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LAND ACKNOWLEDGEMENT

We respectfully acknowledge that the City of Vaughan is situated on the Treaty 13 lands of the
Mississauga’s of the Credit First Nation and the traditional territory of the Huron-Wendat and the
Haudenosaunee Confederation. The City of Vaughan is home to many First Nations, Métis and
Inuit people. Thus, there is an importance to maintain guest-host relationships by recognizing our
duty as settlers to respect and take care of the lands we live on.

Queen’s University is situated on traditional Anishinaabe and Haudenosaunee territory and we
are grateful to be able to live, learn and play on these lands. To acknowledge this land also means
to face how planning was and continues to be used as a colonial tool to isolate, oppress, and
displace Indigenous Peoples.

In composing this report, we sought to understand the importance of our connection to land and
its people. Our goal is to help sustain and care for this land for it to last for generations in the
future. Being able to move about in our communities safely and sustainably are key aspects of
how all of us function in our everyday lives. We hope that as you read this report, you are able to
reflect on how our communities can offer safe and sustainable mobility options for all human
inhabitants and that, in our efforts to promote mobility, we do not compromise the health and
well-being of future generations. We all have a duty to take a holistic and equity lens approach by
considering and caring for all aspects of the land that helps us breathe and live.
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EXECUTIVE SUMMARY

The purpose of Smart Moves is to provide the City of Vaughan (“Vaughan”) with a set of key
performance indicators (“KPIs”) to assess the progress of the MoveSmart Mobility Management
Strategy (“MoveSmart Strategy”). The KPls listed in this report are based on research on
Vaughan, other domestic and international jurisdictions, and academic literature. The twenty
KPIs proposed for Vaughan are informed through a road safety and equity lens and best suited for
Vaughan’s context to measure the future success of the MoveSmart Strategy.

How Vaughan Moves is auto-oriented but municipal policies seek to improve sustainable
transportation networks and intensify residential land-use. Collision statistics, spatial analysis
and news media analysis identified the following Vaughan contextual findings to inform the set of
KPIs

e KPIs cannotrely solely on police-reported collisions.

e Intersections are the site of most collisions, including ones involving pedestrians.

¢ Quantifying collision data by mode, vehicle size, and age can highlight systemic barriers
related to road safety.

e Mapping socio-economic information with collision data can help transportation planners
and engineers make equitable and evidence-based decisions and justify decisions to
residents.

o Areas of concerninclude Fossil Hill and Alba Avenue, Ashley Grove and Windflower
Gate, Promenade Shopping Centre, and Mosque Gate and Ahmadiyya Avenue.

e News media has been used by Vaughan to promote municipal traffic policies, support
police investigations, and notify residents regarding delays and road closures.

e Vaughan residents have mixed opinions regarding the effectiveness of traffic calming
initiatives and cycling infrastructure investments and KPIs can be used to inform residents
on MoveSmart Strategy progress.

e Speed, impaired driving, and collisions involving children are urgent concerns for Vaughan
residents, which are largely portrayed as an effect of poor individual behaviour, with
enforcement being portrayed as an effective deterrent to these behaviours.

Risky Moves cause traffic collisions and injuries. A comprehensive literature review identified
factors that can effectively decrease the risks of collisions and be measured directly and
indirectly through KPIs.

e Systemic determinants of traffic injuries and collisions are more prominent than
determinants based on individual behaviours.
e Vulnerable road users are at greater risk for traffic collision and fatality.
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There can be multiple compounding factors that increase a vulnerable road user’s
exposure to vehicles which increases their overall risk of injury and fatality.

Designing intersections and roadways for the maximum protection of vulnerable road
users has been a successful strategy for improving overall road safety.

How Cities Move is by enhancing road safety and implementing mobility strategies like the

MoveSmart Strategy. A comprehensive jurisdictional review of interviews and document analysis

identified KPlIs for each of the MoveSmart Pillars and the unique features that municipalities

provide in their strategies.

Suburban municipalities are likely to be car-dependant and there is a recognition of a
paradigm shift or a new way of thinking. Both encouraging sustainable modes of
transportation and creating a culture of road safety requires refocusing attention to non-
vehicle road users.

Many strategies contain long- and short-term goals and have their own “pillars” organised
by themes, policies or focus areas and it is common to identify which department or
staffing position is responsible for each activity or metric.

Data-driven models can be proactive in addressing road condition deficiencies. When
used in tandem with resident complaints, it can address equity concerns. A data-driven
model can make more information available to be shared with the public on a periodical
basis. At the same time, it is important to recognize resident lived experiences when
addressing inequities and systemic barriers related to transportation.

Smart Moves are twenty measurable, meaningful, realistic, and understandable KPIs to measure
the short-term and long-term progress of the MoveSmart Strategy (See Table i.i).

All KPIs work together using a combination of outcome and output KPIs

With measures to track progress and publicly share through transparency and
accountability, it is possible that measures will trend in an undesirable direction.

Data availability should not limit KPl adoption especially for demographic information of
vulnerable road users and one way to address data availability concerns is through
collaboration and partnerships

Nine outcome KPIs measure the effect of Vaughan’s transportation system

Eleven output KPls measure tangible projects and programs administered
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Table i.i: Twenty Smart Moves for the MoveSmart Strategy by pillar and by outcome and output KPI.

Key Performance Indicator

Rate of killed/seriously injured per 100,000 population

Rate of killed/seriously injured per 100,000 population at
intersections

Number of engineering improvements installed in high-
collision areas

Number of community presentations given

Number of in-service road safety reviews completed

Number of engineering improvements for standalone active
transportation projects completed
Number of automated enforcement cameras installed

Number of community safety zones implemented
Percentage change in high speeds

Number of streets with posted speed limit of 40 km/hour or
below
Curbside parking utilisation rate

Average commute time by transportation mode
Vehicle kilometres travelled per capita

User perception of walking, cycling or transit as a
transportation option
Percentage of students using active transportation to school

Percentage of residents with access within 500m (or 10
minutes non-auto travel time) from bicycle route and transit
network

Mode shares for all trips

Kilometres of new, protected bicycle infrastructure
constructed each year

Number of data collection and analysis reports completed
within one year

Number of active transportation volumes counts administered
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Moving Forward is a set of recommendations to enhance the MoveSmart Strategy in the following
ways:

1) Incorporate specific and actionable measures, responsible partners, and a theory of
change, in ways that integrate social, environmental, and financial sustainability.

2) Describe how equity is understood in relation to road users, equity deserving populations,
and the City of Vaughan’s decision-making and capital expenditure process.

3) Limitthe use of information-oriented public education campaigns.

4)  Committo Vision Zero language and terminology within the MoveSmart Strategy.

5)  Support, integrate, and evaluate mixed land-use development policies which aim to
decrease overall vehicle kilometres travelled of Vaughan residents.
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PROJECT OVERVIEW

The City of Vaughan (“Vaughan”) adopted the MoveSmart Mobility Management Strategy
(“MoveSmart Strategy”) to inform and direct their vision to provide a transportation system that
is safer, more efficient, and sustainable. In September 2022, a group of six Master of Urban and
Regional Planning students from Queen’s University (“Project Team”), with direction from Dr.
Patricia Collins, were asked to produce a report which examines transportation Key Performance
Indicators (“KPIs”) from other municipalities, regions, and academic literature.

To complete the report, Vaughan recommended that the Project Team undertake two primary

tasks:

1. Examine road safety KPls in academic literature and across other municipalities to
determine the socio-economic and spatial determinants of traffic-related fatalities and
injuries, and how they are measured

2. Develop an effective KPI strategy to measure transportation initiatives, including a strategy
to engage with vulnerable populations through the various stages of the MoveSmart
Strategy.

KEY PERFORMANCE INDICATORS

KPIs are used throughout many disciplines, including economics, engineering, and mobility
management. They can hold agencies accountable to their goals and objectives, reveal an
agency’s success and improvement areas, and justify future investment (Haas et al., 2009;
Steinemann, 2012).

KPIs are a defined set of goals, that include a method of monitoring the progress towards
achieving these goals (Steinemann, 2012). Higher-level values can also be embedded within
KPls, such as mobility, road safety, and equity. As a result, KPIs can allow agencies to measure
their strategy’s performance in regard to set-goals and broader societal values.

KPIs can be categorized as either outputs or outcomes. Output KPls measure tangible
outputs, or activities completed, resulting from policies or initiatives. Output KPls, or action KPls
as they are sometimes referred to as, can often be the actions that cause a change in the outcome
measures. By comparison, outcome KPIs relate to the ultimate intended effect or expected
outcome of an action (Haas et al., 2009; Steinemann, 2012). While output and outcome KPIs
provide evaluation methods of the objectives, many municipalities use a combination of both to
provide a balanced approach to road safety and mobility strategy evaluation (City of Regina, 2017;
Halifax Regional Municipality, 2017).
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EQUITY LENS

The Project Team uses an equity lens throughout the Smart Moves report. Equity, in this way,
refers to the fairness with which benefits and costs are distributed (Litman, 2022b). Referring to
equity also acknowledges social inequity and historical injustices that exclude certain
populations from realizing a safe, healthy, and meaningful life. Applying an equity lens seeks to
uncover and rectify inequities within the organizational and social systems in which they exist.

Taking an equity lens to the MoveSmart strategy begins with the premise that a transportation
system should benefit all people, and that in its current form, its costs and benefits are not
distributed fairly. As will be described throughout this report, road users such as pedestrians and
equity-deserving groups are disproportionately impacted by injuries and fatalities as compared
with vehicle users. It is also worth stating that the Project Team has taken specific guidance from
Vision Zero policies, also documented throughout this report, which seek to achieve the
fundamental right of movement by addressing the systemic determinants of road safety.

®

0;. As past [transportation] information was based on complaints and people's
) perceptions, we were seeing poor safety outcomes in certain areas of the city that may
not see as many requests or complaints. So, there's an element of equity in that we see the
collision data providing more of an objective look at where issues are and where a lot of our focus
should be in terms of locations where we make improvements.
® - City of Calgary Traffic Safety Engineer
00
T@® |\/e need to bring it back to data; we need to make sure we’re telling the right story.
- Traffic and Road Safety Professional

;;; | hope that we have a system that works for everyone, from an equity perspective but
™ lsointerms ofa system that is convenient and easy to use for everyone as well.

— City of Vaughan Transportation Program Manager
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NAVIGATING THIS REPORT

This report provides a comprehensive review of relevant research and literature which guides the
final KPI recommendations for the MoveSmart Strategy. The report contains five sections and as
well as supplemental supporting documents which informed, supported, or inspired the final KPI
recommendations.

@ Objectives of each section of this report is as follows:

Section 1: How Vaughan Moves provides a background of Vaughan by describing its history of
growth and the associated development patterns. Vaughan’s current traffic collision conditions
were reviewed, and its public perception of traffic collisions were studied through news media
analysis. Understanding Vaughan’s background ensures that the proposed KPls suit the Vaughan-
specific contexts.

Section 2: Risky Moves outlines the causes of traffic collisions and fatalities based on research
and ensures that the proposed KPIs can be analyzed in ways that effectively decrease risk.

Section 3: How Cities Move constitutes highlights of interviews conducted and mobility strategy
documents reviewed which informed the KPI proposals. Gaining a broad overview of what and
how Canadian municipalities have been doing to address mobility initiatives, and in particular,
road safety issues, paves way for the KPI proposals that are most appropriate for Vaughan to
adopt.

Section 4: Smart Moves KPI Proposal includes 20 KPIs which meet the criteria of measurable,
meaningful, reliable, understandable, and suitable for Vaughan’s context.

Section 5: Moving Forward completes this report with some overall program evaluation for the
MoveSmart Strategy, and recommendation for Vaughan’s consideration beyond the current
iteration of the MoveSmart Strategy.

'SR
Nii/e Smart Reads are text boxes to identify where further information can be found in the
m supporting information section.

S\~ Key Takeaways can be found at the end of each section, highlighting the overarching
A=/~ theme and main idea of the section.

Asking the Experts captures comments that support the section content from the

.;. interviews with staff members from the City of Vaughan, other Canadian municipalities,
and professionals from transportation planning consultancies.
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1. HOW VAUGHAN MOVES

AR Objective: provide a background of Vaughan by describing its history of growth and
\W associated development patterns. Understanding Vaughan’s background ensures

that the proposed KPIs suit the Vaughan-specific contexts.

1.1 URBAN FABRIC

Vaughan is a lower-tier municipality located within York Region, north of the City of Toronto.
Vaughan has experienced high levels of population growth since 1981 when the Greater Toronto
Area (“GTA”) began to expand. Much of this growth stems from Vaughan’s convenient access to
highways, railways, and airports within the GTA.

Over time, large tracts of relatively inexpensive land have been developed to accommodate this
growth. The development occurred mostly through suburban residential development on 2x2
kilometre blocks bounded by regional arterial roads (City of Vaughan, 2012). As more subdivisions
were built across Vaughan, a disconnected street grid developed, and an auto-oriented urban
structure emerged (City of Vaughan, 2012). Vaughan’s winding roads and few direct connections
between subdivisions have made it difficult for York Regional Transit to provide efficient service
(City of Vaughan, 2012). As such, arterial and collector roads have become increasingly
congested for drivers, a factor which likely contributed to Vaughan’s 2018 Citizen Satisfaction
Survey which found that 59% of its residents named transportation as the most important issue
facing their community (City of Vaughan, 2019).

| 1.2 VAUGHAN POLICY REVIEW

Vaughan’s Official Plan (“OP”) (2010) and Transportation Master Plan (“TMP”) (2012) address
issues related to transportation, mobility, and road safety. The OP calls forimprovements to its
transit, cycling, and pedestrian networks (OP Goal 5: Moving around without a car) and having
45% of its new residential growth to occur through intensification (OP Goal 8: Directing growth to
appropriate locations). Vaughan’s TMP (2012) builds on these goals by introducing 13 principles
to encourage sustainable transportation by decreasing car dependency, improving road safety for
all users, and promoting sustainable travel modes. The TMP promotes the integration between
the TMP and the OP, and between land use policies and transportation planning services. It
has been noted that at the time of this report, the OP and TMP are undergoing a review which will
include substantial changes to policies to enhance road safety.

-, KeyTakeaways:
‘@' Vaughan’s municipal policies seek to improve sustainable transportation networks
~ and intensify residential land-use.
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1.3 THE MOVESMART MOBILITY MANAGEMENT STRATEGY

Vaughan City Council approved the MoveSmart Strategy to provide in March 2021 with the goal of

providing a transportation system that is safer, more efficient, and sustainable. It responds to the

increasing travel demand on Vaughan’s mobility infrastructure with a holistic approach from

internal and external stakeholders. As a five-year plan (2021 - 2026a), it has capital investment of

$8 million and an additional investment of $2.4 million in annual operating costs to support the

program and its initiatives (City of Vaughan, 2021b).

The strategy consists of four pillars:

Figure 1.3.1: An image showing the four pillars of the MoveSmart Mobility Management Strategy and their

MOBILITY MANAGEMENT
PROGRAM

Improve efficiency through
innovation and technology

Increase road safety and raise
public awareness

TRAFFIC DATA
MANAGEMENT PROGRAM

Assure accuracy and
availability of traffic data

Support active and sustainable
transportation

descriptions (City of Vaughan, 2022).

Together, these pillars seek to achieve the following strategic objectives:

° Provide a framework for collaboration with the community and other stakeholders

° Define a set of goals for transportation encompassing community values and identify a plan
to address the City’s mobility needs in an effective, responsible, and sustainable manner
° Identify opportunities for a more balanced approach to transportation and road safety,

including the most vulnerable road users

® Our plan is based on the safe systems approach to road safety, which is based on the

° ; ® principle that nobody should die or be seriously injured as a result of a collision. That's

why we focused on fatal and major injury collisions as opposed to other types of injury

collisions, which a lot of other jurisdictions include in their performance measures for

their action plans. [The City of Ottawa’s] main performance indicator is the percent

reduction in the rate of fatal and major injury collisions.

— City of Ottawa Road Safety Project Manager

Smart Moves



1.4 VAUGHAN INSIGHTS

A group interview with three transportation program managers from different departments from
the City of Vaughan was conducted to identify current transportation planning practices and
difficulties. Program managers indicated a wide variety of methods used depending on the
department. Vaughan aims to make evidence-based planning decisions and collects data
through a variety of techniques itself as well as through partnerships. Current approaches to
collision prevention are based on resident complaints. All interviewees highlighted the
importance of collecting and managing data that is understandable to inform transportation
planning decisions. This aims to create a more proactive and equitable approach to
transportation planning that targets populations with the highest need of attention. It was
suggested that collecting accurate data on behaviour and infrastructure projects for allroad users
can encourage more proactive and equitable approaches to decision-making. One of the
difficulties noted by interviewees was a discrepancy between resident and city staff knowledge
of transportation planning. KPls also need to examine community outreach to improve or reduce
discrepancies between residents and city staff on the perceived causes and solutions to
collisions. The MoveSmart Strategy is considered a strength in terms of advancing sustainable
and equitable transportation in Vaughan. The findings from this interview further support the need
for Vaughan to collect more detailed data, adopt a more equitable approach to implement
planning initiatives, and create a more proactive educational outreach program to improve public
engagement.

,'x\i,’?. A complete interview summary with the City of Vaughan is found within Supporting
Documentation Section A.

N/ Key Takeaways

‘@' Vaughan uses a variety of data collection techniques and requires KPIs to make
- informed decisions rather than complaints-based decisions. Vaughan residents are
veryinvolved in collision prevention, but may not know what is considered a short-term
or long-term best practice to reduce traffic collisions.
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1.5 TRAFFIC COLLISION DATA ANALYSIS

Traffic collisions data for Vaughan is available to the public using York Region’s traffic collision
data. Traffic collision data provides a general snapshot of where traffic collision hotspots are and
who is being affected. It should be noted that York Region traffic collision data is only for
regional roads, which are under the jurisdiction of York Region. Vaughan’s traffic collision
data is collected by York Regional Police’s (“YRP”) Corridor Control and Safety division which
maintains and manages York Region’s traffic data system. The police database records all motor
vehicle accident reports on York Region roads involving a fatality, an injury, or property damage
of $2,000 or greater (York Region, 2021). While offering a comprehensive data set, collisions
unreported to YRP are not included in the police database.

Across York Region, total collision rates have decreased by 46% between 2010 and 2019 when
collisions per 10,000 people fell from 197 to 107 (York Region, 2021). Despite this decrease, there
was a total of 4,538 collisions in York Region, where 1,085 of which resulted in injury and 15 in
fatalities (York Region, 2021). The number of fatal collisions has remained constant, shown in
Figure 1.5.1. York Region confirm that this downward trend is the results of stricter legislation,
technological advancements, and road safety initiatives' success (York Region, 2021).

COLLISIONS ACROSS YORK REGION, 1971-2020

300 20
) 10
k=] 16 o
S5 55
S € 200 14 =g
ig_ 12 %g_
£a 150 10 22
o8 =S
e 8 °3
5 S 100 6 2%
o @ E S
3= 4 3
E 50
= 2

0 0

Year

YR Injury memm YR PDO Ontario Total Collisions —— YR Fatal

Figure 1.5.1: A graph showing the decline in collisions causing property damage only (YR PDO), York Region injuries
(YR Injury), and York Region fatal collisions (YR Fatal) since 2009 (York Region, 2021).

The 2021 York Region Traveller Safety Report (“YRTSR”) offered collision data that was recorded
in the first year of the COVID-19 pandemic in 2020. It should be noted that the public health
measures associated with COVID-19 encouraged residents to stay home and, as a result,
reduced the number of trips made, with York Region (2021) estimating that traffic volumes on
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regional roads decreased by 20-50%. With this context in mind, the YRTSR reported decreased
collision statistics in Figure 1.5.1.

While data from YRTSR is only collected on regional roads, which carry higher vehicle volumes
with vehicles moving at higher speeds as compared to Vaughan’s local roads, it describes data
that may have important implications for Vaughan. Although regional roads fall within the
jurisdiction of the York Region, statistics from YRTSR are likely to involve Vaughan residents,
employees, visitors, and those who travel through Vaughan or to nearby municipalities. YRTSR
highlights the following details in Figure 1.5.2.

N

W e i
87% of total trips were taken Two thirds of collisions occur 87% of pedestrian collisions
by automobile at intersections occurred at intersections

» . y ' o .;l '
‘ L\ a -
Adults over 75 years old have More than 50% of York 15-19-year-olds are the
the highest fatality rate out of Region’s truck collisions most likely cohort to get
all age groups in York Region happen in Vaughan injured in a collision

Figure 1.5.2: Noteworthy traffic collision details from the 2021 York Region Traveller Safety Report York Region (2021)

L Key Takeaways:
'@’ e Region of York residents strongly favour automobile use which likely influences
~ Vaughan’s auto-centric travel patterns.

e |ntersections represent areas of concern in the Region of York as they are both the
sites where most collisions occur and are especially dangerous for pedestrians.

e Within the Region of York, older adults and those aged 15-19 are a specific
demographic of concern due to their high rates of injuries and fatalities due to
collision.
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| 1.6 VAUGHAN CONTEXT MAPS

® The most important data is where, when, and how the collisions are happening.
;;{ — City of Toronto Vision Zero Project Manager
)

To investigate collisions that have happened specifically in Vaughan, rather than York Region, the
Project Team downloaded York Regional Police’s collision data since 2020 and analysed it in
ArcGIS Pro. The data was filtered by collision type and separated into dissemination areas and
presented in Map 1.6.1 showing the density of severe collisions across dissemination areas

(“DAs”) in Vaughan since 2020. Severe collisions are classified as motor vehicle collisions that
involved a fatality, an injury, or a hit and run.

Research has shown that equity deserving groups are disproportionately affected by traffic
collisions. For example, lower-income neighbourhoods are more likely to receive more non-local
traffic than higher-income neighbourhoods, thereby increasing their exposure to traffic collisions
(Atlantic Collaborative on Injury Prevention, 2011; Morency et al., 2012). Map 1.6.2 describes
median total income distribution with DAs in red indicating lower income.

,'\'\i,’;o Supporting Documentation Section B offers Vaughan-specific maps which are

m overlayed with select socio-economic information including refugee status, single
parents, and older adult population density levels.

Severe Traffic Collision Density in Vaughan, ON since 2020
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Map 1.6.1: A map showing dissemination areas with high densities of severe collisions in bright red.
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Median Total Income in Vaughan, ON
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Map 1.6.2: A choropleth map showing median income by quintile across Vaughan, ON in 2021.

To highlight the most affected populations, collision data was overlayed with select socio-
economic information using 2021 Canadian Census data. By reviewing socio-economic
information alongside collision density areas, four areas of concern emerge and are detailed in

Map 1.6.3 and within following table. Note that percentages used are in regard to DA specific
population.
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Severe Traffic Collision Density in Vaughan, ON since 2020
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Map 1.6.3: A map showing Vaughan's four dissemination areas with the highest levels of collisions, deprivation, and
vulnerability.

Table 1.6.1: Areas of concern identified from collision analysis

Area of Concern Equity Indicators
1 - Fossil Hill and e High level of collisions (136 collisions/km?)
Alba Avenue e Low medianincome ($31,800)

o Cluster of refugees nearby

2 - Ashley Grove and e High level of collisions (98 collisions/km?)

Windflower Gate e High percentage of older adults who are low-income (38%)
3 - Promenade e Medium-high level of collisions (31 - 62 collisions/km?)
Shopping Centre e Low medianincomes ($31,000 - $40,000)

e High percentage of residents older than 65 (53%)

e Medium-high percentage of older adults as low-income (17-
32%)

e Medium-high percentage of lone parent households (18-24%)

4 - Mosque Gate and e Low medianincome ($31,800)
Ahmadiyya Avenue e High percentage of refugees (22%)
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s~ KeyTakeaways:
'@' e Mapping socio-economic information with collision data can help transportation
~ planners and engineers make equitable decisions.
e Vaughan areas of concern include Fossil Hill and Alba Avenue, Ashley Grove and
Windflower Gate, Promenade Shopping Centre, and Mosque Gate and Ahmadiyya

Avenue.
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1.7 NEWS MEDIA ANALYSIS

News media analysis helps provide context about perceptions of traffic collisions, fatalities,
injuries, and overall road safety in Vaughan. The way traffic collisions are portrayed by the media
may influence and potentially reinforce how traffic collisions are perceived in Vaughan. For
example, how traffic collisions are portrayed, and who or what is considered at fault, is likely to
influence resident and city council support of novel traffic and road safety policies.

,’\\i,’}. Complete news media collision analysis, methodology, and study limitations are
described within Supporting Documentation Section C.

The news media analysis used Canadian Newsstream to review 134 unique articles related to
traffic collisions which occurred within Vaughan from 2017-2022. A variety of collision themes
emerged from this analysis, which are described below along with inferences made by the Project
Team.

éVEHICLE COLLISIONS

The most frequent collision type reported in the news media analysis were those involving
vehicles. Consistent with collision findings, intersection collisions were also frequently noted in
the media analysis. The make or model was not always reported, but several articles connected
collisions and luxury vehicle ownership (Vaughan Citizen, 2020a, 2022c). As detailed in Section
1.5, more than half of York Region’s collisions involving commercial trucks occur in Vaughan, yet
these vehicle collisions were not frequently mentioned. This suggests that the media may not
be accurately depicting the danger of tractor trailers and commercial vehicles.

DANGEROUS DRIVING

The news media analysis identified several driver-specific determinants of collisions including
dangerous driving, impaired driving, distracted driving, and inattentiveness. Speeding was the
most frequently occurring element in the media analysis, and the most common factor
influencing collisions in Vaughan (Vaughan Citizen, 2020c). In contrast, there was only one article
found where the cause of collision in relation to the design of a street (Vaughan Citizen, 2021c).

Dangerous driving, specifically in regard to speeding and impaired driving, was frequently noted
as a collision cause in the news media analysis. The legal consequences of dangerous driving,
and recommendations to counter it, were also often noted. Several articles recommended that
both drivers and pedestrians should pay attention to prevent collisions (Markham Economist &
Sun, 2018). Recommendations included increasing fines and expanding automated speed
enforcement from community zones to main roads (Vaughan Citizen, 2021¢, 2022b). Many

Smart Moves 13



articles which reference dangerous driving were focused on detailing the dangerous driver’s
convictions and their poor judgement. Collectively, this suggests that there is a perception that
individual choice is a significant cause to vehicle collisions, and that enforcement is an
effective deterrent.

VULNERABLE ROAD USERS

Amongvulnerable road users, pedestrians struck by vehicles were more likely to have a news
article report compared to cyclists and motorcyclists, which is consistent with the results of
the YRTSR that pedestrians are the most vulnerable road user (York Region, 2021). As a result,
York Regional Police provided suggestions for improving pedestrian safety, including wearing
reflective clothing when walking at dusk (Vaughan Citizen, 2017a). These findings suggest that,
while vehicles are involved in pedestrian collisions, news media tends to prioritize pedestrian’s
behaviour as a way of reducing overall collision risk.

CYCLING INFRASTRUCTURE

One news media opinion piece suggested that local roads in Vaughan do not have adequate
cycling infrastructure, resulting in fewer cyclist fatalities due to less volume of cyclists (Vaughan
Citizen, 2018b). Another piece suggested that even with the presence of cycling infrastructure,
cyclists are not using bike lanes and instead opting to ride on sidewalks (Vaughan Citizen, 2020b).
These opinions suggest that there may be a public perception that existing cycling infrastructure
may not be high-quality, or designed for the cyclist to feel safe, or that cycling infrastructure is not
worth capital investment by the municipality.

TRAFFIC CALMING MEASURES

Traffic calming measures aimed at reducing vehicular speed were frequently mentioned, with
some Vaughan’s transportation management strategy and lawn sign campaigns also noted. This
indicates that the news media can help promote novel municipal-led traffic calming
strategies. Yet, while the public were infrequently interviewed in news articles, residents offered
mixed views on their value. For example, a local traffic calming advocate was critical of existing
initiatives and suggested council “[likes] Band-Aid solutions... they want to placate residents, so
they put signs up" (Vaughan Citizen, 2021c). This finding suggests that Vaughan could clarify
and promote the effectiveness of traffic calming initiatives.

 CHILDREN
Children and youth were frequently reported as injured or fatalities as a passenger or pedestrian.

Overall, the media reported more children involved in collisions compared to any other age
demographic. For example, in 2015, an impaired driver struck another vehicle killing three
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children and their grandfather (The Brampton Guardian, 2017). Although the fatal collision
occurred prior to the media analysis time period selection criterion, this story has maintained
its presence in the local news media cycle, and the collision was often referenced in articles
involving other impaired driving collisions, or collisions involving children. These findings
suggest that the perception of Vaughan’s roads being unsafe for children may persist as a
narrative in the news media, despite actual road improvements.

POLICE REPORTING

The analysis noted that news media was used to solicit information, evidence, and witnesses to
assist the police in their traffic collision investigations. Several articles acknowledged and
thanked resident assistance for reporting suspected impaired driving resulting in charges through
the “Safe Roads ... Your Call” program (Vaughan Citizen, 2018a).

éTRAFFIC DELAY INFORMATION

News articles were frequently used to provide information to residents about traffic delays,
unscheduled road closures, and detours. There may be an opportunity to review how reporting
traffic delays emphasize increasing road capacity for vehicles as compared to diversifying
mode share.

EQUITY

Analysis regarding the heightened vulnerability of specific road users was not common
throughout the news analysis. Child-involved collisions were frequently reported compared to
any other demographic group followed by teenagers and older adults. Beyond age, other equity-
deserving groups were rarely reported. Little demographic information was available in the news
articles which may be reflective of the availability of demographic information available for police-
reported collisions. These findings suggest that collecting demographic information could
enhance collision statistics which could also be used by news media.
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= Key Takeaways:
'@' e News media has been in used by Vaughan to promote municipal traffic policies,

support police investigations, and notify residents regarding delays and road
closures

The media accurately reports that the most frequent type of collision involves
vehicles within intersections, however news media may underreport collisions
made by tractor trailers and commercial vehicles

Vaughan residents have mixed opinions regarding the effectiveness of traffic
calming initiatives and cycling infrastructure investments.

Speed, impaired driving, and collisions involving children are urgent concerns for
Vaughan residents, which are largely portrayed as an effect of poor individual
behaviours, with enforcement being promoted as an effective deterrent to these
behaviours.
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2. RISKY MOVES

A Objectives: To outline the causes of traffic collisions and fatalities based on
a research to ensure that the proposed KPls can be analysed in ways that
\/ . . o

effectively decrease the risks of collision.

® There’s really no way of knowing where collisions are going to happen. It's about us
0e0 trying to understand what factors lead to the potential of those collisions happening.
— City of Toronto Vision Zero Project Manager

This report uses an equity lens to recommend KPIs that favor increased overall road safety and
the safety of vulnerable road users. The determinants of traffic collisions and fatalities, when
analyzed over time, can be used to guide effective countermeasures that have the most impact
for decreasing the risk of collision and improving overall road safety, and the outcomes of these
countermeasures can be reflected in KPIs. To outline these determinants, a literature review was
performed based on research performed within a North American context.

An overview of the results is listed below, with the most prominent and compounding factors
described thereafter:

o ,0‘
U2 The in-depth literature review regarding the determinants of traffic collisions and

fatalities is found in Supporting Documentation Section D.
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Age-specific Individual Behaviour

e Age-related cognitive
decline, mobility
contraints

e School travel distance

* Driving behaviour nearby
to schools

¢ Inattentive driving

* Mobile phonse usage
e Headphone usage

e Fatigue

¢ Travel mode choice

Traffic Collision Risk Factors

Road Design Momentum

e Speed differentials

e Number of traffic lanes
¢ Width of traffic lanes

e Street lighting

* Block length

* Bicycle lanes

¢ |[ntersection conflict
points

e Speed over 50km/hour
¢ \ehicle Size

Traffic Collision Risk Factors

Demographic

* Income

e Education level

e Socioecnomic status

e Living in a racialized
community

Exposure

¢ VVehicle kilomenters
travelled

e Single-use land
development

* Pedestrian activity

e Auto-dependent use
* Rural area

¢ Population

Figure 2.1: Determinants of traffic fatalities categorized into themes that were found through an academic literature

review.
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Throughout the literature review, there were several prominent risks factors which are described
in Table 2.1.

Table 2.1: Risk factors for traffic collision injury and/or fatality found through an academic literature review.

Risk Factor Description

Pedestrians Pedestrians are the most at risk of serious injury and fatality in the event of
vehicular collision (Yannis et al., 2020).

Speed As the speed of a vehicle increases, the fatality risk of a pedestrian increases
when a collision occurs. Pedestrians are five to eight times more likely to die
from collisions when the vehicle was traveling 50km/h as compared to 30km/h
(ITF, 2012; Khorasani-Zavareh et al., 2015).

Vehicle All else being equal, traffic fatalities increase with vehicle kilometers travelled,
Kilometres displaying that an effective way of reducing traffic fatalities is to reduce vehicle
Travelled usage (Ewing et al., 2016; Litman, 2017, 2022; Yeo et al., 2015).

Equity Lower income, racialized communities, and other disadvantaged populations

are disproportionately affected by traffic collisions, including those resulting in
serious injury or death (Atlantic Collaborative on Injury Prevention, 2011;
Brubacher et al., 2016; Chakravarthy et al., 2012).

Cycling The implementation of cycle tracks is associated with greater cyclist safety
Infrastructure | and a reduction in collisions after adjusting for cyclist volume, while also
reducing collisions in the areas surrounding the cycle tracks (Ling et al., 2020).

The risk associated of traffic injury and fatality are not static and they change depending on the
relation to other risk factors. In Table 2.2, we will describe some of the relationships between,
and in comparison, to other risk factors.
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Table 2.2: The intersection between risk factors, and how they may lead to a greater risk of injury or death by collision.

Relationship | Description

Pedestrian Pedestrian and cyclist collisions occur more frequently in areas with higher
activity population density, largely due to increased exposure. However, it is not a
linear relationship as there is a safety in numbers effect that occurs
(Chakravarthy et al., 2012; Marshall & Ferenchak, 2017; Myers et al., 2013; Zhu

et al., 2022).
Rural and Pedestrian and cyclist traffic fatalities are more likely in rural environments;
urban however, collision frequency is higher in urban areas (Marshall & Ferenchak,

2017, 2019; Myers et al., 2013).

Newcomers | Increased risk for traffic injury and fatality due transferring between safety
cultures, transportation-planned environments, and increased traffic
exposure due to higher rates of active transportation (Davison et al., 2013;
Vanlaar et al., 2016).

Sprawl Dispersed, sprawl land use development is associated with lower per capita
rates of minor collisions, but significantly higher rate of fatal collisions due to
the combination of more total motor vehicle travel and higher traffic speeds in
dispersed, automobile-oriented areas (Ewing et al., 2016; Myers et al., 2013).

Intersections | Pedestrian injuries at an intersection increase with the addition of an extra
lane of traffic, likely due to longer crossing times, increased vehicle speed, and
increased traffic exposure (Stipancic et al., 2020).

Children Children from visible minority groups or lower income families are at a greater
risk of being involved in traffic collisions due to being more likely to live in a
densely populated neighbourhood, increased exposure to high levels of traffic,
exposure to high-speed traffic, and poor road design and maintenance
(Chakravarthy et al., 2012; Davison et al., 2013; Embree et al., 2016; Harmon
et al., 2020; Rothman et al., 2014).

Older Adults | Older adult pedestrians aged 65+ are at greater risk for traffic injury and fatality
due to lack of all-ages pedestrian infrastructure, physical and cognitive
mobility constraints, street crossing evaluation capability, lower levels of
pedestrian confidence and fear of injury (Fang et al., 2018; Harmon et al.,
2020; Kim, 2019; Vanlaar et al., 2016).
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Key Takeaways:

Systemic determinants of traffic injuries and collisions are more prevalent than
determinants based on individual behaviours.

Vulnherable road users are at greater risk for traffic collision and fatality.

There can be multiple compounding factors that increase a vulnerable road users’
exposure to vehicles which increases their overall risk of injury and fatality.
Designing intersections and roadways for the maximum protection of vulnerable
road users is an effective strategy for improving overall road safety.
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3. HOW CITIES MOVE

) Objectives:

e Provide insight to what municipalities in Canada and internationally have
been doing in addressing road safety and mobility concerns.

Analyze how municipalities have introduced and implemented their KPls,

and where that applies to Vaughan’s MoveSmart Pillars.

e Examine the unique features that municipalities provide in their strategies.

.’\‘\i/;o Jurisdictional review methodology and extended municipal performance measures
and actions from Edmonton, Toronto, and Lethbridge are detailed in Supporting
Documentation Section E.

The project team composed this section to introduce some of the municipalities that inspired our
20 chosen KPIs (found in Section 4 of the report). We chose to highlight seven municipalities that
featured important road safety mobility strategies that were supported with KPIs, interviews, and
document analysis. The purpose of this chapter is to introduce examples of what other cities
are doing to address traffic-related issues and incorporate Vision Zero aspects into their
strategies.

Each city has different evaluation methods, therefore, not all evaluation results are the same. It
should be noted that not all cities have recorded data to prove the effectiveness of their programs
or initiatives, but the majority are able to create priority lists and describe how they evaluate their
progress by using data, research, and KPlIs. Additionally, cities explore their outcomes by creating
key actions that help frame road safety or mobility programs, listing present and future initiatives
that addresses the 3Es (Engineering, Enforcement, and Education), collaborating with other
municipal departments, and engaging with the public to understand their experiences as road
users. The outcome section of each municipality looks at the actions taken to implement the road
safety plan or mobility strategy that are related to a MoveSmart Strategy pillar. Interviews were
conducted with staff members from the City of Ottawa, the City of Calgary, City of Toronto, the
City of Lethbridge, and the Region of Durham, which helped inform the Project Team of project
outcomes. Overall, the purpose of this section was to highlight growing, urban and suburban
municipalities who align with Vision Zero within road safety goals and conducted a jurisdictional
review to identify road safety KPIs to determine the socio- economic and spatial determinants of
traffic-related fatalities and injuries, and how they are measured.
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City of Ottawa

Road Safety

Program
Background

The City of Ottawa ("Ottawa") introduced the “Think Safely, Act
Safely” program to promote road safety for all road users, and guide
development to incorporate better road safety designs (City of
Ottawa, 2020). Ottawa previously implemented two strategic road
safety action plans and has expanded a third version, the 2020-2024
Road Safety Action Plan (“RSAP”), to eliminate collisions that result
in serious injury or fatality by 2035. Currently, the overarching goal is
to see a 20% reduction in fatal and severe injury collision by 2024

Implementation

In 2020, the City invested approximately $27.5 million, which included
a one-time $4 million addition to implement measures identified in
the RSAP (City of Ottawa, 2021). These measures were created to
address collision types leading to death or serious injury for all road
users, including drivers, passengers, pedestrians, cyclists, and
motorcyclists. In 2021, the City allocated approximately $33.8 million
to other existing road safety programs (City of Ottawa, 2021).

KPIs

Ottawa has one key performance indicator: The percent reduction in
the rate of fatal and major injury collisions.

Outcomes

The outcome is to encourage a road safety culture that will help
reduce the future frequency of FMI collisions city-wide. Ottawa also
developed a list of priority areas for road safety, known as Emphasis
Areas: Vulnerable Road Users. Rural Areas, Intersections, High-Risk
Driver Behaviours. Ottawa targets these areas through additional
actions and programs in order to reduce overall FMI and reduce
collisions.

Lessons
Learned

Smart Moves

One key finding from the interview was discovering that “20% of major
collisions happen in rural areas.” Ottawa noted that between 2013
and 2017, the rural area accounted for approximately one third of the
fatal collisions (City of Ottawa, 2019). As a result, there is a greater
emphasis to make rural roads safer by developing functional designs
at rural intersections, as well as adding cameras, stop signs, and LED
beacons. Additionally, Ottawa is implementing maintenance
priorities and enforcement measures that are practical for rural areas
(City of Ottawa, 2020).
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City of Edmonton

Road Safety - Public Engagement Model

Program
Background

In 2015, the City of Edmonton (“Edmonton”) adopted Vision Zero with
the goal of creating a city that is safe, comfortable, and easy for all
people to navigate. In developing their Safety Mobility Strategy (2021 -
2025), Edmonton introduced a philosophy and approach called Safe
Systems Approach which focuses on human life and health as a
crucial part of navigating the environment (City of Edmonton, 2021d).

Implementation

Edmonton invested approximately a total of $42.1 million dollars in
the 2021 Traffic Safety Funding, including: $12 million for the City of
Edmonton Vision Zero Program, $22.3 million for Edmonton Police
Service, and $8 million for the Community Facility Partner Capital
Grant Program.

KPIs

e Number of Safe Crossings projects completed

o Number of School Safety projects completed

o Number of engineering improvements on the High Injury Network
e Number of Traffic Safety Community Activation projects

o Number of hours of enforcement in High Crash Neighbourhoods

Outcomes

Edmonton has seen positive outcomes in traffic safety. For example,
the 2021 Crash Trends and Causes report demonstrated reductions
of 50% in traffic-related fatalities, 32% in serious injuries, and 27% in
pedestrian fatalities and serious injuries, since 2015 (City of
Edmonton, 2021c). Edmonton also composed Community
Outcomes, which are actions and measures related to traffic safety
culture change such as the performance, behavior, and perceptions
of its residents.

Lessons
Learned

Smart Moves

Edmonton created a Crash and Equity Analysis, to utilize data and
lived experiences in addressing how residents are affected by road
safety and illustrate where collisions are happening as well as the
different types of collisions. They also introduced an equity analysis
component to address the inequities within the transportation system
and how it impacts various communities (City of Edmonton, 2021a).

Of particular note, Indigenous Peoples and People of Colour may have
different levels of opportunity and comfort when engaging with
government agencies. There is hesitation and limited opportunities for
racialized residents to participate in engagement due to lack of
cultural and community-based approaches, which Edmonton
accounts for in its strategies.
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City of Calgary

Road Safety

Program
Background

The City of Calgary’s ("Calgary”) Safer Mobility Plan adopts a Vision
Zero approach to road safety by prioritizing the five Es of
transportation safety (engagement, engineering, education,
enforcement, evaluation) (City of Calgary, 2019). The Safer Mobility
Plan is locally and contextually situated, evidence-based through a
Safer Systems approach, achieved through partnerships, and
recognizes how investments in road safety lead to cost savings. The
Plan is in its second iteration and builds off the momentum from the
2013 -2017 plan.

Implementation

Calgary is shifting from complaints-based to data-driven solutions
using collision data. According to municipal staff member, it
“provides more of an objective look at where issues are.” Collision
data can be used to identify high-collision areas and make
improvements to reduce collisions. In addition to data collection,
analysing video-based conflicts and measuring near misses are more
proactive approaches that can be relatively low cost. Calgary places
cameras to collect data at intersections in both high-collision
locations as well as locations that do not receive complaints. The data
is collected by the municipality, while analysis and reporting are
outsourced. Aside from conflict analysis, Calgary relies on police-
reported collisions and hospitalization data.

KPIs

e Collisions resulting in fatality and severe injuries, specifically for
vulnerable road users

e Comfort level of vulnerable road users at certain locations with a
specific focus on neighbourhoods

Outcomes

Smart Moves

In the last year, there have been 10 fewer collisions and an overall
7.4% reduction in major injury and fatal collisions allowing leading to
over $100 million dollars saved in social costs (City of Calgary, 2022).
The Calgary interviewee noted how knowledge acquired during
educational campaigns can be measured using social surveys and
speed observations. Calgary was able to prove the effectiveness of
the educational campaign by surveying the general public about their
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understanding as well as measuring actual behaviour from speed
data before and after harmonization.

In terms of road safety outcomes, Calgary’s total collisions decreased
by 13% and its pedestrian collisions decreased by 23% in 2020.
However, in the same year its bicycle and motorcycle collisions
increased by 21% and 12% respectively

Lessons
Learned

Smart Moves

The interviewee revealed that Calgary purposely measures fewer KPIs
and that “when it comes to providing information to the general
population, less is more”. Calgary also noted that the exact numbers
of collisions, fatalities and injuries are easier to understand as
compared to rates.
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City of Toronto

Mobility Management

Program
Background

The City of Toronto (“Toronto”) uses its Congestion Management Plan
2016-2020 (“CMP”) to better manage congestion and improve safety
through innovation and technology to maximize the efficiency,
reliability, and sustainability of the road network (City of Toronto,
2015).

Implementation

The CMP combines efforts from multiple city departments and
agencies to implement the objectives of the strategy and has a budget
of about $57 million (Moore, 2013). In terms of data collection,
Toronto tracks vehicle speed and volumes by laying down road tube
traffic counters and using GPS and Bluetooth data. Toronto can also
collect data on turning movements, controlled crossings, and vehicle
near-misses from cameras being used at select road intersections.
This data then gets analysed by Toronto’s transportation planning
departments to inform future road modifications and plans.

KPls e Community Safety Zone installed
e Senior safety zones installed
e School safety zones installed
e Traffic signals and pedestrian crossovers installed
e Pedestrian head start signals installed
e Red light cameras installed
e Accessible pedestrian signals installed
e [ ED Blank-out signs installed
Outcomes Toronto’s outcomes and programs directed by the CMP including
corridor’ studies and arterial camera programs and are found in
Supporting Documentation Section E.
Lessons The interview conducted with a Vision Zero Project Manager from the
Learned City of Toronto noted how collaboration between municipal

Smart Moves

departments and organizations was key to its success. By
collaborating with data specialists at the City, Toronto is working on a
midblock predictive technology where they may be able to determine
the most at-risk intersections prior to citizen complaints or a police
report due to a collision. Another example of collaboration reported
from the interview was the importance of involving other departments,
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such as the police, in road safety initiatives since they are the ones
responsible for enforcing any new regulations. These lessons can
extend to mobility management since they reveal the importance of
sharing information between organizations and departments to
implement effective strategies.

The interviewee made it clear that that it can be difficult to attribute
change in KPIs to initiatives undertaken by the City because of the
number of variables involved and the time it takes for initiatives to
affect behavior. The Project Manger notes, “there’s really no way of
knowing where collisions are going to happen. It's about us trying to
understand what factors lead to the potential of those collisions
happening.”
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City of Lethbridge

Mobility Management

Program
Background

The City of Lethbridge (“Lethbridge”) is a growing suburban
municipality in Alberta and in 2020, implemented its Transportation
Safety Plan (“Plan”) with a vision of eliminating deaths and injuries by
2040 (City of Lethbridge, 2020b). Between 2012 and 2016, there were
2,175 traffic collisions resulting in injury and 11 fatal collisions (City
of Lethbridge, 2020a).

Implementation

The Plan notes staff resources and funding allocations are required to
create a culture of transportation safety (City of Lethbridge, 2020a).
Lethbridge recommends using diverse revenue streams to fund its
projects, such as revenue from manual and automated traffic
violations. The use of automated enforcement violations as a revenue
source is common in Alberta as noted by a key informant road safety
expert. If implementing automated speed enforcement, educating the
public on the location of each camera and justification beyond
revenue is important for public support.

KPIs

e Reduction in pedestrian-related injuries
e Increase in vehicle yield compliance
e Reduction in night-time pedestrian and bicycle collisions
e Injury collisions at intersections
e Right-angle collisions at intersections
e Injury collisions at signalized intersections
e Right-angle collisions at signalized intersections
e Reduction in severe collisions at intersections
e Reduction in pedestrian collisions
Outcomes
Lethbridge is among the first Canadian municipalities to implement
Variable Speed Limits and introduced this technology to prevent
collisions caused by adverse weather conditions. Although not
publicly reported, these technologies significantly reduced the
number of collisions during winter driving snowstorms (City of
Lethbridge, 2020a). Variable Speed Limits help contribute to the goal
of reducing severe collisions by 50% within 10 years.
Lessons The Plan estimates the social cost of collisions occurring annually
Learned total $130 million. To achieve a safer and more efficient roads for all

Smart Moves

road users, Lethbridge has implemented various traffic signal
systems at locations based on high-risk collision potential (City of
Lethbridge, 2020a).
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Region of Durham

Sustainable Mobility

Program
Background

The Region of Durham ("Durham") adopted a multi-pronged approach
within the transportation planning group to tackle safe mobility
initiatives. The Active Sustainable School Program (“ASST”) under the
overall Smart Mobility Durham (“SMD”) initiative in particular, is an
action-oriented program that collaborates with relevant community
stakeholders, with aim to improve school zone safety, and encourage
more students to walk, cycle and take the bus (Smart Mobility Durham
Program, 2022).

Implementation

The effectiveness of the ASST program lies in its proactive approach
and continuous engagement efforts with community stakeholders. A
6-step approach is used to create school travel plans which includes
“Convene, Observe, Plan, Implement, Evaluate and Keep it going?,
throughout the duration of the program’s initiation, formation,
implementation, and evaluation cycle. By using materials and delivery
methods that are relatable and understandable for the target
audience, messages are well communicated and received.

Durham funds active transportation projects independently of other
road reconstruction projects to fast-track active transportation
improvements. At the same time, Durham is well aware that last mile
facilities such as bike racks and lockers needed to complete the
purpose of promoting active transportation. It is essential to ensure
that the requirement is embedded in the built form during new builds,
as retrofitting is expensive.

KPls e Number of collisions resulting in fatality and serious injury
e Kilometres of roads that has implemented Active Transportation
initiatives
e Mode share target by 2031 for active transportation and transit
Outcomes While few outcomes are currently available, Durham aims to achieve

Smart Moves

a ten percent reduction in fatal collisions and serious injuries by 2023
(Region of Durham, 2018).
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Lessons
Learned

Smart Moves

Larger scale road safety programs such as the 2027 Regional Cycling
Plan and the data-driven transportation planning tool require Durham
to collaborate with a wider range of stakeholders such as the lower
tier municipality, the University of Toronto, Transportation Tomorrow
Survey, and the Ministry of Transportation in order to more accurately
model the travel needs and patterns for the future.
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Halifax Regional Municipality Sustainable Mobility

Program
Background

The Halifax Regional Municipality (“Halifax”) is a growing port city
with 77% of trips being made by private vehicle in 2016 (Halifax
Regional Municipality, 2017). In 2018, Halifax adopted the Integrated
Mobility Plan (“IMP”) which contains a series of policies, guidelines,
actions, and measures to promote sustainable modes of travel and
supporting land use policies with the overarching goal of achieving a
minimum transit and active transportation mode share of 30%
(Halifax Regional Municipality, 2017).

Implementation

The IMP provides the framework to guide transportation planning until
2031 and its list of actions were budgeted at $190 million (Halifax
Regional Municipality, 2017). Halifax used an inter-departmental,
inter-disciplinary, and internal team to develop the IMP and split
actions into three categories consisting of short-, medium-, and long-
term timeframes. Halifax further categorized these actions by level of
effort, resources, and integration type. It is unknown how Halifax
chose which ones to prioritize based on these categories, but the IMP
provides the reader with a good understanding of what Halifax’s goals
and measures are, compared to other municipal plans.

KPIs
(Sustainable
Mobility Only)

e Transportation Mode Share

e Kilometres of Regional Centre ‘AAA’ bicycle network completed
e Percentage of residents within 500 metres of bicycle route

e Percentage of streets with sidewalk

e Average commute duration for cyclists (minutes)

e Average commute duration for pedestrians

e Average commute duration for drivers (minutes)

Outcomes

Smart Moves

Halifax shared the IMP’s Implementation Update published in 2021
with the following highlights:

e Halifax built 8 kilometers of ‘AAA’ bikeways, increasing the
inventory of ‘AAA’ cycling facilities to 19.7 kilometers, which is
34% of the planned network

® Over the last three years, Halifax added approximately 19.6 kms
of sidewalk and 18.5 kms of multiuse pathways
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e Halifax has implemented 25 Leading Pedestrian Intervals, 24
Rectangular Rapid Flashing Beacons, and 93 Accessible
Pedestrian Signals

Lessons
Learned

Smart Moves

IMP describes how data used to measure KPIs will be obtained, how
frequently KPIs will be measured, and identifying who is responsible
for collecting and publishing the data (Halifax Regional Municipality,
2017). Despite significant progress made, the IMP’s mode share goals
have not been achieved as of yet. This finding highlights the delay that
is inherently involved in sustainable transportation projects that
require long periods of time before change is reflected in the data.
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Rotterdam, The Netherlands Traffic Data Management

Program
Background

Rotterdam in the Netherlands has spearheaded efforts in developing
and implementing an Intelligent Transportation System (“ITS”) for
road safety to proactively identify and address the unsafe road
features at high-risk locations (International Transport Forum, 2020).
Using a self-learning algorithm, the model was trained with
approximately 1,500 variables with data from 2014 to 2018. The first
iteration of the model correlated the historical crash data with
physical data such as traffic, road features, buildings, and
environmental data such as weather, and time.

Implementation

The ITS works by ranking areas of the road network between 1 and 5,
offering road network improvements, and indicating the risk factors of
the network. The system can accommodate for changes in car traffic
levels, or the presence of on-street parking. The system can also run
“what-if” scenarios to test the outcomes of proposed road
improvements.

Outcomes

The ITS helped Rotterdam select streets and intersections to prioritise
in infrastructure programs by focusing on locations with high-risk
scores. The results from the model were combined with subjective
data from people’s experiences, including places that generate many
citizen complaints concerning exposure to risk. If a connection
between the outcome of the model and locations with many crashes
or complaints of citizens, Rotterdam gave priority to this specific
location to receive an intervention (International Transport Forum,
2020). The city performed an accuracy test of the model which found
that 81% of the road sections and 96% of intersections labelled with
a high-risk score matched with one or more traffic casualties that
were unknown to the model (International Transport Forum, 2020).

Lessons
Learned

Smart Moves

The reliability of the ITS and its machine-learning features provide an
insight into the future of traffic data collection and analysis. Because
of its accuracy and demonstrated success, Rotterdam continues to
develop the model further and the Rotterdam Police are hoping to use
it for creating a more detailed crash database.
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s+ KEY TAKE-AWAYS

Smart Moves

The lessons learned from the strategies used by cities described in the section can
provide insights for the future iterations of Vaughan’s MoveSmart Strategy.

There is a recognition of a paradigm shift or a new way of thinking among suburban
municipalities. Encouraging sustainable modes of transportation and creating a
culture of road safety require refocusing attention to non-vehicle road users.

Many strategies contain long- and short-term goals and have their own “pillars”
organised by themes, policies or focus areas and it is common to identify which
department or staffing position is responsible for each activity or metric.

Data-driven models can be proactive in addressing road condition deficiencies.
When used in tandem with resident complaints, it can address equity concerns. A
data-driven model can make more information available to be shared with the
public on a periodical basis. At the same time, it is important to recognize resident
lived experiences when addressing inequities and systemic barriers related to
transportation.
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4. SMART MOVES

Objectives:
@ To provide Vaughan with a set of KPIs that can be implemented for the MoveSmart
\J strategy. Informed by the reflections from the previous sections, the KPIs in this
section are tailored for Vaughan’s current transportation landscape and context.

To align with the project goal of identifying KPIs as well as embedding equity in the approach, the
Project Team focused on growing, urban and suburban municipalities who have pledged to Vision
Zero within road safety goals and conducted a jurisdictional review to identify road safety KPlIs to
determine the socio- economic and spatial determinants of traffic-related fatalities and injuries,
and how they are measured.

Vision Zero is a strategy to eliminate all traffic fatalities and severe injuries, while increasing safe,
healthy, equitable mobility for all. It prioritizes preventative, data-driven, and evidence-based
measures over reactive or complaints-based measures.

4.1 KPI DISTILLATION PROCESS

A total of 378 KPIs were gathered through L L

the jurisdictionalreview process. A number
of selection criteria were established to
reduce this number to the proposed twenty
by incorporating reflections from the
previous chapters and by considering
vulnerable road users.

» Removed duplicates

« Removed items that are unclear i

« Removed items that are not as relevant to the
MoveSmart Strategy goals and objectives

i

« Measurable, meaningful, understandable, realistic

« Transportation mode, high-risk driving,
demographics, location

€C€EC

Figure 4.1.1: The Project Team’s KPI distillation process.

o,
0\\=I

iz A detailed KPI distillation process and list of 50 KPIs can be found in Supporting
Documentation Section F. As the MoveSmart strategy evolves, alterative or additional
KPls may be required.
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|4.2 CATEGORIZING KPIS

Qualitative KPIs may not specify what outcome or output is expected to happen. Relatedly,
generalterminology such as reporting directional changes does not quantify metrics either. These
KPls may limit the ability to assess the municipality’s efforts objectively and transparently. There
are different ways to categorize KPIs depending on the focus it aims to serve. KPIs can be
categorized into collision or non-collision KPIs or categorized by process as output or outcome
KPIs.

o%)o

L AN
Collision KPIs are common and measure traffic collisions, injuries or fatalities and interviewees
directly noted including this KPIl because of the Vision Zero approach. Related to this category
include high-risk driving KPIs such as speeding, and traffic violations captured through
enforcement. Non-collision KPls measure related elements of the transportation system such as
transportation behaviour, engagement and education, land-use planning and development
policies, and infrastructure and engineering projects or programs.

®
223
Output KPIs measure tangible outputs, or activities completed, resulting from policies or
initiatives, where as outcome KPlIs relate to the ultimate effect of the transportation system on a
community (Haas et al., 2009; Steinemann, 2012). For example, reporting the number of traffic
collision fatalities and injuries and ultimate reduction as an outcome KPI, but this can take time.
Reporting activities that attempt to contribute to reduced collisions is an output KPI. Interviewees
noted using a combination of output and outcomes KPIs as output can be used to measure short
term progress.

The set of KPIs, found in table 4.2.1, are the most suitable to monitor and evaluate the MoveSmart

Strategy given Vaughan’s current transportation landscape and context, while being measurable,
meaningful, understandable, and realistic.
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Table 4.2.1: Twenty Smart Moves for the MoveSmart Strategy by pillar and by outcome and output KPI. KPIs marked
as a target represent Outcome KPIs, and KPIs marked as a checkmark represent Output KPlIs.

Key Performance Indicator @ @

Rate of killed/seriously injured per 100,000 population

Rate of killed/seriously injured per 100,000 population at
intersections

Number of engineering improvements installed in high-
collision areas

Number of community presentations given

Number of in-service road safety reviews completed
Number of engineering improvements for standalone active
transportation projects completed

Number of automated enforcement cameras installed
Number of community safety zones implemented
Percentage change in high speeds

Number of streets with posted speed limit of 40 km/hour or
below

Curbside parking utilisation rate

Average commute time by transportation mode

QRE@

Vehicle kilometres travelled per capita

User perception of walking, cycling or transit as a
transportation option
Percentage of students using active transportation to school

Percentage of residents with access within 500m (or 10
minutes non-auto travel time) from bicycle route and transit
network

Mode shares for all trips

Kilometres of new, protected bicycle infrastructure
constructed each year

Number of data collection and analysis reports completed
within one year

Number of active transportation volumes counts administered

Kl K
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4.3 LIST OF PROPOSED KEY PERFROMANCE INDICATORS

r

Rate of killed and / or seriously injured per 100,000 population
QOutcome KPI

Inspired by:
Surrey Ottawa  Surrey Manitoba  Fort Saskatchewan St. Albert Toronto

Related Section in this report: 1.5 1.6 | 1.7 | 2.0

~N

Rationale:

The rate of killed and / or seriously injured per 100,000 population is one of the most widely used road safety KPIs
for municipalities to assess their progress in achieving the goal of Vision Zero. Measuring the rate of killed and / or
seriously injured by traffic collision is typically reported as a whole number to adjust for demographic trends and
to be consistent with other municipalities and international standards.

While it is calculated as an all-encompassing rate, the KPI can be divided into sub-categories such as:

+ Mode of transportation (supported by background findings)

+ Demographics such as age group, sex/gender, race/ethnicity (equity lens)

+ By ward (to focus on equity deserving groups neighbourhoods identified in section 1.6)
+ Month and time of day

Target:

Vision Zero cities hope to achieve zero injuries and fatalities. Reduction targets from the cities cited above range
kbetween 15% to a more ambition goal of 50% achieved between 4 and 10 years. y,

Rate of killed and / or seriously injured per 100,000 population at intersections
Outcome KPI
.

e

Inspired by:
St. Albert Ottawa Surrey Lethbridge  Durham

Related Section in this report: 1.5 1.6 | 1.7 | 2.0

~N

Rationale:

Intersections are high collision locations in York Region as highlighted in the Traffic Collision Data Analysis
section. Reporting this KPI as a calculated percentage of total collisions involving serious injury or fatality can
provide a focused evaluation of the success of the MoveSmart Strategy’s measures at intersections.

While it is calculated as an all-encompassing rate, the KPI can be divided into sub-categories such as:

* Mode of transportation

* Demographics, such as age groups, sex/gender, race/ethnicity

St. Albert, for example, uses collision data recorded at intersections to identify the most dangerous intersections
that require interventions, and for testing the success of the interventions once time has passed.

Target:

Intersection collision reduction targets vary by city. For example, Surrey aims to reduce collisions by 15% in 5
\years, while Lethbridge aims to reduce them by 50% over the next 10 years. y,
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Number of engineering improvements installed in high collision areas
Qutput KPI

(
Inspired by:
Edmonton  San Francisco SaintJohn New York City

Related Section in this report: 1.5 | 1.6 | 2.0

N

Rationale:

Engineering projects aim to reduce vehicle speed, increase visibility between road users, and reduce conflicts at
high collision areas, such as intersections. Examples include pork-chop islands, speed bumps, and curb
extensions. This KPl measures both the short-term, low-cost, or temporary measures such as pavement
markings and signage, as well as longer-term and permanent investments such as the image of the right in right
out turn prohibition.

This KPlI measures the number of engineering projects that have been implemented to track the progress
Vaughan has made. These projects are ideally implemented based on data and equity considerations and placed
in areas that are unsafe to non-vehicle road users.

Target:

In City of Edmonton’s case, since Vision Zero was adopted in 2015, more than 300 crossings have been improved
using funds from the Traffic Safety Automated Enforcement Reserve. The total number of projects varies from
year to year, but 48 locations have been identified for 2022.

. J

Total number of community presentations given
Output KPI

7
Inspired by:
Calgary New York City  Strathcona County Fort Saskatchewan

Related Section in this report: 1.4 | 1.6 | 1.7 | 5.0

[Rationale: \

This KPI intends to measure the effort in creating opportunities for public dialogs and education. Presentations
and engagements contribute towards creating a culture of safety through public dialogue. Equity consideration
places more focus on vulnerable pedestrians such as children, youth, seniors, as well as in high-collision
neighbourhoods.

Community presentations and messaging should be tailored to specific groups and create the opportunities to
gain additional insights for ways of enhancing an existing road system.

The KPI should be measured by total amount of presentations given, and it should also be measured by ward.
This will allow Vaughan to cross-reference the results of this KPI with the measure of killed and seriously injured
in traffic collisions.

The target for this KPI can be at least one community presentation at each of the schools and community
\centres in each high collision neighbourhood within a given period of time. /
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Number of in-service road safety reviews completed
Output KPI

7
Inspired by:
St. Albert Montreal Strathcona County

Related Section in this report: 1.5|1.6 | 1.7 | 2.0

(Rationale: \

In-service road safety reviews are administered by several municipalities on a regular basis, and often in
response to fatal collisions. The format and contents can vary by municipality, but generally assesses how the
road’s current state contributed towards the collision. Reviews that are regularly administered survey risks that
roads present to all road users that could potentially lead to a collision in the future.

It is recommended that Vaughan starts conducting road safety audits of its high collision areas and tracks the
number of audits completed by ward. The number of audits completed can inform the public of the progress
being made on improving road safety across the city, while documenting which roads pose the highest risk.

Target:

The Montreal Fatal Post-Collision Analysis Team analysed 22 fatal collisions in 2020. )

.

Number of engineering improvements for standalone active transportation projects completed

Qutput KPI
Y
Inspired by:
Toronto SaintJohn  Lethbridge Brantford Montreal Edmonton St. Albert
Arizona Durham Regina New York City  Strathcona County

Related Section in this report: 1.5| 1.6 | 1.7 | 2.0

~N

Rationale:

This KPI focuses specifically on engineering projects completed to improve the active transportation network.
Examples include bike lanes, bike boxes, curb extensions, pedestrian crossovers, and curb-radius reductions.
This KPl measures the progress made on shifting attention towards non-automobile users and the promotion of
active transportation.

Many jurisdictions have indicated their progress in achieving a more welcoming sustainable transportation
environment by addressing the needs of road users other than cars. This KPI would help steer the focus of the
Vaughan council and its decision makers effectively.

Target:

New York City completed turn calming treatments at 44 of the 50 most dangerous intersections to improve

cyclist safety in 2020 (New York City, 2021).
\. J

Smart Moves
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Number of automated enforcement cameras installed
Qutput KPI

(lnspired by:
Guelph Toronto Brantford Durham
Fort Saskatchewan Strathcona County

\_Related Section in this report: 1.4|1.5]|1.6 | 1.7 | 2.0

\

Rationale:

In response to residents’ concerns around speeding in Vaughan, this KPI is necessary to measure the progress
made on installing automated enforcement cameras and the impact they can have on driving behaviour before
and after the installations. As monetary fines are typically associated with this type of violation, automated
enforcement cameras are cost effective over the long run as they can generate positive return on investment.

This KPI should be measured by total cameras installed, and cameras installed by ward. This is to understand if
these road safety measures are being installed equitably. Using this KPI alongside collisions by ward will help
determine where enforcement cameras should be installed.

Target:

The number of automated enforcement cameras installed varies by city, depending on budget availability and
balance of works in the pipeline. For reference, Guelph is scheduled to have six locations operational with red
light cameras, while Toronto has a target of implementing 95 automated enforcement cameras by the end of

2022.

\. J/
Number of community safety zones implemented
Output KPI

(

Inspired by:

Montreal Edmonton  Guelph Saint John Toronto

e

\Related Section in this report: 1.5 1.7 | 2.0
(Rationale: )

Safety zones are traffic calming measures located in priority locations aimed to reduce vehicle speed. This
measure tracks the number of areas used to create a safer road environment for the vulnerable populations.

As an escalated monetary fine is associated with speeding violations within the safety zones, this KPI can serve
as both an effective engagement tool with the communities, and an enforcement mechanism to deter
undesirable aggressive driving behaviour.

The number of community safety zones implemented should be measured by total zones implemented, and

zones implanted by ward. Over time, this KPI can show the effectiveness of safety zone implementation when
used alongside other road safety KPIs that are measured by ward.

Target:

\Toronto aspires to install 100 community safety zones in 2022. Yy,

Smart Moves
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Percentage change in high speeds (85 percentile speed)

Outcome KPI

s
Inspired by:
Lethbridge  St. Albert Spruce Grove

Related Section in this report: 1.4 |1.5|1.6 | 1.7 | 2.0

r \

Rationale:

The 85th percentile speed is the speed at which 85% of the drivers travel on a road segment, therefore it tracks
the majority of traffic speeds and excludes the speeds of dangerous drivers.

Speeding is a commaon cancern for Vaughan given its land use pattern and the driving culture. This KPI tracks the
prevalence of speeding and the effectiveness of speed reduction measures before and after initiatives have been
implemented.

The extended version of this KPl can examine specific sub-areas of Vaughan to provide more detailed analysis of
driver behaviour to aid program evaluation efforts in specific neighbourhoods.

. J/

Number of streets with posted speed limit of 40 km/hour or below
Qutput KPI

f
Inspired by:
Saint John

\Related Section in this report: 1.4 1.5|1.6 | 1.7 | 2.0

@tionale: \

Road safety literature and reports highlight that a reduction in vehicle travel speeds reduce severity of injuries

and fatalities. In response to the residents’ concern around speeding in Vaughan, this KPI can serve as a status
update at periodical intervals to signal the policy shift towards safer streets, as well as improved system
protection for the vulnerable road users.

It is also suggested for this KPI to be separated by ward in order to ensure that 40 km/h speed limits are being
implemented equitably across Vaughan'’s neighbourhoods.

Target:
Saint John reduced the speed limit of 14 streets to 40 km/h in 2022 (Perry, 2022).

In 2010, the City of Edmonton reduced the posted speed limit in six residential communities from 50 to
40 km/h and found that mean free-flow speed reduced by 4.88km/h after 6 months (Islam, El-Basyouny &

Qrahim, 2014) /

Smart Moves
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Curbside parking utilization rate
QOutcome KPI

(
Inspired by:
Halifax

Related Section in this report: 1.3 | 3.2

\

Rationale:

Measuring on-street parking utilisation rates is the first step to making a fair assessment of the true economic
value of land which is currently used as on-street parking. If measured at an ongoing basis, this KPI can establish
a parking demand trend for Vaughan, to corroborate with its transportation and transit demand. Underutilized
parking space can be converted into greenspace, patios, bike lanes, bus lanes, etc. in order to support Vaughan'’s
other priorities.

On-street parking should be priced to reflect Vaughan's desire towards reducing congestion, safer roads, and
offering more sustainable mobility options, so that the existing infrastructure can be best utilised as-is or
transformed into active transportation related infrastructure.

Target:

Richard Willson suggests in Parking in the City (2018) that parking spaces should have a vacancy rate of 10-15%

\in order to maximize use and revenue, while preventing too many cars from searching for parking spaces. /

Average commute time by transportation mode
Qutcome KPI

7
Inspired by:
Halifax

20

Gationale: \

A predictable travel time is of key interest to most road users, not only to address congestion concerns, but also

Related Section in this report: 1.1 1.2

to provide insight into volume, capacity, and condition for level of road services. To improve the quality of
infrastructure for all road users, it is important for Vaughan to understand the current experience of all road
users, to measure the progress of the MoveSmart Strategy implementation meaningfully.

Traffic congestion is a primary concern for many Vaughan residents. As the City of Vaughan encourages
sustainable travel modes and improves its active transportation network, it must document the changes in
commute time for all road users to measure progress.

As Vaughan looks to improve active transportation infrastructure and enhance traffic signal operations, Vaughan
should expect average commute duration to go down over time, however it may take time to observe significant
change.

Target:

Halifax collects this data from Statistics Canada and found that it takes cyclists 21 minutes to get to work and 16

Q’ninutes for pedestrians to get to work. /

Smart Moves
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Vehicle kilometres travelled per capita
QOutcome KPI

( Inspired by:
Halifax Lethbridge Regina Peterborough

Owen Sound &

\_Related Section in this report: 1.2 1.3 1.4 1.7 | 2.0 | 5.0

(Rationale: A
Vehicle kilometres travelled (VKT) is a common measure to gauge auto-dependency used in many cities. We
recommend Vaughan to track VKT per capita in order to account for Vaughan’s growing population and measure
auto-dependency on an individual basis.

As Vaughan encourages more trips being made by sustainable modes, Vaughan must track the number of vehicle
kilometres travelled per capita. In order to mark the progress made towards sustainable travel modes, this KPI
should result in a decrease in kilometres travelled by vehicles. In doing so, it can justify and support the
transportation initiatives implemented by Vaughan that encourage sustainable travel.

As discovered through the literature review, vehicle kilometres travelled is typically correlated to a greater
number of traffic collisions. Reducing vehicle kilometres travelled will in turn, make roads safer. VKT per capita is
an effective KPl to measure alongside rate of killed and seriously injured by traffic collisions.

Halifax uses VKT as a performance indicator of its Integrated Mobility Plan and states that it will collect VKT data
kfrom Statistics Canada to evaluate its progress every 5 years.

J/

@ Every additional kilometre driven incurs some risk. Even if it's a low-risk kilometre, if you do
0e® enough of them, you're going to have a crash.
Fah . .
- Academic Transportation Researcher
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User perception of walking, cycling or transit as a transportation option
Qutcome KPI

'rlnspired by:
Calgary Edmonton Halifax Spruce Grove
Strathcona County New York City

\_ Related Section in this report: 1.2 |1.4 |1.7 | 2.0

00

Rationale:

Public perceptions of sustainable travel modes are insightful indicators for Vaughan to know about the residents’
willingness to choose an alternative mode of transportation to a private vehicle. It is possible that the perception
can be lagging due to socio-economical and psychological reasons outside the influence of the MoveSmart
Strategy. However, a positive change should be a fair reflection of the overall improvement towards more
equitable road sharing.

The data needed for this KPI can be acquired through surveys to assess road safety management, for the KPI to
be reported as a proportion of the survey sample population. The survey should also inquire about the
demographics and ward of the individual to gauge perception change throughout the city.

Target:

Calgary has set a target of 60% of Calgarians reporting very satisfied with walking programs and facilities in
Calgary by 2025.

4 D

\ J/

Percentage of K-12 students using active transportation to school
Outcome KPI

7
Inspired by:
Calgary Edmonton

Related Section in this report: 1.6 |1.7 | 2.0

Rationale:
The future of Vaughan's road culture starts at how children get to their schools.

There are general safety concerns for students who live within walking distance of school due to the high
proportion of parents driving students to school, which in turn creates a feedback loop of increased travel to
schools by means of private automobile. Concurrently, a general increase in specialised and private schools also
leads to children living farther from schoaol.

This KPIl intends to steer policy focus towards creating a safe environment that encourages families and children
to walk to school. As policy and programs are implemented, it is important to measure the success of such
initiatives to further refine the policy and programs. It is recommended to partner with the York Region School
Board to measure this KPl and measure it for total and by ward.

Target:

kCalgary introduced a target of 20% of students (K-12) walking to school by 2025.

Smart Moves
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Percentage of residents with access within 500 metres non-auto travel time
from bicycle route / transit network
Output KPI

Inspired by:
Edmonton  Halifax

s

\Related Section in this report: 1.4 1.6 |[1.7 | 2.0

\

Rationale:

The MoveSmart Strategy is prepared through an equity lens. Accessibility to nearby bike routes or transit options
for residents create the foundation for mobility options that are sustainable for residents of all ages, all abilities
and in all seasons. In order to encourage more travel by bike and transit, Vaughan must expand the bike and
transit network to where people live, or center development around sustainable transportation nodes.

This KPI should be measured by total residents with access, and residents with access per ward. Measuring per
ward will inform of whether there are communities that are being left behind while others benefit from new
infrastructure.

Target:

Halifax states that 56% of its residents live within 500 metres of bicycle route (Halifax Regional Municipality,
2021)

. J

@ Accessibility-based planning, which assumes that our goal is to help people get where they
® ; @ Wwant, recognizes the important roles that walking, bicycling and public transit play in an
TR . fficient and equitable transportation system.

- Academic Transportation Researcher
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Mode share for all trips
Qutcome KPI

(
Inspired by:

Halifax Regina Durham ﬁo‘

\Related Section in this report: 1.2 1.4 |1.7 | 2.0

Rationale: \

Tracking resident travel modes can detect shifts from private vehicles to more sustainable modes of
transportation.

Residents in Vaughan are currently heavily reliant on private vehicles to make all trips. This is a KPl which garners
public interest and therefore a useful feedback tool to engage with the residents to bring more awareness to
alternative modes of transportation.

While it should be measured as an all-encompassing percentage breakdown, the KPI should be further divided
and measured by:

+ Demographics, such as age groups, sex/gender, race/ethnicity
+ Time of day, including on-peak and off-peak hours
Target:

Region of Durham is aiming to achieve 10% of trips made with means of Active Transportation, and 20% by
\public transit by 2031. /

Kilometres of new, protected bicycle infrastructure constructed each year

Output KPI
7
Inspired by:
Halifax Brantford Lethbridge Edmonton  SaintJohn  Montreal Regina Q‘
New York City International Road Assessment (%)

\Related Section in this report: 1.2 |1.3 |1.4 1.7 | 2.0

/Rationale: \

This KPI collected over time can contribute towards creating the cultural shift in an environment where biking
can be an enjoyable and practical option for the residents of Vaughan. Measuring the construction of protected
bike lanes and associated infrastructure will communicate the progress of overall annual bicycle network
expansion.

Through MoveSmart’s Sustainable Mobility Program, Vaughan is looking to improve the connectivity and quality
of the bicycle network. This KPI will track the progress of their initiatives. This KPI should be measured by total
kilometres built, and kilometres built by ward. Measuring by ward will display to what degree the distribution of
the infrastructure is equitable to the needs to the residents.

Target:

Halifax has built 8 km of ‘AAA’ bikeways in 3 years (Halifax Regional Municipality, 2021), Edmonton has built 15
km of protected bike lanes since 2009 (City of Edmonton, 2020), and New York City built 46.5 kilometres of
\protected bicycle lanes in 2020 (New York City, 2021). /
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e

Number of data collection and analysis reports completed within one year
Output KPI

(

\.

Inspired by:
Guelph Strathcona County

Related Section in this report: 1.3 | 1.4

(Rationale: \

Data collection and analysis are essential components of the annual report preparation.

Providing a report on a consistent basis creates the necessary data transparency around collision trends to
communicate with the residents in Vaughan.

This can serve as an effective public engagement tool, as well as an indication of effort to ensure that the
MoveSmart Strategy is progressing in the right direction according to the policy intent.

Target:

Strathcona County publishes one annual Traffic Safety Report and one annual Traffic Collision Statistic Report to

Qomm unicate the county’s yearly road safety context to its citizens. /
p
Number of active transportation volume counts administered
Qutput KPI
N
('

\.

Inspired by:
Lethbridge Brantford Saint John New York City

Related Section in this report: 1.4

Sma

\

The literature and jurisdictional review revealed that active transportation volume data is often lacking in traffic safety

Rationale:

strategies, due to community opposition, and/or a lack of investment.

Active transportation volume data is extremely important in measuring the success of Vaughan’s active transportation
projects. This KPI measures the total number of counts administered to measure active transportation traffic volumes.
This KPI should be measured by total and by ward to display equity efforts.

By reporting the number of observational, manual, or automatic counting projects, this KPI can contribute directly
towards the effort by Vaughan to rebalance the emphasis on protecting vulnerable road users.

During an interview with multiple Vaughan employees, they had mentioned how performing frequent active
transportation velume counts along certain corridors, such as the VMC, will allow them to better plan for shared spaces

between vehicles and active transportation users. /
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4.4 CONSIDERATIONS FOR THE PROPOSED KPIS

To complement the proposed KPls, it is equally important for Vaughan to consider the following:

KPIs mean accountability: It is commendable for Vaughan to take up the KPI monitoring
and evaluation framework as part of the MoveSmart Strategy, as the evaluation exercise will
hold the City more accountable with its effort and progress. Itis therefore important to start
with simple KPIs, invest in engagement and education with key stakeholders ranging from
the council members, planners and engineers, local school boards, and communities and
resident groups. Focus on building information consistency and transparency is important
to establish a credible monitoring and evaluation framework around the MoveSmart
Strategy for its long-term success.

No singular KPI can paint the entire picture: It is impossible to measure and evaluate any
MoveSmart Strategy initiative with the use of one KPIs. All implemented initiatives should
ideally to be working in convergence towards the strategy objectives.

Data availability should not limit KPl adoption: Data availability is essential to evaluating
the progress of initiatives. Our review identified multiple ways to collect data for KPIs such
as traffic volume, speeds, enforcement, collisions, and public engagement. The calculation
of any KPI depends heavily on data availability and integration, as well as hardware
infrastructure capacity dedicated human resources. At the same time, the suitability of the
KPIs should not be restricted by current data and resource availability, given that the
MoveSmart Strategy is set to improve the overall road safety condition in Vaughan in the long
term.

.@. Metrics are driven by data availability, which shouldn’t be the case, but
t&‘ unfortunately it is.

- City of Vaughan Transportation Program Manager

Use both outcome and output KPIs: Combine the usage of both outcome and output KPls
to address the temporal nature of the road safety monitoring and evaluation framework.

Collaboration is key: municipalities do not always collect the data themselves. This could
be because they are not responsible for data collection or because they do not have the
resources. This can be addressed by collaborating with organizations and entering into data-
sharing agreements. Examples include police-reported collision statistics or hospitalization
and ambulatory data from traffic-related injury admissions. Increased partnership with
school boards, police, social services, and hospitals within York Region will contribute
towards a successful delivery of the MoveSmart Strategy, not only for the data and
information sharing, but also for the long-term public transit planning and implementation.
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A, KeyTakeaways:
‘@‘ e Twenty KPIs in total are proposed in this section. Eleven of them are classified as
— * Output KPIs to measure the effort and programs implemented towards delivery of
road safety improvement, and nine of them are classified as Outcome KPIs to
evaluate the status of road safety condition overall for Vaughan.

e To ensure the success of the MoveSmart Strategy, in addition to the adoption of
the proposed KPIs, considerations need to be given to the data infrastructure,
partnership with York Region, and investment in effective engagement and
continuous education with different key stakeholders.
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5. MOVING FORWARD

AR\ Objectives:
@ To provide Vaughan with a set of recommendations that are based on the previous
section’s research and proposed KPlIs.

+.0,¢
X . . . . . .
m Recommendations are described in detail with comparative municipal examples

within Supporting Document Section G.

Based on the research conducted, there exists additional considerations which may support
Vaughan with its mobility plans moving forward. To support the next iteration of the MoveSmart
Strategy, this report offers the following recommendations:

1) Incorporate specific and actionable measures, responsible partners, and a theory of
change, in ways that integrate social, environmental, and financial sustainability.
While the MoveSmart Strategy is generally focused on communicating policies that support
high-level program areas, there are opportunities to clarify program goals with specific and
measurable actions and responsible partners. Sustainability, as a societal, environmental,
and financial cost and benefit, could also be defined within the strategy.

2) Describe how equity is understood in relation to road users, equity deserving
populations, and the City of Vaughan’s decision-making and capital expenditure
process. A significant portion of the literature and jurisdictional review emphasised the
need to meet the needs of the most vulnerable road users, which the MoveSmart Strategy
objectives also articulate. However, it remains unclear how the most vulnerable road users
are considered conceptually, within its theory of change, and within program goals. Our
interviewees consistently noted the need for a proactive approach, as opposed to a
complaint-based approach, to fully document, understand, and respond to the needs of its
vulnerable road users and equity deserving populations.

3) Limit the use of information-oriented public education campaigns. Public education
and outreach campaigns are often used by municipalities and police services to address
road safety concerns and reach their goals of increasing public awareness, similar to
MoveSmart’s program goal. The literature review in Section 2 confirmed that information-
oriented public education campaigns are less effective in decreasing traffic injuries and
collision as compared to other systemic-level improvements.

Smart Moves 52



4) Commit to Vision Zero language and terminology within the MoveSmart strategy. As
MoveSmart Strategy Executive Summary notes how it will work towards a Vision Zero goal,
Vaughan should fully support Vision Zero principles and the national network in order
increase wide-scale adoption, public awareness, and robust policy development.

5) Support, integrate, and evaluate mixed land-use development policies which aim to
decrease overall vehicle kilometres travelled of Vaughan residents. As identified in the
Vaughan context and literature review, municipal policies that promote auto-dependent
and single-use land development tend to increase overall vehicle kilometres travelled
thereby increasing a vulnerable population’s overall exposure to collisions.

! Key Takeaways:

Smart Moves

\ U4
'@' Moving forward, the next iteration of the MoveSmart Strategy should:

Incorporate specific and actionable measures, responsible partners, and a theory
of change, in ways that integrate social, environmental, and financial sustainability.
Describe how equity is understood in relation to road users, equity deserving
populations, and the City of Vaughan’s decision-making and capital expenditure
process.

Limit the use of information-oriented public education campaigns.

Commit to Vision Zero language and terminology within the MoveSmart strategy.
Support, integrate, and evaluate mixed land-use development policies which aim
to decrease overall vehicle kilometres travelled of Vaughan residents.
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6. SUMMARY

This report has revealed that the City of Vaughan is not alone in attempting to reduce traffic
collisions. Across the country, municipalities are creating a variety of strategies that refocus their
attention from moving traffic as efficiently as possible, to encouraging sustainable modes of
transportation and creating a culture of road safety. As municipalities undergo this shift, they
must be prepared to monitor, evaluate, and improve upon these strategies.

This report found that strategies can be evaluated by using KPIs and data collected from traffic
volume, speeds, collisions, and public engagement to evaluate the progress that their initiatives
are making. Basing mobility strategies off of data rather than resident-complaints has been
demonstrated to address equity concerns, tell a story, improve community relations, and
maintain public trust. The collision data analysis and media analysis sections found in this report
identified how public perception can differ from the reality of Vaughan’s transportation context.
The literature review section identified how transportation systems can contribute towards an
inequitable distribution of traffic injuries. These findings must be taken into consideration when
devising a mobility strategy in order to improve the transportation system for all of its users. The
transparency of mobility strategies is also important, which is why a combination of output and
outcomes KPIs are proposed to evaluate the progress made by the MoveSmart Strategy.

The Project Team identified a total of 20 KPIs for the MoveSmart strategy that are measurable,
meaningful, understandable, realistic, applicable to Vaughan, and are used by multiple cities.
These KPIs were proposed in consideration of the report’s background research on Vaughan, its
review of academic research, information gained from interviews, and jurisdictional review of
municipalities committed to Vision Zero. In doing so, the Project Team completed a
comprehensive review of transportation related KPIs that is one of the first of its kind in Canada.

The report’s recommendations provide the opportunity for the City of Vaughan to compare the
MoveSmart Strategy to other similar strategies and assess what elements of the strategy are
aligned, ahead or in need of improvement. Looking into the future, the Project Team hopes that
the City of Vaughan will implement this information and these recommendations in the next
iteration of the MoveSmart Strategy. In doing so, Vaughan will meet its goals of improving its road
safety, improving its mobility efficiency, supporting active transportation, and ensuring the
accuracy and proficiency of its traffic data.
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SMART READS: SUPPORTING DOCUMENTATION

SECTION A: VAUGHAN INSIGHTS

To identify Vaughan’s current transportation planning practices and the difficulties it faces, a
group interview was conducted with three transportation program managers from multiple
departments at the City of Vaughan. Methods are further described in Supporting Documentation
Section E. The interview asked the three program managers about Vaughan’s current data
collection strategy, what data and KPIs they would like to collect, the current difficulties in
implementing road infrastructure, and their vision of transportation in Vaughan. The interview’s
findings are presented below.

DATA COLLECTION

In response to a question posed on how the city currently collects it transportation data, the
program managers indicated the wide variety of methods used depending on the department.
Some data collection methods included:
e Hosting a pop-up tent at community events to speak with residents and recording the
number of visitors
e Recording the number of people who interacted with social media posts made by the City
e Entering partnerships with businesses to get traffic data from video counters and
crowdsourcing models.

DATA AND KPI ASPIRATIONS

The staff members all highlighted the importance of collecting and managing data that is
understandable to inform transportation planning decisions. This aims to create a more proactive
and equitable approach to transportation planning that targets populations with the highest need
of attention. In terms of expanding collision data, the staff members appreciated how Vaughan
will be working with the Region of York to collect enforcement and hospitalization data to better
understand how crashes occur, who is involved, and how severe they are. The program managers
also indicated a desire for more accurate data on traffic and vehicle speeds. One program
manager from the Infrastructure Planning and Corporate Asset Management department
described was how data recording hourly pedestrian volume in urbanizing areas, such as the
Vaughan Metropolitan Centre, would enable staff to better plan shared spaces between cars and
pedestrians. All staff members interviewed also noted the potential benefit of a KPI that would
record the distance of bicycle infrastructure built to track the progress on expanding active
transportation networks.
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DIFFICULTIES IN IMPLEMENTATION

One of the difficulties noted by interviewees was a discrepancy between resident and city staff
knowledge of transportation planning. One example used by an interviewee was how some
residents ask their councillor to have speed bumps and stop signs installed in their
neighbourhood to slow down traffic, even if city staff do not support the installation. The
interviewee explained that speed bumps and stop signs can be seen as “band-aid” solutions,
since they often do not solve the root of the existing traffic problems. This example highlights how
interviewees often identify different priorities than residents and elected city officials. It also
emphasizes the importance of resident outreach and communication between transportation
planning staff and Vaughan residents to better communicate the interests of the different
stakeholders to move the city forward.

éVISION FOR THE FUTURE

The interviewees all had a positive outlook on the future of transportation for Vaughan. One
expressed confidence in the MoveSmart Strategy and believed that it will help solve some of
Vaughan’s current transportation issues. Another interviewee believed that Vaughan needs more
mixed-use intensification along major roads that are served by transit for the city to grow more
sustainably. Finally, another interviewee underlined the existential need for Vaughan to adopt
more sustainable transportation modes to lower carbon emissions in efforts against climate
change.

The findings from this interview further support the need for Vaughan to collect more detailed

data, adopt a more equitable approach to implement planning initiatives, and create a more
proactive educational outreach program to improve public engagement.
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SECTION B: VAUGHAN CONTEXT MAPS

Traffic collision data recorded by York Region Police was primarily used as a data source and
analysed in ArcGIS Pro. The data was filtered by collision type, separated into dissemination
areas. Collision data was overlayed with select socio-economic information using 2021 Canadian
Census data. This process produced the following maps:

e Severe Traffic Collision Density in Vaughan (Map B-1)

e Median Total Income Across Vaughan (Map B-2)

e Percent of Vaughan Residents over 65 Years Old (Map B-3)

e Percent of Older Adults who are Low-Income (Map B-4)

e Percent of Vaughan Households headed by Lone Parents (Map B-5)
e Percent of the Population who are Refugees (Map B-6)

These maps were chosen to highlight traffic collision hotspots, and areas in Vaughan where
vulnerable populations reside. Research has shown that equity deserving groups are
disproportionately affected by traffic collisions, and lower-income neighbourhoods are more
likely to receive more non-local traffic than higher-income neighbourhoods, thereby increasing
their exposure to traffic collisions (Atlantic Collaborative on Injury Prevention, 2011; Morency et
al., 2012). While income is a common way of measuring social deprivation, per capita, Vaughan
has a higher median income than the Greater Toronto Area (Statistics Canada, 2022a). The maps
presented below were chosen to identify traffic collision hotspots and areas of socio-economic
vulnerability. Mapping of demographic variables were selected in consultation with the City’s
Diversity and Inclusion Officer, and reflective of Vaughan’s equity deserving communities. This
information can help transportation planners and engineers make equitable decisions based on
data gathered from York Region Police and the 2021 Canadian Census.
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Severe Traffic Collision Density in Vaughan, ON since 2020
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Map B-1: A map showing dissemination areas with high densities of severe collisions in bright red.

Map B-1 shows the density of severe collisions across dissemination areas (DAs) in Vaughan
since 2020. Severe collisions are classified as motor vehicle collisions that include a fatality, an
injury, or a hitand run. The map displays a general trend of severe collisions occurring along busy
arterial roads such as Highway 7, Rutherford Road, Major Mackenzie Drive, Bathurst Street and

Centre Street.

The three DAs with the highest collision density are:
1. The Fossil Hill Road and Alba Ave neighbourhood with 136 collisions per square kilometre

(27 collisions total)

2. Ashley Grove Road and Windflower Gate neighbourhood with 98 collisions per square

kilometre (35 collisions total)

3. Crestwood Ave and Yonge Street neighbourhood with 85 collisions per square kilometre

(17 collisions total)

The collision density information gathered from Map B-1 can be combined with vulnerable
population data to identify specific areas of traffic-related deprivation.
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Median Total Income Classified by Quintile in Vaughan, ON
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Median total income grouped by quintile. Dissemination areas where median total income was "0"
were removed. Data gathered from York Region Open Data using data from the 2021 Census.

Map B-2: A choropleth map showing median income by quintile across Vaughan, ON in 2021.

Map B-2 shows the total median income of DAs in Vaughan. The three DAs with the lowest median
income are circled in light blue. The map shows that DAs along HWY 400, HWY 7, Centre Street,
and Bathurst Street often have lower median incomes. The three DAs with the lowest median

income are the ones surrounding:

1.

Alba Avenue and Fossil Hill Road with a median income of $31,800 per resident
2. Mosque Gate and Ahmadiyya Avenue with a median income of $31,800 per resident

3. Yorkhill District Park with a median income of $32,000 per resident
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Percent of Population over 65 Years of Age in Vaughan, ON
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Map B-3: A map of Vaughan, ON showing the percentage of the dissemination area population is 65 years old or
older.

Map B-3 shows the per the centage of DA population over 65 years old, with where there is a higher
percentage of older adults. The three DAs with the highest percentage of older adults are the ones
surrounding;:

1. Steeles Avenue and Bathurst Street, with 54% of its population being older than 65 years
old

2. The Promenade Shopping Centre, with 53% of its 1,060 population being older than 65
years old

3. Green Bush Crescent and York Hill Boulevard, with 49% of its population being older than
65

These DAs have an older adult population of over 45% and, therefore should be prioritized through
outreach, engagement, and project implementation. Compared to Map ,1 showing the collision
density across Vaughan, mane DAs with the highest collision density are also DAs with the highest
percentage of older adults. This correlation highlights the importance of targeting these DAs in
the MoveSmart Strategy to better protect older adults from severe collisions.
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Percentage of Low-Income Adults over 65 Years Old in Vaughan, ON
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Map B-4: A map of Vaughan, ON showing the percentage of the dissemination area population older than 65 years
old and make less than 50% of DA median income after-tax.

Map B-4 shows the percentage of low-income adults over 65 years old who may be more
economically vulnerable. “Low-income” is defined in the 2021 Statistics Canada Census as
individuals who make less than 50% of their DA’s median income. The three DAs with the highest
percentages of economically vulnerable residents are the ones surrounding:

1. Ashley Grove Road and Windflower Gate, with 48% of older adults being economically

vulnerable
2. Marlott Road and Oakdale Road, with 44% of older adults being economically vulnerable
3. North Park Road and Disera Road, with 32% of older adults being economically vulnerable
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Percentage of Lone Parent Households in Vaughan, ON
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Map B-5: A map of Vaughan, ON showing the percentage of households led by a single parent by dissemination area.

Map B-5 shows the percentage of lone parent households in Vaughan. The three DAs with the
highest percentage of lone parents in Vaughan are the areas surrounding:
1. Cheltenham Avenue and Kipling Avenue, with 30% of households being led by a single
parent
2. lIslington Avenue and Pine Grove Road, with 29% of households being led by a single parent
3. Gayla Avenue and Donist Avenue, with 28% of households being led by a single parent

The Chelthenham Avenue and Kipling Avenue DA also has a median income of $38,000, making

it one of the poorest in Vaughan. Therefore, DAs with high percentages of lone parents and lower
median incomes must be prioritized to respond to their road safety needs.
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Percent of Population Classified as Refugees in Vaughan, ON
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Map B-6: A map of Vaughan, ON showing the percent of the dissemination area population that are refugees.

Finally, Map B-6 shows the number of refugees as a percentage of the DA population. Refugees
are defined as immigrants who were granted permanent resident status on the basis of a well-
founded fear of returning to their home country (Statistics Canada, 2022b). Newcomers, including
refugees have higher risks of traffic collisions due to different transportation environments and
safety cultures compared to their home countries. They experience greater traffic exposure in
Canada due to higher rates of active transportation. Furthermore, refugees have fewer resources
available to them because of their precarious situations and are more economically vulnerable
than other immigrants to Canada. Over the last five years, there has been a rapid increase in
refugees in Vaughan as Canada has admitted 218,430 refugees nationally (Statistics Canada,
2022), and 17,835 refugees have been welcomed to Vaughan. The neighbourhoods with the
highest percentage of refugees are:

1. Mosque Gate and Ahmadiyya Avenue, with 22% (1,630) of the population being refugees

2. Starling Boulevard and Dolce Crescent, with 18% (155) of the population being refugees

3. Fossil Hill and Davos Road with 17% (95) of the population being refugees

In summary, the four areas that experience higher levels of collisions and deprivation are shown
below in Table B-1.
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Table B-1: A table showing Vaughan's four dissemination areas with the highest levels of collisions, deprivation, and

vulnerability.

Neighborhood Surrounding

Reasoning

Fossil Hill and Alba Avenue

High level of collisions (136 collisions/km?)
Low median income ($31,800)

Cluster of refugees nearby

Ashley Grove and Windflower
Gate

High level of collisions (98 collisions/km?)

High percentage of older adults who are low-income (38%).

Promenade Shopping Centre

Medium-high level of collisions (31 - 62 collisions/km?)
Low median incomes ($31,000 - $40,000)
High percentage of residents older than 65 (53%)

Medium-high percentage of older adults as low-income (17-
32%)

Medium-high percentage of lone parent households (18-24%)

Mosque Gate and Ahmadiyya
Avenue

Low median income ($31,800)

High percentage of refugees (22%)
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SECTION C: NEWS MEDIA ANALYSIS

News media analysis helps provide context about perceptions of traffic collisions, fatalities,
injuries, and overall road safety in Vaughan. The way collisions are portrayed influences and
potentially reinforces the collision context in Vaughan through resident advocacy, blaming,
shaming, and city council decisions. This analysis identifies the types of collisions occurring in
Vaughan and who is perceived at risk to identify what KPIls should measure.

' METHODOLOGY

Article selection criteria included the following keyword search terms using Canadian
Newstream: “traffic or fatalities or violence or fatal or collisions or road or injuries or morbidity or
speed or dangerous driving or safety or transport or crash or struck or hit or collide”. Articles were
limited to only collisions within Vaughan from 2017 — 2022. The initial search resulted in 165
articles and after removing duplicates left 134 articles to analyse. Twenty-eight articles did not
reference a specific collision and provided commentary on road safety, common collision
locations in Vaughan and prevention measures.

News media articles were thematically analysed deductively and inductively to identify common
themes, patterns and elements across articles as well as identifying conflicting statements or
unique collision and opinion articles. Following the analysis, 5 elements and 23 categories (See
Table C-1) were then simply quantified to quickly identify the most frequently and infrequently
occurring elements. The number of articles analysed does not equal the number of collisions in
Vaughan during the selected period as multiple articles could report on the same collision and
some articles did not reference a specific collision and instead provided commentary on road
safety in Vaughan. These elements and categories are used to identify Vaughan issues and
potential to measure change or effectiveness through KPls.

 FINDINGS

The most frequent collision type reported in the news media analysis were those involving
vehicles as depicted in Figure C-1. However, a limited number of articles described a vehicle as
a “weapon”. The make or model was not always reported, but several articles connected
collisions and luxury vehicle ownership (Vaughan Citizen, 2020a, 2022c). While the 2021 Traveller
Safety Report found that the half of collisions involve commercial trucks, tractor trailer were not
as frequently mentioned (York Region, 2021). This suggests the media may not accurately depict
the frequency or potential commercial vehicle collisions in their reports. Among vehicle
collisions, single vehicle collisions were more frequently reported than multi-vehicle collisions,
which often involved a vulnerable road user, followed by collisions with inanimate objects. It is
also worth mentioning that collisions resulting in no injuries were rarely covered. However, when
mentioned, it was used describe the psychological injury as a result of being involved in a
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collision, having a loved one involved, or as an emergency responder, was described. In this way,
the concept of invisible injury may be helpful for framing societal cost of vehicle collisions.
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- O“-mee”ommn.Inter'srg'f?:g: and failing to yield (Toronto

e Ic eCYChS'.' Speeding Star, 2019). Among the ten
Police invesfigqﬁng v most dangerous intersections
Older adult Road closure MUY i vor Region, nar were
° °  —— | i located in Vaughan and the
MUI"I VehICIe CO"ISOI‘I Chlld most dangerous intersection
Dangerous driving Highwaymm'!'eenager

was located at Highway 7 and
Weston Road reporting 120

cyclist

Figure C-1: A word bubble depicting the collision elements with the more . o
frequently reported are larger in blue and less frequently reported are smaller traffic collisions between 2016

in green. and 2018 (The Georgina

Advocate, 2020). In 2018, the
Maple and Thornhill neighbourhoods made the top ten list of least safe places to drive according
to Allstate Insurance’s annual safe driving study, but the article did not mention which locations
were least safe places for other modes of travel such as walking and cycling nor distinguish
between regional or local roads (Vaughan Citizen, 2018d). This finding suggests metrics should
measure conflicts or collisions at intersections as well as improvements to high-collision
areas.

Amongvulnerable road users, pedestrians struck by vehicles were more likely to have a news
article report compared to cyclists and motorcyclists, which is consistent with the results of
the 2021 Traveller Safety Report that pedestrians are the most vulnerable road user (York Region,
2021). However, some articles had put pedestrians at fault for the collisions (Vaughan Citizen,
2019). As a result, York Regional Police provided prevention measures aimed at pedestrians
including wearing bright, light-coloured, or reflective clothing when walking at dusk, dawn or in
the dark, walking on sidewalks and crossing at crosswalks, removing distractions such as
headphones or ear buds, and making eye contact with drivers before crossing the road (Vaughan
Citizen, 2017a).
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Table C-1: Media analysis collision elements by frequency and percentage.

Collision Element Category Count & %
Transportation Mode Vehicle 106 (79%)
Luxury Vehicle 15 (11%)
SUV or Pickup Truck 15 (11%)
Tractor Trailer 9 (7%)
Motorcycle 9 (7%)
Pedestrian or Cyclist 30 (22%)
E-Bike or E-Scooter 2 (1%)
Age Child 31 (23%)
Teenager 25 (19%)
Older Adults 17 (13%)
Collision Type Single Vehicle Collision 63 (32%)
Multi Vehicle Collision 43 (32%)
Injury 64 (48%)
Fatality 51 (38%)
Collision Location Highway 32 (24%)
Intersection 23 (17%)
Off-Street Location 14 (10%)
Collision Cause Dangerous Driving 18 (13%)
Speeding 20 (15%)
Impaired Driving 19 (14%)
Distracted Driving & Inattentiveness 4 (3%)
Police Investigating & Seeking Information (37 (28%)
Road Closure 38 (28%)
*Frequencies do not equal 100% as there is article overlap among elements and percentage is
reported out of article total
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Allstate Insurance’s representative noted that distracted driving can be prevented through
adjusting driver mirrors, and York Regional Police recommended using properly working
headlights, defensive driving, courteous driving, and wearing seatbelts (Vaughan Citizen, 2017a,
2017b). However, no articles referenced cellphone use, navigation systems, or other
distracting features found within a vehicle.

Overall traffic collisions in York Region are
declining on regional roads, yet the relationship is
reversed when the traffic collisions involve
cyclists and pedestrians (Toronto Star, 2019). One
author suggested local roads do not have the
necessary cycling infrastructure (See Figure C-2),
= which may result in fewer cyclist fatalities due to

; — less volume rather than safety (Vaughan Citizen,
Figure C-2: A cyclist riding utilizing an “informal” bike 2018b). Another opinion piece suggested that
ane in Vaughan (Source: Project Team, 2022) even with the presence of cycling infrastructure,
cyclists are not using bike lanes and instead opting to ride on sidewalks (Vaughan Citizen, 2020b).
This suggests that existing cycling infrastructure may not be high-quality or designed for the
cyclist to feel safe, or that there may a perception that cycling infrastructure is not worth

capital investment.

Given the presence of speeding and collisions involving pedestrians, it is unsurprising that traffic
calming measures aimed at reducing vehicular speed were mentioned. These included line
painting to make the road appear smaller to drivers, floppy bollards , speed limit reduction, and
speed boards or radar signs (Vaughan Citizen, 2021b, 2021¢, 2022a, 2022b). Other City of
Vaughan initiatives were also mentioned, including a transportation management strategy and
lawn sign campaign to encourage people to reduce travel speeds while driving (Vaughan Citizen,
2021a, 2021a). The public were infrequently interviewed in news articles. One article quoted
a Vaughan resident who was in favour of automated speed enforcement to reduce speeding
(Vaughan Citizen, 2022a). A local traffic calming advocate was critical of existing initiatives and
suggested council “[likes] Band-Aid solutions... they want to placate residents, so they put signs
up" (Vaughan Citizen, 2021c). A mobility strategy that uses signs to educate the public or
reduce speeding is likely to benefit from showing the effectiveness of such measures and
earning public trust.

Children and youth were frequently reported as injured or fatalities as a passenger or pedestrian.
Vaughan has been the location of several high-profile fatal traffic collisions in recent years, and
these collisions have had a lasting impact in the news media cycle. In 2015, an impaired driver
struck another vehicle killing three children and their grandfather (The Brampton Guardian, 2017).
These fatalities have maintained their presence in the local news media cycle, and often
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referenced in articles involving other impaired driving collisions, or collisions involving
children. Amorerecent collision involved a speeding teenage driver striking two children and their
neighbour in a driveway resulting in two fatalities and one injury (The Toronto Star, 2022; Vaughan
Citizen, 2022d). These tragic stories dominate the news media and suggest that impaired driving,
speeding, and collisions involving children are specific concerns residents want addressed
and eliminated.

Speeding was the most frequently occurring factor influencing collisions in Vaughan.
Between March and October of 2020, York Regional Police issued over 900 charges for speeding
in excess of 50km/h over the posted limit (Vaughan Citizen, 2020c). Although the desigh of
» ; streets can influence the likelihood of

= -~ speeding, it was rarely mentioned as a cause
: <. of the collision. In 2021, York Regional Police

- created Regional Enforcement Priorities teams
| to increase road safety by focusing on
dangerous driving and impaired driving
(Vaughan Citizen, 2021c). In 2018, close to
1000 incidents of impaired driving were
investigated by York Regional Police resulting in
seven fatalities (Vaughan Citizen, 2018a,
2018c). One strategy that York Regional Police
have used in an attempt to deter impaired

driving is by “naming and shaming” individuals

Figu.re C-3: Observed tire track.s ona sidewal|.< at with impaired driving-related offences (The
Napier Street and Stegman’s Mill (Source: Project Team, . o
2022). Liberal, 2018, 2022; Vaughan Citizen, 2018c).

News media articles were frequently used to communicate the legal consequences of dangerous
driving. Recommendations to reduce the frequency of speeding included increasing fines and
expanding automated speed enforcement from community zones to main roads (Vaughan
Citizen, 2021c, 2022b). Many articles focused on collisions resulting in charges and convictions,
which simplified traffic collisions as the result of an individual’s poor judgement rather than
the physical elements of the streetscape.

News articles were frequently used to provide information to residents about traffic delays and
detours as well as solicit information, evidence, and witnesses to assist the police in their traffic
collision investigations. Unscheduled road closures were frequently reported suggesting
vehicle traffic delays could be used to diversify mode share and reporting commute times
to measure travel efficiency.

Several articles acknowledged and thanked resident assistance for reporting suspected impaired
driving resulting in charges through the “Safe Roads ... Your Call” program (Vaughan Citizen,
2018a). Client-facing collision prevention maps including suggesting improvements for
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sustainable mobility transportation modes and automated enforcement cameras can be
leveraged to encourage existing resident involvement in road safety. Data-driven strategies are
more transparent than complaint-based as they may not be representative of actual collisions
and traffic safety.

LIMITATIONS

By scoping only Vaughan collisions to understand the local context, regional and comparable
jurisdictions are excluded from the analysis leaving out potentially relevant news articles.
Different articles were written about the same collision either by separate news outlets and
reporters or by the same reporter and news outlet over the course of the collision investigation.
As such, a collision can be reported over the course of a week from many news outlets and
articles with the earlier articles reporting injuries and later articles reporting fatalities.
Additionally, elements relating to high-profile collisions may be overly represented in the analysis.
Although this limitation is not uniqgue to document analysis, analysing media articles means the
researcher is constrained to articles the media decides to report or is of importance.

The themes and elements identified are not exhaustive and future analysis could focus on just
one theme or element for a deeper understanding of traffic collisions, determinants of traffic
collisions and road safety in Vaughan. Other project expansions include combining news media
and spatial analysis together to geocode collision articles or examining collision articles for their
sentiment. Although the length of news articles provides less information or content as compared
to scholarly or grey literature articles, this enabled the analysis of over 100 articles.

! Key Takeaways

\ 4
@ e Road user type should be differentiated in collision metrics including pedestrians
and cyclists and further subcategorizing vehicles such as luxury or heavy trucks
e There is a desire to track reductions in speeding and impaired driving particularly
at intersections and collisions involving children
e Pedestrians are targeted in educational campaigns to encourage road safety, but
these campaigns should also targe driver behaviour to prevent collisions
e The media could be used as a tool to build and maintain public trust and
illuminate the effectiveness of the MoveSmart Strategy
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SECTION D: RISKY MOVES

To better understand how to minimize traffic collisions and fatalities in our cities, we first must
understand the determinants of traffic collisions and how collisions occur. The determinants of
traffic collisions will be categorized by either a “human” or a “system” factor. Human
determinants are factors personal to the individual, such as driving behaviour, or choice of travel
modality. System determinants are factors in our physical and social environment that may
influence the rate and severity of traffic collisions, whether created by humans or by-products of
our culture. These include factors such as road design, human demographics, as well as temporal
and climate factors. In the following sections, “human” and “system” determinants are broken
down into sub-categories with determinants being presented in bullet point form.

HUMAN DETERMINANTS

INDIVIDUAL BEHAVIOUR

Risk factors: Inattentive driving, frequent mobile phone usage, headphone usage, fatigue, age
related cognitive decline, choice of modality

e I|nattentive driving increases risk for collisions (Dezman et al., 2016; Kulharni, 2020).

e Frequent mobile phone usage affects driving performance by contributing to slower
reaction times, being a distraction from adhering to traffic signals, and reducing the ability
to drive within the correct lane (Kulharni, 2020).

e Mobile phone usage among pedestrians and cyclists causes distraction and sensory
deprivation, which negatively affects the perception of the auditory environment (Dezman
et al., 2016).

e 20% of collisions in high-income countries involve the consumption of alcohol, while 33-
69% of collisions in low-income countries involve the consumption of alcohol (Lakhan et
al., 2020).

e People who drive with fatigue experience the same effect on their driving as one would do
with alcohol consumption (Lakhan et al., 2020).

o Young drivers, males, shift workers, those with sleep apnea, and those who drive
between 2am and 5am are most likely to be affected with fatigue (Lakhan et al.,
2020).

e Age-related visual cognitive decline such as diminished visual processing speeds and
lower selective visual attention places older adults at greater risk of traffic collisions
(Dommes & Cavallo, 2011).

e Speed can be classified as a human and a systematic determinant of collisions (Lakhan et
al., 2020).
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Pedestrians are the most at risk of serious injury and fatality in the event of vehicular
collision (Yannis et al., 2020).

SYSTEM DETERMINANTS

SPEED, VEHICLE KILOMETERS TRAVELLED, AND VEHICLE SIZE

Risk factors: Speed over 45 km/hr and 50km/h, Vehicle Size

As the speed of a vehicle increases, the fatality risk of a pedestrian increases when a
collision occurs. In well-publicized research, it was found that pedestrians were five to
eight times more likely to die from collisions when the vehicle was traveling 50km/h as
compared to 30km/h (ITF, 2012; Khorasani-Zavareh et al., 2015).

Vehicle speeds over 45km/hr increase the likelihood for cyclist fatalities (Cushing et al.,
2016).

All else being equal, traffic fatalities increase with vehicle kilometers travelled, displaying
that an effective way of reducing traffic fatalities is to reduce vehicle usage (Ewing et al.,
2016; Litman, 2017, 2022a; Yeo et al., 2015).

During 2020, the COVID-19 pandemic reduced U.S. vehicle travel by 13%, but traffic
deaths increased by 7% due to the less congested roads influencing higher-risk activities
such as speeding and impaired driving (Litman, 2022a; Stiles et al., 2021).

Due to their increased momentum, an SUV is two to three times more deadly to
pedestrians as compared to being struck by a regular car (National Highway Traffic Safety
Administration, 2015).

DEMOGRAPHICS

Risk factors: Having lower income, lower education level, lower socioeconomic status, racialized
communities, other disadvantaged populations

Lower income, racialized communities, and other disadvantaged populations are
disproportionately affected by traffic collisions, including those resulting in serious injury
or death (Atlantic Collaborative on Injury Prevention, 2011; Brubacher et al., 2016;
Chakravarthy et al., 2012).
It is suggested that lower-income neighbourhoods are more likely to receive more non-
local traffic than higher-income neighbourhoods, this is an issue as (Morency et al., 2012;
Yiannakoulias & Scott, 2013):

o Itexposes low-income neighbourhoods to greater amounts of traffic

o Non-locals tend to drive at faster speeds

o Non-locals are unfamiliar with the neighbourhood’s safety culture and customs
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Indigenous peoples living on reserve and in non-metropolitan areas in British Columbia
experience greater risk of transportation injury, largely due to socioeconomic disparities
(Brussoni et al., 2018).
Those with a lower level of education are at greater risk of injury from a traffic collision, as
they are more likely to be pedestrians and live in dense neighbourhoods (Haghighi et al.,
2020; Saeednejad et al., 2020).

o Conversely, countries with higher education rates have lower rates of traffic

fatalities (Haghighi et al., 2020)

Newcomers have an increased risk for traffic injury and fatality due to multiple factors,
such as (Davison et al., 2013; Vanlaar et al., 2016):

o Transferring between safety cultures and transportation-planned environments

o Increased traffic exposure due to higher rates of active transportation

AGE-SPECIFIC

Risk factors: School distance, driving behaviour in school zones, hon-local traffic, child exposure
to traffic, older adult pedestrians

School-aged children using active transportation to school are more likely to be involved
in a traffic collision. Distance of the walk and built environment features are two important
factors in the involved risk (Chakravarthy et al., 2012; Davison et al., 2013; DiMaggio et al.,
2016; Rothman et al., 2014; Yiannakoulias & Scott, 2013).
High population density, greater traffic exposure, and high-traffic speeds contribute to a
child’s increased risk for traffic injury and fatality (Chakravarthy et al., 2012; Davison et al.,
2013; Harmon et al., 2020).
Children from visible minority groups or lower income families are at a greater risk of being
involved in traffic collisions due to being more likely to live in a densely populated
neighbourhood, increased exposure to high levels of traffic, exposure to high speed traffic,
and poor road design and maintenance (Chakravarthy et al., 2012; Davison et al., 2013;
Embree et al., 2016; Harmon et al., 2020; Rothman et al., 2014).
As a vulnerable road user, older adult pedestrians aged 65+ are at greater risk for traffic
injury and fatality due to (Fang et al., 2018; Harmon et al., 2020; Kim, 2019; Vanlaar et al.,
2016):

o Lack of all-ages pedestrian infrastructure

o Physical and cognitive mobility constraints

o Street crossing evaluation capability

o Lower levels of pedestrian confidence and fear of injury

Smart Moves 74



LAND-USE & AUTO-CENTRICITY

Risk factors: High pedestrian activity, land-uses, school density, urban form, auto-dependant
cities

e Areas with high levels of pedestrian activity, such as commercial zones in urban areas, and
large institutional areas such as universities, experience a higher frequency of pedestrian
collisions compared to areas with lower levels of pedestrian activity (Pulugurtha et al.,
2013; Ukkusuri et al., 2012; Zhu et al., 2022).

e Traffic collisions are the least likely in single-family residential areas (Pulugurtha et al.,
2013).

e Cyclist collisions are less likely to occur in areas with mixed land use, due to the higher
probability of appropriate bicycle infrastructure (Chen & Shen, 2019).

e Auto-dependant American cities have greater traffic casualty rates than in cities where a
greater portion of trips are by means of walking, bicycling and public transit (Frederick et
al., 2018).

e Anurban area’s per capita crash rates decline with more job-housing balance, increased
population density, greater transportation network connectivity, more public transit
facilities, and grade-separated highways (Najaf et al., 2018).

e Dispersed, sprawlland use developmentis associated with lower per capita rates of minor
collisions, but significantly higher rate of fatal collisions due to the combination of more
total motor vehicle travel and higher traffic speeds in dispersed, automobile-oriented
areas (Ewing et al., 2016; Myers et al., 2013).

ROAD DESIGN

Risk factors: Speed differentials, number of traffic lanes, width of traffic lanes, gradient changes,
street lighting, street trees/flora, block length, presence of bicycle lanes, transit stop density,
collision points at intersections.

e The presence of speed differentials within the traffic flow increases the likelihood of
collisions (Ghods et al., 2012).

e Pedestrianinjuries at an intersection increases with the addition of an extra lane of traffic,
likely due to longer crossing times, increased vehicle speed, and increased traffic
exposure (Stipancic et al., 2020).

e Four and five way intersections have an increased frequency of collisions compared to a
two or three way intersection (Ukkusuri et al., 2012; Zhang et al., 2015).

e A road network with greater amounts of intersections and shorter blocks tend to have
lower collision rates with pedestrians and cyclists, largely due to lower vehicle speeds
(Stoker et al., 2015; Zhang et al., 2015).
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Traffic injuries and fatalities have been observed to occur at a higher frequency on arterial
roads with greater amounts of traffic lanes, higher vehicle speeds, and low pedestrian
activity (Mohan et al., 2017; Stipancic et al., 2020; Ukkusuri et al., 2012).

Areas with greater ratio of arterial to non-arterial roads experience higher collision fatality
rates (Mohan et al., 2017).

Collisions are more likely to occur on roadways with less gradient change due to the
increased pedestrian and commercial activity that occurs on flatter roadways (Dai &
Jaworski, 2016).

Pedestrian collisions were more likely to occur in areas with a greater amount of transit
stops, perhaps due to the increased pedestrian activity in those areas (Dai & Jaworski,
2016).

A greater amount of right-turn-only lanes increases pedestrian collision rates (Stipancic et
al., 2020).

The presence of street trees is associated with a reduction in pedestrian injuries, as they
create a well-defined protective edge of the road and functions to modify the visual
perception of drivers (Naderi, 2003; Zhu et al., 2022).

The presence and implementation of bicycle lanes can reduce bicycle-vehicle collisions
providing the infrastructure actively removes conflict between the two modes of
transportation (Jarry & Apparicio, 2021).

The implementation of cycle tracks is associated with greater cyclist safety and a
reduction in collisions after adjusting for cyclist volume, while also reducing collisions in
the areas surrounding the cycle tracks (Ling et al., 2020).

POPULATION DENSITY

Pedestrian and cyclist collisions occur more frequently in areas with higher population
density, largely due to increased exposure. However, it is not a linear relationship as there
is a safety in numbers effect that occurs (Chakravarthy et al., 2012; Marshall & Ferenchak,
2017; Myers et al., 2013; Zhu et al., 2022).

Pedestrian and cyclist traffic fatalities are more likely in rural environments; however,
collision frequency is higher in urban areas (Marshall & Ferenchak, 2017, 2019; Myers et
al., 2013).

IMPLICATIONS & CONCLUSIONS
As traffic and transportation agencies continue to work on minimizing traffic collisions,

understanding the determinants and diagnostics of collisions becomes increasingly important.
Focusing on all determinants is a challenging task but understanding where to direct resources
will yield the best results for collision prevention. When using a human-system determinant

approach, it can be shown that there are a larger number of systematic determinants compared
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to human determinants. However, it should be noted that a greater number of determinants does
not necessarily mean that there are a greater number of collisions attributed to them.

A key determinant that was pervasive throughout the review was motorist speed. While speed
itself was shown to be a significant determinant of the collision severity, speed was also shown
to be influenced by road geometry, intersection geometry, density, and identity tied to the specific
area (non-locals versus locals). It is suggested that to reduce the frequency of speeding, that it
may be useful to address the systematic determinants that could influence speeding as a method
of human behaviour change. Lastly, an equity lens must be applied to understand the populations
who are experiencing an increased risk of collision and fatality. Youth and seniors are more
vulnerable road users due to multiple systematic factors (Chakravarthy et al., 2012; Davison et
al., 2013; DiMaggio et al., 2016; Fang et al., 2018; Harmon et al., 2020; Kim, 2019; Rothman et al.,
2014; Vanlaar et al.,, 2016; Yiannakoulias & Scott, 2013). Neighbourhoods with lower
socioeconomic status are more likely receive non-local traffic, which is more prone to driving at
greater speeds despite the potential unfamiliarity of the area (Morency et al., 2012; Yiannakoulias
& Scott, 2013). This may be due to neighbourhood street design, or the location of the
neighbourhood to major roadways. Implemented KPIls and policies utilizing a road safety lens
should address the determinants of traffic collisions to achieve the mostimportant measures and
data.

L Key Takeaways

‘@' e Determinants of traffic fatalities can be a result of human or systematic factors.

- e Vulnerable road users such as pedestrians, active transportation users, children,
older adults, and those with low socioeconomic status are at greater risk for traffic
collision and fatality.

e A deep understanding of the determinants of traffic fatalities can help guide action
to greater road safety policies and initiatives.
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SECTION E: HOW CITIES MOVE

INTERVIEW METHODOLOGY

One of the key tasks required to enhance the research project was to conduct interviews with
industry, government, professionals, and academic contacts who would offer perspective on key
performance indicators and other related Road Safety measures. The research team started
composing a draft list of potential key informants and potential questions best suited on their
work, including peer reviewed drafted email letters.

Interview request emails were sent out to potential key informants. The interview process
required sending participating key informants a letter of information (LOI) defining the intention of
the project and interview, and ethical considerations. Pending key informants received follow-up
emails within a week if they did not reply to the original email. Participating key informants
received confirmation emails which outlined the interview date and time using the Microsoft Team
invite and the LOIl document.

Fourteen key informants were able to participate in the interview process. The City of Vaughan
confirmed the interviews of six participating key informants. The research team prepared various
questions catered to the position, experience, and expertise of each key informant. Most
questions were geared towards receiving knowledge of the use of key performance indicators in
the road safety and mobility strategy. Ethics approval for the interviews were approved from the
Queen’s General Research Ethics Board. Each interview was held through Microsoft Teams using
audio and video conferencing. The interviews were typically 30 minutes in length with others
extending to an hour. There were mainly two team members in each interview stating questions
and note taking. The research team did note taking, video recording, transcription, and follow-up
emails depending on the scope of the interview.

LIMITATIONS

1. The insights of the key informants were limited by a moderate sample size.

2. Theresearch team was able to draft numerous KPIs from different municipalities but
could only select a few to interview

3. Not every municipal interview or industry interview had a focus on KPIs which limited the
information on existing KPls

4. A small number of individuals agreed to be interviewed which was lower than the
potential key informants that received an email request

5. Interviews were hosted within a short timeframe
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DOCUMENT ANALYSIS METHODOLOGY

A major piece of the jurisdictional review included a document analysis to identify KPIs used by
municipalities to assess the effectiveness and success of mobility strategies and initiatives. The
selection criteria included descriptive or demographic information such as suburban
municipalities and population growth to resemble the Vaughan context. Implementing a Vision
Zero strategy was another criterion to identify best practices in mobility strategies. The inclusion
criteria were fluid and flexible rather than restrictive or systematic to identify a broad range of
KPIs. In other words, a municipality was not eliminated if it had experienced a population
decrease or was more densely populated than Vaughan and a strategy lacking an explicit Vision
Zero approach was not excluded from further analysis. In both cases, the implementation, KPIs
and lessons learned from other jurisdictions will inform to the implementation and evaluation of
the MoveSmart Strategy.

A total of 64 jurisdictions were identified resulting in 60 Canadian examples and 4 international
examples (3 American and 1 in the Netherlands). Most jurisdictions were municipalities except
for a few Canadian provincial and regional examples. Within Canada, explicit focus was on
municipalities in Ontario, British Columbia, and Alberta because they are the most-populated
English-speaking provinces.

Avariety of documents were reviewed to identify KPls including traffic safety plans, transportation
master plans, mobility strategies, active transportation strategies, active transportation master
plans and traffic calming guidelines. The oldest strategy or plan was implemented in 2006 and
the most recent implemented in 2022 with most plans implemented within the last 5-years.

To narrow the document search, exclusion criteria were established for jurisdictions that did not
publicly provide information on how they explicitly evaluate or monitor the effectiveness or
success of their strategy as this would not yield KPIs. This resulted in further analysing only 28
jurisdictions, including 24 Canadian examples and 4 international examples. The significant
reduction is also evidence of municipalities implementing a strategy without publicly creating a
plan for evaluation or monitoring. This suggests the MoveSmart Strategy is ahead of most
Canadian municipalities. Vision Zero is strongly related to data-driven, evidence-based initiatives
and strategies. As such, there is a strong presence of Vision Zero strategies and associated KPIs
because of the requirement to evaluate and monitor reducing traffic fatalities.

MUNICIPAL OUTCOMES

Presented below are Edmonton’s measures and evaluations of its Community Outcome
initiatives. These findings inform Vaughan of how Edmonton measures and evaluates its
initiatives to improve Vaughan’s initiative evaluation for the future iterations of the MoveSmart
Strategy.
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Table E-1: Edmonton’s community outcomes

Community Outcome

How they are measured or evaluated

Speed and Speed Limit
Compliance

Speed data can be used to evaluate the safety risk at a
given location. The change in driver behaviour can also be
evaluated by tracking speed compliance before and after
a projectis completed.

Automated Enforcement
Violations

City-wide behaviour change can be measured by
evaluating the total number of speed and red light running
violations captured by automated enforcement, as well
as the number of repeat offenses within specific periods
of time. Progress can be identified through continuous
decreases in these measures.

Mode Shift

Edmontonians’ perceptions and feelings of safety are
connected to their choice of transportation mode, and
currently many Edmontonians feel less safe when
traveling by modes other than driving a personal vehicle.
As we improve safety for all modes, progress in this area
will be measured by the increase in daily trips made by
active transportation.

Perception of Safety

Hearing directly from Edmontonians about how their
feelings of safety were impacted by changes in their
community provides important lived experience data and
demonstrates connections to livability.
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Toronto’s featured outcomes from its Congestion Management Plan highlight the success that
the city has seen since its implementation. Many of these initiatives have been extended or built
upon in response to their successful outcomes.

Table E-2: Toronto’s outcomes.

Initiative

Outcome

Arterial Traffic Monitoring
Camera Program

In the Spring of 2015, the City installed 43 new traffic cameras
(primarily along the Pan Am Games Route Network) that were
instrumental in managing traffic during the Games. The city
installed 80 between 2015 and 2016 and then proposed to
expand this program by an additional 40 cameras in each of
2018 and 2020 (City of Toronto, 2015).

‘Priority Corridor’ Signal
Timing Optimization
Studies

The City completed 15 optimization studies using CMP funding
and observed a 5% to 10% reduction in travel times from this
initiative (City of Toronto, 2015).

‘Auxiliary’ Corridor Signal
Timing Plans

In three of the City’s highest priority corridors, special timing
plans were developed to better manage the special traffic
patterns observed during nights, weekends, and expressway
closures. The estimated benefit of this projectis a 3% to 5%
reduction in the travel time in these corridors during
expressway closures (City of Toronto, 2015).

Toronto planned to retime 357 traffic signals on 17 corridors by
the end of 2016. More than 330 signals had already been
targeted in 2015 which resulted in an 8 per cent reduction in
vehicle delays and a 10 per cent drop in stops (Shum, 2016).

Upgraded Traffic Field
Equipment

Between 2014 and 2016, the City modernized 250 traffic signal
controllers and upgraded 60 RESCU controllers (used to
control cameras, signs, etc., on expressways). This improved
the operation of traffic signals, traffic cameras, variable
message signs providing travel times, and traffic flow detection
(City of Toronto, 2015)

Streamlined procurement
process

To reduce the overall duration of the procurement process, a
roster of pre-qualified consultants were selected in six
categories of work, which was estimated to reduce
procurement lead times by approximately 40% (City of Toronto,
2015).
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Initiative

Outcome

Deployed traffic reports
via Twitter

Using Twitter helped notify drivers of traffic reports and help
them avoid congestion and collisions.

Installed new expressway
variable message signs

The City installed 13 variable message signs along the Don
Valley Parkway and Gardiner Expressway in 2014. These signs
helped to convey safety and congestion messages to travellers
along their travel path (City of Toronto, 2015)

Upgraded transportation
operations centre

The City updated its 20-year-old Transportation Operations
Centre to help the City to better manage and improve response
time to incidents on roadways.

Lethbridge has five strategies each with their own set of KPlIs to track the progress on actions
towards achieving each objective (City of Lethbridge, 2020a).

Table E-3: Lethbridge’s KPIs

Strategy Qualitative and Quantitative KPls

Data Collection °
and Management °

Support for updated definitions

Completion of feasibility study

Proportion of police collision reports with information on
behaviour

Number of observational surveys conducted

Safety Management

System

Policy for network screening Documentation of practices
Policy for Road Safety Audits (RSAs)

Number of training sessions completed

Number of RSAs completed

In-Service Road Safety Reviews (ISRSRs)

Number of corridor reviews completed

Number and value of recommendations implemented

City Planning and
Development

Completion of list of policies

Completion of supporting processes

Completion of training of processes

Updated TIA Guidelines and distribution to development
industry

Updated development cost charge structure

Adoption of Complete Streets Guidelines

Revised design standards
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Communications /
Public Awareness

Annual reports on the progress and success of the
communication strategy

Number of contest submissions received

Number of stickers issued

Number of reports of positive behaviours

Number of drivers thanked for positive behaviours

Transportation
Safety Culture

Number of people participating in survey Transportation
safety culture index
Change in transportation safety culture index over time
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SECTION F: SMART MOVES

The jurisdictional review revealed an abundance of KPIs with 378 publicly reported from during
the jurisdictional review of twenty-four Canadian municipalities and four international cities with
methodology detailed in Supporting Documentation Section E.

After removing duplicates and grouping of similar KPIs based on available explanation, the total
number of KPIs was reduced to 144. By adhering to the goals and objectives of the pillars within
the MoveSmart Strategy, the number was further condensed to 50.

Careful considerations were given to the fifty KPIs to derive the final twenty to ensure they are
most suitable for Vaughan’s overall context, current mobility approaches and issues which the
MoveSmart Strategy is attempting to address. As the MoveSmart strategy evolves, additional or
alternative KPIs may be required. The project team has provided 50 KPIs grouped by collision,
transportation behaviour, high-risk driving and enforcement, engagement and education, land-
use, infrastructure and engineering projects, maintenance, municipal policy and development,
review and audit, and data management. Similar KPIs are grouped together while still maintaining
the nuances and local context of the municipality.

Table F-1: Fifty key performance indicators identified during jurisdictional review.
Key Performance Indicator Municipality

Collision key performance indicators

1. | Rate of killed and seriously injured per 100,000 population | Surrey, British Columbia,
City of Ottawa, Manitoba,
Fort Saskatchewan, St.
Albert

2. | Frequency and/or percentage of fatal and injury collisions | Lethbridge, Calgary,
Edmonton, Saint John

3. Intersection collisions St. Albert, Ottawa, Surrey,
Intersection collision rates; Percentage of | Lethbridge, Durham
fatal/major injury collisions at/or related to
intersections; Rate of intersection killed and
seriously injured per 100,000 population; Collisions
at intersections; Signalised intersections; Severe
collisions at intersections

4. | Collision type Lethbridge, Durham
Head-on collisions; Left-turn movements; Right
angle collisions

5. | High risk driving collisions Ottawa, Saint John,
Percentage of fatal/major injury collisions involving | Lethbridge

one or more drivers engaging in one or more high-
risk driving behaviours; Number of collisions with
alcohol or drugs involved; Aggressive driving
citations; Distracted driving
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Key Performance Indicator

Municipality

6. | Percentage of fatal/major injury collisions in rural area

Ottawa, Strathcona County

7. | Frequency or percentage of injury and fatal collision by
transportation mode
Pedestrians; Cyclists; Cars; Motorcycles; Trucks

Surrey, St. Albert,
Edmonton, Calgary,
Lethbridge, Durham, San
Francisco, Montreal,
Ottawa, Toronto

8. | Number of fatal and severe injuries by:
Age; Sex; Race; Ethnicity

San Francisco

9. | Proportion of fatal and severe injuries in a specific location
Community of concern; High collision location

San Francisco, Edmonton

10. | Social cost of collisions; Downward trending over the next
ten years in the societal cost of collisions in Manitoba on a
per capita basis

Saint John, Manitoba

Transportation behaviour key performance indicators

11. | Mode shares percentage

Transit; Bicycle; Pedestrian; Bicycle; All trips;
Different times of day; Key districts; short trips;
Home-based work trips

Regina, Halifax

12. | Vehicle Kilometres

Average daily vehicle kilometres travelled; Bicycle-
kilometres travelled; Vehicle kilometres travelled
per capita; Reduction in percent of vehicle-
kilometres travelled on arterial and collector roads;
Vehicle kilometres of travel/year during 2026 PM
peak hour based on SimTraffic outputs; Reduction
in in-vehicle travel time on the road network

Halifax, Lethbridge,
Regina, Peterborough,
Owen Sound, Owen Sound

13. | Commute Duration

Average commute duration for pedestrians;
Average commute duration for cyclists; Average
commute duration for drivers by region; Emergency
response time; Average truck travel times

Halifax, Saint John, Regina

14. | Peak Periods

Average AM peak period and average PM peak
period auto travel trip time; Duration of peak
periods; Three major corridor links at or
approaching capacity during 2026 PM peak hour
based on 2026 model forecasts

Regina, Halifax,
Peterborough, Owen
Sound

15. | Walking Trips

Number of walking trips; Daily trips made by active
transportation; Percentage of walking trips;
Percentage of K-12 students walking to school

Calgary, Edmonton
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Key Performance Indicator

Municipality

gender, age, ability

16. | Perceptions of Transportation Calgary, Edmonton,
User perception of walking, bicycling, and taking Spruce Grove, Strathcona
transit as a transportation option; Comfort levels County, Halifax, New York
with cycling for people by gender, age, ability; City
Public reactions to bike lanes

17. | On-street parking utilisation rates Halifax

18. | Usage of the bicycle infrastructure and programs by Edmonton

High-risk driving and enforcement key performance indicators

Total number of speed and red-light running
violations captured by automated enforcement;
Speed on green and red-light infraction rates at
signalised intersections; Speed and red-light
running violations captured by automated
enforcement repeat offenses within specific
periods of time

19. | Yield rates and distances; Yield compliance St. Albert, Calgary

20. | Speed Reduction Lethbridge, Spruce Grove,
Reduction in vehicle speeds; Reduce the 85% St. Albert
percentile speed

21. | Speeding Spruce Grove, New York
Number of vehicles exceeding speed; Peak periods | City
for excess speeding; Peak periods when excess
speeding; Percentile of vehicle speeds; Percentage
of cars speeding

22. | Speed Spruce Grove, Saint John,
Speed limit compliance rates; Speed of moving St. Albert
vehicles; Average speed travelled

23. | Automated Enforcement Guelph, Fort
Number of Red Light Cameras; Number of Saskatchewan, Strathcona
Intersection Safety Devices (ISD); Number of red- County, Toronto,
light cameras installed; Number of locations Brantford, Fort
identified for red light cameras; Number of ISD Saskatchewan, Montreal
locations

24. | Number of joint forces operations Spruce Grove, Strathcona

County
25. | Number of school zone patrols Spruce Grove
26. | Violations Edmonton, Strathcona

County

Engagement and education key performance indicators

27.

Complaints
Number of 311 services requests received; Number
of 311 services requests closed; Number of
residential and school-related complaints

Calgary, Edmonton,
Strathcona County
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Key Performance Indicator

Municipality

28. | Customer contact performance (Score) Chilliwack
29. | Educational Campaigns Strathcona County, New
Number of community events attended; Number of | York City
presentations given; Number of schools visited;
Number of seniors centres visited; Number of
priority locations visited
30. | Advertisements Strathcona County,

Citizen exposure to education and promotion
activities; Google analytics; Number of
advertisements; Awareness of Vision Zero; Number
of signs distributed

Halifax, New York City, San
Francisco, Brantford

Land-use key performance indicators

31. | Network Connectivity (Score) Edmonton
Access and availability to the network by distance
and/or time with consideration to equity
32. | Percent of residents within 500m of a bicycle route Halifax
33. | Walking audit tool (Score) Calgary, Strathcona
County

Infrastructure and engineering project key performance indicators

34. | Sidewalk length or frequency Arizona Department of
Square feet of pathways/sidewalks; Sidewalk Transportation, Regina,
provision; Percentage of collector and arterial Halifax, Saint John,
roadways with sidewalks; Kilometres of missing Montreal, International
sidewalks installed; Percentage of streets with Road Assessment
sidewalks by sub-region; Number of kilometres of
new sidewalks; Percentage of roads where
pedestrians are present and traffic flows at 40km/h
(25mph) or faster and have formal footpaths or
sidewalks

35. | Bicycle Infrastructure Length or Frequency Halifax, Brantford,

Kilometres of regional centre 'AAA" bicycle network
completed; Kilometres of bike lanes; Kilometre of
facilities that protect micro-mobility devices;
Amount of bicycle infrastructure constructed;
Number of kilometres of new cycling infrastructure;
Number of protected bike lane distance created;
Protected bicycle lane miles installed; Dedicated
bicycle lane miles installed; Kilometres of on street
bicycle facilities; Kilometres of off street bicycle
facilities; Number of bike boxes; Number of
kilometres of new cycling infrastructure; Number of
protected bike lane distance created; Percentage of
roads where bicyclists are present and traffic flows

Lethbridge, Edmonton,
Saint John, Montreal, New
York City, Regina,
Brantford, International
Road Assessment
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Key Performance Indicator

Municipality

at 40km/h (25mph) or more have dedicated bicycle
facilities;

36. | Pedestrian Crossings Toronto, Saint John,
Number of pedestrian crossovers installed; International Road
Distance between controlled pedestrian crossings; | Assessment, Lethbridge,
Number of new safe pedestrian crossings; Number | Brantford, Arizona,
of crossovers; Number of safe crossings projects Montreal, Edmonton
completed; Number of traffic signals; Percentage of
roads where pedestrians cross and traffic flows at
40km/h (25mph) or more have pedestrian crossing
facilities
37. | Safety Zones Toronto, Saint John,
Number of community safety zones implemented; Montreal, Edmonton
Number of senior safety zones implemented;
Number of school safety zones implemented;
Number of school safety projects completed
38. | Percentage of school star rating data points that are 3-star | International Road
or better for children Assessment
39. | Number of LED Blank-out signs installed Montreal, City of Toronto
40. | Projects St. Albert, New York City,
Number of management programs implemented; Durham, Regina,
Number of activities completed; Total safety Strathcona County,
projects completed; Number of standalone (as Edmonton, San Francisco,
opposed to coupled with road improvement Saint John, New York City
project) active transportation projects funded from
the municipal budget; Number of implemented
complete street projects; Number of
programs/projects ordered as a result of an in-
service road safety review; Number of engineering
improvements on the High Injury Network; Number
of implemented geometric modifications; Number
of implemented geometric modifications
41. | Quick-Build projects completed on the High Injury San Francisco
Network
42. | Number of streets with reduced speed limits Saint John
Maintenance key performance indicators
43. | Percent of network (sidewalks and pathways) Regina
repaired/plowed annually
44. | Number of LED Streetlights Montreal

Municipal policy and development key performance indicators

45.

Number of TDM initiatives adopted by city and large
employers

Regina
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Key Performance Indicator Municipality

46. | Measure of Effectiveness Score Peterborough
Supports mobility and performance goal for the
road network; Supports active modes of
transportation; Supports business activity

Review and audit key performance indicators

47. | Corridor Reviews Lethbridge
Number of corridor reviews completed; Number
and value of recommendations implemented

48. | Audits Calgary, St. Albert

Number of in-service road safety reviews; Number of road
safety audits; How many road safety audits are completed
each year

Data management key performance indicators

49. | Proportion of police collision reports with information on Lethbridge
behaviour
50. | Data collection and analysis completed by the end of Q1 Strathcona County

for the previous year
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SECTION G: MOVING FORWARD

The ultimate vision of the MoveSmart Strategy is to provide a transportation system for Vaughan
that is safe, efficient, and sustainable. This vision is likely to take some time beyond the duration
of the current iteration of the MoveSmart Strategy, time bound till 2026, to deliver. Keeping its
three strategic objectives in mind, this report will close with some final recommendations in
anticipation of the next iteration of the MoveSmart Strategy.

Recommendation #1: Incorporate specific and actionable measures, responsible
partners, and a theory of change, in ways that integrate social, environmental, and
financial sustainability

Our review recognises that the one-page summary of the MoveSmart Strategy, with program areas
represented by different colours with graphics accompanying program-specific goals, is an
effective way of providing an overview of the framework to internal and external partners, as well
as to Vaughan residents. Each of the four program areas of the MoveSmart Strategy contain
timebound program goals. The framework and goals represent a significant step towards creating
an effective municipal strategy. Our jurisdictional review has noted a variety of approaches for
defining and communicating municipal transportation and road safety goals which may enhance
the MoveSmart Strategy.

Table G-1: Action measures table for achieving the goal of slowing vehicle speeds (San Fransicso, 2021).

LEAD TIME

Lol AGENCY | FRAME

Apply the Quick-Build toolkit on the entire HIN by 2024" (see map on pages | SFMTA/ | 2024

30-31 for more details). SF Public
Works
Develop a comprehensive speed management plan with the goal of slowing | SFMTA 2022

vehicle speeds on the HIN using tools such as speed limit reductions
(as authorized by AB 43), traffic signal re-timing, installing traffic calming
devices, and re-purposing travel lanes (road diets). The Plan will include
complementary tools like education and outreach and high visibility
enforcement to slow speeds (see pages 34-35 for more details).

Complete 100 traffic calming devices annually, including locations focused | SFMTA Annual
on areas that have been prioritized for seniors, people with disabilities, and
schools.
Expand active transportation network for biking and walking, including SFMTA 2024
low-car and car-free streets, Slow Streets, and protected bike lanes, with /SF
community support (see map on pages 38-39 for more details). Recreation

and Parks

The MoveSmart Strategy program goals are generally focused on creating, consolidating, or
updating plans or policies that support high-level program areas. It could be enhanced by
providing program objectives with specific and measurable actions. For example, specify the
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number, proportion, or percentage of markings and signs intended to be replaced per given year
associated with the program goal “Pavement Markings and Signs” under the Mobility
Management Program where “replace and optimise marking and signs” are noted (City of
Vaughan, 2021a). A clearer goal could be to.

For both action-oriented goals and policy development goals, there is also an opportunity to
indicate which internal or external partners are responsible. Table G-1 is an example from
San Francisco’s Vision Zero Strategy that articulates goals which fit under a higher-level objective
with associated lead agencies and time frames.

There may also be ways to

communicate how program
___ Convenient Connections

areas and program goals _—forall Ages & Abilities

support its vision in a _ -

isti . Increaseéiuse of
holistic manner For el 3 ——  Increase use of
example, the MoveSmart TRANSPORTATION Neighbourhoods TRANSIT

Strategy Executive

LS A
\ P

Summary notes that traffic ‘ e o

congestion is of concern to :
Vaughan residents, and so Healthier

Communities Lower

“the mobility management Easpoit s
0!

program is designed to [d |
manage congestion”(City of oo the need
Vaughan, 2021a). This [ L

speaks to the MoveSmart

~ - Improve

Strategy’s vision for an | Aoy
efficient transportation (
system; how.eve‘r, efflf:lency S Reduce Greenhouse Decréc}i; gse of ' i
may contradict its vision for , ' 7
safety and sustainability. N

\ ~ Big Data&v
Improving efficiency, S Mgt New Technologies

Climate Change

especially of vehicles, may

decrease the interest of = - - X X )
Figure G-1: The Integrated Mobility Plan describes the relationship between its

sustainable transportation goas and plans (Halifax Regional Municipality, 2017).
modalities and increase

collision risk of pedestrians.

As a way of clarifying potentially contradictory goals, MoveSmart Strategy could state its theory
of change. Figure G-1 offers an example from the Halifax Regional Municipality’s Integrated
Mobility Plan which frames why its plan is needed and serves as way of communicating how its
goals interact.
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The term sustainable can have a variety of implications within Vaughan’s MoveSmart Strategy
vision. It could be interpreted that mobility needs should be achieved in ways that support
sustainable development, for example by lowering carbon emissions, replenishing natural
resources, or more broadly, ensuring health, peace, and prosperity for its citizens. Alternatively,
it may be interpreted that mobility should be achieved in a way that is financially sustainable. In
either case, there are ways to communicate and integrate sustainability into program areas
and goals. For example, by stating that the MoveSmart Strategy supports emission and air quality
targets, physical activity levels, and social equity considerations, it both strengthens MoveSmart
Strategy as interdepartmental policy, and increases public awareness as a communication
strategy.

Typical Annual User Costs

$7,000 -
$6,000 - W Variable Costs i Expensive
n . i
Q 1
2 5000 - M Fixed i
Q 1
< |
] 54,000 - :
S $3,000 - |
c 1
c i
< 2000 | !
$1,000 | Affordable P
L S— = N = = =
Walk Bicycle E-Bike  Public Transit Motorcycle Basic Car Average Car High-Mileage
Auto

Figure G-2: Walking, bicycling, e-bikes, and public transit are more affordable than automobile travel (Litman,
2022a).

It may also be beneficial to frame its strategy in relation to financial sustainability. For
example, significant individual user savings are likely to occur with shifts towards sustainable
modes of transportation, as noted in Figure G-2 and Table G-2. A different emphasis on financial
sustainability is used by the City of Lethbridge’s Transportation Safety Plan, which focuses on the
direct and indirect costs of collisions over a five-year period, concluding that their plan expects
“significant societal cost savings through the overall reduction of incidents” (City of Lethbridge,
2020a).
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Table G-2: Collisions in Lethbridge have imposed a cost to society of nearly $650M over 5 years, or nearly $130M
per year (City of Lethbridge, 2020a).

Total Cost of Collisions in Lethbridge (2012 — 2016)

Collision Type Direct Cost Indirect Cost Total Cost
Fatality $ 2,421,661 $ 73,779,508 $ 76,201,169
Injury $ 18,161,250 $ 432,194,250 $ 450,355,500
Property Damage Only $119,821,330 - $ 119,821,330
TOTAL $ 140,404,241 $ 505,973,758 $ 646,377,999

Recommendation #2: Describe how equity is understood in relation to road users,
equity deserving populations, and the city of Vaughan’s decision-making and capital
expenditure process.

A significant portion of the literature and jurisdictional review emphasised the need to meet the
needs of the most vulnerable road users, which the MoveSmart Strategy objectives also
articulate. However, it remains unclear how the most vulnerable road users are considered
conceptually, within its theory of change, and within program goals. By comparison, the City of
Surrey, shown in Figure G-3, embeds equity into their decision-making process as part of their
Safe Mobility Plan, while the City of Edmonton lists equitable safety as one of their four themes
within their Safe Mobility Strategy (City of Edmonton, 2021b; City of Surrey, 2019). Our
interviewees consistently noted the need for a proactive approach, as opposed to a complaint-
based approach, to fully document, understand, and respond to the needs of its vulnerable road
users and equity deserving populations. In summary, MoveSmart Strategy should demonstrate
how equity is integrated within its plan.

Victims of Harm Locations of Harm Perpetrators of Harm

JiL
A & o ar
1
1

Pedestrians Cyclists Motorcyclists Intersections High-Risk Driving

Figure G-3: City of Surrey ensures that equity is embedded within each of its focus areas (City
of Surrey, 2019).

Vulnerable road users are accounted for within the Sustainable Mobility program area, however
the remaining three program areas seem to favour actions that manage vehicle traffic, as
opposed to enhancing non-vehicle uses directly. An alternative approach to balance the
distribution of priorities can be seen within the City of Vancouver’s Transportation 2040 Plan,
which states that decisions “generally reflect a hierarchy of transportation modes, with walking
as the top priority”, as shown in Figure G-4. (City of Vancouver, 2012). Regarding financial

Smart Moves 93



implications, MoveSmart Strategy requires a capital investment of nearly $8 million, but how this
investment is allocated based on travel mode or user vulnerability is unclear. Overall, the
MoveSmart Strategy could describe its balanced approach in terms of decision-making
processes and within financial allocations.

Recommendation #3: Limit the use of information-oriented public education
campaigns
One of the MoveSmart Strategy’s
program areas is to increase road safety
o o . .
ﬂ and raise public awareness. Public
Walking education and outreach campaigns are

Moving People

often used by municipalities and police
qt services to address road safety
oLe

concerns. From road safety workshops

Cycling

in schools to social media campaigns,

there exist a wvast array of
Q communication and education-based
Transit strategies to support behaviour change.

In practice, however, there tends to be

ﬁ an emphasis on road safety campaigns
Taxi/Shared Vehicle that are promoted through public
information such as “slow-down” lawn

a signs, billboards, brochures, and
Private Auto stickers. Contrary to the popularity of

this approach, in an extensive review of

Figure G-4: Those who walk are given the highest priority when the effectiveness of behaviour highway
making transportation-related decisions according to the safety countermeasures, the
Vancouver (City of Vancouver, 2012). Transportation Research Board
concluded that information-only safety
messages are unlikely to have a significant effect on behaviour (Transportation Research Board,
2008). More recently, the National Highway Traffic Safety Administration, in Countermeasures
That Work note that educational campaigns are the least effective tools to increase road safety in
comparison to other strategies (National Highway Traffic Safety Administration, 2020). While
public education campaigns can still be useful, notably by target messaging towards a specific
group and improving access to the suggested action for this group, MoveSmart should limit

information-oriented public education campaigns as they are less effective.
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Recommendation #4: Commit to Vision Zero language and terminology within the
MoveSmart Strategy and elsewhere within the city of Vaughan

The MoveSmart Strategy Executive Summary notes how it will work towards a Vision Zero goal.
However, Vision Zero and the Safe Systems Approach, are not present within the body of the
MoveSmart Strategy itself. To enable long-term change at the cultural and political level, multi-
sectoral partnerships, and collaboration with partners outside of Vaughan will be essential. While
the City of Edmonton first adopted a Vision Zero approach to road safety in 2015, our review notes
that 17 other municipalities in Canada have adopted Vision Zero, and 10 others are in
development. As such, the City of Vaughan should work with Vision Zero municipalities and fully
support Vision Zero to increase wide-scale adoption, public awareness, and robust policy
development.

Recommendation #5: Support, integrate, and evaluate mixed land-use development
policies which aim to decrease overall vehicle kilometres travelled of Vaughan
residents.

As identified in our literature review, municipal policies that promote auto-dependent and single-
use land development tend to increase overall vehicle kilometres travelled thereby increasing a
vulnerable population’s overall exposure to collisions (Chen & Shen, 2019; Frederick et al., 2018;
Myers et al., 2013). Our review notes that some municipalities use relevant KPIs that speak to this
correlation, such as county compactness index in the United States (Ewing et al., 2016), while the
City of Calgary uses WalkScore. While literature strongly supports this direction, our jurisdictional
review notes that use of related land-use KPlIs by Canadian municipal transportation departments
is still in development. Therefore, our report does not recommend WalkScore as a KPI, but the
MoveSmart Strategy should prioritise program goals that support and evaluate mixed and
sustainable land-use development policies.

Smart Moves 95



BIBLIOGRAPHY

Atlantic Collaborative on Injury Prevention. (2011). The Social Determinants of Injury.
http://www.acip.ca/Document-
Library/ACIP%20Publications%20(All)/ACIP%20Social%20Determinants%200f%20Injury
%202011.pdf

Brubacher, J. R., Chan, H., Erdelyi, S., Schuurman, N., & Amram, O. (2016). The Association
between Regional Environmental Factors and Road Trauma Rates: A Geospatial Analysis
of 10 Years of Road Traffic Crashes in British Columbia, Canada. PLOS ONE, 11(4),
e0153742. https://doi.org/10.1371/journal.pone.0153742

Brussoni, M., George, M. A,, Jin, A., Amram, O., McCormick, R., & Lalonde, C. E. (2018).
Hospitalizations due to unintentional transport injuries among Aboriginal population of
British Columbia, Canada: Incidence, changes over time and ecological analysis of risk
markers. PLOS ONE, 13(1), e0191384. https://doi.org/10.1371/journal.pone.0191384

Chakravarthy, B., Anderson, C. L., Ludlow, J., Lotfipour, S., & Vaca, F. E. (2012). A geographic
analysis of collisions involving child pedestrians in a large Southern California county.
Traffic Injury Prevention, 13(2), 193-198. https://doi.org/10.1080/15389588.2011.642034

Chen, P., & Shen, Q. (2019). Identifying high-risk built environments for severe bicycling injuries.
Journal of Safety Research, 68, 1-7. https://doi.org/10.1016/j.jsr.2018.11.002

City of Calgary. (2019). Safer Mobility Plan 2019 — 2023.
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEw;jS
nMi07ur6AhU6k4kEHfFZD98QFNoECA0QAQ&url=https%3A%2F%2Fwww.calgary.ca%2F
content%2Fdam%2Fwww%2Ftransportation%2Froads%2Fdocuments%2Ftraffic%2Ftraf
fic-safety-programs%2Fcalgary-safer-mobility-
plan.pdf&usg=A0vVaw3zCDsDiqf5qQ91Cijelifin

City of Calgary. (2022). Calgary Safer Mobility Plan — Annual Briefing 2022.

City of Edmonton. (2021a). Crash and Equity Analyses Technical Report—Safe Mobility Strategy
2021-2025.

City of Edmonton. (2021b). Safe Mobility Strategy 2021-2025 (p. 40).
https://www.edmonton.ca/sites/default/files/public-files/assets/Safe-Mobility-
Strategy_2021-2025.pdf

City of Edmonton. (2021c). Vision Zero Edmonton—2021 Annual Report.

City of Lethbridge. (2020a). City of Lethbridge Traffic Safety Plan Final Report.
https://www.lethbridge.ca/living-here/Projects-Initiatives/Current-
Projects/SiteAssets/Pages/Transportation-Safety-
Plan/Transportation%20Safety%20Plan%20FINAL%20REPORT.pdf

City of Lethbridge. (2020b). Transportation Safety Plan. https://ehqg-production-canada.s3.ca-
central-
1.amazonaws.com/d4b4697d1ee3bd38ff40daf1ab51afOba32bd995/original/161254704
6/Transportation_Safety_Plan_Public_Version.pdf_42db025a2f4eaa780f5421dbd66054c
67X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-

Smart Moves 96



Credential=AKIA4KKNQAKIOR7VAOP4%2F20221111%2Fca-central-
1%2Fs3%2Faws4_request&X-Amz-Date=20221111T004845Z&X-Amz-Expires=300&X-
Amz-SignedHeaders=host&X-Amz-
Signature=2fa8ac7183ab77cd5b484f43a05fb3f43191a5bb43ac0f99bc4f8b33974e8651

City of Ottawa. (2019). Ottawa SRSAP Update (No. 7).
City of Ottawa. (2020). Ottawa Road Safety Action 3.0—2020 Implementation Plan.
City of Ottawa. (2021). 2021 Strategic Road Safety Action Plan Report (No. 16).

City of Regina. (2017). Transportation Master Plan.
https://www.regina.ca/export/sites/Regina.ca/transportation-roads-
parking/driving/.galleries/pdfs/Transportation-Master-Plan.pdf

City of Surrey. (2019). Vision Zero Surrey Safe Mobility Plan 2019-2023.
https://www.surrey.ca/sites/default/files/media/documents/VisionZeroPlan.pdf

City of Toronto. (2015). Congestion Management Plan 2016-2020. https://www.toronto.ca/wp-
content/uploads/2018/01/96a1-CMP-2016-2020_Final_Nov20_Web-a.pdf

City of Vancouver. (2012). Transportation 2040. https://vancouver.ca/files/cov/transportation-
2040-plan.pdf

City of Vaughan. (2012). Vaughan Transportation Master Plan.
https://www.vaughan.ca/projects/projects_and_studies/transportation_master_plan/Ge
neral%20Documents/Vaughan%20TMP%20-%20Main%20Report.pdf

City of Vaughan. (2019). 2018 Citizen and Business Stakeholder Engagement Survey Results.
https://pub-vaughan.escribemeetings.com/filestream.ashx?Documentld=11449

City of Vaughan. (2021a). Executive Summary—MoveSmart Mobility Management Strategy. City
of Vaughan. https://pub-
vaughan.escribemeetings.com/filestream.ashx?Documentld=63638

City of Vaughan. (2021b). Committee of the Whole (Working Session) Agenda. https://pub-
vaughan.escribemeetings.com/FileStream.ashx?Documentld=60932

City of Vaughan. (2022). About the Strategy.
https://www.vaughan.ca/projects/transportation/trafficstrategy/Pages/About-the-
Strategy.aspx

Cushing, M., Hooshmand, J., Pomares, B., & Hotz, G. (2016). Vision Zero in the United States
Versus Sweden: Infrastructure Improvement for Cycling Safety. American Journal of
Public Health, 106(12), 2178-2180. https://doi.org/10.2105/AJPH.2016.303466

Dai, D., & Jaworski, D. (2016). Influence of built environment on pedestrian crashes: A network-
based GIS analysis. Applied Geography, 73, 53-61.
https://doi.org/10.1016/j.apgeo0g.2016.06.005

Davison, C. M., Torunian, M., Walsh, P., Thompson, W., McFaull, S., & Pickett, W. (2013). Bicycle
helmet use and bicycling-related injury among young Canadians: An equity analysis.
International Journal for Equity in Health, 12(1), 48. https://doi.org/10.1186/1475-9276-
12-48

Smart Moves 97



Dezman, Z., de Andrade, L., Vissoci, J. R., El-Gabri, D., Johnson, A., Hirshon, J. M., & Staton, C.
A. (2016). Hotspots and causes of motor vehicle crashes in Baltimore, Maryland: A
geospatial analysis of five years of police crash and census data. Injury, 47(11), 2450-
2458. https://doi.org/10.1016/j.injury.2016.09.002

DiMaggio, C., Frangos, S., & Li, G. (2016). National Safe Routes to School Program and Risk of
School-Age Pedestrian and Bicyclist Injury. Annals of Epidemiology, 26(6), 412.
https://doi.org/10.1016/j.annepidem.2016.04.002

Dommes, A., & Cavallo, V. (2011). The role of perceptual, cognitive, and motor abilities in street-
crossing decisions of young and older pedestrians. Ophthalmic and Physiological Optics,
31(83), 292-301. https://doi.org/10.1111/j.1475-1313.2011.00835.x

Embree, T. E., Romanow, N. T. R., Djerboua, M. S., Morgunov, N. J., Bourdeaux, J. J., & Hagel, B.
E. (2016). Risk Factors for Bicycling Injuries in Children and Adolescents: A Systematic
Review. Pediatrics, 138(5), €20160282. https://doi.org/10.1542/peds.2016-0282

Ewing, R., Hamidi, S., & Grace, J. B. (2016). Urban sprawl as a risk factor in motor vehicle
crashes. Urban Studies, 53(2), 247-266. https://doi.org/10.1177/0042098014562331

Fang, C.-W., Lin, C.-H., Liu, Y.-C., & Ou, Y.-K. (2018). Differences in road-crossing decisions
between healthy older adults and patients with Alzheimer’s disease. Journal of Safety
Research, 66, 81-88. https://doi.org/10.1016/j.jsr.2018.06.003

Frederick, C., Riggs, W., & Gilderbloom, J. H. (2018). Commute mode diversity and public
health: A multivariate analysis of 148 US cities. International Journal of Sustainable
Transportation, 12(1), 1-11. https://doi.org/10.1080/15568318.2017.1321705

Ghods, A. H., Saccomanno, F., & Guido, G. (2012). Effect of Car/Truck Differential Speed Limits
on Two-lane Highways Safety Operation Using Microscopic Simulation. Procedia - Social
and Behavioral Sciences, 53, 833-840. https://doi.org/10.1016/j.sbspro.2012.09.932

Haas, R., Felio, G., & Lounis, Z. (2009). Measurable Performance Indicators for Roads: Canadian
and International Practice. 22.

Haghighi, M. R. R., Sayari, M., Ghahramani, S., & Lankarani, K. B. (2020). Social, economic, and
legislative factors and global road traffic fatalities. BMC Public Health, 20(1), 1413.
https://doi.org/10.1186/512889-020-09491-x

Halifax Regional Municipality. (2017). Integrated Mobility Plan.
https://cdn.halifax.ca/sites/default/files/documents/about-the-city/regional-community-
planning/IMP_report_171220-WEB.pdf

Harmon, K. J., Hancock, K. A., Waller, A. E., & Sandt, L. S. (2020). Selected characteristics and
injury patterns by age group among pedestrians treated in North Carolina emergency
departments. Traffic Injury Prevention, 21(sup1), S157-S161.
https://doi.org/10.1080/15389588.2020.1829912

International Transport Forum. (2020). OECD Best Practice—Urban Road Safety.
https://www.itf-oecd.org/best-practice-urban-road-safety

ITF. (2012). Pedestrian Safety, Urban Space and Health. Organisation for Economic Co-
operation and Development. https://www.oecd-ilibrary.org/transport/pedestrian-safety-
urban-space-and-health_9789282103654-¢en

Smart Moves 98



Jarry, V., & Apparicio, P. (2021). Ride in Peace: How Cycling Infrastructure Types Affect Traffic
Conflict Occurrence in Montréal, Canada. Safety, 7(3), Article 3.
https://doi.org/10.3390/safety7030063

Khorasani-Zavareh, D., Bigdeli, M., Saadat, S., & Mohammadi, R. (2015). Kinetic energy
management in road traffic injury prevention: A call for action. Journal of Injury and
Violence Research, 7(1), 36-37. https://doi.org/10.5249/jivr.v7i1.458

Kim, D. (2019). The transportation safety of elderly pedestrians: Modeling contributing factors to
elderly pedestrian collisions. Accident Analysis & Prevention, 131, 268-274.
https://doi.org/10.1016/j.aap.2019.07.009

Kulharni, J. (2020). Public Health Issue Related to Road Traffic Crashes (RTCs). Public Health,
13(2), 6.

Lakhan, R., Pal, R., Baluja, A., Moscote-Salazar, L., & Agrawal, A. (2020). Important Aspects of
Human Behavior in Road Traffic Accidents. Indian Journal of Neurotrauma, 17.
https://doi.org/10.1055/s-0040-1713079

Ling, R., Rothman, L., Cloutier, M.-S., Macarthur, C., & Howard, A. (2020). Cyclist-motor vehicle
collisions before and after implementation of cycle tracks in Toronto, Canada. Accident
Analysis & Prevention, 135, 105360. https://doi.org/10.1016/j.aap.2019.105360

Litman, T. (2017). A New Traffic Safety Paradigm. https://www.roadsafetynetwork.in/wp-
content/uploads/2019/01/new-traffic-safety-paradigm-todd-litman-vtpi-21-april-
2017.pdf

Litman, T. (2022a). A New Traffic Safety Paradigm. https://www.vtpi.org/ntsp.pdf

Litman, T. (2022b). Evaluating Transportation Equity. Victoria Transport Policy Institute.
Evaluating Transportation Equity

Markham Economist & Sun. (2018, November 27). 2 pedestrians struck in separate collisions in
Vaughan, Markham. Markham Economist & Sun.
https://www.proquest.com/docview/2138761976/citation/A19855CE5E34B4APQ/1

Marshall, W. E., & Ferenchak, N. N. (2017). Assessing equity and urban/rural road safety
disparities in the US. Journal of Urbanism: International Research on Placemaking and
Urban Sustainability, 10(4), 422-441. https://doi.org/10.1080/17549175.2017.1310748

Marshall, W. E., & Ferenchak, N. N. (2019). Why cities with high bicycling rates are safer for all
road users. Journal of Transport & Health, 13, 100539.
https://doi.org/10.1016/j.jth.2019.03.004

Mohan, D., Bangdiwala, S. I., & Villaveces, A. (2017). Urban street structure and traffic safety.
Journal of Safety Research, 62, 63-71. https://doi.org/10.1016/j.jsr.2017.06.003

Moore, O. (2013, November 14). Toronto mulls ideas to tackle its multibillion-dollar congestion
problem. The Globe and Mail. https://www.theglobeandmail.com/news/toronto/few-
options-available-to-ease-torontos-congested-streets-reports/article 15436040/

Morency, P., Gauvin, L., Plante, C., Fournier, M., & Morency, C. (2012). Neighborhood Social
Inequalities in Road Traffic Injuries: The Influence of Traffic Volume and Road Design.
American Journal of Public Health, 102(6), 1112-1119.
https://doi.org/10.2105/AJPH.2011.300528

Smart Moves 99



Myers, S. R., Branas, C. C., French, B. C., Nance, M. L., Kallan, M. J., Wiebe, D. J., & Carr, B. G.
(2013). Safety in Numbers: Are Major Cities the Safest Places in the United States?
Annals of Emergency Medicine, 62(4), 408-418.e3.
https://doi.org/10.1016/j.annemergmed.2013.05.030

Naderi, J. R. (2003). Landscape Design in Clear Zone: Effect of Landscape Variables on
Pedestrian Health and Driver Safety. Transportation Research Record, 1857(1), 119-130.
https://doi.org/10.3141/1851-12

Najaf, P., Thill, J.-C., Zhang, W., & Fields, M. G. (2018). City-level urban form and traffic safety: A
structural equation modeling analysis of direct and indirect effects. Journal of Transport
Geography, 69, 257-270. https://doi.org/10.1016/j.jtrange0.2018.05.003

National Highway Traffic Safety Administration. (2015). Federal Register/Vol. 80, No 241.
Wednesday, December 16, 2015/Notices (No. 78522).
https://www.govinfo.gov/content/pkg/FR-2015-12-16/pdf/2015-31323.pdf

National Highway Traffic Safety Administration. (2020). Countermeasures That Work.
https://www.nhtsa.gov/sites/nhtsa.gov/files/2021-09/Countermeasures-
10th_080621_v5_tag.pdf

New York City. (2021). Green Wave Progress Report.
https://www.nyc.gov/html/dot/downloads/pdf/green-wave-progress-report-2021.pdf

Perry, B. (2022, October 24). Lower Speed Limits For 14 Saint John Streets. 97.3 The Wave.
https://www.thewave.ca/2022/10/24/lower-speed-limits-for-14-saint-john-streets/

Pulugurtha, S. S., Duddu, V. R., & Kotagiri, Y. (2013). Traffic analysis zone level crash estimation
models based on land use characteristics. Accident Analysis & Prevention, 50, 678-687.
https://doi.org/10.1016/j.aap.2012.06.016

Region of Durham. (2018). Durham Vision Zero, Strategic Road Safety Action Plan.
https://www.durham.ca/en/living-here/vision-zero.aspx

Rothman, L., Macarthur, C., To, T., Buliung, R., & Howard, A. (2014). Motor vehicle-pedestrian
collisions and walking to school: The role of the built environment. Pediatrics, 133(5),
776-784. https://doi.org/10.1542/peds.2013-2317

Saeednejad, M., Sadeghian, F., Fayaz, M., Rafael, D., Atlasi, R., Kazemzadeh Houjaghan, A.,
Abedi Kichi, R., Asgardoon, M. H., Zabihi Mahmoudabadi, H., Salamati, Z., Naji, Z.,
Rahimi-Movaghar, V., & Salamati, P. (2020). Association of Social Determinants of Health
and Road Traffic Deaths: A Systematic Review. Bulletin of Emergency and Trauma, 8(4),
211-217. https://doi.org/10.30476/beat.2020.86574

San Fransicso. (2021). 2021 Vision Zero Action Zero SF. https://www.visionzerosf.org/wp-
content/uploads/2021/11/VZSF_AS_111021_spreads-FINAL.pdf

Shum, D. (2016, June 23). 357 traffic signals to be retimed in 2016 as part of anti-congestion
plan. Global News.

Smart Mobility Durham Program. (2022).

Statistics Canada. (2022a, March 8). Income of individuals by age group, sex and income
source, Canada, provinces and selected census metropolitan areas.
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1110023901

Smart Moves 100



Statistics Canada. (2022b). Classification of admission category of immigrant.
https://www23.statcan.gc.ca/imdb/p3VD.pl?Function=getVD&TVD=323293&CVD=3232
96&CPV=311&CST=02122016&CLV=4&MLV=4

Steinemann. (2012). Successful Streets: Performance Measures, Community Engagament, and
Urban Street Design [Doctoral dissertation]. Massachusetts Institute of Technology.

Stiles, J., Kar, A., Lee, J., & Miller, H. J. (2021). Lower Volumes, Higher Speeds: Changes to Crash
Type, Timing, and Severity on Urban Roads from COVID-19 Stay-at-Home Policies.
Transportation Research Record.

Stipancic, J., Miranda-Moreno, L., Strauss, J., & Labbe, A. (2020). Pedestrian safety at signalized
intersections: Modelling spatial effects of exposure, geometry and signalization on a
large urban network. Accident Analysis & Prevention, 134, 105265.
https://doi.org/10.1016/j.aap.2019.105265

Stoker, P., Garfinkel-Castro, A., Khayesi, M., Odero, W., Mwangi, M. N., Peden, M., & Ewing, R.
(2015). Pedestrian Safety and the Built Environment: A Review of the Risk Factors. Journal
of Planning Literature, 30(4), 377-392. https://doi.org/10.1177/0885412215595438

The Brampton Guardian. (2017, September 28). “l want to scream”: Mother of Neville-Lake
children furious as Muzzo moves to minimum security. The Brampton Guardian.
https://www.proquest.com/docview/1944197906/citation/E17DA4C86CC497APQ/1

The Georgina Adovcate. (2020, November 23). “Thank God, that was a miss”: Georgina
residents want to put the brakes on speeding. The Georgina Advocate.
https://www.proquest.com/docview/2463776453/citation/77121CC726EB49BBPQ/1

The Liberal. (2018, December 17). 30 drivers charged with impaired driving including man who
hit tree near Vaughan elementary school. The Liberal.
https://www.proquest.com/docview/2158007673/citation/91BO0B69FC4A2488FPQ/1

The Liberal. (2022, February 1). Man who hit tree near Vaughan school among 30 alleged
impaired drivers named. The Liberal.
https://www.proquest.com/docview/2624766904/citation/FODC15525C934F40PQ/1

The Toronto Star. (2022, April 4). “We miss Anaya and Jax”: Teen sentenced in 100 km/h crash
that killed kids playing in Vaughan driveway. The Toronto Star (Online); Torstar
Syndication Services, a Division of Toronto Star Newspapers Limited.
https://www.proquest.com/docview/2646744900/citation/BFF75CC13E3F4477PQ/1

Toronto Star. (2019, July 3). Cyclists at risk on York roads: York Region study finds upward trend
for crashes involving vulnerable road users. Toronto Star, GT.5.

Transportation Research Board. (2008). NCHRP Report 622—Effectiveness of Behavioral
Highway Safety Countermeasures.
http://www.cmfclearinghouse.org/collateral/NCHRP_Report_622.pdf

Ukkusuri, S., Miranda-Moreno, L. F., Ramadurai, G., & Isa-Tavarez, J. (2012). The role of built
environment on pedestrian crash frequency. Safety Science, 50(4), 1141-1151.
https://doi.org/10.1016/j.ssci.2011.09.012

Smart Moves 101



Vanlaar, W., Mainegra Hing, M., Brown, S., McAteer, H., Crain, J., & McFaull, S. (2016). Fatal and
serious injuries related to vulnerable road users in Canada. Journal of Safety Research,
58, 67-77. https://doi.org/10.1016/j.jsr.2016.07.001

Vaughan Citizen. (2017a, November 3). Pedestrian suffers life-threatening injuries in Steeles and
Dufferin collision. Vaughan Citizen.
https://www.proquest.com/docview/1959826404/citation/800EBD3004B42ECPQ/1

Vaughan Citizen. (2017b, November 28). Road collisions in York Region on rise, study reveals.
Vaughan Citizen.
https://www.proquest.com/docview/1970398074/citation/D6E1BD8A31DD4702PQ/1

Vaughan Citizen. (2018a, September 28). “Not one more”: Police send anti-impaired driving
message on third anniversary of Neville-Lake tragedy. Vaughan Citizen.
https://www.proquest.com/docview/2113939600/citation/7980463030944313PQ/1

Vaughan Citizen. (2018b, October 11). Cycling to an election. Vaughan Citizen.
https://www.proquest.com/docview/2118971071/citation/FD8AF3E9FFB841A2PQ/1

Vaughan Citizen. (2018c, December 14). Coverage of Muzzo, impaired driving raises awareness
of dangers on our roads. Vaughan Citizen.
https://www.proquest.com/docview/2159496372/citation/D4DE70AE1E9F46DDPQ/1

Vaughan Citizen. (2018d, December 18). Maple, Thornhill among most unsafe places to drive:
Insurance report. Vaughan Citizen.
https://www.proquest.com/docview/2158360355/citation/82AA556455EB4AEO0PQ/1

Vaughan Citizen. (2019, June 11). Pedestrian struck by police cruiser in Vaughan in early
morning hours. Vaughan Citizen.
https://www.proquest.com/docview/2238752573/citation/A6334CE7747C4CC2PQ/1

Vaughan Citizen. (2020a). Ferrari and Mercedes collide in late-night Vaughan crash. Vaughan
Citizen.
https://www.proquest.com/canadiannews/docview/2470452861/5F1527DB39D04096P
Q/14?accountid=6180

Vaughan Citizen. (2020b, September 3). Cyclists, even with new bike lanes, still riding on
sidewalk. Vaughan Citizen.
https://www.proquest.com/docview/2441634799/citation/F67BA5D34C8D4B04PQ/1

Vaughan Citizen. (2020c, October 14). Man charged with stunt driving in Vaughan after car goes
double speed limit. Vaughan Citizen.
https://www.proquest.com/docview/2451197100/citation/5343B287414E403BPQ/1

Vaughan Citizen. (2021a, February 4). 5 years after tragedy, Vaughan residents want 4-way stop
at intersection. Vaughan Citizen.
https://www.proquest.com/docview/2488751458/citation/1E54700CA63B40FCPQ/1

Vaughan Citizen. (2021b, October 8). “Driving is a product of society”: 5 Vaughan quotes on
fatal crashes. Vaughan Citizen.
https://www.proquest.com/docview/2581583152/citation/AD29123844540DDPQ/1

Smart Moves 102



Vaughan Citizen. (2021¢c, November 25). Aggressive driving in Vaughan out of control: Resident,
councillor. Vaughan Citizen.
https://www.proquest.com/docview/2604620017/citation/20DB8BEC443144F6PQ/1

Vaughan Citizen. (2022a, February 9). As more #SlowDownVaughan signs show up, one resident
wants city to leverage technology to curb speeding. Vaughan Citizen.
https://www.proquest.com/docview/2627229076/citation/660AEF5699EF4314PQ/1

Vaughan Citizen. (2022b, March 23). Top 5 things to know since Vaughan launched its plan to
make roads safer a year ago. Vaughan Citizen.
https://www.proquest.com/docview/2645627828/citation/78C100F6FC844961PQ/1

Vaughan Citizen. (2022c, April 5). “This is torture”: Sentencing submissions for teen driver who
fatally struck 2 kids in Vaughan driveway. Vaughan Citizen.
https://www.proquest.com/docview/2647429317/citation/E26CDAOOFF604EFOPQ/1

Vaughan Citizen. (2022d, April 5). “This is torture”: Sentencing submissions for teen driver who
fatally struck 2 kids in Vaughan driveway. Vaughan Citizen.
https://www.proquest.com/docview/2647429317/citation/AEAAA689D2684618PQ/1

Willson, R. (2018). Parking Reform Made Easy. In D. Shoup (Eds.), Parking and the City (pp. 213-
222). Routledge.

Yannis, G., Nikolaou, D., Laiou, A., Stirmer, Y. A., Buttler, ., & Jankowska-Karpa, D. (2020).
Vulnerable road users: Cross-cultural perspectives on performance and attitudes. IATSS
Research, 44(3), 220-229. https://doi.org/10.1016/j.iatssr.2020.08.006

Yeo, J., Park, S., & Jang, K. (2015). Effects of Urban Sprawl and Vehicle Miles Traveled on Traffic
Fatalities. Traffic Injury Prevention, 16(4), 397-403.
https://doi.org/10.1080/15389588.2014.948616

Yiannakoulias, N., & Scott, D. M. (2013). The effects of local and non-local traffic on child
pedestrian safety: A spatial displacement of risk. Social Science & Medicine, 80, 96-104.
https://doi.org/10.1016/j.socscimed.2012.12.003

York Region. (2021). 2021 Traveller Safety Report.
https://www.york.ca/transportation/traffic/traffic-safety-program

Zhang, Y., Bigham, J., Ragland, D., & Chen, X. (2015). Investigating the associations between
road network structure and non-motorist accidents. Journal of Transport Geography, 42,
34-47. https://doi.org/10.1016/j.jtrange0.2014.10.010

Zhu, M., Sze, N. N., & Newnam, S. (2022). Effect of urban street trees on pedestrian safety: A
micro-level pedestrian casualty model using multivariate Bayesian spatial approach.
Accident Analysis & Prevention, 176, 106818. https://doi.org/10.1016/j.aap.2022.106818

Smart Moves 103






