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Abstract

This paper estimates the impact of police presence on crime using a unique database
that tracks the exact location of Dallas Police Department patrol cars throughout 2009.
To address the concern that officer location is often driven by crime, my instrument
exploits police responses to calls outside of their allocated coverage beat. This variable
provides a plausible shift in police presence within the abandoned beat that is driven by
the police goal of minimizing response times. I find that a 10 percent decrease in police
presence at that location results in a 7 percent increase in crime. This result sheds light
on the black box of policing and crime and suggests that routine changes in police patrol
can significantly impact criminal behavior. JEL Codes: D29, K42.



1 Introduction

Does police presence deter crime? While it was once generally accepted that the role
of police officers was apprehending criminals after they committed a crime, today there
is a growing body of research that shows that increased investment in policing results
in lower crime rates.! Specifically, previous papers have found that larger police forces
and high doses of police presence in small areas result in lower crime rates (see Levitt
(1997), Evans and Owens (2007), Di Tella and Schargrodsky (2004), and Draca et al.
(2011)). However, the literature has largely ignored the fact that the rapid response
philosophy where police officers are spread thinly throughout the city and much of an
officer’s time is dedicated to responding to emergency calls remains the dominant patrol
strategy applied by police departments in the US and worldwide. This paper examines
the impact of this rapid response strategy on deterrence. More specifically, will adding
additional officers to the current patrol system have any impact on crime?

Since the 1930s, police patrol in US cities has been dominated by the rapid re-
sponse system. Simply stated police agencies have patrol cars drive around in police
beats ready to respond rapidly to an emergency call. When they are not responding to
such calls they spend their time in what has been termed random preventative patrol,
showing their presence in the beats to deter offending (see Kelling & Moore, 1988). The
random preventative patrol philosophy came under significant criticism after an exper-
iment conducted over 4 decades ago, the Kansas City Policing Experiment, failed to

find any impact of increased preventative patrol on crime.? While some argue that this

!See surveys of the literature conducted by Cameron (1988) , Marvell and Moody (1996), Eck and
Maguire (2000), and Chalfin & McCrary (2017) and micro geographic interventions by Sherman &
Weisburd (1995), Braga et al. (1999), Di Tella and Schargrodsky (2004), Gould and Stecklov (2009),
Nagin (2013), Weisburd et al. (2015), and MacDonald et al. (2016).

2This experiment took place between October 1972 and September 1973 in the South District of
Kansas, Missouri. The experiment divided the 15 beats of this district into three areas: "reactive"
where police only entered the area to respond to calls, "proactive" where police visibility was increased
to 2 to 3 times its baseline level of patrol, and "control" areas where the baseline level of patrol from
before the experiment was maintained.



could be a result of implementation as there is no evidence regarding the actual dosage
of police presence received by treatment and control areas, there is no denying that this
study left its mark on the literature.?

Today, innovative crime prevention programs tend to focus on high dosages of de-
terrence in small areas or over short time periods (e.g. hot spot policing, pulling-levers
policing, police crackdowns), as well as community interventions via neighborhood polic-
ing or broken-windows policing.* These crime prevention techniques are often difficult
to practice alongside a rapid response philosophy. Rapid response dictates a low dosages
of police officers across the city, which makes officers unavailable for more concentrated
crime prevention programs. My analysis, which uses a precise measure of the dosage of
police presence throughout Dallas, Texas, suggests that we may have been too quick to
embrace the conclusion that general shifts in patrol across a large city cannot signifi-
cantly impact crime. Indeed, my analysis shows that preventative patrol in the context
of a rapid response philosophy can provide significant deterrence of crime.

Analyzing the immediate impact of police presence on crime requires access to
information on the location of police officers and crime over time. Such information has
begun to be available because of the use of management information systems in policing
that detail the exact locations (x y coordinates) of crime events, as well as Automobile
Locator Systems (AVL) that track where police vehicles are when they patrol the city.
While most police agencies now analyze data on crime events, the use of AVL systems

to analyze where police patrol is rare and seldom integrated with crime data. In Dallas,

3See Larson (1975) for a review of concerns regarding the implementation of the Kansas City Exper-
iment.

4See Braga (2012) and Telep & Weisburd (2012) for a review of current deterrence strategies. Pulling-
levers policing targets a small number of chronic offenders, while hot-spots policing focuses on a small
number of chronically crime ridden geographic locations. Police crackdowns take place by shifting large
groups of police to focused areas. Broken windows policing aims to reduce public disorders before actual
crime occurs. Neighborhood policing is a strategy where specific officers conduct activities in designated
neighborhoods in order to create a consistent relationship between these officers and residents of that
area.



Texas, over the course of 12 months (throughout 2009), AVL systems were active in
all 873 police patrol vehicles and data on their location was saved and stored.” I focus
on the beat (a geographic patrol area averaging 1.7 square miles in size) each car was
allocated to patrol as well as where these officers were actually present throughout the
day. Information on incidents of crime was acquired from a separate database that
tracks calls for service (911 calls) placed by local citizens to the police department.’®
Thus, the current project is not motivated by a specific policing experiment, or large
change in routine police activity, but rather, takes advantage of a large amount of data
(roughly 100 million pings of information) to provide an estimate of the social returns of
an additional hour of police patrol in the current policing system.

A deterrence mechanism that is based on police interactions would imply that areas
or times of day with higher levels of police presence will report less crime. However, this
ignores both the allocation of officers to riskier locations during riskier periods, and
the fact that the occurrence of a crime is likely to increase police presence as officers
are called to respond to the incident. Indeed, each year beat level police allocation in
Dallas is based on calls for service and crime from previous years (using Staff Wizard
software). Division commanders then adjust these allocation decisions based on weekly
Compstat meetings where current crime concerns are discussed and areas in need of
additional police attention are identified. This type of well managed police allocation
would result in a positive correlation between policing and crime which is illustrated in
Figure (1) .Generally, areas and times with higher levels of allocated patrol tend to have

higher levels of both police presence and crime.” Thus, while this dataset provides a

’The AVL data does not include the location of officers on motorcycle and horseback (mounted
division). The motorcycle patrol unit consists of 42 officers and the mounted division consists of 17
police officers.

61 separate calls that relate to crime into the following categories: violent crimes, burglaries, thefts,
and public disturbances. I focus on 911 calls as they are less likely to suffer from reporting bias than
reported crimes and are more likely to provide the exact time at which the incident occurred.

"While there are 873 Dallas patrol vehicles tracked in this study, on average there are 132 cars on



unique picture of police presence across a city, the location of officers may be determined
by factors unobserved by the econometrician and correlated with crime.

My identification strategy stems from the two distinct responsibilities facing police
patrol cars: proactive and reactive policing. While police may be allocated to a certain
area (beat) in order to create a deterrence effect and lower the expected benefit of
committing a crime, they are also responsible for answering emergency calls within their
larger division quickly - generally, in under 8 minutes.® I use incidents that can result
in patrol officers being assigned to calls outside of their area of patrol to capture an
element of randomness regarding whether or not police are present at a given location
and time. Thus, I introduce the Outside Calls Ratio (OCR) instrument, which is equal
to the number of calls an officer patrolling this beat is likely to address outside of the
beat. It is calculated as the ratio of outside calls to allocated outside patrol. The
instrument is motivated by the idea that assignment to an outside beat is a function of
both the density of outside calls and outside police presence. This measure is different
from realized outside assignment which could be driven by crime risks at the beat level.

In order to ensure that the Outside Calls Ratio is not correlated with crime at
the beat, I focus on outside 911 calls reporting incidents related to mental health, child
abandonment, fire, animal attacks, dead people, suicides, abandoned property, fireworks
and drug houses. Reports of crime are not included in these outside calls in order to
avoid the concern that crimes occurring across beats may be correlated. I also focus on
out of beat patrol allocation as opposed to out of beat police presence. Out of beat police

allocation is determined at the start of the shift as opposed to out of beat presence which

active patrol per hour. These cars are allocated among 232 beats at the beginning of their shift. Thus,
the most common allocation points are either 0 or 1 car allocated per hour. The reason that police
presence (defined by the location of police vehicle throughout the shift) does not have a 1-1 relationship
with police allocation is that officers often spend time outside of their allocated coverage beat.

8 A complete summary of the Dallas Police Department goals as well as performance can be found
in the "Dallas Police Department Management and Efficiency Study" conducted by Berkshire Advisors
(2004).



is immediately affected by the distribution of calls and crime. My results are robust to
controlling for beat, month, day of week, and weekend xhour of day fixed effects.

The main threat to the exclusion restriction for this proposed instrument is that
even keeping outside calls constant, a decrease in out-of-beat patrol allocation will in-
crease the Outside Calls Ratio. While this is likely to increase the probability that a
local patrol officer will abandon his beat, one could be concerned that the decrease in
out of beat patrol allocation was a result of a general decrease in crime concerns at the
division level (both inside and outside the beat).? In this case, applying the Outside Calls
Ratio could bias the estimated deterrence effect towards zero. To address this concern,
I introduce an additional instrument of Qutside Calls. This instrument is equal to the
numerator of the Qutside Calls Ratio and is a weighted sum of calls, unrelated to crimes,
occurring within the division outside of the beat being currently patrolled. While, this
instrument has a weaker first stage in terms of predicting police presence in the beat,
the exclusion restriction is more compelling.'”

My results suggest that the number of officers patrolling a beat has a significant
impact on the probability of crime. I first demonstrate that as reported in previous
studies, there is a positive correlation in the data between police presence and crime.
This positive correlation remains significant even when controlling for beat and time
fixed effects. This suggests that police departments may be able to quickly adjust police
presence to changing crime risks within locations over time. It is only when instrumenting

for actual police presence with either the Outside Calls Ratio or Outside Calls that 1

9 Alternatively, one could be concerned that a decrease in out of beat patrol allocation may be driven
by an increase in police patrol within the beat as the division has a set number of officers to allocate.
This would imply that the Outside Calls Ratio would be positively correlated with police presence. I
therefore focus only on outside officers assigned to patrol in the sector where the outside call took place.
Since there are roughly 5 sectors in each division the count of officers assigned to one sector should not
define officer allocation in any given beat b. Indeed, the data show the opposite trend where an increase
in the Qutside Calls Ratio results in a decrease in police presence.

10Tn the analysis I interact the instrument with an indicator for division. This strengthens the first
stage of the instrument so that it does not fall under the weak instruments category.



can identify a deterrence effect. I estimate that a 10 percent decrease in police presence
results in a 7 percent increase in crime. I provide evidence that this result cannot be
explained by displacement of crime to neighboring beats.

While police departments often consider rapid response times (minimizing the
elapsed time between receiving an emergency call and responding to that call) to be
one of the most important tools for solving crimes, criminologists argue that no evidence
exists to support that claim (Sherman, 2013).!! Not only have few studies examined the
impact of rapid response times on solving crimes, but also no attempt has been made
to measure how rapid response tools impact the deterrence capacity of the police. My
results provides an estimate of both the deterrence created by routine police activities
and the possible community safety costs of police officers dividing their time between
preventing future crimes and responding to past crimes.

These results join an empirical literature on measuring deterrence that focuses
on applying techniques to mitigate simultaneity bias. My estimated elasticities of -0.9
regarding the impact of a change in police presence on violent crime and -0.6 on property
crime fall at the higher end of the range of elasticities of between -0.4 and -1 (violent)
-0.3 and -0.5 (property) reported in previous work (see Levitt (1997 & 2002) and Evans
and Owens (2007)).'?

Both Levitt (1997 & 2002) and Evans and Owens (2007) applied instrumental
variable strategies to estimate the elasticity of crime to police force size. Chalfin and
McCrary (2017) raise concerns regarding weak instruments in these papers and point

out that these studies show a wide range of estimates that are often not statistically

'The general embracement of rapid response policing is evident in the summary of “best practices in
police performance measurement” provided by the Rand Corporation (Davis, 2012). Using data from
the Kansas City Preventative Patrol Experiment, Kelling et al. (1974) found no impact of response
times on solving crimes. However, Blanes i Vidal & Kirchmaier (2017) find that faster response times
increase the likelihood of detecting crimes when using an instrumenting strategy based on the distance of
the incident from police headquarters. Mastrobuoni (2015) reaches a similar conclusion when analyzing
the outcomes of quasi-experimental variations in police presence in the city of Milan.

12See McCrary (2002) for some concerns regarding estimates produced in the Levitt (1997) paper.



significant at conventional confidence intervals. The instruments used in this research
avoid this critique with first stage F statistics of above 40 for both the Outside Calls
Ratio and Outside Calls instruments. The deterrence estimates reported in this paper
also fall within much smaller confidence intervals.

An additional branch of the literature focuses on exogenous changes in police pres-
ence that are driven by threats or actual acts of terrorism (Di Tella and Schargrodsky
(2004), Klick and Tabarrok (2005), Draca et al. (2011), and Gould and Stecklov (2009)).
Di Tella and Schargrodsky (2004) and Draca et al. (2011) report smaller elasticities
of crime with respect to police presence of between -0.3 and -0.4. Similarly, MacDon-
ald et al. (2015) report an elasticity of crime with respect to police presence of -0.33
when examining an increase of 200 percent in police presence in the area surrounding
the University of Pennsylvania campus. This estimate shrinks further when focusing on
randomized experiments. Sherman & Weisburd (1995) found that doubling police pa-
trol at hotspot locations in Minneapolis resulted in a 6 to 13 percent decrease in crime.
Blattman et al. (2018) report that an intervention that included doubling police presence
at high street segments in Bogota led to a decrease in city-wide crime of below 2 percent
when accounting for spatial spillovers.

This paper offers a bridge between the detailed location specific data that is ana-
lyzed in randomized experiments and the aggregate data that is usually available at the
city level. To the best of my knowledge, Blanes i Vidal & Mastrobuoni (2018) is the
only other paper that attempted to look at the geographic distribution of police officers
throughout an entire city using precise GPS level data on police location. They take
advantage of a natural experiment where police spent an extra 10 minutes per week in
a 200 meter radius of an area where a burglary was reported for the week following a
burglary. Interestingly, they find no effect of this change in weekly level police patrol
on crime. I focus on police presence at the hourly level within Dallas beats (averaging

2.7 kms?) and examine whether or not routine changes in police behavior can have sig-



nificant impacts on crime. One important difference between these two studies is that
this project focuses on moving police away from an area they have chosen to patrol,
while Blanes i Vidal & Mastrobuoni (2018) focus on sending officers to patrol a specific
location.

This paper proceeds as follows. In the next section I introduce the data used for
this project as well as my technique for measuring police presence. Section 3 discusses
the empirical strategy and presents estimates of the impact of police presence on different
types of crimes. Section 4 explores the mechanisms of deterrence that are driving my

results. Section 5 concludes.

2 The Data

Dallas, Texas is the ninth largest city in the US, with roughly 1.2 million residents
and 3,266 sworn police officers spread over 385 square miles. I use two separate Dallas
Police Department (DPD) databases that provide information on the precise location of
both crime and police in 2009. The DPD call database records the time and location
of each report of crime to the department. The Automated Vehicle Locator (AVL)
database tracks the location of police cars throughout the day. Together they provide
an opportunity to understand how police presence impacts crime.!?

Dallas is an ideal location for research using AVL data since it is mostly flat and
thus, is able to provide fairly precise latitude and longitude points with minimal missing
data. Dallas police patrol is divided into 7 patrol divisions (Central, North Central,
Northeast, Northwest, South Central, Southeast, Southwest) which are each commanded

by a deputy chief of police. Figure 2 provides a map of the city divided into divisions and

beats. There is some variation in the characteristics of beats across different divisions in

13Using geographic mapping software I collect additional information on population size as well as
miles of roads across different areas in Dallas. These data are combined with information on daily
temperature, visibility, precipitation, sunrise, and sunset times in order to control for variability in the
probability of crime over time.



the city as illustrated by Table 1. Beats in the Central division are smaller, averaging
0.6 square miles, while beats in other divisions average 1.8 square miles. Beats in the
South Central division have a higher percentage of black residents, while beats in the
Southwest have the highest percentage of Hispanic residents. Residents of the North
Central division report higher incomes. These characteristics highlight the importance
of focusing on crime outcomes at the beat level as different parts of the city may require
different levels of police presence and face different crime risks.

The analysis is conducted on geographic beats at hour long time intervals. I use the
call database to count the number of crimes called into 911 for each beat b and hour h.
Focusing on 911 calls as opposed to crime reports is expected to lower concerns regarding
selective reporting of incidents. While I cannot rule out the possibility that in certain
beats crimes may not be called in to the police, this should not impact my results when
controlling for beat fixed effects. A larger concern is whether the presence of a police
car in an area may reduce calls to 911 as people can speak directly with the patrolling
officer. Importantly, 911 is the generally accepted protocol for reporting crime. Beats
average 1.7 square miles and roughly 40 minutes of patrol per hour, thus reporting via
911 will usually be significantly faster.'*

The original database included 684,584 calls recorded throughout 2009 in Dallas,
Texas. My final call database consists of 556,978 calls after removing duplicate calls and
excluding calls that were classified as hang-ups. Details of the data cleaning process are
in Appendix A. The main analysis focuses on 289,030 calls reporting incidents of crime.
These crimes are classified into the following categories: public disturbances, burglaries,

violent crimes, and theft.!> Figure 3 illustrates how the number of crimes vary over time

14Using internal DPD data, a source from the Dallas Police Department estimated that roughly 90
percent of reported crimes are initiated via 911 calls. The remaining 10% are likely to be a combination
of officer initiated calls (often related to traffic stops), sex assault victims (reporting from trauma centers,
hospitals, colleges, and victims’ advocates), as well as residents reporting both to patrol officers and
arriving directly at the police station.

15 A crime is classified as a burglary if it involves entering a structure with the intent to commit a



in different areas of Dallas. While crime in all areas tends to peak in May and plummet
in December, there are also significant fluctuations in the crime rate throughout the year.

Beginning in the year 2000, Dallas police cars were equipped with Automated
Vehicle Locators (873 tracked vehicles). These AVL’s create pings roughly every 30
seconds with the latitudinal and longitudinal coordinates of these vehicles. Each ping
includes the radio name of the vehicle which provides information on the allocation of
the police vehicle. Thus, a ping with radio name A142 refers to a car that was allocated
to patrol beat 142 during patrol A (during the 1st watch that takes place between 12
AM and 8 AM).'6

The Automated Vehicle Locator Data also includes a report indicator for vehicles
that are responding to a call for service. This indicator provides information on whether
the vehicle is on general patrol or responding to a call. In contrast to an aggregate count
of police officers per city, these data present an opportunity to map the activity of each
individual squad car throughout the day.

The call database and Automated Vehicle Locator dataset are the actual data
used by the Dallas police department to assign officers to 911 incidents. Thus, when
a 911 call is placed in Dallas, the call taker records basic information on the incident
(location, caller name, classification of incident, and time) and defines the severity of the
incident. This information is loaded into the CAD (Computer Aided Dispatch) system
which is the source for the call data. This incident then appears on the computer of
the police dispatcher for the relevant division where the incident was reported.!” The

police dispatcher then assigns the incident to a patrol car based on priority (as recorded

crime inside. Stabbings, shootings, robberies, assaults, kidnappings, and armed encounters are classified
as violent crimes. Public intoxication, illegal parking, suspicious behavior, prostitution, loud music, gun
fire, speeding, road rage, and panhandlers are classified as public disturbances.

16Cars are often allocated to more than one beat, therefore the radio name serves as a proxy for
allocation to a given beat. While, it would be preferable to have data on the exact allocation, this can
still provide insight into the general area of allocation.

I"Each of the 7 divisions has its own set of dispatchers.

10



in call data) and distance of car (as tracked in AVL data). When possible the incident is
assigned to the police officer allocated to the beat of the incident, but since this officer
can be otherwise occupied and most calls require two officers, officers are often assigned
to out of beat calls. While, it is possible during severe emergencies for police dispatchers
to coordinate and allocate officers across divisions, police are generally dispatched to
calls within their division.

To create a database of police location, I divide the city of Dallas into 232 ge-
ographic beats of analysis and map each ping from the Automated Vehicle Locator
Database (AVL) into a beat.!® The vehicle pings are then used to count the minutes
of police presence over each hour long interval of 2009. I define minutes of presence for
each car as the elapsed time between first entrance and first exit from the beat. If the
car exited the beat and later returned, it is categorized as a new first entry and first exit.
Thus, a car that is present in beat 142 between 6:50 and 7:20 will contribute 10 minutes
of presence in hour 6 and 20 minutes of presence in hour 7. If that same car returns
to the beat at 7:30 and exits at 7:50, it will contribute 40 minutes of presence in hour
7. Only cars that were in a beat for at least 5 minutes of that hour can contribute to
minutes of presence.’

Figures 4 and 5 illustrate the levels of both police allocation and actual presence
across different parts of the city over time. While beats in the South receive a higher
allocation of police officers than beats in the North, it is clear from Figure 5 that actual
presence is higher in the North. My identification strategy builds around the idea that
actual police presence over time is not fully determined by the allocation of officers.

Table 1 summarizes the mean hourly values for crime, police allocation and police

presence by beat at the division level. The majority of crimes occur in beats that are

18The study focuses on 232 out of 234 beats in Dallas. Two beats were excluded from the analysis as
they are composed primarily of water.

19T set a lower bound of presence at 5 minutes in order to focus the analysis on cars that were likely
to be patrolling the given beat and not simply driving through the area.

11



located in the Southwest side of the city (with an average crime rate of 0.194). On average
police officers are allocated to cover beats for 60 to 80 percent of each hour. The highest
level of police allocation is in the North Central division where on average each beat has
an allocated officer for over 80% of each hour, while in the Northwest division, a patrol
officer is allocated to a beat for only about 60% of every hour. However, police allocation
only refers to whether or not there was an active patrol officer at this hour of the day
whose radio name referred to the given beat. Actual police coverage varies significantly
from allocated coverage, with the largest average difference observed in the Southeast
division. While allocated coverage is determined at the start of an officers shift, police
presence is a function of the events and crime concerns that develop throughout the day.

The simultaneous relationship between police presence and crime is already made
apparent in Table 1. Beats in the Northeast division average 30 percent less police
presence than beats in the Southwest division, yet beats in the Southwest division report
a higher crime rate. In order to identify a causal effect of policing on crime, I focus on
an instrument that impacts the level of police presence in a given beat, but should not
directly impact crime.

Outside Calls (OCyy,) are calculated for each beat (b) and hour (h) as a weighted
average of the number of calls occurring in division D, outside of beat b. Hour A is a time
variable beginning at 0 at 12 AM on January 1st, 2009 and culminating at h =8736 at
11 PM on December 30th, 2009. Thus, I sum the number of 911 calls received in division
Dy, outside of beat b during hour h reporting incidents related to mental health, child
abandonment, fire, animal attacks, dead people, suicides, abandoned property, fireworks
and drug houses. Importantly, instead of calls occurring in all k£ beats of the division

being counted equally, OCy;, is a weighted sum,

OCy, = Z Tgoh, Wk (1)

k£beDy,h

Where nyy, is the number of calls that occurred in beat k£ during hour h and wyy

12



is the estimated probability that an officer in beat b will be assigned to a call in beat k
(See Appendix B for a description of this process).

The Outside Calls Ratio (OC Ryy,) divides the Outside Calls instrument from equa-
tion (1) by the number of officers allocated to patrol in the sectors surrounding the outside
call beats.?? In order to create this instrument, I calculate aggregate measures of police
presence at the beat and sector level.

[ define P Ay, as the amount of time (in hours) patrol cars were allocated to spend in
beat b during hour h. The allocation of police vehicles (P Ayy,) is determined by assignment
at the start of their shift and is different from police presence (FP,,) which is a measure
of where they actually patrol. For example, PA;, would be equal to 1 at a beat and
hour where one car was allocated to patrol, even when actual police presence (Py,) was
only 0.5 as the car was only physically patrolling the beat for 30 minutes of that hour.
Sector _PAp, =3 e, n PAjn is the amount of time (in hours) patrol cars were allocated
to spend in the sector (S) surrounding beat k& during hour h. O Patroly,, is calculated for
each beat (b) and hour (h) as a weighted average of allocated patrol cars in the sectors

within division D where calls took place, 2!

OPatroly, = Z Sector  PAgn X Npp X Wy (2)
ke£be Dy, h

The variable O Patroly;, provides a weighted measure of the number of officers that
are in the area surrounding beats where relevant outside calls occurred. This may affect
the likelihood that an officer from beat b will abandon his beat.

I define the Outside Calls Ratio (OCRyy,) as,

20The Dallas police department divides the city of Dallas into 7 divisions, where each division is split
into sectors. Each sector is comprised of roughly 7 beats.

21 Sector P Ay, in equation (2) is a count of police allocation outside of the given beat b. Thus, when
the sector of the outside call (k) is the same as that of the given beat b, Sector PAy, = Zjesk,h PAp,—
PAbh.

13



_ OCy,
OCRy = Gporor 3)

In the next section I lay out my empirical strategy for estimating the deterrence
effect of police presence on crime. I discuss unobserved factors that can create bias
in estimating this effect and explain how the instruments address these concerns. My
results illustrate that even with very detailed micro data, absent an exogenous shift in

police presence, policing and crime remain positively correlated.

3 Empirical Strategy and Results

In equation (4), I model the occurrence of a crime (Cy;,) as a function of police presence

(th)a

Con = xonBo + B1Bon, + e + M + €vn (4)

Cyp is a count of the number of 911 calls reporting incidents of crime (violent
crimes, burglaries, thefts, and public disturbances) at beat b during hour h. The variables
included in zy, capture time varying environment characteristics that could impact the
costs and benefits of crime (weather, visibility, etc.). The focus of my analysis is Py,
a count of the amount of time police officers spent patrolling inside beat b at hour h.
If one police vehicle was present for a full hour (h) at beat (b) then P, = 1. A single
patrol car in the beat that was only present for 30 minutes will result in a P, value of
0.5, alternatively, 2 cars that were present over the entire hour will result in B, = 2.
The time and beat fixed effects 7, and 7, account for the differential probabilities in
crime across different times and beats. If policing is uncorrelated with the remaining
unobserved factors impacting crime (ep;,), then Bl estimates the amount of deterrence
created when police coverage is increased by 1 car.

My main concern regards the endogeneity of policing F. It has been well docu-

14



mented in the literature that police allocation is far from exogenous. In a well functioning
police department officer allocation will be highly correlated with crime. Using detailed
geographic data can further complicate the relationship as one would expect that when
a crime occurs in a given hour more police will immediately enter the beat in response
to the crime. Even after removing cars that are specifically assigned to respond to the
call, I cannot rule out a situation where additional officers may be drawn to the location
of the crime incident for backup purposes. An additional concern is that there may be
seasonal differences in crime risks that are addressed by the police force by means of
changing police allocation across beats and time.

The Dallas Police Department has a stated goal of answering all serious 911 calls
(priority 1) within 8 minutes and priority 2 calls (e.g. potential for violence or past
robbery) within 12 minutes (Eiserer, 2013). Thus, the pre-planned allocation of an
officer to a beat can be disrupted by an influx of emergency calls. It is exactly this
differentiation between the endogenous choice of sending officers to higher risk crime
locations and the plausibly random timing of emergency calls in surrounding areas that

provide a first stage for police presence Py,

th = TppQg + OélOCbh + et + Pb + 5bh (5)

While the allocated level of presence can be determined by the perceived crime
risk in that area (d,), actual presence is impacted by an exogenous factor, Outside
Calls (OC) as defined in equation (1). The estimated coefficient on the instrument (&)
is expected to be negative, since an increase in outside calls should decrease police
presence in the beat (By,). Figure (6) shows that beats and intervals of time with a
higher measure of Outside Calls (OC) have lower levels of police presence and higher

levels of crime.??

22Qutside calls is a weighted sum of outside incidents related to mental health, child abandonment,
fire, animal attacks, dead people, suicides, abandoned property, fireworks and drug houses.
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Table (2) presents regression estimates for the general impact of the Outside Calls
Ratio and OQutside Calls on police presence as defined in equation (5). I find that
increasing the Outside Calls Ratio by 1 decreases police coverage by 0.055 (s.e. 0.003)
which is significant at the 1 percent level. Not surprisingly, without information on
outside patrol, the precision of the instrument in predicting police presence in the beat
decreases. Specifically, I find that an additional Qutside Call decreases police presence
by 0.078 (s.e. 0.026)). One explanation for this weaker response is heterogeneity across
locations in their response to outside calls. While the Outside Calls Ratio takes into
account that an officer is more likely to be assigned to an out of beat call when that
call takes place in an area where police are spread thinly, this does not hold for the
Outside Calls instrument. A source of heterogeneity could be that in areas and hours
when police presence is more saturated, an increase in calls in a neighboring beat could
actually bring more officers to the area as officers drive through on their way to respond
to the call.

To maximize the flexibility of the Outside Calls instrument, I interact it with an
indicator for police division. This allows different divisions to follow different protocols
or face different constraints regarding between beat allocation. After including these
interactions, the first stage F statistic on the Outside Calls instrument is 40.81. While
an increase in the Outside Calls Ratio results in a significant decrease in police presence
across all 7 divisions, the effect of Outside Calls is more varied and exhibits a positive
effect on police presence in beats in the Central division that are typically small in size
and very close together.?> The instrumental variable analysis conducted in this paper
always includes this interaction for the Outside Calls instrument.

I estimate the impact of police presence on all crimes using equation (4) for fixed

23While this does not impact the exclusion restriction, it could raise questions regarding the
monotonicity assumption of the instrument. Note, however, that this will not create additional bias
under the assumption that the average causal effect of police presence on crime is the same for the com-
pliers (those for whom outside calls decrease police presence) and the defiers (those for whom outside
calls increase police presence) (following Angrist, Imbens, and Rubin (1996)).
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effects and 2SLS specifications. I compute heteroskedasticity and autocorrelation consis-
tent standard errors for all specifications (see Conley (1999)). The focus of this paper is
estimating [, the impact of an additional police vehicle in a given beat (b) and hour (h)
on crime outcomes (Cjy). In the fixed effect model (column (1) of Table (3)) I find that
an increase in police presence seems to imply an increase in crime even when controlling
for weather as well as time fixed effects (month, day of week, and weekend xhour) and
beat fixed effects.?* These results suggest that the presence of an additional police car
at a given beat results in a significant 0.012 increase in crime (at an average crime rate
of 0.15).

Two stage least squares estimates appear in columns (2) and (3) of Table (3). The
estimate in column (2) measures the deterrence effect when actual police presence (By,) is
instrumented with the Outside Calls Ratio, column (3) provides an estimate of the effect
when applying the alternative Qutside Calls instrument. These two stage least squares
estimates provide an opportunity to measure deterrence without the simultaneity bias
concerns in the OLS estimates (if more police are present at locations and times with
increased crime risks this will result in a positive bias on the estimated deterrence effect
<El> The instrument allows me to focus on changes in police presence that were not a
direct outcome of changes in perceived crime risks at the given beat and hour.

In specification (2) when instrumenting for police presence with the Outside Calls
Ratio instrument, I find a significant negative effect of police presence on crime equal
to —0.185 (0.032). While ; in equation (4) represents the effect of an additional police
vehicle (P,,) on crime, what is driving the estimate is the reality that cars are often
withdrawn from their patrol beat when assigned to an outside call. Accordingly, a
real world interpretation of this effect is that removing 60 minutes of presence from a

given beat at a given hour results in a 123 percent increase in crime (10() X %) ST

241 control for weekendxhour fixed effects in order to allow weekend hours to differ from weekday
hours.
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focus on average police presence per hour (36 minutes), a 10 percent decrease in police
presence implies a 7.4 percent increase in crime (elasticity of -0.74).%° I estimate a similar
deterrence effect when applying the Outside Calls instrument (column (3)).

Table (3) also provides information on how different weather and time character-
istics impact crime outcomes. I find that crime is more likely to occur during twilight.
Higher temperatures increase the occurrence of crime, and bad weather lowers the prob-
ability of crime.

In Table (4), I separately examine the impact of police on different types of crimes
(violent crimes, public disturbances, burglaries, and theft).?® T first report the mea-
sured effect of police presence in an OLS model that controls for month, day of week,
weekend x hour, and beat fixed effects, as well as temperature, precipitation, twilight,
holiday, and darkness. In specifications (2) and (3), I report results when instrumenting
for police presence with the Qutside Calls Ratio and Outside Calls instruments used in
Table (3) .27 All crime types exhibit a significant positive correlation between police pres-
ence and crime (see column (1)) that disappears when instrumenting for police presence
with the Outside Calls Ratio and Outside Calls (see columns (2)-(3)).

The estimated deterrence effect of police presence on violent crime after instru-
menting for police presence with the Qutside Calls Ratio is similar to that of Outside

Calls. These deterrence estimates of -0.094 (s.e. 0.017) and -0.098 (s.e. 0.028) translate

to an elasticity of roughly 0.9.2® While both instruments provide similar estimates of

2>This is calculated as 38 x 100 x %135

26] classify violent crimes as stabbings, shootings, robberies, assaults, kidnappings, and armed en-
counters. [ classify public intoxication, illegal parking, suspicious behavior, prostitution, loud music,
gun fire, speeding, road rage, and panhandlers as public disturbances.

2T Qutside Calls are defined in this paper as those reporting mental health, child abandonment, fire,
animal attacks, dead people, suicides, abandoned property, fireworks and drug houses.

28The deterrence impact on violent crimes was calculated by taking the estimated impact of an
additional police vehicle on violent crime (-0.094 (OCR) & -0.098 (OC)) relative to the average violent
crime rate of 0.065. Thus, the OCR (OC) instrument specification estimate implies that an additional
police car results in an 144 (151) percent decrease in violent crime. Since the average amount of police
presence is 0.6, a 10 percent increase in police presence requires dividing the full hour impact by 16.7.
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the effect of police presence on public disturbances and burglaries, it is more noisily
measured when applying the Outside Calls instrument. I find that a 10 percent increase
in police presence decreases public disturbances by 6 to 7 percent, and burglaries by 5
to 6 percent. The effect of police presence on theft in Row D is much smaller and not

statistically significant from zero when applying either of the instruments.

4 A Closer Look at the Mechanisms of Deterrence

My estimates suggest that police presence at the beat level can significantly impact crime.
The next step is to understand the mechanism by which police presence changes behavior.
What are patrol officers doing to prevent crime? Does police presence also impact non-
crime related incidents? Are police officers more/less effective when allocated to certain
areas? Does an increase in police presence at this beat displace crime to a neighboring
beat?

Police officers engage in both active patrol (e.g. stops, questioning, frisks) and
passive patrol (e.g. car patrol, paperwork) when working a beat. In order to correctly
interpret my deterrence results, it is relevant to understand the extent to which outside
calls impact active police patrol. This differentiation is important for gaining insight into
whether or not an empty patrol car (or an officer who is simply filling out paperwork
in his/her car) can have the same deterrence effect as an officer actively patrolling the
streets. I therefore use arrests as a proxy for active police presence and examine how
they are impacted by changes in police presence that are driven by out of beat calls.

Table (5) suggests that changes in police presence that are driven by out of beat
calls may impact arrests. One interpretation of these results is that police are creating
deterrence, not only by being present in the area, but actively reminding individuals that
there are repercussions for criminal behavior. An alternative explanation could be that

part of the deterrence effects presented in this paper may be a result of incapacitation,

This calculation is also applied to all other crime types.
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where the individual arrested had planned to commit multiple crimes in that beat at that
exact unit of time but due to police presence was arrested after the first attempt. If this
is the mechanism through which incapacitation immediately impacts crime, then it is
possible to measure a deterrence effect that is separate from incapacitation by estimating
equation (4) focusing on how police presence (Py,) impacts the probability of a crime as
opposed to the number of crimes. In this specification, I continue to find a significant
deterrence effect such that a 10 percent increase in police presence results in a 6.1 to
7 percent decrease in the probability of crime.? While this suggests that people may
change their behavior due to the increased risk of penalty when police are present, I
cannot rule out the possibility that some of this effect is driven by an arrest taking place
before the individual had time to commit an additional crime.

In 2009, DPD received over 10,000 911 calls related to fires, suicides, abandoned
children, and drug houses. While these incidents require police involvement, we would
not expect them to respond to changes in police presence. Thus, these call categories
provide an opportunity for a placebo test to ensure that the deterrence estimates reported
in Tables (3) and (4) are driven by changes in police presence. Table (6) illustrates that
unrelated calls that should not be sensitive to police officer patrol (suicides, abandoned
children, fires, and drug houses) are not significantly impacted by police presence when
applying both instruments.

If police presence impacts crime by providing a visual reminder of the costs of
crime, I would expect larger beats, where officers are less likely to be seen, to be less
affected by losing a police vehicle than smaller beats. In Table (7), I split the data into
three groups of roughly equal sizes: small beats (less than 4.6 miles of roads), midsize

beats (4.6 to 8 miles of roads), and large beats (more than 8 miles of roads). I find that

2 The estimated coefficient on Py, is -0.163 (s.e. 0.028) when applying the Outside Calls Ratio
instrument and -0.141 (s.e. 0.034) when applying the Outside Calls instrument. The average probability
of crime per beat and hour is 0.14 (s.d. 0.3) and the average amount of police presence is 0.605 (s.d.
1.08).
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police vehicles have a smaller impact on crime in large areas versus mid-sized areas when
using the Outside Calls Ratio and the Outside Calls instruments.

When instrumenting for police presence with OCR, 1 find that each additional
car reduces crime by 0.116 (0.035) in the larger beats versus 0.246 (0.060) in midsize
beats and 0.253 (0.075) in the smaller beats. Interestingly, this implies that a 10 percent
increase in police presence in either a large beat or a mid-sized beat results in a 7.6

percent decrease in crime (100 x 0.094 x %40 ~ 100 x 0.053 x 2230)  with a smaller

marginal effect of 5.7 at smaller beats (100 x 0.034 x 7%22) 30 This similarity at the
margin is driven by the significant difference in average police presence between beats
of different size, where small beats average 20 minutes of presence, mid-sized beats
average 30 minutes of presence, and large beats average 57 minutes of presence per hour.
Differences in the baseline rate of police presence per beat may also contribute to the size
of the deterrence effect. In other words, taking an officer away from a beat that averages
little to no police presence may be more detrimental to crime control than taking an
officer from a beat with relatively high levels of police presence.

The question of deterrence versus geographic displacement is an important issue.
My findings suggest that increasing the size of the patrol force would decrease crime (as
this could hypothetically allow an increase in police presence in all locations). However,
if increasing police presence in one location simply shifts crime to the next location, it
could raise significant concerns about increasing police presence in a specific beat. I
therefore consider the impact of police presence at larger geographic levels in Table (8),
where I would expect to find a smaller impact of police presence on crime if criminals are
shifting their activities to neighboring beats. In Dallas, beats are grouped into sectors,

with each sector comprised of roughly 7 beats. The measured effect of police on violent

crime and burglaries at the sector level when applying the Outside Calls Ratio instrument

30When splitting the data by beat size, the first stage F tests when using the OQutside Calls instrument
are below conventional levels for small and mid-sized beats. The measured deterrence effect for large
beats is larger than that of the OC'R instrument and statistically significant at the 1 percent level.

21



is very similar to the estimates reported in Table (4) from analyzing deterrence at the
beat level. However, when applying this same instrument, I do not find a statistically
significant effect of police presence on public disturbances at the sector level. When the
analysis was run at the beat level, I measure an elasticity of -.7 which is significant at
the one percent level.3! These estimates suggests that most crimes do not easily displace

to neighboring areas.

5 Conclusion

While there exists an abundance of research and views regarding the deterrent effects
of policing on crime, there has yet to be a detailed analysis using information on how
the exact location of police officers affects behavior. In a survey conducted in May 2010,
71 percent of city officials reported decreases in the number of police personnel in order
to deal with budget cuts resulting from the economic downturn.’?> With lower budgets,
police departments are being forced to make tough decisions regarding police activities
and deployment. Understanding how these deployment techniques impact crime is key
for optimizing outcomes given the current budgets.

Police department performance measures are often a function of crime rates, ar-
rests, response times, and clearance rates (the proportion of crimes reported that are
cleared by arrests). Some deterrence programs may take time to develop and see results.
Thus, a police department that is very involved in neighborhood based crime reduction
activities may get little reward for its effort in terms of decreased crime rates. Addi-
tionally, as crime rates and clearance rates are influenced by outside factors and their

outcomes are an imprecise reflection of investment, departments may prefer to focus

31The measured deterrence effects at the sector level when applying the Outside Calls instrument
are larger than those estimated at the beat level. Thus, they do not provide any evidence of a spatial
spillover effect.

32Information released in "The Impact of The Economic Downturn on American Police Agencies" by
the US Department of Justice, October 2011.
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on shortening response times, an easily measured police activity.*® Indeed, The Dallas
Morning News reported in 2013 that after criticism of rising response times to 911 calls
the Dallas Police Department "temporarily reassigned dozens of officers who normally
spend much of their time targeting drug activity to duties where they respond to 911
calls" (Eiserer, 2013).

The results presented in this paper raise concerns that frequently assigning officers
to out of beat 911 calls may have significant costs in terms of deterring future crimes. I
estimate that a 10 percent decrease in police presence at a given beat and hour increases
crime at that location by 7 percent. This estimate is especially relevant to 911 calls as
my instruments focus on shifts in police presence that are created because officers are
assigned to incidents outside of their beat. This paper asks the question, what happens
when a police car leaves its allocated area to fulfill other departmental duties? I find
that shortening response times may directly impact the deterrence effect of patrol officers.
This problem will only increase as the number of hired police officers decreases in size.

Despite the concern that deterrence is negatively impacted by the assignment of
officers to out of beat calls, the flip side of this finding, is that the thin allocation of
officers across large areas (which is driven by the rapid response philosophy) can have
crime prevention benefits. The prevalent assumption that there is a tension between
the rapid response philosophy and deterrence is not borne out of my research. In other
words, the fact that the movement of these allocated officers impacts crime, implies
that allocating officers in an effort to provide fast response times can be wedded to
a deterrence policy. While the allocation of officers to beats may be driven by the
demands of providing fast response times, in reality, the presence of these cars reduce
the probability of crime. This may imply that police executives can "have your cake

and eat it too," but does not rule out the possibility that stronger deterrence may be

33See Davis (2012) for a more in depth discussion regarding police outcomes and outputs (police
investment).
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achieved by a hotspots verus rapid response allocation strategy. Either way, my results
highlight the caution that must be taken in order to maximize the deterrence benefits
of a rapid response system. While arriving quickly at the scene of an incident may help
to lower the expected benefit of committing a crime (see Blanes i Vidal & Kirchmaier
(2017), and Mastrobuoni (2019)), it can also disrupt preemptive police activity.

My results suggest that optimizing the impact of policing on crime requires weigh-
ing the costs and benefits of assigning officers to out of beat calls. But what is the
aggregate impact of outside calls on crime? If beats where 911 incidents occur gain the
minutes lost at the assigned officer’s patrol beat, we might expect a decrease in crime
that matches the increase at the abandoned beat and no aggregate effect of outside calls
on crime. However, this does not take into consideration the commuting time lost as
well as the fact that an officer responding to an incident may not be as visible as an
officer on general patrol. Additionally, losing an officer assigned to patrol a beat that
he/she is familiar with, may have a very different effect than the added presence of a
new officer in a possibly unknown environment. Indeed, recent research on increases in
patrol surrounding areas where crime occurred have shown limited deterrence effects (see
Vidal & Mastrobuoni (2018) and Blattman et al. (2018).

In addition to providing a measure of the crime costs of decreasing police force
size throughout the US, this paper provides insight into the mechanism through which
police reduce crime. My outcomes are particularly interesting given recent studies that
imply that policing is only effective when focused at specific high crime locations.** One
interpretation of my results is that police do not need to be micro managed and simply
assigning them to a fairly large geographic area (beats average 1.7 square miles) will
reduce crime. However, the Dallas Police Department is known to follow a directed
patrol data driven strategy that attempts to direct patrol specifically to hotspot areas

(street blocks with very high crime rates). Thus, within the beat, allocated police may

31See works by Weisburd et al. (2015) and Koper & Mayo-Wilson (2012).
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be focused on specific hot spot areas that they are forced to abandon when answering a
call.

This paper attempts to shed light on what police are doing in order to lower crime.
My results show that their geographic presence alters crime outcomes. The next natural
step is to understand how the activities of patrol officers create these crime impacts. I
find that assigning officers to out of beat calls, not only reduces police presence, but also
lowers arrest rates. Thus, it is plausible that part of the deterrence effect discussed in
this paper is driven by an incapacitation effect, where crime decreases because a criminal
is arrested before he/she can commit multiple offenses.?> However, as this effect occurs
immediately (within the same hour) it also suggests a separate deterrence channel where

increased police visibility has a direct impact on crime outcomes.

35See work by Ater et al. (2014) that find a significant impact of arrests on crime that they attribute
to an incapacitation effect.
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Average Number of Cars Present at Beat

Figure 1: The data was collapsed at each vehicle allocation point. Generally either 0,1,
or 2 cars are allocated to patrol a given beat at a given hour. However, if a car did not
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begin or end patrol on the hour this results in a fraction of car allocation. The size of
the circle relates to the density of observations at that car allocation point.
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Figure 2: Dallas Beats
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Figure 3: The data was collapsed at each beat and day of year. The South line is the
average number of crimes commited per beat and day in the Southeast, Southwest, and
South Central Divisions. The North line is the average number of crimes commited per
beat and day in the Northeast, Northwest, and North Central Divisions.
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Figure 4: The data was collapsed at each beat and day of year. The South line is the
average number of allocated patrol hours per beat and day in the Southeast, Southwest,
and South Central Divisions. The North line is the average number of allocated patrol
hours per beat and day in the Northeast, Northwest, and North Central Divisions.
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Figure 5: The data was collapsed at each beat and day of year. The South line is the
average hours of actual police presence per beat and day in the Southeast, Southwest, and
South Central Divisions. The North line is the average hours of actual police presence
per beat and day in the Northeast, Northwest, and North Central Divisions.
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Residual Number of Cars at Beat

Instrumenting for Police Presence Using Outside Calls
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Figure 6: Residuals were calculated for police presence, crime, and outside calls by
regressing each variable on weather, time of day, and date characteristics. I drop residuals
that are not found across all beats or appear in less than 10 percent of the sample. The
data was collapsed at each calculated Outside Calls residual point and the lowest residual
of -0.025 was indexed to zero. Outside calls are defined as those reporting incidents
related to mental health, child abandonment, fire, animal attacks, dead people, suicides,
abandoned property, fireworks and drug houses. The size of the circle relates to the
density of observations at that residual Outside Calls point.
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Table 2: Outside Calls as Predictors of Police Presence

Instrument=OCHRatio" Instrument=Outsidealls
OCR Interactions oC Interactions
I nstrument -0.055*** -0.078***
(0.003) (0.026)
Instrument x South Central -0.080*** -0.687***
(0.008) (0.052)
Instrument x Southeast -0.044*** -0.224***
(0.009) (0.050)
Instrument x Southwest -0.044*** 0.016
(0.006) (0.065)
Instrument x North Central -0.070*** 0.107
(0.008) (0.072)
Instrument x Northeast -0.052* ** -0.273***
(0.006) (0.03)
Instrument x Northwest -0.055*** -0.032
(0.006) (0.069)
Instrument x Central -0.052*** 0.834***
(0.009) (0.110)
Beat Fixed Effects Yes Yes Yes Yes
Morth & Day of Week FE Yes Yes Yes Yes
Weekend X Hour FE's Yes Yes Yes Yes
Observations 2,017,676 2,017,676 2,017,676 2,017,676

Notes:FEach@®bservationAsGalbeatndthour@n®2009.Btandard@rrorsAn@arenthesisBccountfor
geographiclustering@vithinBEELOKmEadius,BindBerial@orrelation®fBhours. Btandard@eviationsire
presentedintbrackets.BAlIB pecifications@ontroldor@emperature,Bprecipitation,Rwilight,@larkness,@nd
whetherB®rihotAtAsEGholiday.

Them®utsideall s@RatioAsEaBbroxyFor@policeBctivityButside®hebbeat.AtAsEal culatediby@ividingthe
weighted® umBfibutsidelinrelated@allsby@Rhe@veighted® umBffficers@ssigned@olbatrol®hel ector
wheretheXallRook@lace.Dutside@inrelated®allsEre@lefinedzs®hose@eportingdncidents@el ated®o
mentalthealth,@hildEbandonmentire,BinimalGttacks,@leadibeopleBuicides,Babandoned@roperty,
fireworksBAnd@rugthouses.

2Outsideliﬂ:alIsIZaIls@IEWeightedE umBbf@11&alls@hat@re@inrel ated@orime@ccurring@vithin@he@ivision
outside®fitheleat.

*SignificantitfLO%;@ *signifi cantBt® %; **significant@ L %
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Table 3: The Effect of Police Presence on Crime

oLS IV=Eutside®allsRatio>  IV=Dutside@alls’
(1) (2) (3)
Police Vehicles: 0.012*** -0.185*** -0.181***
(0.0004) (0.032) (0.054)
Temperature 0.002*** 0.002*** 0.002***
(0.0001) (0.0001) (0.0001)
Precipitation -0.001*** -0.001*** -0.001***
(0.0003) (0.0004) (0.0004)
Twilight 0.007*** 0.006* ** 0.006***
(0.002) (0.002) (0.002)
Holiday 0.013*** -0.006 -0.006
(0.004) (0.006) (0.007)
Dark -0.00002 0.0004 0.0004
(0.002) (0.003) (0.003)
Beat FE's Yes Yes Yes
Month FE's Yes Yes Yes
Day of Week FE's Yes Yes Yes
Weekend X Hour FE's Yes Yes Yes
1% Stage F Stat 321.73 40.81
Observations 2,017,676 2,017,676 2,017,676

Notes FEach@®bservationdsGlbeatndthour@n®2009.ThefveragerimeRateds®.150s.d.[0.4),Bveragebolice@presence
is@.605ds.d.A.078).BtandardrrorsAn@arenthesistccountforGEeographicilustering@vithinBFLOEKmEadius,End
serial@orrelation@®fBHours.

1TheI?nhumberlibﬂjbolice@/ehicl es@atrolling®hefbeattFiventhourf60@mi nutes@fpresenceFEFehicle).
*TheutsideTall s@RatioAsEBroxyForioliceRctivity®utside®helbeat.AtAs@Eal cul atedBby@ividing®he@veightedBum
ofutsidefinrelated@alls@by@he@veighted® umfdfficersEssigned@oBatrol@heB ector@here®heallRook@lace.
Outsidelinrelated@allsEre@iefinedEsEhose@eportingi@incidents@el ated@o@nentalthealth,&hildEabandonment,Hire,
animalBttacks,@leadBeopleBuicides,BabandonedBroperty,&ireworksEnd@irugbhouses.
3OutsideIIaIIs@s@@weighted@um@;f@ll@:alIsEthat@ refinrelated@ol@rimelccurring@vithin@he@livision@®utside@dEhe
beat. This@nstrument@is@nteracted@vith@ivision@n@rder@ol |l owutDfibeattallsEobhavedifferent@ffectsdn

different@ivisions.
*Significant@tFl0%; *signifi cantt® %; **significant@ tEl %
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Table 4: The Effect of Police Presence on Different Types of Crimes

OLS IV=MutsideTallsRatio® V=Mutsidealls’
(1) (2) (3)

A.Dependent¥ariableE¥iolentrimes (meanDf@lependent®ariabled.065,®.d.M0.258)

Police Vehicles® 0.005*** -0.094* ** -0.098***
(0.0003) (0.017) (0.029)
B.[ependentVariableEPublicisturbances (mean®f@ependent®@ariable®.053,3.d.M.23
Police Vehicles® 0.004* ** -0.061*** -0.057**
(0.0002) (0.017) (0.025)
C.DependentVariableZBurglaries (mean®f@lependent®ariable.032,3.d.[0.181)
Police Vehicles® 0.003*** -0.030*** -0.026*
(0.0002) (0.011) (0.014)
D.Dependent¥ariableETheft (mean®f@lependent®ariable®.012,3.d.M.109)
Police Vehicles® 0.001*** -0.006 0.003
(0.0001) (0.007) (0.008)
Beat FE's Yes Yes Yes
Month FE's Yes Yes Yes
Day of Week FE's Yes Yes Yes
Weekend X Hour FE's Yes Yes Yes
1% Stage F Statistic 321.73 40.81
Observations 2,017,676 2,017,676 2,017,676

Notes FEachBbservationdsibeatzndfhour@n009.FAveragedolice@presenceds®.605Hs.d.7.078).
Standard@rrorsAnBbarenthesis@ccountFor@eographiclustering@vithinBELO&KmEadius,andBerial
correlation®fBEhours.Adnclude@ontrolsforemperature,@recipitation,@wilight,@arkness,@nd
whether®rihotAtds@EEholiday.

Themu mber@®folice@ehiclesBatrollingithefbea t@tFiventhourf60@mi nutesfibresenceE
vehicle).

ThefutsideTallsRati odsEBroxyForBolice@ctivitybutside®hebeat.AtAs@Ealculatedby@ividing
the@veighted® umbfButside@inrel ated®allsibyRhe@vei ghted® umBbfficers@ssigned@olBpatrol@he
sector@hereheiallRook@lace.nrelated®allsBre@efined@s@hoseeportingdncidents@el ated®o
mentalthealth,@hildEbandonment,ire,BanimalEttacks,@leadBeopleBuicides,Babandoned
property,direworksEnd@rugthouses.

*OutsideTall sAs@E@veighted® umBf®11&allsAinrelated@o@rime@ccurring@vithin@hellivision
outside®fEhefbeat.@hisAnstrumentdsAnteracted®vith@ivision@nBrder®o |l owdbutDfeattallsEo
havelifferent@ffects@n@ifferent@ivisions.

*SignificantBtE 0%;m*significant@t® %@ **significant@tEA %
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Table 5: The Impact of Police Presence on Arrests

IV=RDutside®allsRatio’ IV=utside®alls>
(2) (4)
Police VVehicles® 0.025 0.079**
(0.024) (0.035)
Temperature 0.0003*** 0.0003***
(0.0001) (0.0001)
Precipitation -0.001** -0.001**
(0.0003) (0.0003)
Twilight -0.002 -0.002
(0.002) (0.001)
Holiday 0.00001 0.005
(0.003) (0.004)
Dark -0.004** -0.005**
(0.002) (0.002)
Beat FE's Yes Yes
Morth FE's Yes Yes
Day of Week FE's Yes Yes
Weekend X Hour FE's Yes Yes
1% Stage F Stat 321.73 40.81
Observations 2,017,676 2,017,676

Notes:FEach@bservationds@ibeatBndthour@nR009.Theveragefrrestateds.03Hs.d.
0.29),Everageipolice@resencefds®.6050s.d.FL.078).Btandard@rrors@n@arenthesis@ccount
for@eographiclustering@vithinEEO&KmEadius,BandBerial@orrelation®fBEhours.
1Theﬁhumberljbﬂjbol ice@ehiclesBpatrolling®heibea tthtiiventhourf60EninutesBpres enceA
vehicle).

*TheMutsidefallsMRatiods BroxyHForBoliceRctivity®utside@hebeat.AtAsEalculatediy
dividing@he@veighted® um®futside@inrelated@allsby@Ehe@vei ghted® umBbffficers
assigned@o@atrol®@heB@ector@vhere®heallRook@place.Bnrelated®allsEre@efined@s@hose
reportingd@ncidents@elated@oBnentalthealth,@hildEbandonment&ire,BanimalGttacks,@lead
peopleBuicides,abandoned@roperty,&ireworksBand@rugthouses.
3OutsideEliaIIslis@@NeightedE umBf@inrelated®11&alls@Bccurring@vithinEhe@livision
outside®flthefbeat.fThisAnstrument@s@nteracted@vith@ivisiondAn@rder@o |l owBut®fbeat
calls@othave®ifferent@ffects@n@ifferent@ivisions.

*Significant@tfl 0%;@ *significant@ t®h %;@ **significant@tfl %
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Table 6: The Effect of Police Presence on Other Types of Calls

IV=utsideTallsRatio’ IV=utsidealls>
(1) (2)

A.DependentariableEBuicide®Reports (meanDdf@ependent®ariable®.001,®.d.M.037)

Police Vehicles' -0.001 -0.003

(0.002) (0.003)
B.[ependentVariableERAbandonedThildReports (meanDf@lependent®ariable.001,8.d.M0.027)
Police Vehicles' -0.003 -0.001

(0.002) (0.002)
C.Dependent¥ariableEFireReports (meandf@lependent®ariable.002,8.d.M.039)

Police Vehicles! -0.001 0.0003

(0.002) (0.003)
D.Dependent®ariableEFDrugfHouseReports (meandf@Bependent@ariable.001,3.d.@.037)
Police Vehicles' -0.001 0.005*

(0.002) (0.003)
E.Dependent¥/ariableEPlaceboategoriesfAPD (mean®df@lependent®ariable.005,8.d.M.071)
Police Vehicles' -0.005 -0.002

(0.004) (0.006)

Beat FE's Yes Yes
Month FE's Yes Yes
Day of Week FE's Yes Yes
Weekend X Hour FE's Yes Yes
e Stage F Statistic 321.73 40.81
Observations 2,017,676 2,017,676

Notes FEach@BbservationdsEBbeatZindthour@n2 009.FRverageipolicedresencelsd.6050s.d.A.078).Btandard
errorsfnBarenthesis@ccountfor@Eeographic@lustering@vithin@E 0&kmEadius,BandBerial@orrelation®fH
hours.@@nclude@ontrolsfor@emperature,@recipitation,@wilight,@arkness,Eand@vhether@rihotAtAsEhGholiday.
lTheljhumber@)ﬂjbol ice@ehiclesBpatrolling@heiea tttEiventhourfd60@ninutes®fBbresenceEA Fehicle).
*The®utsideTall s@RatioAsEBroxyForBolice@ctivity®utside®hebeat.AtAsEalcul atediby®ividingEhe@veighted
sumbfButsidefinrel ated@allsibyEhe@vei ghted® umBbffficers@ssigned@olpatrol®he® ector@vhereiheall
took@lace.@nrelated®alls@Ere@efinedEs®hose@eportingd@ncidentsiel ated@o@nentalGhealth,&hild
abandonment,direEnimalGttacks,@ead@peopleBuicides,Ebandonediroperty,direworksEnd@irugbhouses.
3OutsideIZEaIIs@s@@Neighted@umﬁ)f@nrelatedlEBlllEta lIsBccurring@vithin@he®ivisionButside®fheleat.fThis
instrumentisfnteracted@ith@ivisiond@n@rder@ok |l owDutdfbeatall sEofhavedifferent@ffects@n@ifferent
divisions.

*Significant@tFL0%;@ *significanttt®d %, **significant@ A %
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Table 7: The Deterrence Effect of Police on Crime by Beat Size

IV=Outside®allsRatio’ IV=mutsidefalls’
Small Medium Large Small Medium Large
(1) (2) (3) (4) (5) (6)

Police Vehicles' -0.253*** -0.246*** -0.116*** 0.047 -0.278*** -0.152***

(0.075) (0.060) (0.035) (0.078) (0.099) (0.046)
First Stage F Statistic  113.87 182.86 172.37  13.73 12.53 31.89
Mean Level of 0.342 0.527 0.943 0.342 0.527 0.943
Police Presence [0.615] [0.856] [1.474] [0.615] [0.856] [1.474]
MeanLevel of Crime  0.152 0.168 0.146 0.152 0.168 0.146

[0.404] [0.427] [0.395] [0.404] [0.427] [0.395]
Observations 669,570 669,651 678455 669,570 669,651 678,455
Beat FE's Yes Yes Yes Yes Yes Yes
Month FEs Yes Yes Yes Yes Yes Yes
Day of Week FE's Yes Yes Yes Yes Yes Yes
Weekend X Hour FE Yes Yes Yes Yes Yes Yes

Notes FEach@bservationdsEiibeatBndthour@nE2009.Btandard@rrors@niarenthesis@ccountfor
geographiclustering@vithin@EELOEKmEadius,BandBerialXorrelation®fBGhours.Btandard@eviations
arelpresentedi@nibrackets.BAlIBpecificationsilsoAnclude@ontrolsForemperature,@recipitation,
twilight@arkf=1GfterBunset),BEndtholiday.Bmall,Medium,Bindiargeieatstrelefinedibasedmmn
thefniles®fFoadsAncluded@vithin@hefeat.

1TheEhumberEbfﬁbol ice@ehiclesBpatrolling®heibea tttiiventhourf60@ninutesBBpresenceBFA N ehicle).
’The®utsideTallsRati oAsEBroxyHForGolicectivity®utsideRhefeat.@tAsEalculatediby@ividing
the@veighted® umBfButsidefinrelated®allsBbyR®he@vei ghted® umBffficers@ssignedolpatrol®@he
sector@vherehe®allRook@lace.@nrelated®allsEreiefined@s@hoseeportingncidents@el ated®o
mentalthealth,&hildZabandonment,Hire,Bnimalttacks,@ead@eopleBuicides,Babandoned@roperty,
fireworksEnd@rugthouses.

OutsiderTal IsAsE@vei ghted® umBbf@inrelated®11&alls@ccurring@vithinEhe@livisionButside@®the
beat.fThisf@nstrument@sinteracted@vith@ivisiond@n@rder@oi | lowut®DffbeatallsEothavedifferent

effects@n@ifferent@ivisions.
*Significant@tBl 0%;@ *significant@ t®h %;@**significant@tEl %
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Table 8: The Impact of Police Presence on Crime at the Sector Level

IV=utsideallsfRatio’ IV=utsideRalls®
(1) (3)
A.Dependent¥ariableEXiolentrimes (mean®dflependent®ariable.428,8.d.M.707)
Police Vehicles" -0.107*** -0.203***
(0.026) (0.073)
B.Dependent¥ariableZPublicDisturbances (mean®f@lependent®@ariable®.387,®.d.M.689)
Police Vehicles' -0.027 -0.129**
(0.019) (0.056)
C.Dependent®ariableEBurglaries (mean®f@lependent®ariable.214,8.d.M.478)
Police Vehicles" -0.035%** -0.065***
(0.014) (0.028)
D.Dependent® ariableETheft (meanDf@ependent®ariable.079,8.d.M.284)
Police Vehicles' -0.011 -0.004
(0.008) (0.012)
Sector FE's Yes Yes
Month FE's Yes Yes
Day of Week FE's Yes Yes
Weekend X Hour FE's Yes Yes
1% Stage F Statistic 260.28 21.08
Observations 304,420 304,420

Notes:EachBbservation@s@EB ectorBndEhour@n2009.BAveragedolicefpresenceds.014Fs.d.3.194).
Standard@rrors@nBbarenthesis@ccountFor@eographiclustering@vithinBE0EmEadius,BandBerial
correlation®fBEhours.A@nclude@ontrolsforEemperature,Brecipitation,Rwilight,@arkness,Bind@vhether
orGhotAtAsEGholiday.

1TheEhumberE!n"Ebol ice@ehicles@atrollingthe® ectortFEiventhourf60@ninutes@®fpresenceEFA Fehicle).
*ThefutsideallsmRati ofsEBbroxyHoripolicectivity®utside®heB ector.AtdsEalcul atedyividingihe
weightedBumBfibutsidellinrelated@allstbyRhelvei ghted® umm @ fficersEssigned@olpatrol®he@ ector
wheretheallRook@place.lnrelated®allsEhre@efineds@hose@eportingd@ncidentsiel ated@o@nental
health,@hildEbandonment,&ire,BinimalEttacks,@leadBeopleBuicides,Babandoned@roperty,&ireworks
and@irugthouses.

OutsideTal IsAsE@veighted®BumBfAinrelated®11&allsBccurring@vithin@Ehe®ivision®utside®f@he
sector.fThis@nstrumentisfnteracted@vith@ivision@n@rder®o|lowBbutbfbeatallsEothave®ifferent

effects@n@ifferent@ivisions.
*Significant@tBl0%;@ *significant@td %;@**significant@tfl %
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5.1 Appendix A: The Data Cleaning Process
5.1.1 The Call Data

1. 684,584 calls recorded by DPD in Dallas, Texas in 2009

2. 556,978 calls after removing duplicate calls and hang-up calls. Calls are defined
as duplicates if they are coded as duplicate or false, or if the same problem with
the same priority is reported in the same reporting area (the smallest geographic
unit used by DPD) within 1.2 hours of each other, or alternatively, if 2 calls are
placed reporting incidents that occurred at the exact same geographic coordinates

(latitude longitude points) within a 2.4 hour period.

3. 289,030 calls reporting incidents of crime: public disturbances, burglaries, violent

crimes, and theft.

4. 34,783 calls that require police attention but are unrelated to crime:

Unrelatedall@ype NumberdfTalls Fraction@®ffTotal@nrelated®alls
abandoned@ropertyXalls 13,601 0.39
mentalthealth@alls 8,695 0.25
fire@alls 3,123 0.09
drugfhousel@alls 2,856 0.08
suicide®alls 2,779 0.08
child@bandonment@alls 1,481 0.04
animal@ttacktalls 1,129 0.03
firework®alls 1,005 0.03
dead@eoplefeports 114 0.003
Total 34,783 1

5.1.2 The Automated Vehicle Locator Data (AVL)

1. Tmap 91,975,620 vehicle pings of information (defined by radio name, latitude lon-

gitude points, date, and time) into DPD beats using geographic mapping software.
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2. In order to differentiate between shifts for a car with the same radio name - I assign

a new shift if the car has not been active for at least 2 hours.

3. Collapse data so each observation includes:

e radio name (includes name of beat allocated to patrol)
e beat
e entrance time to beat

e cxit time from beat
5.1.3 The Final Dataset
1. Organized by beat, day, and hour

2. Minutes of actual presence - as defined by latitude & longitude location of police

vehicles.

3. Minutes of allocated presence - as defined by radio name and patrol time.
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5.2 Appendix B: Estimating the Probability of an Officer being
Assigned to an Outside Call

The Automated Vehicle Locator Data (AVL) includes an indicator that matches the
police vehicle to 911 incident assignments. I use this data to calculate the probability
AP, that an officer from beat b is assigned to an incident in beat k. For example, if
in 2009, 10 incidents occurred in beat k, 3 were assigned to an officer from beat b, 2
were assigned to an officer from beat a, and 5 were dealt with by the beat k officer,
this would result in assignment probabilities AP, = 0.3 and AP,;, = 0.2. While these
assignment probabilities can provide important information regarding the probability
of assignment to an outside call, this measure could be directly affected by policing or
crime in the officers allocated patrol beat. I therefore use the following procedure to
define assignment weights.

Let the assignment probability (AP,;) be a function of distance (dy), number of
neighboring beats surrounding the patrol beat (n;), and number of neighboring beats

surrounding the incident beat (ny),

APy, = Bo + Bidp, + Bany + Bang + g (6)

Table (9) presents the estimates from equation (6). I find that officers located
in beats that are 1 km farther away from the location of the incident are 13 percent
less likely to be assigned to an out of beat call in that area. Sharing a border with an
additional beat (thereby allowing an additional alternative for response) also lowers the
probability of assignment by 4 percent.

I use the predicted values from this analysis to create a weighting factor wy that
is only a function of distance between beat (b) and the beat where the incident occurred
(k), as well as the number of beats that share a border with either the officer’s beat (b)

or incident’s beat (k).
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Table 9: The Effect of Distance and Number of Neighbors on Assignment Probability

OLS
(1)
Distance -0.003***
(0.00004)
Number of beats that share a border with (b) - officer allocation -0.001***
(0.0001)
Number of beats that share a border with (k) - incident location -0.001***
(0.0001)
Congtant 0.050***
(0.001)
R-Squared 0.30
Observations 7,796

Notes:FEachBbservationdsEEnatchetween@wolbeats@andncidentibea tikz nd®heBbossible@atrol
beat®fE@Ees ponding®fficert).ABnlyRonsider@natchesbetweenibeats@vithinEheBameRlivisionks
outf@livision@llocationd@s@ery@are.The@lependent@ariable@ssignment_probability@s@hedraction
ofitalls@Ehat@®ccurreddniea tk@uring 009®&hatAveressignedo nfficer@nibeati.fTheverage
assignment_probability@s@.023Fs.d.@.017),Gveragedlistancefbetweenibeats@n@heameivisionds

6.369G&kms{s.d.3.836).
*Significant@tfl 0%;@ *significant@t®d %;@ **significant@tA %
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