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Abstract

In the study of crime and geography, many studies have investigated the spatial
relationship between crime and the built and natural environment. However, these studies
usually focus on specific environmental characteristics, such as alcohol serviregsbesiar the
presence of vegetatiomhis study conducts a comprehensive analysis of the spatial relationship
between crime anféatures of théuilt and natural environment in the sister cities of Kitchener
and Waterloo, Ontario, taking into account méamtors that may potentially affect crirmed
reported incidentsThis includes built environment features, such as residential buildings,
commercial buildings, drinking establishments, and bus skgdsral environment features,
such as parks and the peace of green vegetatiorere also considere@hemeasure of crime
in this studywas a geospatial recordggregatedo the nearest street intersection) of creme
reported incidentw/here police were called (e.@mergencyall and responsegcordedoy the
Waterloo Regional Police Service (WRPRBElationships between built and natural environment
characteristics with crimand reported incidentsere studied using linear regression and logistic
regression modelling techniquieased on three dataset$efirst datasetnvolved creating a
buffer around each street intersection and derithiegproportion of each building type and count
of bus stops, streetlights, and alcolm@nseswithin a static or adaptive radius, which was
subsequently comparedth the numbeor presence afrimeand reported incidents each
intersectionThe secondnvolved developingddaptiveKernelDensityEstimation (AKDE)
rasters of each environmahfeature and theoconductinga regressiomanalysisby comparing the
numker or presence of crimand reported incidentt each street intersection to its
corresponding pixel value$he third involved using buffers to summarize the levels of

vegetation cover detected from remote sensing imagery surrounding each streetioriersec



which was subsequently compared with the number of aimdereported incidentg each
intersectionThe results of this study identified overall lovgquared values for tested regression
models, which suggests that important variables may bengjsgich as socieconomic
variablesghatmay have a significant role in predicting crime incidents. The model also found
that bus stops and alcohol licences were the most important urban environment factors in

predictingcrime and reported incidents inthenerWaterloo.
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1.0 Introduction

In the study of geographical patterns of crithe, relationship between crime and the
built and natural environmehtsoftenbeen exploredkumar & Waylor, 2003 Wolfe &

Mennis, 2012Barnumet al, 2017) These studies usually focus on one speclhi@racteristiof
the built or natural environment. Some studiraminebuilt characteristicssuch as alcohol
salesestablishmentsr streetlightsandexploringtheir positive or negative effegbn crime(Day
et al, 2012;Painet al, 2006. There is also interest in studying theatial relationshipetween
patterns of crime anithe natural environmeiiKuo & Sullivan, 2001b; Wolfe & Mennis, 2012)
There has been considerable debate about whether relationships libevestural environment
and crime rates apgositive or negative. However, studieselytake into account multiple
relationships betweerharacteristicef the built and natural ena@nment. This study attemggtto
conduct a comprehensive assessmetttefelationship between crifneported incidentand

the built and natural environmeloy adopting a geospatial approach, which includes multiple
variables and datasets.

This studyis conductedn the sister cities of Kitchener and Waterloo, Ontariee focus
is oncrimeand reported incidenfsom the year 2013with the locations of the crimesd
reported incidentaggregatedo the nearest intersectiolne toprivacy concerns. Thetudy
examined 18 types afimeand reported incidentsangi ng from fAassaulto to
$5,0 0 OBailt environment featusetaken into account includerious building types (e.g.
residential buildingandcommercial buildiny alcolol licensedestablishments, and bus stops,
as well as more specific building typesich aghurchesandpolice stationsNatural
environment featusawererepresented by parks open spageas well asonsidering remote

sensingobservationdased on thdlormalized Dfference Vegetation IndefNDVI).



There were two main methods ugednvestigatdherelationshipbetween
crime/reported inciden@ndthe built and natural environmefithe first involvedexamining
crimeand reported incidents the city of KitchenerUsingArcGIS and Python codaleveloped
for this studygircular buffers were specified around each street intersection in \vhiitiand
natural environmertlasses were identifiedAn OLS and logistic regression were conducted to
assess the strengthrelationships betweethe built and natural environmeand police
recorded crimand incidentsising R programminglhe second analysisvolvedcreaing
adaptive kernel density rasters (AKDE) of various kenitironmenfeaturesn both Kitchener
andWaterloo. The intersectismwere then used to extract the values from the AKDE rat$tats
intersectectach intersection pointhe relationship between the reported cfe@orted
incidentsand AKDE values at each intersection was then investigated, agjag OLS and
logistic regression in RAn additionalanalysis used buffsto investigate the relationship
between NDVI values around each intersection and the emuieeported incidentt each
intersectionThe goal of this study was to gain a bettederstanding of the relationship between
the built and natural environmeguhdto contribute to existindgjteratureon ths topic This study
adoptecdan inductive approacithenexploring relationships between the built and natural
environment and crimajnce soméypothesised effectsere deduced from existirigerature,
while other relationships between crime and environméeaairesveretheorized based on this

studydés findings.

1.1 Problem Statement
The goal of this study is to explore tfedationship between features of the built and

natural environment and crirfteported incidents the cities of Kitchener and Waterloo,



Ontario. The first objective of this study is to investigate the link between the level of
crimereported incidentand the built environment in the KitcheA&faterloo area using GIS
datasets. The intention is to build upon the stusliet as thoseonducted by Kumar and
Waylor (2003) and Dagt al. (2012), which found a strong relationship between liquor stores
and dcohol serving establishments and crime rates, as well as studiess thosky Barnumet
al. (2017) and Sohn (2016) who investigated the built environment/crime relationship in a more
comprehensive manner. By adopting a holistic and comprehensiveaeppnahis study, other
built features were included in the analysis and statistical methods were adopted for identifying
significant relationships with criminal activity.

The second objective of this study is to investigate the link between levels of
crime/reported incidentand the natural environment in KitchefWaterloo using GIS and
remote sensing data. Findings are then compared with previous stuchess thoskey Wolfe
and Mennis (2012) and Chest,al.,(2005), which both found a strong negatrelationship
between crime and vegetation cover. Finally, the third objective of this study is to identify which
built and natural environment features have the strongest relationships with differerdraime
reported incidentypes in the KitchenewWaterloo region by adopting an exploratory spatial data

analysis approach.

1.2 Thesis Structure

The thesis is composed mhe sections
Chapter 17 Introduction : Establishes the topic of the thesighile also explaining the basics of

t he tmetbosidogicdl setup



Chapter 27 Literature Review. Outlines the popular theories that ammmonlydiscussed in
previousstudiesof therelationship between the built and natural environmiéaiso discusses

the methods and conclusions of previous studighisriopic

Chapter 317 Conceptual Framework: Establishes the concept structure that the ideas of thesis
are based uport also discusssthe literaturecontained similar concepts, many of which were
sources of inspiratifamewbrbor this studyds conce
Chapter 41 Study Area: Discusses the region in which this study was performed, including
relevant statistics and characteristics.

Chapter 57 Data: Discusses the many datasets used in this study, while also discussing any
data processing neatléo improve these dataset.

Chapter 67 Method: Outlines in detail the methodologies implemented in this study and
outlines the statistics and datasgted with each.

Chapter 77 Results: Analyses the results of each model estimated for the study, Wduole a
examining the independent variables tested in each.

Chapter 81 Discussion:Discusses overarching findings of the study, while also discussing its
weaknesses and comparing those findings to the literature reviewed earlier.

Chapter 97 Conclusions:Corcludes the findings of the study while discussing its implications

on future work.



2.0 Literature Review

Crime can be linkdto the location at which it occurs. According to Routine Activity
Theory(Cohen& Felson 1979) crime ratesn a particulatime and space can be influenced by
three factors: motivated offenders, suitable targets, and the lack of capable gu&idizmeq).
The theory argues that the convergence of suitable targets and tbédaekdianshiata
particular time and spaadll increasecrime ratesatthat particular time and spackn later
writings, Felson(1987)d i scussed how ,sumhasshoppingftdntaes,i | i t i es o0
condominium complexes, office buildings, and schawolske up an urban framewonkhichhe
calledtheii me t r oFglson $tates th#ttere is anmbalancan crime risk with some aread
t hi s 0 mbavimnga greatelsk obcrime than otherdue b suchfacilities. He exemplified
this bydemonstratinghat residential and retail facilities accodor 22% and 19% of property
crime, respectively, in Chicagturing1984

Brantingham and Brantinghamdés 1995 study e
generators and crime attractorso is often cit
putsf or ward the concepts of HAcrime generatorso
places where many people congregate, such as a shopping mall, which presents criminal
opportunities for a potential offender who might not have otherwise committedia me . ACr i me
attractorso are places that present cri minal
specific crime. According to the authors, a <c
great influence on the quantity and types of esrsommitted, as well as the time at which they

are committed.



Motivated offenders

ATeenage males
AUnemployed persons
ADrug abusers
AUnsupervised youths
AGang members

CRIME
&

Lack of capable DELINQUENCY
guardians Suitable targets
AHomeowners AUnguarded homes
ﬁPoI_lce AUnlocked cars
ANeighbourhood watch AUnprotected stores

giatps AUnmarked items
ASecurity guards
Aparents

Figure 1. A Venndiagram of Cohen and Felsbr§l979) Routine Activity Theory showing
crime and delinquency as a productled intersectiof motivatedoffenders, lack of capable
guardians, and suitable targeAslapted from Siegel and Worrg#015.

Previous esearch has also supporteelationship between crime and surrounding
vegetatiorcover (Volfe & Mennis, 2012; Chen, et al., 20@@eMotto & Davies, 2006
althoughthe direction of this relationship is debat&dme sudies suggest that vegetation cover
increases the incidence of crime, these studies often tend to focus on the fear of casne
opposed to actual crin{e.g. peop# fearing thatrees and othdarge plants could be used as
hiding places for people intent on committing crimes against tbebgse their findingsro
accounts obffendersusing vegetation in hidintheir criminal activitiefNasar & Fisher, 1993;

Michael,et al, 2001) The idea of unkempt and overgrown vegetairmmeasing the level of



crimeis consistentvitht he Abr oken window theoryo proposed
which states that disorder in the physieatironment can make a locatiorope to criminal
invasion.Othess havesuggestedhat vegetation decreadevels ofcrimeor that a lack of
vegetation tends to increase crime ley@®lfe & Mennis, 2012Chen,et al, 2005.

Two main reasaghave been put forward to explaaty vegetatiormayhave a negative
effect oncriminal activity. First higher surveillancenay result frommore individuals using
greenspacareagKuo and Sullivan, 200)bthusdeterringcriminal activity.Second, the
presence ofegetatiormay resulin postive psychological effects bglleviaing mental fatigue
and reducing deviant behavioitaplan, 198Y. Increased surveillance due to people using
greerspacesnd associated reductionanme is consistent with thdeas presented by Jacobs
(1961 in herpublication fiThe Death and.ife of Great AmericarCitiesd wher e she st at
mor e upeny e st r eet 0sutvallhnpeand theraforikeep thestreets safe (she
al so noted, however, that greamssgasned omwentl ihee
neighbourhood or it might simply further depress an area) (p. 35, THi%)isfurthersupported
by Kuo and Sullivan (2001pyvho found that both property and violent crimenelowerin
apartmentomplexedocated in close proximitytopen and vegetated spatiesn those that
were not. hie authors partially attribetthis to increased surveillangee. recreational uses,
passersbyjiue to vegetatioand greenspaceA decrease in mental fatigaeie tovegetation is
supported by Kaplin (1987) whostated that mental fatigwan increase violent behaviour in
individuals. He definesmental fatigueas fa state of di scomfort and
usually foll ows 1intense nsagydstathatmikfadgardens ( p. 56
can help alleviate mental fatigue in an urban setliihgs theoryis supported byKuo and

Sullivan (2001a)whofound thatresidentsn public housing reported fewer incidentsvaslence



and/or aggression in building complexes with higher artsaf vegetatiothan at building
complexes withtalower presence o¥egetation

An environmental approacis oftenadoptednly as apartial explanatiofior the locality
of crime.This approachiendsto explain or at least partially explain the geographic distribution
of crimeaccording tasocioeconomic factoysuch as household income, employment and
demographics (Ackerman & Murray, 2004; Ceccato & Dolmen, 2(Bdme studies account for
socioeconanic factors in their analyses ascontrol variable (Wolfe & Mennis, 2012; Sohn,
2016). However otherstudies do not account for so@aeonomic factors and instead focus on
the direct link between crime and the environmbath built and naturgKumar & Waylor,

2003; Pizeet al, 2013 Barnumet al, 2017.

2.1 Crime in Proximity to Single Characteristics of the Built Environment
The relationships betweemgle characteristg of the built environment and crime were
often examinedising similar method@ainet al, 2006;Kumar & Waylor, 2003Suresh &
Vito, 2009. The most common environment feasstudied within the literature wethe
presence abars, liquor storesand other sources of alcohol sdbay et al., 2012; Kumar &
Walyor, 2003. Many otherbuilt environment featureand their relationship with crimeave
beenan object of studyranging fromgovernment subsidized housitmstreetlights $uresh &
Vito, 2009 Pain et al, 2006§. Commonmethods applied in these studies ragression
techniquegDay, et al, 2012; Kumar & Walyor2003 Suresh & Vito, 2009Walker &
Schuurman, 2015ndMo r a n 6 Statidticsfor spatial autocorrelatiorburesh& Vito, 2009
Walker & Schuurman, 20}5Results from these studibsve supported strong relationships

existingbetween crime and various features of the built environment.



Day, et al (2012)examinechow crime is affected by the accessibility of alcohol outlets
in different regions of New ZealdnThis studyassessethe median distance to alcohol outlets
in police station areawsshich involvedusing census meddocks anccomparing corresponding
violent crimeratesin the police station arewhile controlling for demographic variabléz012).
Statistical analysis was based oregative binomial regressiomhe resultsuggested that
geographic access to alcolestablishmentsanserve as significant predictor when studying
violent crime, and the two form a negative relationship where \igleme increases asedian
distance to alcohol outlets decreas@smar and Waylof2003 alsoexamined thg@roximity of
crime incidentgo alcohol facilitiesn Savannah, Georgi#& logistic regressiomodel was used
to assess the probability ofime atvarious interval®f proximity toplaces of alcohol serviee
A map of Savannah showing crimes and alcohol services ini2880wnin Figure2. In
contrast tdDay, et al.(2012) KumarandWaylor (2003)did not control for demographic
variablesHowever, both studies arrivedsailar findings, identifyinghigher crime denstin
areas in close proximity to alcohol establishments.

Similar studies includ®ain et al, (2006 who assessestreetlighting andats relationto
crime and fear of crimm several towns itNorthumberland, England@his study involved two
pronged analysis. Firsa GIS approach was adopted to comgarae hotspots and streetlight
coverage to identify areas thaatperiencedhigh incidents of crime and low streetlightveoage.
The secongbart of the studynvolved conducting interviews in the ten most problematic avkas
the city, as a means of qualitative rapid community appraiaé resultsrotedthatcrime
hot spots and tohhigh arimeslacatiensdid notdecessardyvwnatctpartly due to

unreported crime. Overall, mastirveyedesidents did not believe that improvements in



streetlighting in their area would have a significant impact on levels of caltheugh improved

streetlighting could poteraily reduce the overall fear of crime.

* Alcohol Service

Crime Locations

Main Road/Street

{:.3 Savannah City Boundary
{1 Chatham County Boundary
Distance in Feet (Crime Probability)
[] Below 750 (0.75 and Above)
750 to 2,059 (0.50 to 0.749)
[ 2,060 to 5,709 (0.25 to 0.499)
- 5,710 and Above (Below 0.25)

Figure 2. A map showing alcohol services (the large dots) and crime locations (the small dots) in
Savannah, Georgia in 2000 from Kumar and Waylor (2003).

Suresh and Vit¢2009 evaluated the relationship betwgarblic housing and homicide
in Louisville, Kentucky This studyinvolved creatingl,000 foot buffers around public housing
projectsin the city and then usinguffersto assess thaistribution ofcrime in the cityA spdial

regression was theconductedn homicides in the city betwed989 and 2007The results
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showed that public housiritad a significant effean the spatial distribution of homicides in
Louisville. When new public housingrosein mixedincome commutties, the homicide clusters
appeared to bdisplaced to othr low-income areas. Apatial regressioanalysis determinetthat
both medan incomeof residentsand vacant housing were both significant predictors of

homicide.

Map A: Severe violent trauma, top four quintiles 4;

Map B: lllegal reported graffiti, top four quintiles 41
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Map C: Regression residuals, natural breaks 4\
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Map D: VANDIX deprivation score, quintiles 4\
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Figure 3. Kernel density maps of violent trauma and graffiti in Vancouver, British Columbia.
Residuals of a regression analysis are shown, along with urban deprivation scores by census
dissemination area (Walker & Schuurman, 2014, p. 7).
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Walker and Schuurnma(2015)assessed incidents gifaffiti, which theyconsidered to be
anindicator ofurban depravitywhich was defined as loacoresaccording taseveral socio
economic metrice this study) andtheir relationship wittviolent injury in the city of
Vanmuver, British ColumbiaKernel density maps of incidences of graffiti and violent injury
were developedndaregressioranalysisonthetwo kernel density mapsas conductety
pairing overlapping pixels. Search radiuses of 500 metres were diexseoh orthe approximate
averagesize of a neighbourhoot¥ o r a neét statistics were uséal test forspatial
autocorrelation of the residuakinally, asocial deprivation metrjd/ANDIX was developetbr
each of the cityos.Theaasdtaidentiied 3 drengiandkaghly on ar eas
significant correlation between violence and
significant positive spatial autocorrelation in regression model residuals. Walker and
Schuur manods VRoidd both higleand lowsoeammonomic levels of deprivation
in areas where graffiti and violent crime were prevalent. Figst®ws an example of resulting
maps from this analysis, including the distribution of violence and graffiti, which also appeared
to have a significant relationship. The regre

scores are also shownFigure 3

2.2 Crime in Relation to Multiple Characteristics of the Built Environment
Studies thahave considerenhultiple characterigts of the built environment arteir

relationship with criméave adoptesiarious methodological approach&samples ofeatures

of the urban landscapkat have been studigdcludebus stops and schaqlSohn, 2016)and

featureghat aremoredirectly linkedto crime, such as the dwellings of known gang members

(Caplan.et al. 2011). Themost common statisticahethodapplied in such studies amaultiple
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regressiommodelling(Sohn, 206; Piza,et al, 2014) Barnumet al.(2017) and Caplaat 4.
(2011)anda technique called risk terrain modelli(iTM).

Caplanet al (2011) examineccrime hotspots in Irvington, New Jersey usikigM as a
placebased forecastgymethod Theyused RTM to creatmaster mapthat demonstrated risk
level usingthree variables considered to be predictors of shootmayselydwellings of known
gang members, drug arrest locations, and retail business locatidnestedhese mapagainst

othertypes ofcrimes. Sohn (206)t est ed t he pr a centiorctl@rdught y o f

6cr i

environmental design6 in Seattle by aifhsl ysing

study used residential crime density in neighbourkaledined by 500 m buffersvhich was
included in a regression analysa$ong with populabn density, building height, road density,
ratio of commercial buildings to residential buildingsis stop density, intersection density, and
ratio of park area to residential area

Barnumet al (2017 compared a diverse group of built environmentuesf ranging
from foreclosed hom&to schools to bus stops to barsose arrangement they descdlas a
fikaleidoscope of urban features (sd-igure4). This studyused RTM to compareffects of
various urban features on riskrobbery in ChicagoKansas City, and NewarRizaet al.
(2014)attempedto assess whicBCTV camera locationgielded a reduction in crimendtried
to explain the varying effects of CCTV camerasspatial patterns afrime These assessments
focusedon how crime at locains with cameras (before and after they were instaliedg
associateavith, (a)environmental featuresuch as bars and transit stofig,line of sight
variables suclaspercentage of foliage obstructiqe) enforcement variables such as crime
detectons from the CCTV cameras, aft) a variable indicating the type of CCTV camera in

use
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Conflicting findingsare often reportedn the effect of built environment featui@sg.,
bus stopspnlevels ofcrimein urban environmentsSohn, 206; Barnumet al, 2017).Barnum
etal. (2017)also emphasizetihat the effect on crime by place featican vary greatly from city
to city. Caplanet al. (2011)found thatRTM was moreaccuraten predictingfuture shootings
than retrgpective hotspot mappin§ohn(2016) found thatthevariableshey consideredexcept
for average building high and population density, had a negative effect on otaély, bus
stopsweredeterminedo havea negativerelationshipwith crime.Barnum et al(2017)found
that foreclosed homes, gas statipbus stops, grocery stores, liquor saaad drug markets
were all consistent risk factors for robbery in all theities that were included ieir study,
However, other factors, such as parks, bars, and solwveot not risk factors in adif thecities.
Piza et al (2014)found thatdecreases in overall crime, violent crime, and theft from autos were

significantly associated with camera enforcemddgcreases in violent crime and robbery were
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significantlyassociateavith viewsheds containing bmi/iolent crime, robberyand theft from
autanobileswere lowemwherepercentage coverage of camera image by immovable objects was

high.

2.3 Crime and the Natural Environment

Many studieshaveexamined the relationship between the natural environment and crime
using differentdata sources andethodologiesRemote sensingas been applieanaking use of
the techniqueds abil i t,gthdughthemeeti®odsofasingthe ent i r e
imageryvariedwidely (Chenet al, 2005 Patino,et al, 2014 Wolfe & Mennis, 2012 Other
studies have focused grardandand other vegetation covered ar@aeMotto & Davies, 2006
Sohn, 2016Barnum.et al, 20173. Some research has focused on comparing the relationship
between vegetated assand crimeratesversusthat ofnonvegetated arsgdChen,et al, 2005
Wolfe & Mennis, 2012 Somestudies have examineggetation alone in its relationship with
crime (DeMotto & Davies, 2006Wolfe & Mennis, 2012, while othershave considered
confounding effects adther urban environmef¢aturessuch as bus stopsd foreclosed homes
(Patino,et al, 2014 Sohn, 2016Barnum.et al, 2017.

Chen et al, (2009 used both remote sensing and @&Study the relationship between
crime and vegetation in Carlsbad, Califorriiis study obtainedilgh resolution PAN images
taken from SPOJTandimageswere classifiedising the ISODATA clustering methaahd a 300
m grid, whichidentifiedtwo classegvegetation and newegetation) The studyinvolvedthree
stepsof analysis includingspatial clustering of crime arasessingvhere those clusters
occurred, a traditional regression analysaetattempted to explain crieaccording tovariables

of propensity and opportunity, and a spatial filtered regression analysis to study spatial clustering
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as a predictor of crimé@atino,et al, (2014 used remote sensimgagery from the Quickbird
satelliteto study crime and urbdayout in Medellin, Columbialhe images werelassified
based omaximum likelihood to calculate the percentage of the city thatesasred by
vegetation, impervious surfaces, clay roofs, and sdlssification results were theombined
with socioeconomicand crimevariables in an Ordinary Least Squared Regression mbael.
texture of the images artkderelationship to crimevas also assessading FETEX 2.0lt is
interesting to note thdoth Patino,et al. (2014) and Chenet al. (2005)excludecthe near
infrared bandrom their analysiswhich could have been includdde tothe high sensitivityof
infrared wavelength® vegetatiorand could potentially improve the results of both studies
Wolfe and Mennig2012)focusedon remotely sesed vegetatiomdices that included
red and infrared wavelengthsad relating tamto crime levelsn PhiladelphiaThestudy used a
Landsat 7 imagéom whichaverageNormalized Difference Vegetation IndeX@VI) values
were calculatedbr each censusact Vegetation indicesof which NVDI is the most common,
are statistics that describe density and health of vegetation in satellite irlag§&$, n.d.)
Multivariate ordinary least square (OLS) regresswassapplied to eackensus traaith
vegetaton and socigeconomic data as independent variableddifferent crime types as the
dependent variabl®eMotto and Davie§2006 assessed thgoximity of crimeto parks in
Kansas City, Kansa3he studyused auffer analysisvith buffers identifiedat intervalsat
progressive distamsextendingirom the parkdor studyng surroundingcrimeusing regression
and Mo tes stabissicsvith the hypothesis that crinveould decreasas one moves further

away from parks. This buffer systemas potentiallyflawed, since once a crinveasassociated

with a buffer, the crimevasthelms si gned t he bufferdés distance

park rather tharnts actual distance from the park.
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Figure 5. Maps of census tracts in Philadelphia showing mean NDVI and Aggravated Assault
per 1,000 peopld=ewer aggravated assaulisre observeth places with higher NDVI values
(Wolfe & Mennis, 2012, p. 11617)

The relationship between vegetation and crmasconflicting resultsn the literature
While manystudies have identified lower crime rates in the preseneegwtationor lack of
vegetation increasg levels ofcrime) €.g.,Wolfe & Mennis, 2012Chen et al, 2005, other
research have associdteigher crime levels with vegetation coyerg.,DeMotto& Davies
2006, while some failed to findrey significant relationship between the twariablege.g.,
Patino,et al, 2014).In particular,Chen,et al, (2005)foundthat areas of highest crimates
wereassociated witBhopping centreand commercial area& cluster analysis revealed that
burglaries and assault were most associated witkvagatated grid cells. Thauthorsconcluded
that the classification of satellite imagery into a ivegetation index was successfulpplied
for predictng where burglary hotspots wegeographicallyocated. Patincet al, (2014)found

that the best performing rembtesensed variable was percentage of other impervious surfaces
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(i.e.,impervious surfacethat are not clay roofs), where average homicide ratesdendbe
higher where more impervious surfaeesre presentJnlike findingsfrom other studiesthe
authorsfound percentage of vegetation todransignificantpredictor Wolfe and Mennig2012
found that almost all types of crime were both negatively and significasglyciateavith
vegetation, meaning that crime decreased as the amount of vegetation indreigsed.
relationship betweearime andvegetatiorwasindependent of the soegcononic status of
neighbourhoodgFigure5 shows maps ofiverage NDVI values and aggravated assault per 1,000
persons in eacRhiladelphiacensus tra¢ wherethe relationship between both variables was
significant In contrastDeMotto and Davie§2006)determnedthatlevels ofcrimetended to
increase as distance to plarkd decreased

Such conflicting findings between research studies on the links between crime and
features of the built and natural environment highlight that such relationships are cangplex
likely differ based on their geographical, demographic, and socioeconomic context. This
suggests that further research is required, especially adopting a more holistic and comprehensive
approach exploring links between multiple characteristics dbaiieand natural environment

and crime, rather than single attributes at a time.
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3.0 Conceptual Framework

Built Environment

Positive Effect on Crime Negative Effect on Crime

Building Use

(e.g.
Commerical,

Buillding
Use (e.g.
Schools,

Alcohol Bus Stops Residential) Streetlights

Crime/
Reported
Incident
Location

Natural Environment
/ \

Negative Effect on Crime ]
/ A\

Vegetation

Levels

Figure 6. Conceptuatliagram otthes t u degearsh frameworkositiveandnegative effed
of built or natural environment features crimeand reported incidentreidentified in this
diagram Thesearehypothessedrelationshipswithin a theoretical framewor&nd not based on
actualresults of this study.

The conceptual framework of thitugly isbased on the hypothesistfeatures othe
built and natural environment affect the locationvbiere incidents ofrimemay be reportedn
turn, thesereports ofcrime affectthe location of police activityl he built environment refeto
manmade physical featus®f the urban environmeibieing studiedsuch as shopping cengre
bus stop, or houss, with the function of each building or object being important to its
classification The natural environmegbnsists ofeatures withinhe urban environment studied

that are naturakuch as occurrence of vegetation and water botiresnatural environment can
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also refer to natural features that are planned, such asgraigonds Figure6 shows the
relationship between these featured ¢heir potential effects on crinaad reported incidents
The influences shown in the diagraan workin multiple pathways and directiortepending on
thetype ofcrimecommitted In some situation® criminal might commit a crime in a certain
area dueo the characteristics of its environmdabr example a thef maytarget a bus stop
sinceit is a placewhere people often congregate outdptruscreating an opportunity for theft
according to Routine Activity TheoiCohen & Felson, 193%90thercrimes may occur due
locationinfluencing the actions of the criminal anthy be gartial causdéor committingthe
crime. Examplesnay includepublic intoxication or assault near a bathile the person likely
did not go taa bar intending to commad crime, the environmentayinfluencethe individual to
commita crime, namelygue tointoxication from congmingalcoholatthe bar.

Consequentlyan environmeat settingcan both influence where a criminal commits a
crime and influenceraindividualto commit a crime. This isonsistentvith Brantingham and
Brantinghand $995 paperwhichdescribedhe concepofficr i me attractor so an
g ener.éCo i en@atogd createopportunitieto commit crimedue tothelarge
concentration of peoplgtal ocati on that potential criminals
tend toattract people witltheintentof committinga particular crime given the opportunities
presented at that locatigBrantingham and Brantingharh995.

In addition tocreatng opportunity and influencing criminals to commit crime
environmentafeaturesalsohave the potential teerve asrime deterrerst Forexample a
criminal maynot want to commit a crime near a streetlighting night timedue to the greater

likelihood of being seen. Astherexample from the literature is Piz,al.(2014), who
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concluded thaa CCTV camera can have a deterrent effect whstalledin aproper manner and
setting.

In the case of crimattractos, influences or deterrents to crinmeluded in this study
comprised othree categoriesf the built environmenitncludingtypes ofbuildings, bus stops,
and streetlightswithin the built environment, gsreviouslydiscusse@nd in accordance with
Routine Activity Theorybus stopwerehypothesisedo have a positive effect on crinagthin
their vicinity, meaning thatigh levels of crimevithin their vicinity would be expected
Streetlightswereexpected to have a negative effect on criresulting in lower levels afrime
relative to otheunlit or dark areaduring night hours.

The building typesonsidered in this study includeesidential educational, religious,
commercialrecreational, institutionahgricultura) industrial and alcohol servingr sales
establishment®lcohol serving/selling establishmenigreexpected to &ive a positive effect on
crime sincethe consumption of alcohobnoften promote irrationadr deviantehaviour that
may result in criminal offenceg®ay, et al 2012; Livingston, 200/ Kumar& Waylor, 2003).
Other buildingssuch as educational and religious facilitieereexpected to have a negative
effect on crimedue to the concentrat@iesencand congregatioof children and the elderly
whowere expected to behaas crime deterrent©ther buildngs, such asmdustrial buildings,
did not have dypothesise@ffect on crimeas they were not addressed in e@ewedliterature
In this way, this studgdoptsaninductive approach ttheresearch.

All natural environmeral factors, including the psence of parks and general vegetation
cover, wereexpected to have a negative effect on crikgepreviously discussediereis
frequentdebate within the literatur@sto whetheithe presence ofegetatiorcoverhas a positive

or negative effect on crime. Sorstidies support the notion thatreased vegetatiaover
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results in a rise iriminal activity by increasing the number of potential hiding spots for
criminals and their criminal activitied/ichael,et d., 200). Otherssuggest thanhcreased
vegetatiorcover results ira negative effect on crimsinceit causes more people to be present
outdoos, allowing forincreasedurveillance andlsobecause vegetation promotes
fipsychological softenirly a n dates dtrés@Volfe & Mennis, 2012). Thisesearch adopthe
hypothesis omore recent studiesmcluding Wolfe and Menni2012 andChen et al. (20095,
which suggest that less crinmesultsin areas with higher vegetati@overandmorecrime

occursin areas ofcarcevegetatiorcover.
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4.0 Study Area

The study areancludesthe cities of Kitchener and Waterloo in Ontario, Canaila a
mapshownin Figure7 anda satellite photshownin Figure8. The two cities are also shown in
Figure 9 which displays major landmarks and roa@isecitiesarelocatedin Southwest Ontario
andare located in the larger Region of Water{Begion of Waterloo, 2011The Region of
Waterloo is policed by the Waterloo Regional Police Service (WRBH).cities contain mostly
urban landalthough there is someral areancludedwithin each ciyé boundary The city of
Waterloo has a population 88,780according to the 2011 censaisd is the 5% largest
municipality in Canada (Statistics Canada, @&f)1It is known as a university town, being home
to the University of Waterloo and Wilfred Laurier Universi&g well as a satellite campus of
Kitchener 6s Cdisass knowy as adighltdcrecgntired is home taompanies
such as BlackberrfEnglish, 2011) The city of Kitcheneis located directlysouth of the city of
Waterloa It is the largest city in the Waterloo Region with a populatio21®,153in the 2011
census and is the Pdargest municipality in Canada (Statistics CanadagB0Kit c hener 0 s
economy ionsidered to bmorefblue-collard than that of Waterloo artie cityhas
experienced the type afban declinghat isoften associated witNorth Americanndustrial
centresn the past 50 yeaf&nglish, 2011)However, he city ha experienced much urban
redevelopmenin the pastwo decadesnd has more recently become host to a number of high
tech companiegEnglish, 201). Together, along witambridgeWoolwich, and North
Dumfries, thewo cities helgdorm a Census Metropolitan Area (CMA)a | Kiklienefi
Cambridge Waterloo, Ontarid, which is the # largest in Ontario and the % @argest in Canada

(Statistics Canada, 2648).
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Figure 7. Map of cities and townships tfe Region of Waterloo, Ontario, Canada. Kitchener
and Waterloare highlighted in yellowjodsworth, 2013).

The Region of Waterloo is a relatively safe place in terms of criminal activity and crime
rates. In a ranking of the most dangerous citisSamnada by Macl eands magaz
Kitchener ranked as the 8®nost dangerous city in Canada with a crime score that was 15.88%
| ower than the countryds ov shownlinlFigweaOifromeghes cor e
WRPS 2013 annual report, theerall crime rate has been on a decreasing trend in the Region of
Waterloo over the decade leading up to 2013, which is the year of crime and reported incident
data used in this study. The violent crimes rate (not shown in Figure 10) had previouslg been o
an increasing trend from 2003 to 2010, but the rate decreased between 2010 and 2013 (WRPS,
n.d.b). The overall crime rate for the Region
rate from 2003 to 2013, but alarsne sate roe200ato hi gh

2013 (WRPS, n.d.b).
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Figure 8. A subset of a 2013 Land 8 satellite image howing the study area of the sister cities
of Kitchener and Waterloo, Ontario.

Despite KitcheneWaterloo being classified as a relatively safe city, it was still
nevertheless chosen as the study area for this thesis for several reasons. The first reason being
that this study was conducted at the University of Waterloo, resultinhénent interest in
studying the local region, ease of access to the study area for ground truth and data verification,
and potential contacts with the WRPS and local experts. This also allowed for greater user
familiarity with the study area and applicat of local knowledge during both development and
analysis phases of the study. There may also be wider relevance and potential application of
study results compared to conducting the study elsewhere on an arbitrarily selected or less
familiar locality. The second reason was that a smaller study area may allow for a more

manageable and definable study, resulting in more focus on the urban environment and crime
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relationship with fewer confounding factors, which may be more prominent in larger
metropolitan eeas. The third and perhaps most significant reason for selecting Kitchener
Waterloo as the study area was the availability of high quality crime and reported incident data,

which was available as point dataset for the region.

Figure 9. A map of Waterloo and Kitchener, Ontandth important landmarkkighlighted,
includinge ach <ci ty6s mnamwoadspnvajor malls, arel siniversities and colleges.
As previously showrin Figure 7 Waterloo isthe nortlern city, while Kitchener ighe southern

city.
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