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How Concentratedare Police on Crime? A SpatiotemporalAnalysis of Concentration of

Police Presence and Crime

Purpose Police patrol has undergone an evidebhased and datdriven transition in the
beginning of the Zlcentury While crime patterns are well researchgaliterns of police presence
are not.Despite the abundance a¥ailableGPS data, little is known abothe spatiotemporal
patterns ofpoliceforces Given the paucity of evidence on wheserydaypolicing takes place,
we ask what spatiotemporal patteragpoliceexist how do these patteschangeovertime, and

how do these correspond to local crime patterns

Methods Therefore we analysedmore than77 million GPS signals froni30 police patrol cars
and more than 50,000 recorded crimes from 20li@vestigate where and when poljgatrols

are presentAll data were geocoded and map matched using high performance computing.

Results We found that police, much like crime, conateates on a small proportion of street
segments and that the spatial concentragiqraiences temporahstability at the micro levie
Further spatiotemporgbolicepresence and itoncentratiomppear to banrelatedo local levels

of crimeand crime concedmtion

ConclusionsThese findings inform police chiefs anesearcheralike and enablalterations of
patrol deploymentn order torefine the spatiotemporal focus of police on local criffgture
considerations are required to research optimal spatiotemporal alignment of police presence to

effectively prevent crime.
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Introduction

Al f crime is so conetheriystreen poltingeandothgs e ci f i C

crime prevention resour dWesbual28168) shoul d be



Policing has always been at the core of police officduties(see,Carrabine, 2009; Emsley,
1983, 2006; Kelling et al., 1974; Wain & Arie?014) Over the centuries policing practices
have evidently changed. What started with foot pdiasledfi f i -poimtdsystersd® rapidly
developed into motor patrol, where officers were assigned to patrol the sanse beat
continuously This change from a regong intensive andtrictly guided approach ttarge
police beabriented stratdgs provided officers with a novel level of discretiand freedom
(Wain & Ariel, 2014) Being able to independently decide where, when, and hqwltce

while on dutystill remains highly important to police offie¢Cordner, 1981; Koper et al.,
2020) Prior research has shown that crimehibits a high spatiotemporal concentration
(Weisburd 2015) and that focused police action can effectively reduce reportedsgane
Ariel et al., 2019; Braga, Turchan et al., 2019; Braga, Weisburd, & Turchan, 2019; Hutt, 2020)
While research on crime has benefitted from eviddrased analyse®.g.,Lum & Koper,

2017; Mitchell, 2017; Sherman, 2006, 2013; Telep, 2@I®) a focus omicrogeographic
units(e.g.,Andresen et al., 2020; Ariel et al., 2019; Hutt, 2020; Li et al., 2011; Vandeviver &
Steenbeek, 2019; Weisburd et al., 2010; Weisburd, 2@&\&rydaypolicing has received
comparinglylittle attention.A recent survey in the 8. has shown that less than one third of
police agencies employ hot spots units @stlabout half are engaged in crime analyKisper

et al., 2020)In general very little is known on hovevidencebasedresearch orcrime and
police istranslaed into the everyday practice of policin@his urges research to identify

patterns of police presence to improve patrol allocation in correspondence to local crime.

'A"Fi xedo reporting points were distributed across pat
to receive intel on their assigned patrol beat. This system offered additional security for officers but came with
certain level of supervisioWain and Ariel 2014)



Concentration of Crime

Evidencebased research has shed light ondist&ributionof crime as well asn policing
effectiveness andasproven central assumptisof theories inEnvironmentalCriminology
(Lum & Koper, 2017; Mitchell, 2017; Weisburd, 201Routineactivity theoryand crime
pattern theory hypothesizethat crime cluster in specific places (see, Brantingham &
Brantingham, 1993; Cohen & Felson, 1979; Felson, 2008 main rationale behind these
theoriesis that by theaccumulationof criminal opportunitiesin certain placesthe overall
crime riskat theselocationsis elevatedFelson & Clarke, 1998; Nagin et al., 20,185 the
rational decision matrix obffendersgets tilted toward committing criminal adiCornish &
Clarke, 1986) This has beenconfirmed through various crime studies that used
microgeographicinits (e.g., street segments) for analysig).,Andresen et al., 2017; Ariel et
al., 2016; Ariel et al., 2019; Braga, Turchan et al., 2019; Levin et al., 20tif)e clusters
unevenlyacross place and timendis not randomWeisburd(2015) has shown that across
eight citieshalf of all crime incidents concentrate on 2.1% to 6.0% amgarterof all crime
on 0.4% to 1.6%f street segmenténdresen et a(2017)provided evidence that spatial crime
concentration exhibits a temporsthbility over a ten year period. Due to temporally stable
concentratiosand the fact that there are often mepatial units than cringea proportion of
street segmentwgaturallyt e nd s t aimefreen@earmascdi& Steenbeek, 2017; Levin et
al., 2017) Unfortunately, émporal research on crinaad poliéng at the micro levele.g.,
street segments, street blocksd especially so in combination with spatiablysis hasnot

received much attentigifrelson & Poulsen, 2003; Ratcliffe, 2010)

Nevertheles, contemporaryfindings have been wettanslated into policaesearch
through the introduction dbcusedpolice actiols, most importanthyhot spots policinde.g.,
Ariel et al., 2019; Braga, Turchan et al., 2019; Braga, Weisburd, & Turchan, 2019; IMitche

2017; Williams & Coupe, 2017Whenpolicing isfocusedupon crime hot spots, crime can be



reducedeffectively. With what is regarded as théper curve Koper (1995) indicatedthat
police officers have to be presaitcrime hot spotfor 10 to 15 minutes to effectivehgalize
these crime reduction effec/illiams & Coupe(2017)have further provided evidence that
police visitsto hot spots of crimare more effective when delivered longer rather than more
frequent, given thahe \sits stay within thetemporalextents of the Koper curvélowever,
these findingsremaincontestd. For example, Mitchel{2017)arguing that more frequent visits
deter more crime than longer ords To dateonly few studies addressed compliance issue
and controlled for actualeployedpolice presencgen lengthor frequency(Ariel et al., 2016;
Collazos et al., 2020; Schaefer et al., 2019; Williams & Coupe, 2Bd7)exampleAriel et

al. (2016)reported compliance ra®f 53% for 15minute patrols while Williams & Coupe

(2017)reported compliance rates about67%.

Policing Activity Research
Policing hasattractedwidespreadnterdisciplinaryinterest outside of Criminology and
was subject to variouscanteresearchl{e.g.,Adler et al., 2014Chen et al., 2015; Dewinter et
al., 2020; Sacks, 2000Researchon policinghasmostly been limited to considerations of
staffing demandsfast response, anteasues of uncommittedofficer time (see,Cordner,
1979; DeAngelo et al., 2020; Famega, 200&neth R. Chelst, 1981; McCabe, 20¥8¥tudy
by Davies and Bowers (2018palysedyeneralsupply and demand patterns of policing and
emergency callslo our knowledge, no research has yet focused on the spatiotemporal analysis

of police presencand crme

2 Compliance rates in percent refer to the discrepancy between planned and deployed police presence. This means
that when officers are to conduct-frinute patrol, at times they are present at patoaitions for about 10 minutes
or less.



This ismainlydue to two structural challenges. Fistlice chiefs are faced withalancing
surveillanceandaccountabilityof police officers(Wain & Ariel, 2014) Police officers value
discretion and providing them wifreedomon where and howotpatrolare important aspects
of job satisfaction(Cordner, 1981; Koper et al., 2020; Wain & Ariel, 201#) contrast,
introducingperformance evaluatiortan potentially be perceivaatloss of trustno f f i cer 6 s
intuition and patrotonduct Second, highly detailed spatiotemporal analyses haveegesttly
been enabled through technological advamntése GlobalPositioningSystem (GPS)Davies
& Bowers, 2019; Elevelt et al., 2019; Ridgeway, 2018; Vandeviver & Bernasco,.2017)
Documentingpatrol activity has so far been tedious and eosénsive work. Either, police
officersusedpaperbased documentatido reporthow, when, and where they were engaging
in policing taskgElevelt et al., 20199r radiccalls weremanuallydocumented bpolice staff
at headquarter@riel et al., 2019) With the introduction of easilsiccessiblas well adow-
cost AVLs (Automated Vehicle Locatond handheld GPS trackemolice departments are
now able to track their officemnd vehiclesvhile beingdeployed(Davies & Bowers, 2019;
Ridgeway, 2018; Wain & Ariel, 2014RAlthough this technological improvement allows for
more detailed and precise data collection, researchers are now facing substantiad aimount
data toanalyseDue to verypreciseGPS pngs’, research is often limited to look at few hotspots
or short period of time (Davies & Bowers, 2019; Oatley et al., 201B9r exampleQatley et
al. (2019)st udi ed bi ke patrol of fi cer O-weelaperiofl i ty t

which required analysis df.7 million GPSsignal$ from smartphone devices.

As Weisburd (2015) suggested, we expect pgliasence to be just as concentrated as

crime. Therefore, this paper aims to answer how much police is concentrated in space and time

3 GPS pings describe the frequency with which GPS signals are send to the receiving unit. Pings vary due to
technology and patrol types. Foot patrols are tracked through body worn radios and send signals eveiys30 secon

to five minutes. Motor patrol can carry more powerful AVLs, which often have GPS pings of under ten seconds

(Hutt et al. 2018)

4 Qatley et al(2019)have not reported the GPS ping of the tracking app used to collect the officer GPS data.
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and fow well this concentration corresponds to local crime patt&vieswill first describe the
datasets and case study before we will move to the empirical reshdtgingthat policing

activity is highly concentrated on a small proportion of street segra@dtgemains rather
stable across space but not time. Further, the concentration of police corresponds weakly with
local crime. We argue, that these novel findings contribute to the understanding of how policing
is carried out in everyday practice and emage comparative research on the concentration of

police presence.

Data

We use data provided by the Antwerp Police Department (APD)AIPEs policing the
City of Antwerp across 21 police zones. Antwerp, as the seleogdst city in Belgium,
stretcheover 204 km2 and is populated Agound530,000 people.Datawerecollectedfrom
January 12019 to December $2019from theAPD crime database anbrough AVLs from
130 patrol cars with a general GPS ping of four seconds order to understand the
spatiotemporal concentration of policiagtivity, we analysed’7,680,983 unique GPS signals
from patrol cars anfi2,512reported crime event$he crime dataverecategorized according
to APD classification and aggregatednternationally comparable categories. éfimes that
categorized apublic orderinfractions were dropped from the dataset. For more detailed
analysis, seven crime types were selectiedg crimes, theft, motor vehicle theft, burglary,
assault, vandalismand criminal homicide.Opensourcestreet network data was retrieved
through the Flemish Roads Register and encompassed 31,156 segrAéintiata were
processed using Python 3.8 and R 3.6. The geocoordinates wemgatchpdvith astatic map

matching ajjorithm, whichwasrun on ahigh-performanceomputing cluster.

5 The 130 analysed patrol cars constitute 38% of the APD vehicle fleet, including unmarked and service cars.
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Methods

A multi-level spatiotemporahnalysis has been deploy&kscriptivestatistics are used to
present the concentration pblice presenceand crimeon the meso and micro levePolice
presence is calculated from the GPS data of patrol cars. Signals are assigned a time value
(e.g.,four second) based on thealculatedag between tw@onsecutivepairs of GPS pings.

We excluded all GPS signals theere recorded at the police ldeg@arter or at police stations.
Crime levels correspond to the numbéreported crimesConcentration is operationalized as
the proportion of spatial units thagceives a certain percentage pblice presence in minwge
and houror a certain percentage crime eventandas the Gini coefficientt is important to
note that a low proportiorxpressea high concentration andce versé This measurement

wasadaptedrom Weisburd (2015).

Spatially, themesolevel consistf the APD police zones (& 21, mean area = 9.58 kin?2
andthe micro level ofall streetsegmentsn Antwerp’ (n= 31,147 mean length 93.3m),
respectively Both levels were includeds the zones aref high importance for the police
department in terms of patrol managenmamd street segments allow for a figigined spatial
analysisof crime and policeThis was done to investigate how much we can learn from the
two distinct levels of analysis in regard to the spatiotemporal patterns of police presence and

crime.

Temporaly, policing activityand crime events wemnalysedat the month, week, day,
and houtevel. In addition, linear correlation anabs( Pear sonds cor weeel ati on

used to investigate the association between the level of @oldterimeandtheir respective

6 Given that 10% of all streets cause 25% of all crime at time x and that 5% of all streets cause 25% of all crime
at time vy, it follows that 5% imore concentrated as a lower number of streets causes 25% of crime.
7 Openaccess dta retrieved from Flemish Roads Regigtetps://www.vlaanderen.be/
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concentration at the 25, 50, ar4 levef of street segment§Ve also employed a weeknk
comparison between the streegmentshat received most police presence and crime events,
respectively.The rank comparison was conductag bah, the onehundredand ten most

frequentedstreet segments.
Results

Level of Police and Crime

The number of daily recordemtimespeak at thdirst dayof the year(n = 281) Overall
the daily number of crimes remasrstable over the course of the y¢8D = 23.1) although
slightly rising in the second half of the ye&rrise during the summer mont{dsine to August)
especially in July(n=217), and a drop in late December are visible (Fidiae Incontrast,
police presence per day varies subssdlgtover the course of the year, witldacreasesthe
year progresse$SD=118.1) The beginning of the year receives little police presence
compared to the rest of JanugdB7S). During summer (June to August), police presence
remains mostly under the annual media@@®® hoursLikewise,to the trajectory of recorded

crimes, police presence experiences a drop in late Dec€bd&tj (Figure 1b).
[INSERT FIGURE 1]

Spatial Concetration of Police and Crime

Across the police zones, crime is more concentrated than police presence (Figure 2a). The
meso level concentration of crime and police prestwalifferencesn magnitudé. On the
micro level the concentrations are reverseaail@ 25% and 50% level police presence is more

concentrated than reported crime, both across all street segments amdronaireet

8 The % levels describe that, for examplé¥%d.of street segments receive 25% of all recorded crime. The levels

for police and crime are fixed, as we are interested in the proportion of street segments that receive these levels
of police and crime and, thus, examining their concentration.

9 As thereare 21 zones, each zone presents 4.76% of all meso level places.
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segment¥. The magnitude of difference varies most acrosszevo streesegmentsPolice
presence is substantially maencentrate25:0.3%, 50: 2.3%, 75: 9.1%) than reported crime
(25: 2.0%, 50: 9.8%, 75: 28.4%9r non-zero segmentdHowever,atthe 75% concentration

level, crime is more concentrated assrall street segments (Figure 2b).
[INSERT FIGURE 2]

Overall,the number of nozero segments is considerably higher for police presence. Around
81.4% (n = 25373)of all street segmeateceiveat least one GPS signal of police presence,
while 20% (n = 6,296) do so for crime. The maximum propostaipolice presece (1.5%)

and crime (1.2%) are roughly similaege Bble 1lin Appendi®. Looking at the concentration
across all segments, crirf® experiences a highével of inequalitythan police presence (p)

(Figure3). TheGini coefficients for crime and piale ae 0.92 and 0.89, respectively.
[INSERT FIGURE 3]

Across time, the spatial concentrasan the meso level of both, police presence and
crime, remainstable. At some mongtthe spatial concentrations are similar but the trend of
higher crime concentration is at no point reversagFigure 4in Appendiy. Given that the
monthly spatial concentration is stable, we were interested in whether the level of police
concentratioris caused by the same police zones each month. Aamoachshowed that
the proportion distribution across police zones remained stablethe course of montlisee
Table 2in Appendi®. Only three police zones experiedaank changes, expressed e t
standard deviation of monthly ranks, higher than 2t&at means thahe same police zones
are consistently ranked high and lows the meso level yietdno further insights into

microlevel changes within the respective zones, we drop the meso tevdidre on.

10 Non-zero street segments include all segments that received crime or police presence at least once during the
study period.
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At the street segmenlevel, the spatial concentratioexperienceschanges in its
spatiotemporatrajectory. At the 25% and 50% level, the concentratafrpolice and crime
cross each other. Spatial concentration of politehe 25% level idigher than crime
concentrationduring January to June and shows similar letetreafter geeFigure 5ain
Appendiy. At the 50% level this changdready manifestsn March. Howeverfor the rest of
the year police presence remains less concentratedttime. For nofzero segments, crime
is more concentrated than police presence at each month. Apparently, the trajectories diverge
considerably at the 50% and 75% level during the period of September to Noveewer (
Figure5bin Appendiy. Over the cours of the year, we see that police presenoeigasingly
less concentrated as the year goes on and that crime concentration rathanssable over

time.

Over the course of the day, the spat@mhcentratiorof police and crime shasinstability
and dssimilarities. Across all street segments, police presence is less concentrated than crime
at each hour of the day at the 50% and 75% level, except for the time betweambtatd
6.59 a.m. At the 25% level, police presence is mostly more or equally concentrated than crime
(seeFigure 6ain Appendiy. At nonzero street segments, spatial concentration is more
instable. During night and early morning (1 a.m. to 7 a.m.) crinmeoi® concentrated than
police presence but remains less concentrated thereafter. A similar but weaker trend is visible
at the 50% level of concentration. At the 25% level, police presence is consistently more
concentratethan crime geeFigure 6kin Apperdix). Overall, police presence experiences less

variation in its concentration over the course of the day than crime.
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Temporal Concentration of Police and Crime

The temporalconcentrationof police presence and reported crimefers to the
proportiorate distribution of both resourcesover timeat the micro level Police presence
increases steadily during the days of the week, thighowest proportion being deployed on
Monday and peaking at Saturday, before decreasing again (Figure 7)s @epr@portonally
fewest on Wednesdays but likewise peak during Saturdiays, weekdays receive less crime
and police presence than expected under the assumption of an equal temporal distrhmition.
trajectories of crime and police presence are rather similérainregard. Likewise, these
trajectories progress similarly over theursof the day(Figure 8) The proportios for both
are lowest during morning hours (1 a.m. @./h.) and increagbereafteabove expected equal
proportionsHowever, crime and police presence do not @etkesame times during the day.
Police is most deployed during the period from 9 a.m. to 2 p.m. The highest prapoftion
crime arereported at 12 p.m. and at 5vp While crime is at its highest propontippolice
presence steadily reduces aadresses tthe levelof equal proportioa Although, crime and

police follow similar trajectories they are misaligned by about three hours.

[INSERT FIGURE 7]

[INSERT FIGURE 8]

Geography of Police and Crime

The pror analysis has shown thpblice presence is more concentrated across street
segment than crime, especially at the highest level of concentration. However, police presence
spreads out across the straetwork more extensively than crime, which is evidenthe
higher number of negero segmentsSpatially this concentration is substantially clustered

within the central part of the city (Figure 9). Crime events are more clustered arocedttiee
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and sparse around the edges of the cityos
from SouthEastern parts tthe West of the municipalityHighest levels of concentration are
along longer segmentahich appear asonnectingstreets withirthe network Whereas crime

is highly concentratean visually shorter segments. Further, it appears that street segments
with the highest concentration of crime do not receive the highest level of police presence and
vice versaThroughthe geographic eght of police presence, it also becommsparenthat

police presence is spreadt further across the street metrk. Thus, the NorthWestern part
showsmany street segments, which receive low levels of police presence, compared to no

crime for the samereet segments.

[INSERT FIGURE 9]

Spatiotemporalndependence of Police and Crime

In order to understand th&patiotemporakelationship of police and crime, we have
analysedhe daily levels and concentration of police presence and recorded\8fansee that
high numbers of crime events lead tetatisticallysignificant lower concentration of crime
acrossstreet segmentalthoughthe relationships strongonly at the 50% (r = 0.610) and 75%
(r=0.856) level. The level of crime has almoststtisticalinfluence on the level of police
nor onpolice concentration. The daily levels of crime are temporally stable as there is no
relationship between day of year and level of crime (r = 0.08&tatistically significant
positivecorrelation is foud between all levels of crime concentration (see Tabl€Hg) level
of police and concentration of police show statistically significant moderate negative
relationshigon all levels, apart from a weakgative relationshiat the 75% level (r =0.475).

Thus, the more policaredeployed, the more concentrated police presence is in‘$paice

I Higher levels of police are negatively associated wittptisportion of segments that hold a certain percentage
of police presence, thus expressing a higher concentration.
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strongest effect from elevated police levels is seen at the 25% level)(598).Like crime
concentration, strong relationships are found between all levelpobe presence
concentration. However, levels of police and its concentration are not stable over time. The
daily levels of police decline significantly during the course of the yearQ1367) Thus, also

the police presenamncentratiomeclines gradally, most strongly at the 25% level (r = 0.577).

The correlation analysis suggeshat crime at the segment level has no statistical
relationshipwith the level of police nor with its concentratiddomparing the distribution of
highest weekly ranked reiet segments for police presence and crime confirms this. We
calculated, both, the 100 anen highest ranked street segnmefar each week for police
presence, all crime, and selected crime typssdult, theft, motor vehicle theftandalism,
burglary, drug crimesandcriminal homicidg. We report four major findings from the week

rank analysis.

First,we see a high level of concentration of police presence and crime, for both modes of
analysis.It is important to note that this concentration doesdestcribe the concentration of
all crimes or police presence across all segments, but the concentration within the highest
ranked street segments. Further, we report a slightly higher concentration at the 25% level for
police presence (2.38%) than for cer264%) for the 100 highegh100 ranked segments,
but find that crime (1.75%) is substantially more concentrated than police presence (3.26%)
for the ten highegth10) ranked segmeni§able 4) Second, the overlapof street segments
that are within bth ranked sets ratherow. The overlap betweeadl crime and police presence
lies at about 23% fdn100and 2% forh10. This supports the dissimilar spatial pattern that is

visible in the geographic maps (Figure 9). Third, certain crime types shasufzty higher

2 The overlap describes the number of segments that were included in the subsets for the whole year. It shows
whether one street segment tratked at least once L00or h10for police presence is within the set of ranked
segments for crime (and crime types). The spatiotemporal exact overlap expresses that one segments ranked the
same during the same week for both police presence and crime.
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overlap with police presence. AL0Othe overlap foassaulis at 29.74%the highest reported
overlap across all crime type&t h10 motor vehicle (5.43%), drug crimes (4.35%), theft
(4.35%), assault (3.26%), and vandalism (3.26%) shayheh overlap than all crimes
combhned.Further, waeport high concentrations of crime at bbfifd0andh10, with theft and

drug crimes being most concentrated at the 25% level (Tabkodith, the spatiotemporal
alignment of police presence and crime is found to be low. We calculated the exact overlap of
all rankings of police presence, all crime, andaalalysedcrime types. The spatiotemporal

exact overlap did naxceed).3% for anyof the crime types nor all crime

[INSERT TABLE 4]

Discussion

Policingactivity shows similapveralltrends in its concentration as crime activighich
can beexpressed througine Gini coefficientsof 0.89 and 0.92 for poligeresenceand crime,
respectively However,at the micro levelve have found &wvo-fold policing paradox First,
police presence and crime are misaligned in space and time. High concentrations of police
presence are recorded at street segntkatslo not receivequally highproportions in crime,
andvice versaTemporally, police presence is recorded along a similar trajectory across hours
of the day but appears to Beead of crimdy about three hourResearchers have advocated
constantly for hot spots orientated policifeyg.,Ariel et al., 2016; Ariel et al., 2019; Braga,
Turchan et al., 2019; Braga, Weisburd, & Turchan, 2019; Williams & Coupe, .201His
regard, police activity must be focused on the right places and the right time. We see that there
is an overall dcline in the level of police deployed over the study peaiod over the course

of the day This might be due to staffing plans or administrative work that needs to be
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completed before the end of patrol shifis routine activitieshave been recognized a cause

of crime event§Cohen & Felson, 1979)olice (routine) activities could be more effective
when orientated toward thédeThis is not the case for our studjyuring summerwhen
arguablyoutdoor activitiesncreasinglytake place, the level glolice wadowest.This could

be caused by a lower number of patrol officers laté& during summer holiday&urther,
crime risk is elevated when many people come together in timspawdand thus creating
moreopportunities for crimgFelson & Clarke,1998; Nagin et al., 2015)hich is visible in
theanalysectrime datasetArguably, times of high mobility (e.g., rush hours and commuting
times)are moments whemyriadcrimeopportunitiesarise.ln our data we see that the policing
activity responds tthatgeneralpattern during morning hours (6 a.m. to 10 a.m.) with a peak
at around 9 a.mThe second peak of policing occurs around 2. @nd activity regresses
towards the mean proporti@iterwards The pattern of police presence and crime could be
better aligned by deploying police resources proportionally to recorded crime and potentially

altering shiftan order to lower the three hours lag between police presence and crime

Second, we found thathaincreasein the amount of police presence leads to higher
concentratiorof presence at thstreet segments$n contrast,ncreases in the daily level of
crimelead to lowecrimeconcentrations. Thesatithetic relationships require considerations.

We dfer three The sample size for the crime data is 52,5d@npared to 31,156 street
segments.Theoretically, recorded crimes cannot egqually distributed across the street
segments. Thus, around.3% of street segments (n 5890) would receivé0% lesscrime

than the remaining street segmeinta theoretical equal distributioAs we know from prio
analysis ¢ee,Weisburd 2015) and have demonstrated here, crime is highly concentrated and

not randomly distributed on the micro level. Therefore, incrgasimbes of crime raise the

13 Felson questioned the ability of police officers to act as a guardian due to the unlikeliness of their presence as
crimes occur infrequently and police beats are hard to cover in their erfietdprt 2002)
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probability that we encounter less Abero segments, as the number of street segments remains
constantand thus lower the concentration. In contrast, increases in police presence lead to an
increase in its concentration. Thasguably, could becaused by their dependence to the street
network As we have seen in Figure 9, high concentrations of police presence are recorded
isolated in the north and at longer street segments aettieeof the city. The high number of
signak in the north is due proximity to the police station, where all patrol cars are parked.
Longer street segmentstas connectors in the street network and, as Davies and Bower (2019)
remarked, show a high level idietweenness Police offices need to fequent these streets in

order to reach their point of destination, may it be in response to an emergency call or during
officer-initiated patrol. Therefore, these streets will inevitably show higher values of police
presenceln contrast to crime, the erditrajectory of police vehicles is mapped and not just

the event or patrol visits per se. Further, increases in the overall police presence and thus
increases in the number of deployed patrol cars andsteaight free up officesto engage in
selfinitiated patrol. Therefore, high concentration of police presence at particular street

segmerd mightbe a result of officer discretion in regardaatrollingactivity and location

That being said, the spatiotemporal concentration of police activity cannot be assessed on
its singular structure alonklethodological framewowrkthat focus on microlevels of space and
time are needed to identifglignmentbetween deployed police forcemdareported crime.
Police departments need to investigate where and when criminal activity occl@saddon
that evidence shape theimodus operandof patroland responsdn our case we have found
that police resources concentrate mehenmore timds spent in the field. Without knowledge
on how this concentration is directed at places, an evaluation in terms of allocation remains
impractical.In addition, theoretical and empirical implications need to be considered when
looking at potential alignmes and misalignments of police presence and crime. Prior research

has shown that deterrent effects of police slowly decay overkimeo wnd eatse rifir e nc e d e «
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(see, Sorg et al., 2013following that a certain temporalead of police presencand a
temporal(not spatial) misalignmemhight be favourableWhen looking at the resultdf our
analysis, we see that the overlap between police presence and crime is rath&x3%y(éee
Table 5)over the course of the study periddhis means thaiolice focus seems to react little

to spatialpatternsof crime.This urges two future research paths. First, reliable measures need
to be established to adequately assess the spatiotemporal focus of police onBgrime
comparing policing programs in regaadtheir successfulness in deterring crime, the measures
can be used to understand underlying spatiotemporal complexities and dependeocias. S
overall police presence needs to be investigated on a visit Gagen that optimal crime
deterrent effels are achieved by visits between 10 to 15 min(kasper, 1995) police
presence needs to Bssessedn this level. By doing so, we might be able to better understand
how often police are at crime places amuketherthese everyday patrol visits asappating

crime deterrence.

In regard to comparability, we urge researchers and police departments atik&ritaute
to these novel findings of police concentratids.research has shown, focused paddictvity
can deter crimeeffectively within high crime hot spotdqe.g., Collazos et al., 2020)The
adaption of this knowledge into policing practice canebvaluatedby first investigating
spatiotemporal concentrati®af police presence and then by modelling hot spot$attines
of crime and police against each other. Yet, ftameworkis not to be seen as a measure to
imposesurveillanceon police officers but to act as a retrospective feedhaakto improve
and validatecontemporarypolicing practices. In some caseslice departments might focus
their policingactivity to the most crime prone places but at the wrongdinmeother cases
police officers might already be present in the right places and at the right time according to

the local crime contex@nd implenenting innovative hot spots policipgogramsends upbeing

18



costly with no practical benefit8Ve now have the capabilities to inform police chiefficers,

and researchers alike on the evidence of spatiotemporal concentratiorc®ppesence

Limitations

The study needs to be viewed within its quantitative contextusnaterstood in regard to
theanalysedlatasetsThe developed map matching algorithm used static computation to assign
each of the 77,680,983 signals to tapropriatestreet segent. A static approach was
necessary due to computational limitatioBgenthough he static mapnatchingapproach is
exposed tanaccuracies of GPS signaled couldootentially assign signaiscorrectlyto street
segmerd, theseinaccuraciesare negleable due to data sizend precisionOur analysis
focused on marked patrol cars of theD (n = 130). These cars respond to emergency call
and take uppatrol during theremainderof their shift. Thus, weannot give any evidence in
regard to policing activity of alpolice units (e.g., bike patrol, foot patrol, traffic patrol,
unmarked service cargjlowever, our data are comprehensive rfator patrol units which

make up most of policingesourcegAriel et al., 2019)

In this analysis police presence represents the time police patrol cars were recorded at
different street segments. Due to the fact that the GPS data is retrieved from AVLs, there is no
information regarding the number of officers pres&éhus, we report police presence in patrol
time and not officer tim¢see Williams & Coupe, 2017)GPS datalo not showwvhat officers
are doingand why they police certain places m¢oe less)}han othergWain & Ariel, 2014)

This limitation can be overcome by developing anttoducing novel spatiotemporal
methodologies that combine data from, both, AVLs and officer worn radios. These
methodologies might enable us to differentiate between times when officers are conducting
motor patrol and when they are engaging in foot patrol. As the amount of recorded police data
continuouslygrows, understanding qualitative aspects of police paindl its management
becomes equally important.
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Ultimately, a reflectioron the interdependencoé police and crime iappropriateWe used
data about crime frormaurbanpolice departmentt must be noted, that thdarbourdistricts
in the NorthWest of the municipality belong to the Federal Police jurisdicfldnus,crimes
in these were not avaible for analysis. Therovideddatais limitedto all recordedtrime and
can, naturally, not include criminal activity which was not reported to or by the palideer,
theidentified misalignment of police presence and crime at the micro level cocllised yp
deterrent effects. Meaning that high levels of police presaincertain street segments might
have deterred (potential) offenders from engaging in criminal activities in these particular
places. Research designs that extend the temporaldodusdd detailed analysis at the micro
level of time and space will contribute to the understanding of how police forceffemtevely

deployedo prevent crimén everyday practice

Conclusiors

This analysis presents the first study tbsamine the concentration of policperesence
and crimeand investigated bottheir spatial and temporglatternsPolice concentratioand
crime concentratioollow similar patterns on the microlevdy analysingover 77 million
GPS signals from policeatrol cars we have showrthat police concentrationand crime
concentrationare misaligned, both, temporally and spatiallldiowever, this temporal
misalignment is partly causeldy a lag of three hours andould be addressedhrough
consolidation of officer shiftsThis might indicate that police are already deterring crimes or
that more patrol officers and units are needed to address crimes at later hours oRhettay.
we found that police presence and crime are strongly concentratedigghést ranked stet
segments of police and crim&hese preliminary results require more empirical backing
through comparative analyses of both rural and urban environtodmtsaderevidencebased

research on police presendimnetheless, our examination of police coricaion implies the
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importance of research into the spatiotemporal dimensions of police workthaend

establishmenof new data driven methodwmjies in police research.
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Figure 1: Daily levels of crime (a) and police presence (b) in 2019
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(S) Table 1: Overview of concentration of police presence and crime in proportions across all units of ane

Police Zones Street Segments  Non-Zero Segment

25% of Police Presence  0.143 0.002 0.003
50% of Police Presence  0.333 0.019 0.023
75% of Police Presence  0.571 0.074 0.091
At least 1 visit 1 0.814 1

Min 0.019 0 0.000
Max 0.085 0.015 0.015
Mean 0.048 0.000 0.000
SD 0.018 0.000 0.000
N 21 31,156 25,373

Police Zones Street Segments  Non-Zero Segments

25% of Crime 0.095 0.004 0.020
50% of Crime 0.286 0.020 0.098
75% of Crime 0.524 0.057 0.284
At least 1 crime 1 0.202 1

Min 0.005 0 0.000
Max 0.135 0.012 0.012
Mean 0.048 0.000 0.000
SD 0.031 0.000 0.000
N 21 31,156 6,296
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Figure 3: Lorenz curve for distribution of police presence (p) and crime (c) across street segraprasets a

theoretical equal distribution.
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Figure 7: Proportions of police presence and crime for each day of the week. Dotted line expresses theore
equal proportions.
0.07
0.06
005
0.04
0.03

0.02

0.01

00:00 - 01:00 - 02:00 - 03:00 - 04:00 - 05:00 - 06:00 - 07:00 - 08:00 - 09:00 - 10:00 - 11:00 - 12:00 - 13:00 - 14:00 - 15:00 - 16:00 - 17:00 - 18:00 - 19:00 - 20:00 - 21:00 - 22:00 - 23:00 -
00:59 01:59 02:59 03:59 04:59 0559 06:59 07:59 08:59 09:59 10:59 11:59 12:59 13:59 14:59 15:59 16:59 17:59 1859 19:59 20:59 21:59 22:59 23:59

e Police Presence eesee Expected Equal Distribution === Crimes
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