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ABSTRACT

Automated speed enforcement (ASE) guidelines are designed toepiaieement agencies in
operating ASE programs that are effective in improving traffitety. Given that appropriate
deployment decisions are essential to a program’s effectseesiumber of deployment
priorities are generally included in most ASE guidelines. Howewben implementing the
guidelines, most descriptions of deployment goals are so qualitduatettiey might have
multiple quantitative interpretations, and thus affecting the ifiestion of specific deployment
considerations. In addition, limited research has been done to imgrevyerocess by which
guidelines are implemented. Therefore, this paper proposes quantietagires for an ASE
program, in order to facilitate interpretation of the main ASBqgyies and improve deployment
decisions. To illustrate the various types of high-priority deploymensiderations, a case study
in the city of Edmonton in the province of Alberta, Canada is predefiteexplores the
deployment outcomes of the mobile photo enforcement (MPE) program iariam in relation
to six priorities identified in the provincial enforcement guided. Two performance measures,
spatial coverage and enforcement intensity, are assessed fdy [@ites and non-priority sites.
Moreover, the distance halo effects of MPE are considered meviev of spatial coverage. All
findings are visualized using Geographic Information Systems, that high priority sites and
coverage of these sites in the historical deployment can be lyisasdessed. A better
understanding of the governing ASE guidelines and how to implement tlaemhelp
enforcement agencies to improve decision-making and resourcetiabodhereby increasing
program effectiveness and efficiency.

Keywords Automated speed enforcement (ASE) guidelines, Quantitative meaddobde
photo enforcement (MPE) program, Resource allocation, Geographic Infonnsastem (GIS)
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1 INTRODUCTION

Speeding undermines road traffic safety around the world. Each meae than one million
people die in traffic collisions worldwide(WHO, 2006; WHO, 2008; WHO, 2033%p of these
fatalities are due to speeding (OECD/ECMT, 2006). In order t@gtrattizens against the risks
of collisions caused by speeding, the implementation of speed mamdgprograms has
become a high priority for many governments around the world. Autorsptstl enforcement
(ASE) is one countermeasure that has been widely adopted throughaubrttieto manage
speeding. Automated speed camera systems are used to agsestnpehforcing speed limits.
Specifically, the speed camera is mounted on the roadside oreimf@arcement patrol vehicle to
detect vehicle speeds and photograph vehicles violating speed liigste€hnology has been
shown to significantly improve traffic safety. According to aiew of studies from the late
1990s and early 2000s, adopting an ASE program may lead to a 2-1&8asgection and 9-50%
decline in collisions(Rodier, Shaheen, & Cavanagh, 2007).

In some jurisdictions, the design and operation of ASE programs armgdugy specific rules,
which are set out in official guidelines. ASE program guidelinesnaubasic principles for how
ASE programs should operate, providing a tool to assist localroemient agencies in
developing a successful ASE program with positive safety outcomé&sgaifielines emphasize
controlling the deployment of enforcement cameras, in order toesdsptoyment at the right
locations, thus improving the program’s effectiveness in improvingtysaHowever, when
implementing guidelines, most descriptions of deployment goal®argqualitative to interpret,
impacting the successful identification of specific deployment consiolesa Guidelines provide
general descriptions of where ASE should be deployed to achieveigenf reducing speed
and collisions, but they do not specifically define how site ideatitn and ASE deployment
should be conducted. Local enforcement agencies must rely only orowreiinterpretations
during the design and implementation phase. Consequently, the potenti#k benesing the
guidelines are not entirely realized.

Research tackling this inadequacy of ASE guidelines is venitelil. Therefore, this paper
proposes quantitative measures based on the main guiding principleSEofto facilitate
interpretation of the guidelines and deployment decisions that wigdictrehese guiding
principles. In order to illustrate the outcomes of adopting quantitatigasurements, a case
study of the mobile photo enforcement (MPE) program in the cifydofionton (COE), in the
province of Alberta, Canada, is presented. MPE is a subset of ABRotegy, and therefore
should adhere to ASE program guidelines. In particular, the caseestplbres the relationship
between ASE principles and the interpretation and application of médeby a local
enforcement agency. The results are visualized using Geogrigbbimation System (GIS)
plots, through which this paper provides insight into the geographidbdistm of enforcement
throughout the city, in terms of where enforcement should take prateviaere it is actually
conducted. Two MPE program indicators — spatial coverage and intensitg dsad to
investigate the interpretation and application of the provincial §3&elines. Given that MPE
activities have distance halo effects, which are safetyctsff¢hat extend upstream and
downstream of the camera site(Vaa, 1997), this paper also considseseffects. Coverage of
the MPE program is also considered using a measure of the dis&@oceffect. The results of
this paper can help enforcement agencies gain greatery aterithow to improve program
performance with the help of ASE guidelines, in order to achieweased efficiency and
effectiveness.



2. MAIN GUIDING PRINCIPLES OF THE ASE PROGRAM

A number of ASE guidelines were published by local, provincial oonatigovernments in the
U.S., Canada, Australia and the U.K. during the early 2000s. All of thedelines have similar
principles that primarily focus on outlining an efficient waydeploy enforcement cameras.
They recognize that making good decisions regarding ASE depityineing program design
and operation is essential to a program’s effectiveness(NHTSA, 200®yia Police Traffic
Camera Office, 2006). Specifically, six considerations for enfoecg attention are most
commonly addressed in deployment guidelines; these include 1)chlligion sites; 2) high
speed violation sites; 3) school zones; 4) construction zones; 5) high pedestrian vielsinaad
6) sites with community speeding complaints. Local enforcement&geshould identify and
prioritize these sites accordingly, in order to efficiently nggnaheir resources and safety
outcomes.

21  High Collision Sites

Traffic collisions are responsible for over 1.2 million fatalitse®l 20 million injuries every year
worldwide(WHO, 2006). 90 people are killed on U.S. roads and five on Canaddsnearly
every day(NHTSA, 2015; Transport Canada, 2015).

However, these figures are decreasing gradually with govertnimierventions(NHTSA, 2015;
Transport Canada, 2015). Automated speed enforcement (ASE) programseatgpe of
intervention shown to significantly reduce the frequency and sewafrigpllisions. Previous
studies indicate that ASE reduced collisions by 8.9% to 51%, andiaoilielated injuries and
fatalities by 12% to 50%(Coleman & Paniati, 1995; Elvik, 1997; Bed&u@isburn, 1998; Chen,
Wilson, Meckle, & Cooper, 2000; Christie, Lyons, Dunstan, & Jones, 2003; 2664,
Goldenbeld & Schagen, 2005; OECD/ECMT, 2006). Given that the primary iobjeftASE
programs is to reduce traffic collisions and in turn improve treghbety, prioritizing high
collision and collision risk sites for ASE attention in ASE guidelines is atitic

Although all ASE guidelines indicate the need for deploying enfoecd cameras to high
collision sites, the level of detail provided on how to identify tresess vary among different
jurisdictions. Guidelines from the Province of Alberta (Canada) ttwed State of Victoria
(Australia) identify high collision sites as a major deploymfatdus (Alberta Justice and
Solicitor General, 2014; Victoria Police Traffic Camera Qffi@006), but present little further
detail. In contrast, the U.S. Department of Transportation, the &t&eeensland in Australia
and the County of Humberside in the U.K. propose criteria for eivaduhigh collision sites in
their guidelines. Four key elements — collision frequency, collisieergg, exposure measure of
collision risks and data analysis period — are most commonly inclutetiei evaluation
procedures(NHTSA, 2008; Queensland Government, 2014; Humberside Police, 2008jOne hi
collision site identification criteria proposed is the equivalent-ptgggamage-only (EPDO)
collision frequency per kilometer (km) over three years(HunibemBolice, 2008). The EPDO
method converts all collisions, including fatalities, injuries and ptgpgamage only, into
property damage only collisions by assigning weighting factors féerelt collision
severities(AASHTO, 2010). Therefore, it can effectively combiné toé collision frequencies
and collision severities into one factor that assigns higherhteeig collisions with higher
severity. In addition, the road length is employed as an exposuremméagelation to EPDO
collision frequency by the County of Humberside(Humberside Police,)2008rder to measure
and compare the risk of collisions to the exposed population over aincefistance
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traveled(ETSC, 1999). Road length data can be collected relatagly since a large number
of cities has a well-maintained database.

2.2  High Speed Violation Sites

Although the ASE program’s ultimate goal is to reduce trafbitisions, the mechanism through
which this goal is achieved is the reduction of speeding vehi8fe=eding has been recognized
as the leading cause of collisions, as it increases thehbtkel and severity of collisions
(OECD/ECMT, 2006). ASE programs are able to achieve signifidaterrent effects in
reducing speeding. An ASE program has been shown to reduce the totak mfirspeeding
vehicles by 15% to 88%(Lamm & Kloeckner, 1984; Coleman & Paniati, 1988is, 2001;
Retting & Farmer, 2002; Cities of Beaverton and Portland, Oregon, 1997).

As the allocation of ASE to high speed violation sites plays adeyin addressing traffic safety
concerns, nearly all guidelines stipulate that higher pridriyplaced on high speed violation
sites. However, most guidelines’ treatment of high speed violaties isitsimilar to that of high

collision sites; although the importance of deploying camerashéset sites is identified,

information on how to identify high speed violation sites is limiteat.iRstance, the Province of
Alberta and the State of Queensland discuss the criticalitpyfofang these sites, but do not
provide further information on how to identify and assign enforcemesdurees to these

sites(Alberta Justice and Solicitor General, 2014; QueenslandeP@iil5). The State of
Victoria uses reports of speeding problems from governments, awba@rid police officers to

identify high speed violation sites(Victoria Police Traffic GamOffice, 2006). However, these
reports are subjective and difficult to verify or quantify, andghelelines do not demonstrate
how to go from a report to a clearly identified problem location.

In contrast, the U.S. Department of Transportation and the Countyrobétside propose using
data on travel speeds or the percentage of vehicles violating #a Ispé to screen high speed
violation sites. The U.S. guidelines highlight several data to éeé it identifying high speed
violation sites, including average speed™gfrcentile of speed, speed range and dispersion,
percentage of speeding vehicles and number of citations (NHTSA, 2008)Cdingy of
Humberside guidelines use the"§8ercentile of free flow speed to identify high speed violation
sites(Humberside Police, 2008).

2.3 School Zones

Children are the most vulnerable road users and require the gpatestion. About one third

of child deaths worldwide were caused by traffic collisions@yI2008), and children of school
age (from 5 to 19 years of age) are the main victims of robidions(Warsh, Rothman, Slater,
Steverango, & Howard, 2009). Furthermore, they are more likddg t&truck by a vehicle when
walking to school, especially within 300 meters of the school(WakRsdthman, Slater,

Steverango, & Howard, 2009).

Hence, ASE initiatives for school zones have been included in raesgigtions’ ASE program
guidelines. For instance, the Province of Alberta, the U.S. Deparoh@nansportation and the
State of Victoria all address school zones as priorities fologment. In addition, conducting
ASE at school zones acts as a demonstration to the public ohfavcement attention, which
promotes overall public buy-in for a program(NHTSA, 2008). Again, howewerguidelines
provide details on identifying school zones for enforcement. Becaaseuthber of collisions
involving school children decreases as the distance from the schredsas(Warsh, Rothman,
4



Slater, Steverango, & Howard, 2009), there is a need to idepigific regions around schools
where children are at significant vehicle collision risk.

24 Construction Zones

Workers in construction zones are exposed to the risks of injuriefatalidies from passing
vehicles. According to the Federal Highway Administration (FHWA%% of total road
collisions in the U.S. in 2010 occurred at construction zones. More thanl280@orkers were
hit in construction zones every year from 2003 to 2008(FHWA, 2015). In theksoog
speeding is the primary risk to the safety of construction woketke road, accounting for 31%
of work zone fatalities in 2008 in the U.S.(FHWA, 2015). Therefore, spefmicement cameras
are needed at construction zones to protect workers in construction. zonesdition,
enforcement at construction zones is also an effective method obfmgnASE programs to the
public(NHTSA, 2008). ASE attention at construction zones is addresskd guidelines of the
U.S. Department of Transportation, the Province of Alberta, the &t&tietoria and the State of
Queensland. However, these guidelines only mention this enforcenmmnitypand lack detailed
instructions on how to deploy enforcement resources. The State tdri&i@rovides one
identification instruction, calling for an assessment of constmudtications, construction time
periods and the traffic at construction zones to inform deploymensioles{Victoria Police
Traffic Camera Office, 2006). However, the guidelines afedstiicult to implement based on
the rather general information provided.

25  High Pedestrian Volume Sites

In addition to school children and construction workers, other pedestrianaesd protection
from speeding vehicles. According to the National Highway irafafety Administration
(NHTSA), in 2003 about 12 pedestrians died and 180 pedestrians were inghathgan roads
in the U.S.(NHTSA, 2013). Moreover, in a collision, the vehicle’'s spdetkrmines the
pedestrian’s likelihood of survival. A pedestrian has a 20% chansareiving when hit by a
vehicle traveling at 50km/h; however, the likelihood of survival inceas®0% if the vehicle
speed decreases to 30km/h (Interdisciplinary Working Group for AccMenhanics, 1986;
Waiz, Hoefliger, & Fehlmann, 1983; OECD/ECMT, 2006). Urban areas dftere high
pedestrian volumes, and subsequently, a high number of pedestrialorellisor instance, in
the city of Edmonton (COE), districts with shopping, restaurants, adlife historically have
experienced high numbers of pedestrian collisions(Office of Tra#ifety, 2013). The Province
of Alberta guidelines require local enforcement agenciédetatify high pedestrian volume sites
and prioritize enforcement efforts for those sites (Albertaiciusind Solicitor General, 2014).
However, the guidelines do not provide quantitative measurements fotifyicthg high
pedestrian volume sites. In addition, pedestrian volume is expensivenaost ahpossible to
collect citywide.

26  Siteswith Community Speeding Complaints

Complaints about speeding in residential areas are one of theanosba citizen complaints to

police(Scott, 2003; Weisel, 2004). Although fewer crashes occur onrtadd than on arterial

and collector roads, assigning ASE priority to a residentiah atan mitigate community

concerns, and is yet another way by which an ASE program’s profile candxtagain citizen

support for enforcement programs. The guidelines from the Provincdbeftd the State of

Victoria, the State of Queensland and the U.S. dictate that enfert efforts should address
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community complaints. But, similarly, these guidelines only mentioncdedg enforcement
attention to sites with community complaints about speeding, withaher describing how to
evaluate these sites.

27  Summary

Many ASE guidelines identify six key priorities for ASE pragsa These include enforcement
resource attention to roadways exhibiting high numbers of collisamas speed violations,
roadways in school zones, construction zones, and high-pedestrian areabosadvith
community speeding complaints. However, a large majority of guidelip@vide only
gualitative guidance on identifying the sites. This leads tacdiffes when conducting data
analysis for measuring and comparing sites for enforcememttiati. When local enforcement
agencies make decisions on deploying cameras, precise imstrumti how enforcement
resources should be allocated to different sites is unclear. fdresréranslation of these
gualitative descriptions to precise quantitative measures cgn dgencies identify specific
deployment priorities, and improve deployment decisions.

3. QUANTITATIVE INTERPRETATION OF ASE GUIDELINESAND GIS
VISUALIZATION OF GUIDELINE APPLICATIONS

In this section, quantitative measures are proposed and used to ideathyof the six
deployment priorities described in Section 2, for the road networtheofcity of Edmonton
(COE). Then, each criteria is visualized on a GIS map of theTde COE has a mobile photo
enforcement (MPE) program that involves dispatching mounted photo cashaeras in
unmarked/marked patrol vehicles to sites, to photograph the liceates pf those that violate
speed limits by a predetermined threshold. The operation of MPie IBOE must adhere to the
ASE guidelines released by the Province of Alberta, which dittet deployment goals for the
six deployment priorities. To illustrate the interpretation apgdlieation of the Alberta ASE
guidelines by the COE enforcement agency, the deployment informaitithe MPE program,
including spatial coverage and intensity, is visually presented for each deplogriority.

Five years of citywide geocoded data, from January 2010 to Dec@@bérhave been gathered
and assessed for this case study. These data serve two pulpasésst is to identify the six
deployment priorities, using data from traffic collisions stais, travel speed surveys, schools,
construction projects, neighborhoods and road networks. The second is togateethe
operation of the MPE program using data from the deployment sites and enfortieraent

Because a much higher number of collisions occurs on arterial aoddsollector roads than on
local roads, and collisions are the primary motivation for enforngntleis paper focuses on
identifying arterial and collector roads exhibiting need for mxgment attention according to the
priorities discussed. Local roads are considered only in regardsmaunity complaints on
residential roads. The arterial and collector road network IrCBE is segmented into 2,691
sites, with each site representing a segment for enforceSpatifically, an arterial site refers to
an arterial road segment between two adjacent signalizeddatiens. Whereas, a collector site
is determined to be a collector road segment that intersgectsririal or collector roads. On the
other hand, when considering local sites with community complanggdtential local sites are
aggregated on the neighborhood level. As a result, 388 neighborhoods werkedefiter
aggregation. Grouping the data from local sites by neighborhood dahsvsaper to investigate
the implications of enforcement on each community.



3.1 High Callison Sites

Although the Alberta guidelines for ASE address enforcement gwatsgh collision sites, they
provide limited instructions on how to identify these sites. Basedhenreview of ASE
guidelines in identifying high collision sites in other juriscat, this paper attempts to do so by
assessing four characteristics: collision frequency, sevenposure measure of collision risks
and the data analysis period. In particular, this paper employsPh® Erequency of collisions
to account for both frequency and severity, using COE data on collissenking in fatality,
injury and property damage over 2000 CAD. Moreover, the length ob#tesegment is used to
evaluate the exposure to the risk of collisions, given that thishiaftoon is available in the COE
database. The final measure for evaluating high collision st&&PDO per kilometer (km)
traveled on a road segment over five years.

In the COE, the total number of speed-related midblock collisions franuary 2010 to

December 2014 is 29,573, consisting of 40 fatal collisions, 2,881 injuryiaofiisnd 26,652

property-damage-only collisions. All these collisions are converigd dorresponding EPDO
frequencies, based on the report released by the Capital Regiéiverfa in 2010, which

specifies that the direct cost of one fatal collision is equindtethat of 16.6 PDO collisions and
the direct cost of one injury collision is equivalent to that of 3.6 RDIWisions (de Leur, Thue,

& Ladd, 2010).

Figure 1 identifies the ranking of high collision sites within tilye 10% of EPDO collisions per
kilometer (km) over the five-year study period, and shows them iharkeed. The average
EPDO/km of all road segments is 13.8, but surges to 53.1 EPDO/km ifigtitis due to the
narrowing of the scope to high collision sites only. The density ofahigh collision sites
highlights areas in greatest need of enforcement. As showmyumeFi, high collision sites are
clustered in the central neighborhoods of the COE, on two major dyse(Yellowhead Trall
and Whitemud Drive), as well as some northern, western and southeastern neighborhoods.

When the geographic allocation of MPE for the five-year studypges plotted, it is observed
that 1,087 MPE sites are widely dispersed throughout the COEs nréan road network. The
MPE sites are represented as circles in Figure 1, and thesitytef MPE at each site is
represented by the size of the circles. The larger thectha longer the enforcement time spent
at that site during the five-year period. As seen from Figui@ MPE sites (marked in green)
cover high collision sites, and the other 1,002 MPE sites (marked ik) ldacnot precisely
overlap with high collision sites.



MPE Program Coverage on High Collision Sites
High

Collision Others Total
Number of Sites 269 2,422 2,691
Number of Sites Covered by
MPE ] 47 529 576
5-year Average Deployment 305.1 314.3 3135

Hours Per Site

Anthony Henday Drive

Yellowhead Trail ' & v e | eeT . Yellowhead Trail

Whitemud Drive

o‘,_/‘/.

°
Anthony Henday Drive ‘. o8 ‘
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MPE Sites on Arterials and Collectors, Density of 2010-2014 High
2010-2014 Collision Location
MPE Coverage on High Collision Sites Per Sq Km
I MPE Coverage on Non-High Collision Sites L] o
_____Top 10% Arterial and Collector Segments by [] 0-1.9e-004

EPDO/KM 1.9e-004 - 5.4e-004

=
Road Network [ 5.4e-004 - 12.0e-004
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. 12.0e-004 - 80.9e-004
—— Major Freeways

Figure 1 2010-2014 MPE program coverage on high collision sites.

According to Figure 1, 47 of 269 high collision sites were coverethdWIPE program, which
indicates about 17.5% citywide spatial coverage. The five-year pi&tam invested about 305
8



hours at each high collision site, which indicates that each ageewforced for more than five
hours every month. This indicates that the COE enforcement agencyntooficcount high

collision sites when making deployment decisions. However, it wasnadgs that the MPE

program spent an average of 314.3 hours at sites not identified as higiorcdites over the

five-year period — about nine hours more than the average time spégtt aollision sites. This

demonstrates that there were other considerations (such as thivetipeiorities discussed) for
MPE deployment in the COE that resulted in greater enforcement intengiggatsites.

3.2  High Speed Violation Sites

According to the Alberta guidelines, enforcement should be conductedations with high

speed violation rates. This paper identifies high speed violation Isjtethe percentage of
vehicles that exceed the speed limit. More specifically, thel@%6 of sites with the highest
average percentage of vehicles violating speed limits duringfitkeyear study period is
employed as the threshold for screening high speed violation sites.

Speed surveys in the COE were conducted on 720 out of 2,691 sites, fronmy ZOi@rto
December 2014. Therefore, as shown in Figure 2, 72 high speed violatierhawe been
identified and marked in red. As with high collision sites, a dgmsép is also used to illustrate
how the high speed violation sites are clustered throughout thé&igtye 2 shows that the high
speed violation sites are located mainly on the city’s rind (@athony Henday Drive), as well
as the central, northeastern and southern portions of the city. Aagdadihe five-year speed
surveys, approximately 45.6% of surveyed vehicles on the total 720esiteeded the speed
limit. This high value could be due to a selection bias — speed dstéetat to be placed on
roadways that are known to have a high number of speed violations. Thgeapercentage of
speeding vehicles surges to 81.9% on the 72 identified high speed violewlsich is almost
double that of all 720 sites.



MPE Program Coverage on High Speed Violation

Sites
High Speed
Violation Others Total
Number of Sites 72 648 720
Number of Sites Covered by
MPE 36 295 331
5-year Average Deployment 8327 3251 380.3

Hours Per Site
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Figure 2 2010-2014 MPE program coverage on high speed violation sites.

After overlapping the MPE deployment information with the high speadtion sites, only 720
of 1,087 MPE sites are selected for investigation because theMftesites do not have speed
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survey data. Figure 2 shows that about half of the high speed vid#gsrare covered by 97 of
the 720 selected MPE sites during the five-year study period. Thagavdeployment time at
each high speed violation site is 832.7 hours, which is more than 2.5thiatesf other sites.
Furthermore, the average number of deployment hours spent on high spegohvsiies is 2.7
times higher than that spent on high collision sites.

Despite the limited scope of the data, it can be seen thatdberces of the five-year MPE
program, in terms of the spatial and time coverage, were moretadves locations with

speeding problems than those with collision problems. The greeascotFigure 2 show how
the amount of time spent on high speed violation sites is evenly spregrhphically. However,
the green circles of Figure 1 indicate that MPE deploymenbigentrated along specific
corridors and areas with high collision rates — along Yellowhead Trail andicamas.

3.3 School Zones

The locations of primary schools, middle schools and high schools anizé¢haf ®ach school
zone in the COE are the basis for assessing their enforcennanty pGiven that data on the
individual size of each school zone were not available for this case study, thislpayaecates a
circular area around each school as an enforcement measure. KTbé a@dlisions involving
school children is significantly higher within 150 meters of thkost building, but then
decreases substantially beyond distances of 300 meters(Warsh aRpthater, Steverango, &
Howard, 2009). This paper chooses a 250-meter school zone radius faesrdot, which
accounts for the school property size as well as the trafesareyond school boundaries with
different road designs and speed limits(Alberta Ministry of Transporté2@iy)).

Figure 3 presents the spatial distribution of 296 schools in the, @Qich includes primary
schools, middle schools and high schools. As seen from Figure 3, schookreogiged much
enforcement attention during the five-years assessed, with 84%aafl sones covered by MPE.

Of the 1,087 MPE sites, 508 overlap with school zones. The average numiegl@fment

hours spent on school zones is about 300 hours per zone over the five-year study period, which is
of similar average intensity to that of high collision sitessTesult indicates that deployment at
school zones has been a focus of the COE MPE program.
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MPE Program Coverage on
School Zones

Number of School Zones 269

Number of School Zones 296
Covered by MPE

5-year Average Deployment

Hours Per Zone 29638

MPE Sites on Arterials and Collectors, o Edmonton Schools

2010-2014 .
"] MPE Coverage on School Zones B Seneol Zons: 2san Radie)

Il MPE Coverage on Non-School Zones
Road Network

Figure 3 2010-2014 MPE program coverage on school zones.
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34 Construction Zones

A total of 3,996 construction projects were carried out from 2010 to 201deilCOE. The

lengths of these construction projects ranged from a few housevieral years. Therefore,
deployment priorities should be based on the length of constructionctsrojgs longer

construction projects are expected to experience more collisiona. rAsult, this paper has
categorized construction projects into long-term projects (duratimnefyear or longer) and
short-term projects (less than a year), and overlapped MPE informvath that of construction

zones to see what zones were enforced during the five-year study period.

Figure 4 illustrates 2,267 short-term projects, highlighted ioyeland 1,729 long-term projects,
marked in brown. Of these, 121 short-term projects and 70 long-termtprajeccovered by the
five-year MPE program. The percentage of construction peojeatered is only about 5%.
Accordingly, 138 MPE sites and 69 MPE sites precisely cover sdrontprojects and long-term
projects respectively. When calculating the MPE coverage, fipartspatial coverage, only the
MPE conducted within the time period when the construction projeet® wngoing is
considered as coverage.
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MPE Program Coverage at Construction Zones

Construction

Total
Short Term Long Term
Number of Construction 2,267 1720 o
Zones
Number of Construction
Zones Covered by MPE 121 70 191
5-year Average Deployment 4468 _— —

Hours Per Zone

®
MPE Sites on Arterials and Collectors, Construction Zones, 2010-2014
2010-2014 [[7] Short Term Construction Zones
MPE Coverage on Construction Zones Il Long Term Construction Zones

Il MPE Coverage on Non-Construction Zones
Road Network

Figure 4 2010-2014 MPE program coverage on construction zones.

Although spatial MPE coverage on construction zones is relatiegly the coverage time

intensity is high in that the average deployment hours per zone is 8889 for the five-year
14



period. The duration of the enforcement at short-term construction zorsesnewhat higher
than for long-term construction zones, 446.8 and 365.7 hours respectivelypotedsthat the

MPE program did not distinguish between projects of different lenfph the amount of
enforcement allocated. However, Figure 4 shows that short-termwtir@irprojects are mainly
distributed within inner city areas, whereas long-term projegtspamarily located along the
city boundary or on highways. Long-term construction projects mag had lower enforcement
intensity because traffic was diverted from these faciliiesng the construction. However,
owing to the fact that further information on construction zones wasavatable for this

analysis, further investigation is needed to reach a concise conclusion.

3.5 High Pedestrian Volume Sites

Shopping areas, transit stations, colleges, universities, and otheplaoek often have a large
number of pedestrians, but the enforcement sites in or close &dfrezs cannot be identified
when pedestrian volumes are not available (and pedestrian volumes énateas are not
typically collected as part of on-going regular traffic datlection programs). Instead, speed-
related collision data involving pedestrians can be used as anasiterto evaluate MPE
deployment priority, as the motivation of enforcement at high peaestolume sites is to
protect the safety of pedestrians. Therefore, locations expemgeachigh number of speed-
related collisions involving pedestrians in the COE are asse&d@agh pedestrian collision site
is identified as having two or more speed-related pedestrian crashes from 2010 to 2014.
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MPE Program Coverage on High Pedestrian Collision

Sites
High
Pedestrian Others Total
Collision
Number of Sites 67 2,624 2,691
Number of Sites Covered by
MPE 18 558 576

5-year Average Deployment
Hours Per Site , 8577 296.0 3135

o ®
MPE Sites on Arterials and Collectors, Road segment experiencing 2 or more
2010-2014 pedestrian collisions in 2010-2014
MPE Coverage on High Pedestrian Collision Road Network

Sites
= MPE Coverage on Non-High Pedestrian
Collision Sites

Figure 5 2010-2014 MPE program coverage on high pedestrian collision sites.

The screening results are shown in Figure 5. A total of 67w#es found to be high pedestrian

collision sites. Of the 1,087 MPE sites, 39 cover 18 high pedestribsiaolsites, resulting in
16



about 27% of high pedestrian collision sites being covered, which isnieS tigher than the
spatial coverage of high collision sites. Moreover, the deploymessity at high pedestrian
collision sites is the highest among the six enforcement pe®yitvith 857.7 hours per site
during the five-year period. When pedestrians are struck by a sgeseghitle, there is a high
likelihood of severe injury(OECD/ECMT, 2006). Therefore, these high pelesollision sites
merit significant attention by the COE enforcement agency.

3.6  Siteswith Community Speeding Complaints

The frequency of collisions, severity level of collisions and peaggnbf speeding vehicles on
local roads in residential areas are much lower than foralrgerd collector roads. Specifically,
the five-year average EPDO frequency of local sites is 5.50#RD, which is only about 40%
of the average EPDO frequency for arterial and collectos.sliteaddition, the percentage of
vehicles violating the speed limit is 21.1% at local sites, whadess than half of the average
figure for arterial and collector sites. For optimal resoalt@cation, more enforcement efforts
should be exerted to other critical sites experiencing a higdleot collisions. However, given
that enforcement at local sites can mitigate community conegrsismprove the enforcement
program’s profile, this type of site could still be a consideratibien evaluating deployment
decisions, with a low number of visits and enforcement times being appropriate.
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MPE Sites on Arterials, Collectors
and Local Roads, 2010-2014

[ MPE Coverage on Local Roads
I MPE Coverage on Non-Local Roads

Neighborhoods
[] Neighborhood Covered by MPE
[] Neighborhood not Covered by MPE

Road Network

Figure 6 2010-2014 MPE program coverage on local roads in neighborhoods.

Since speeding complaints records were not available for thes stasly, this paper only
reviewed the MPE program resources devoted to these neighbortesodAsishown in Figure 6,
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the COE is divided into 388 clearly defined neighborhoods. Apart from 1,087 $ite&
enforced on arterial and collector sites, MPE was deployed to arg38@docal sites (marked in
green), which were in neighborhoods adjacent to central areas dfiythEhts number indicates
that enforcement in residential areas was a priority o0& enforcement agency. The 230
local MPE sites cover 83 neighborhoods (colored in purple). The avéeptgyment time spent
on each neighborhood is 31.3 hours over the five-year period, which igimar&0 times less
the intensity spent on other deployment priorities. This paperrmsesaly an idea of how to
review this type of site. Further work on measuring the riskesfjhborhoods using data on
community complaints can be carried out, so that deployment decisiotiseSe sites can be
made based on a more thorough evaluation.

3.7 MPE Program Coverage Overview

Based on the analysis of MPE program coverage for the sixyueg@it priorities, Figure 7
illustrates an overview of MPE program deployment from 2010 to 20%tdtahof 1,317 MPE

sites are divided into three groups: 732 sites covering one priorityl®tlysites covering two or
more priorities simultaneously, and 395 sites with none of the high-grideployment

considerations identified by the Alberta ASE guidelines.
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MPE Program Coverage Overview

! . Covering
Covering Covering
One 2+ NC;E: ° o
Criteria  Criteria Criteria
Number of
MPE Sites = 1% i L

MPE Sites on Arterials, Collectors [] Neighborhood Covered by MPE
and Local Roads, 2010-2014
o Road Network
® MPE Coverage on One Criteria
@® MPE Coverage on 2+ Criteria
@® MPE Coverage on None of the Criteria

Figure 7 2010-2014 MPE program coverage overview.

The greatest benefit gained from visualizing the overview of MRIgram coverage is that
enforcement agencies can observe which sites identified as natypsites still received
20



enforcement attention. Figure 7 shows that 30% of MPE sites Weoatad to non-priority
locations. This indicates that the enforcement program may ket@ldchieve greater safety
outcomes by reallocating resources from non-priority to priority locations.

4. COVERAGE ACCOUNTING FOR DISTANCE HALO EFFECT

Achieving maximum citywide coverage may be very difficult focal enforcement agencies,
owing to the fact that there are a number of deployment goalinbteéd resources. However,
sites that have been enforced by ASE may experience distamceffedts, which are safety
effects that extend upstream and downstream of the camenasite997). In the review of
MPE spatial coverage, this section investigates the geospfinbnship between high-priority
deployment considerations and historical deployment priorities, takstgnce halo effects into
consideration. The distance range of this effect varies acruadiest Nilsson (1992) states that
the distance halo effect for MPE in urban areas can reach up to &@6smpstream and 500
meters downstream. In contrast, Champness et al. (2005) conclude that tiee diata effect of
a mobile overt speed camera program extends 1000 meters dewndirg is insignificant for
upstream traffic. Elvik (2011) concludes that the level of enfoerd intensity significantly
affects the scope of the enforcement safety effects. Therefiois paper has established a
function to estimate the range of the distance halo effect based on deploynmesityinte

The function of the estimated radius of the MPE distance halo effect is shown iroEqlat
R; = Ry *[0.5+ 0.124 = In (y; /)] (@H)
Where:

i = deployment sité

R; = expected radius of enforcement distance halo effect at site i in meters

R, = baseline radius of distance halo effect in meters

y;: = total enforcement level at siteén hours

Y: = average citywide level of enforcement in hours

Equation (1) is based on the logarithmic formulation constructeiol (2011). The relative
level of enforcement is calculated by dividing the total enforr® hours of each deployment
site by the average total deployment hours of all the sitekis paper, the average deployment
hours of the 1,317 MPE sites operating during the five-year stedpdpis 139.1 hours.
Considering that the maximum distance halo effect of the lif@gram in urban areas is 500
meters (Nilsson, 1992), the radius constraints are such that the minimum distarsteohid not
be less than zero meters and the maximum should not be ¢ghesi&00 meters. Furthermore, a
250-meter baseline radius is adopted; when the deployment hoursitat aae less than the
average citywide deployment intensity, the distance halo ima&®d less than the baseline.
Therefore, the fewer the deployment resources that are ellipdhe smaller the distance halo
effect predicted, and vice versa.

As in the review of spatial coverage, the GIS layer of MRE&s accounting for distance halo
effects is overlapped with the locations of high-priority deplaymsonsiderations. Because
reducing collisions and speed is the ultimate objective of enfordeitinés section investigates
only high collision and high speed violation sites to illustrate thtadce halo effect. The MPE
coverage accounting for the distance halo effects is visually cemhpath these two priorities
respectively, and the findings are discussed below.
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41  High Collison Sites

The distance halo effects of the five-year MPE program are rddppénigh collision sites in
Figure 8. The sizes of the blue circles on the maps are daltldased on Equation (1), which
considers the degree of enforcement of each site, and refledstitnated distance halo effect
to surrounding areas. In summary, 19% of 1,087 enforcement sites geéndisitarce halo
effects within a radius of 250 to 500 meters; whereas, the otherdBlénaforcement sites
generated effects covering less than a 250-meter radius.

22



MPE Program Coverage on High Collision Sites
Accounting for Distance Halo Effect
High

Collision Others Total
Number of Sites 269 2,422 2,691
Number of Sites Covered by
MPE 104 1,070 1,174
5-year Average Deployment 7135 8226 812.9

Hours Per Site

Anthony Henday Drive

Yellowhead Trail _ Yellowhead Trail

Whitemud Drive

Anthony Henday Drive . "‘7,

£ -
Distance Halo Effect of 2010-2014 MPE Sites on Density of 2010-2014 High
Arterials and Collectors Collision Location
Road Network Per Sq Km
Major Freeways 0
0 - 1.9e-004

1.9e-004 - 5.4e-004
5.4e-004 - 12.0e-004
12.0e-004 - 80.9e-004

BEEO0

Figure 8 2010-2014 MPE program coverage on high collision sites accounting for
distance halo effect.
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Without considering the distance halo effect, the spatial coveratlpe MPE program for high
collision sites does not account for high collision sites adjaceMtPt& deployment locations.
For instance, 18 high collision sites are identified along theoWakad Trail and Whitemud
Drive freeways. The number of MPE deployment sites on thesdérégways is also very high,
with a total of 38 MPE sites. However, only one third of these hidlision sites is precisely
covered by MPE. It is observed that 66% of these enforcement sites are tocatedverpass or
underpass of interchanges, which may be due to ease of camera placemeniash coost high
collision sites are located between freeway interchangesoniy three located at interchanges.
Although these 38 MPE sites may have deterrence effects orcdlighion sites nearby, these
effects cannot be determined without the distance halo effect.

When evaluating MPE program coverage with the distance halo effiectoverage of high
collision sites increases from 47 to 104, doubling the citywide cgea@38.7% (Figure 8). In
addition, the number of enforcement sites influencing high collision sites expand35rtonl71
when the spatial deterrent effect of each MPE operation isdsyedi Furthermore, the average
deployment time at each high collision site doubles, adding to 713.5 hawtepfor the five-
year study period.

4.2  High Speed Violation Sites

As with high collision sites, the five-year MPE program perfarogafor high speed violation
sites is improved when the distance halo effect is accounted foshéwn in Figure 9, the
coverage increases by 13.9%, reaching 63.9%. In addition, the number dfité$BEfluencing

high speed violation sites expands to 146, with the average deploymentisog to 1,373 per
site.

24



MPE Program Coverage on High Speed Violation
Sites Accounting for Distance Halo Effect

Hours Per Site

High Speed
Violation Others Total
Number of Sites 72 648 720
Number of Sites Covered by
MPE 46 430 476
5-year Average Deployment 1.373.0 815.5 869.4

Anthony Henday Drive

Anthony Henday Drive . "y

&

Yellowhead Trail

Whitemud Drive

Road Network

Major Freeways

Distance Halo Effect of 2010-2014 MPE Sites on
Arterials and Collectors

Density of 2010-2014 High
Speed Violation Location
Per Sq Km

BRA0O0

0

0-1.0e-004
1.0e-004 - 3.4e-004
3.4e-004 - 7.9e-004
7.9e-004 - 30.9¢-004

Figure 9 2010-2014 MPE program coverage on high speed violation sites

accounting for distance halo effect.
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As a result, the performance of the MPE program in terms ofabpaverage and the level of
enforcement intensity is improved when accounting for the distanceefiatt. This effect is a
more reasonable indicator of MPE deployment performance whesseggséhe spatial coverage
and intensity. However, this paper presents only a method to estiraalestance halo effect of
the MPE program; further research should be conducted in the futdesttthis estimation
function and method.

5. CONCLUSIONS

This paper proposed quantitative measures to help agencies condudimgated speed
enforcement (ASE) programs to identify and evaluate ASE deyoy priorities. These
priorities are based on six considerations typically identiiredSE guidelines: high collision
sites, high speed violation sites, school zones, construction zones, higlripedslume sites,
and sites with community speeding complaints. A case study freraitty of Edmonton (COE),
Alberta, Canada, was presented, and five years of data (2010-2014) wkte igentify and

plot these six priorities using GIS. Maps were also overlaith Wé@ployment data from the
COE’s mobile photo enforcement (MPE) program, showing enforcemesenme at high
priority locations.

Sites at high risk of experiencing collisions and speeding — mtargagreater enforcement
attention — were identified using quantitative criteria. High siolfi sites were identified as those
with an average of 53.1 EPDO/km, while high speed violation sites ientified as those
where 81.9% of vehicles violated the speed limit.

Spatial coverage and enforcement intensity were assessed stigatee the interpretation and
application of the six Alberta ASE deployment priorities by @@E’s MPE program. It was
observed that each priority was addressed, but at differents l@fehttention. High speed
violation sites, school zones and high pedestrian collision sitessheven to have had the most
attention amongst the six priorities, with comparatively high dpadigerage and intensity. High
speed violation sites and high pedestrian collision sites rectieegreatest enforcement time,
with more than 800 deployment hours on average for each site theifige-year study period.
In contrast, school zones received more enforcement coverage, atA8donally, it was
found that 30% of MPE resources were not allocated to sites meeting tha ofit@mny of the six
deployment priorities. If the MPE program were to reallodhése resources to sites meeting
any of the six priorities, the program may be able to achieve greatgr satieomes.

Furthermore, this paper introduced a function to assess MPE distahweeffects. After
mapping MPE distance halo effects with the locations of highsamilisites and high speed
violation sites, both spatial coverage and intensity increased. Ttiael spaerage and average
deployment hours on high collision sites doubled, and increased by 30% and 6@§t speed
violation sites respectively. These increases indicate tiiatoement cameras were located very
close to some high priority sites.

This paper contributes to the literature and practice by 1) derabngtspatial visualization of
multiple ASE deployment priorities and traffic data sources, andpplying quantitative
measures to ASE guidelines, using the case study of the MPEpraogthe COE. The mapping
of traffic safety data and enforcement activities was demairgtto be an impactful method of
organizing the spatial information of an ASE program. It can help asgenmeview their
allocation of deployment resources, and help facilitate bettepylapht decisions to increase
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program efficiency and effectiveness in terms of safety outsoiewever, there were some
limitations in this paper that could be addressed with additi@salarch. Future research that
incorporates additional data on construction zones, neighborhood complaintssendhée
method estimating the distance halo effect should be conducted.
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