, the comparison of pre-treatment trends
would be a straightforward way to test this assumption (usually presented as event studies).
Our setting is different than those standard approaches in the sense that all our units of
analysis start being controls and most of them move to the treatment condition progressively
as the cameras are installed. Thus, we test the common trends assumption by estimating a

falsification test.
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In particular, we estimate equation (1) but instead of looking at the May 2013 - April
2015 period, we pre-date the installation of the cameras two years. For instance, if a camera
was installed in June 2013, we take it as being installed in June 2011 in this estimation.
Therefore, the time window included in this test is from May 2011 through April 2013. If
it is the case that the changing treatment and control groups had a similar behavior in the
pre-installation period, we should not observe any statistically significant relation between
the falsified treatment and reported crimes and arrests. Table 3 presents the results. This
estimation shows that we cannot reject the hypothesis of similar reported crime and arrest
levels between changing treatment and control groups before the actual installation of the

cameras took place.

5 Results

In this section we present our results. First, we present the estimation on the effects of public
surveillance cameras on reported crimes and arrests as well as a sensitivity analysis. Then,

we present the results for the analysis on short range spillovers to neighboring areas.

5.1 The Effects of Public Surveillance Cameras on Crimes and

Arrests

Table 4 presents our baseline results. Columns (1) through (3) present estimates of the
effect of public surveillance cameras on reported crimes, and columns (4) through (6) present
estimates of the effect of public surveillance cameras on arrests. Columns (1) and (3) consider
total crime or arrests. Columns (2) and (5) consider reported crimes and arrests related to
property crime events, which includes all kinds of theft and robbery cases. And columns (3)
and (6) consider reported crimes and arrests related to violent crime events, which includes
homicide and assault cases. All regressions show the effect of camera installations on a

standardized measure of the outcome.
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Results in column (1) suggest there is a positive effect of public surveillance cameras on
reported crimes. This effect is statistically significant at the 5 percent level. The coefficient
implies that the installation of a public surveillance camera, on average, drives reported
crimes down by 0.09 standard deviations. Relative to the one year average during the pre-
installation period in reported crime levels for our sample, the magnitude of this coefficient is
a decrease of 24 percent in the number of reported crimes. Results in column (4) suggest there
is also a positive effect of public surveillance cameras on arrests. This effect is also statistically
significant at the 5 percent level and the coefficient implies the installation of a public
surveillance camera, on average, drives arrests down by 0.07 standard deviations. Relative
to the one year average during the pre-installation period in arrest levels, the magnitude of
the coefficient implies a decrease of about 32 percent in the number of arrests.

As we described in sub-section 2, along with the facts that: (i) the monitoring capacity of
the system of public surveillance cameras is low and decreased from 32 cameras per operator
at the beginning of the installation period to 69 cameras per operator at the end; and (ii) the
two year installation period is unlikely to allow for these public surveillance cameras to be
used by the criminal justice system for aggravated sentences; these results suggest that the
effect of public surveillance cameras on crime that we observe are not driven by an increase
in the operational capacity of the criminal justice system, and rather can be attributed to a
deterrent effect at the locations subject to intervention.

The concern that there may still be unobserved aspects of these locations that are cor-
related with crime control in general, however, remains present. For instance, there can
be targeted plans from the local government that progressively intervene crime at specific
locations, and in turn, these may not be captured either by the camera installation site or
time fixed effects.

We rule out these threats by looking at the effect of the installation of public surveillance
cameras by type of crime. Our argument is the following. As most violent crimes in the

camera installation areas are assault and homicide cases resulting from fights and un-planned
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situations rather than instrumental violence, we hypothesize that the deterrent effect of the
public surveillance cameras should be stronger on property crimes which require some level
of planning and respond more directly to rational behavior. Results from column (2) show
that there is a positive effect of public surveillance cameras on property crime. On average,
reported property crime drops by 0.09 standard deviations when a surveillance camera is
installed. This effect is statistically significant at the 5 percent level. In turn, results from
column (5) show there is also a positive effect of public surveillance cameras on arrests
related to property crimes. On average, arrests related to property crime cases drop by 0.06
standard deviation when a surveillance camera is installed. The coefficient is statistically
significant at the 10 percent level. On the contrary, results from columns (3) and (6) show
that the effects of the installation of public surveillance cameras on violent crime and arrests
related to violent crime are negligible. In neither case we can reject the null hypothesis of no
effect of the installation of public surveillance cameras under conventional levels of statistical
significance. The difference between each pair of coefficients, however, is not significant and
thus this evidence on differential effects of surveillance cameras for different types of crimes
is rather statistically weak.

We also assess the sensitivity of our results to the assumptions we imposed on the size
of the buffer radius of 120 meters as recommended by the technical specifications for the
cameras, and the distribution of reported crime and arrest data when we estimate ordinary
least squares regressions. Table 5 presents the results. In columns (1) and (2), the units
of analysis are buffers of 80 meters around the location of the cameras. Since the coverage
area is smaller than that for 120 meters buffers, we use less information on reported crimes
and arrests. The results for the effect of public surveillance cameras on reported crimes
remain similar in both the magnitude of the coefficient and the significance level. Results

for the effect of public surveillance cameras on arrests are still negative, but slightly smaller

14The p-value of a two tail test on the equality of the coefficients in columns (2) and (3) is 0.349. A one
tail test for the coefficient in column (2) being more less than the coefficient in column (3) is 0.175. In turn,
the p-value of a two tail test on the equality of the coefficients in columns (5) and (6) is 0.983. A one tail
test for the coefficient in column (5) being more less than the coefficient in column (6) is 0.492.
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in magnitude and less precise. We attribute the loss of significance to the decrease in power
resulting from the use of less information.

In columns (3) and (4), the units of analysis are buffers of 140 meters around the location
of the cameras. In this case, since the coverage area is larger than that for 120 meters buffers,
we use more information on reported crimes and arrests. The effects of public surveillance
cameras on both reported crimes and arrests remain similar in magnitude and significance
levels to our baseline results with 120 meters buffers. These results strengthen our hypothesis
on the loss of power as an explanation for the change in precision we observe for arrests when
using buffers of 80 meters.

Finally, in columns (5) and (6) we estimate the effects of public surveillance cameras
using 120 meters buffers, but instead of estimating ordinary least squares regressions we
use reported crime and arrests counts as outcomes and estimate the same difference-in-
difference specification for poisson regressions. The results are consistent in the direction
and significance of the coefficient of interest. We observe a drop in both reported crimes and
arrests with the installation of public surveillance cameras. The coefficients are significant at
the 5 percent level in both cases. The magnitudes in this case have a direct interpretation.
The coefficient of the poisson regressions is interpreted as the expected difference in logs of
expected counts for a change in a location from having no camera to having a surveillance
camera operational, with all remaining characteristics constant. With this interpretation,
the expected drop in crime is 12 percent and the expected drop in arrests is 18 percent with

the installation of a public surveillance camera.!®

5.2 Short Range Spatial Spillovers

A common concern with geographically focused crime interventions is that of negative
spillovers to other areas. In this sub-section we study the extent of short range spatial

spillovers on reported crimes.

15Ty reach these numbers we build incidence rate ratios, which are just e? with d being the estimated
coefficient. The magnitude of the change is the incidence rate ratio minus one.
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In the theoretical framework from section 2, spillovers are a result of offenders that
usually commit crimes at hot spot ¢ deciding to move to other hot spot because a camera
was installed there. This situation is still consistent with a pure deterrent effect of the
cameras as the offender is deterred from committing crimes at the place where the camera
was installed. One important point to highlight is that, at least in the theoretical framework
we propose, even in the presence of spillovers aggregate crime should still decrease. This
comes from the fact that if a rational offender preferred hot spot ¢ to any other hot spot ¢
before a public surveillance camera was installed in hot spot ¢, then it must be the case that
the benefits from crime at hot spot ¢ were higher than the benefits from crime at hot spot
q, or:

(1 = p)Uesqg — PgSq = (1 — py)Ueyy — pg'Sy for any hot spot ¢’ # ¢

which in turn implies less crimes should be committed if the offender moves from hot spot
g to hot spot ¢ after a camera is installed in hot spot q.

Our setting, however, does not allow us to identify long range spillovers and therefore we
restrict the analysis to look at short range spillovers in neighboring areas to our sample of
pre-selected places for camera installation. In particular, to assess crime spillovers we build
inner and outer buffers at each camera installation site as shown in figure 2 and look at
changes in reported crime in the areas between the inner and outer buffer (the donuts) of
treated and control units. Whenever a reported crime is between the inner and outer buffers
of a camera installation site, and the inner buffer of another surveillance camera, we consider
this crime to be at the inner buffer of this last camera and therefore is not included in the
displacement analysis. In other words, our space of analysis is composed by the union of
donuts around camera installation sites minus the union of inner buffers of all cameras.

Table 6 presents the results. Columns (1) through (3) look at the effect of public surveil-
lance cameras on reported crimes in the area between 120 and 300 meters around camera
installation sites. Columns (4) through (6) look at the effect of public surveillance cameras

on arrests in the area between 120 meters and 300 meters around camera installation sites.
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Figure 2: Units of analysis. Inner and outer buffers around camera installation sites

Zufilga h : \f-‘..-,v, » f
® Surveillance cameras Medellin, Comuna El Poblado
¢ Crimes
O Buffers

Notes: The figure depicts buffers around the location of public surveillance cameras for displace-
ment analysis. Data is from the government of Medellin and the National Police of Colombia.
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In all cases, for total, property and violent reported crimes, we cannot reject the null hy-
pothesis of no effect of the public surveillance cameras at conventional levels of statistical
significance. This is, we find no evidence on crime or arrests spillovers nor on diffusion of
benefits to surrounding areas.

We acknowledge that this spillover analysis is limited, mainly due to methodological con-
straints. As Blattman et al. (2018) show, the spillover analysis tend to bias both the results
and the standard errors.!'® Our setting, however, does not allow to implement alternative

specifications that correct for such problems.

6 Conclusions

In this paper we investigate the deterrent effects of public surveillance cameras on crime. To
do so, we benefit from a quasi-experiment in the city of Medellin, Colombia that resulted
from the installation of 587 public surveillance cameras between 2013 and 2015. We also
propose a brief theoretical setting that allow us to identify the prevailing mechanism for the
public surveillance cameras to have an effect on crime.

Our results show a reduction of about 24 percent in reported crimes following the in-
stallation of the public surveillance cameras relative to the one year average of reported
crimes during the pre-installation period. We also observe a reduction of about 32 percent
in arrests following the installation of the cameras relative to the one year average of arrests
during the pre-installation period. These are local effects to pre-selected locations for the
installation of surveillance cameras. Along with the facts that the monitoring capacity of the
system of public surveillance cameras is low and decreased during the installation period,
and the two year installation period is unlikely to allow for the public surveillance cameras
to be used by the criminal justice system for aggravated sentences, these results suggest that
the effects of the surveillance cameras on reported crimes are driven mainly by a deterrent

effect at the locations subject to intervention. We provide evidence on the main identifying

16See also Collazos et al. (2019)
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assumptions: (i) the exogeneity of the timing of installation to unobserved characteristics of
pre-selected places, and (ii) the common trends assumption for our difference-in-difference
specification. Therefore, we believe a reasonable interpretation of our estimate is a causal
relationship. Importantly, we do not find any crime or arrests spillovers to surrounding areas
nor we observe any diffusion of benefits to these places.

We take these results as being suggestive for public surveillance cameras to be a worth-
while investment for cities, at least in contexts similar to Medellin. However, relevant ques-
tions remain to be answered in order to generate more robust evidence and to address the
issue of external validity. In particular, even if our results suggest there are no immediate
spillovers, we think it is relevant to look at the effects of the installation of public surveillance
cameras on a longer range. This is important as the cost benefit analysis of such investments
hinges on the assumption that overall crime would go down. In the presence of long range
spillovers this may not be true. Non-spatial spillovers are also relevant. Comparing the
aggregate effects of the installation of surveillance cameras to other competing policies as
hot spots policing or “broken windows”-type interventions is also relevant in reaching an
adequate cost-benefit analysis of crime control policies. Finally, the question of how many
cameras should a city have is also unclear. Most certainly, there is a large enough number

up until which there are decreasing returns and investments may no longer be worthwhile.
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