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Executive Summary

Background and Purpose

Phoenix experiences pedestrian and bicyclist crashes in the Killed and Seriously Injured (KSI)
categories at rates that are among the highest nationally. In response, The City has developed
planning and funding initiatives to address safety on its transportation infrastructure. As a
supplement to the Vision Zero Road Safety Action Plan (RSAP) under the Safe Streets and Roads for
All (SS4A) funding program, this study targets pedestrian and bicyclist safety on segments and
intersections within the City.

The purpose of this study is to identify facilities with a high risk for pedestrian and bicyclist crashes,
particularly those resulting in KSls, and to provide the City with targeted strategies and
countermeasures to proactively improve citywide safety for these users, further aligning the City with
the Safe System Approach (SSA).

Data Collection

Data from a variety of sources was collected for this study:

e Traffic volumes and socioeconomic metrics — StreetLight Insight big data

e Pedestrian and bicyclist crashes (2016-2023) - Arizona Department of Transportation (ADOT)
e Schools —Maricopa Association of Governments (MAG) GIS data

e Transitstops, traffic control, speed limits, canal crossings, bike lanes, lighting — City GIS data
e |nterchanges — Aerial inventory

System-wide crash patterns were evaluated using the crash data to understand what conditions are
leading to existing safety deficiencies and begin informing which safety strategies to target:

e Greater numbers of pedestrian KSI crashes occurduring reduced lighting conditions
(dark, dawn, and dusk), mostly during evening hours, while greater numbers of bicycle KSI
crashes occur during daylight, mostly during commuting hours.

e Pedestrian and bicycle KSIs are more likely to occur on Arterial roadways, and far less likely
to occur on local roadways. They most commonly occur on roadways with 40 mph posted
speeds, which represent 25% of studied road-miles.

e Pedestrian and bicycle KSIs occurred more often on segments than at intersections. At
intersections, traffic signals had the lowest proportion of pedestrian KSls to all severities
(28%), followed by stop-control (32%). Segments had a higher proportion of KSls (38%).

e The most common age group and gender that experienced pedestrian and bicycle KSls are
males aged 25-34, followed by older adult males aged 35-64.
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Safety Analysis

Vulnerable Road User (VRU) safety analysis was performed to determine High-Injury Networks
(HINs) and High-Risk Networks (HRNs) for pedestrians and bicyclists. The HRNs were developed for
the City to identify high-risk areas for pedestrian and bicyclist crashes and KSIs, which can be
prioritized for targeted, proactive safety improvements. The HINs were developed in this study to
verify that the HRN methodology produces results that correlate to existing high-injury areas.

The HINs were developed using scoring systems to identify segments and intersections with a history
of VRU crashes. Scoring criteria primarily consider pedestrian and bicyclist injury crashes but also
consider factors such as volumes and socioeconomics. These criteria differ from those used for the
citywide HIN developed in the RSAP. 43 intersections and 48 segments appeared on the pedestrian
HIN, while 21 intersections and 26 segments appeared on the bicyclist HIN.

A primary component of HRN development was the pedestrian demand map, developed to project
demand for walking trips within the City’s U.S. Census Block Groups. The Mixed-Use Developments
(MXD) Trip Generation Model tool was utilized, and demand was grouped into Limited, Potential,
Moderate, and High Demand categories.

The HRNs were developed using ‘risk-point’ categories to identify segments or intersections that
may pose higher risk of VRU crashes. Categories included segment and intersection attributes such
as functional classification, speed limit, existing multimodal facilities, and control, coupled with
pedestrian/bicycle volume, vehicle volume, socioeconomic data, and results from the pedestrian
demand map. The resulting risk scores were sorted into Low, Medium, and High Risk categories. 46
intersections and 128 segments appeared as High Risk on the pedestrian HRN, while 44
intersections and 126 segments appeared as High Risk on the bicyclist HRN. The majority of High
Risk facilities are present northwest of downtown, straddling Interstate 17 between Indian School
Road and Bell Road, and north of Interstate 10 between 87" Avenue and Interstate 17.

Areas of Persistent Poverty (APP) data from the USDOT was used to determine any overlap with the
HRNs. It was found that High Risk and Medium Risk facilities were disproportionally concentrated
within APPs, and that APPs contained more facilities with High pedestrian demand.

Strategies and Countermeasures

Evidence-based strategies and countermeasures were developed to help the City proactively
address VRU safety. These strategies were influenced by established national and local sources and
guidance (FHWA, NACTO, Phoenix, etc.) with extensive documentation of improvements to VRU
safety through reducing conflicts and vehicle exposure, increasing visibility, and reducing vehicle
speeds, core principles of the SSA. The City can use these strategies to target safety improvements
at the high-risk facilities identified in the HRNs.

A result of this study is the Pedestrian Safety Countermeasure Selection Tool, an internal Excel-
based application and toolbox that helps the City identify and consider appropriate
countermeasures for addressing known safety issues at a chosen location from the HRNs based on
input criteria and context of the location. Countermeasures in the tool come from established
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guidance that considers the unique safety needs of pedestrians and bicyclists. Countermeasures
were further assessed to determine any potential impacts on APPs or the community. Based on the
outcomes of tool recommendations, continual improvement and updates to the tool can be made.

Implementation Plan

Along with the Countermeasure Selection Tool, a further implementation plan was developed to
supplement the original RSAP by strengthening action on pedestrian and bicyclist safety. The tools
may be used by the City to guide the development of capital improvement projects (CIP) and private
development planning projects centered around safety as a policy.

A structured 9-point safety checklist was developed to guide staff during project design and traffic
impact analysis (TIA) review, using criteria grounded in FHWA Proven Safety Countermeasures, the
SSA hierarchy, systemic safety strategies, and more. The checklist can be used to verify that
pedestrian and bicyclist safety is considered at a foundational level of the transportation design
process.

CIP projects may be identified from locations in the HRN, which show facilities with the greatest
need for improvement. Certain segments and intersections, such as those spanning freeways and
those that comprise interchanges, require close coordination with ADOT to consider their safety and
operational goals and to gain concurrence with identified VRU safety improvements.

Within the Countermeasure Selection Tool, a Countermeasure Performance Tool was developed for
the City to monitor and measure the performance of selected countermeasures. The Performance
Tool measures crash rates before and after the improvement and calculates a Crash Reduction
Factor (CRF), which is compared against the installation cost to calculate a benefit-cost ratio and
determine the effectiveness of the improvement. Underperforming improvements can be re-
evaluated for alteration/removal, and general performance can help inform decision making for
prioritizing higher benefit countermeasures that may be implemented more broadly in the future.

Conclusion

The pedestrian and bicycle HRN and recommended VRU safety strategies and countermeasures will
help guide the City to prioritize action on high-risk intersections and segments and to choose
appropriate safety improvements based on known safety issues and facility attributes. This further
helps the City aligh with SSA when considering VRU safety and investments into transportation
infrastructure.

This study supplements the City’s existing Vision Zero RSAP. The recommendations in this study may
be incorporated into the next iteration of the RSAP. Below is a summary of recommendations:

e Utilize pedestrian and bicyclist HRNs to identify segments or intersections within the City that
may pose higher risk of VRU crashes and prioritize their study for safety improvements. The
results can be used to help inform new CIPs.
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e Utilize the Pedestrian Safety Countermeasure Selection Tool in the analysis of segments and
intersections to determine pedestrian and bicycle safety countermeasures to consider for
further alternatives analysis. This can be used during the analysis of CIPs and with private
development projects.

e Utilize the Countermeasure Performance Tool to monitor and assess safety improvements.

e |ntegrate the 9-point safety checklist into the project process for CIPs and private development
projects during project design and TIA review to check for adherence to VRU safety improvement
goals and SSA.

e Further review City of Phoenix policies that pertain to VRU safety and pedestrian and bicycle
facility improvements and develop a timeline for implementation of the tools and strategies from
this study.
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Section 1 - City of Phoenix Background on Bicycle and Pedestrian
Safety

The City of Phoenix (“the City”) experiences pedestrian and bicyclist crashes in the Killed and
Seriously Injured (KSI) categories at rates that are among the highest nationally and when compared
to peer cities across the United States. According to the National Highway Traffic Safety
Administration (NHTSA) Fatality Analysis Reporting System (FARS) database, Phoenix ranked second
nationally for number of pedestrian fatalities in 2023, behind only Los Angeles, CA, and ranked third
nationally for rate of pedestrian fatalities per 100,000 of population in 2023, behind Albuquerque,
NM and Memphis, TN. As the fifth-largest city in the nation continues to experience population
growth, pedestrian and bicycle KSI risk continues to persist. While total pedestrian and bicycle KSI
crashes have decreased slightly in recent years, pedestrian fatalities have been steadily increasing
according to the FARS database, plus recent record-high pedestrian and bicycle fatalities were
experienced in 2022, indicating action is necessary to increase VRU safety.

In response to this situation, Phoenix has developed planning
and funding initiatives to proactively address safety on its
transportation infrastructure. The City allocates significant
funding from the Arizona Highway User Revenue Fund and
T2050 to provide resources and a framework for investment in
streets, public transit, and multimodal connectivity throughout
the city. Proposition 479 funds are also available through
competitive grant opportunities with the Maricopa Association
of Governments (MAG). Building from decades of previous
traffic and safety work, the City initiated the Vision Zero Road
Safety Action Plan (RSAP) in the Summer of 2021 to upgrade
evaluation tools, engage the public, collaborate with City staff
from different departments, and create a transparent safety
plan that is comprehensive and implementable. These efforts
represent Phoenix's approach to addressing KSIs while
developing the city's transportation network.

City of Phoenix | SS4A RSAP Pedestrian Risk Network Project
Project # ST89320174 | 3.28.2026




This study serves as a critical supplement to Phoenix's RSAP, addressing the city's concerning
national ranking in crash outcomes involving pedestrians and bicyclists. Funded through the Safe
Streets and Roads for All (SS4A) federal initiative, this focused effort aims to identify facilities with a
high risk for these crashes and provide tools to implement targeted strategies and countermeasures
to reduce KSl incidents among the city's most vulnerable road users—pedestrians and bicyclists.

A. SS4A and RSAP Overview

The City’s Road Safety Action Plan — Moving To Vision Zero (RSAP, 2022) outlines a strategic shift
toward proactively preventing traffic KSIs, with the goal of reaching zero traffic deaths by 2050. The
plan focuses on improving pedestrian and bicyclist safety through targeted, data-driven,
infrastructure, and policy changes. Key actions include enhancing safety near schools, increasing
shade at transit stops, reducing pedestrian KSI crashes with mid-block improvements, and
addressing infrastructure gaps through risk-based planning. During public engagement for the RSAP,
the most widely supported strategy, agreed by 96% of community members surveyed, focused on
identifying high-risk locations for pedestrian and bicyclist crashes and implementing targeted safety
improvements. A key motivation for this SS4A RSAP Pedestrian Risk Network Project is to improve
safety and guide project selection at those sites.

The Federal Highway Administration’s (FHWA) Safe System Approach (SSA) centers on the idea of
shared responsibility for road safety. This framework is founded on six essential principles:
acknowledging that KSIs are unacceptable, accommodating human error, addressing human
vulnerability, promoting shared responsibility, prioritizing proactive safety measures, and ensuring
redundancy in system design. For pedestrian and bicyclist safety, this means shifting some of the
burden away from individual roadway users and recognizing the role of systemic factors, including
how the built environment shapes travel behavior. Combining educational initiatives with strong
policies and infrastructure changes consistently delivers better safety outcomes than relying solely
on personal responsibility. The SSA embraces this holistic strategy that spreads accountability
across all stakeholders, including transportation professionals and policymakers, to collectively
build a safer, more resilient transportation system. It is an approach that acknowledges KSls are an
indication of system-level needs that can be addressed by multiple layers of safety measures.

The SS4A federal grant program aims to significantly reduce and ultimately eliminate roadway KSls.
It supports the creation and implementation of comprehensive safety action plans for all roadway
users, including pedestrians, bicyclists, drivers, and transit users. The SS4A program supports the
USDOT's goal of zero roadway deaths by using the SSA and provides communities with funding to
develop effective safety strategies and tools to protect lives.

The Active Transportation Plan (ATP, 2023) outlines how existing policies and initiatives that enhance
walking and biking citywide can be further supported. It recommends specific actions that align with
the RSAP, Complete Streets Policy, and Climate Action Plan. Actions taken to improve pedestrian
and bicycle safety as aresult of the RSAP and this report can help fulfill the goal of the ATP to increase
the share of non-motorized modes within the City. The ATP emphasizes collaboration between the
Street Transportation Department, other city departments, and community groups. Over the 20-year
timeline, priorities can be updated based on public input, funding opportunities, and changing
conditions.
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Section 2 — Data Collection and Analysis

Data was used from a variety of sources including from the City, Maricopa County, U.S. Census,
Arizona DOT, and StreetLight. Once collected, the data was cleaned and prepared for future
analysis. The data sources were the following:

A. Data Sources
Traffic Volumes and Socioeconomic Metrics

StreetLight Insight is a “big data” online platform that uses technology and algorithms to measure
vehicle, pedestrian, and bicyclist volumes (among other measures) for a desired area. StreetLight
Insight provided GIS data of the City’s roadway network used for obtaining volumes and developing
a study network. Roadway segments at Phoenix Sky Harbor International Airport were not included
because they are not maintained by the City of Phoenix Street Transportation Department. For
quality control and for a general comparison, StreetLight data was compared with sample count data
collected in the field to identify how close the two counts are. Pedestrian and bicycle volumes were
obtained from StreetLight Insight for a 12-month period from May 1, 2021, to April 30, 2022, which is
the most recent 12-month period for which pedestrian and bicycling data are available. Vehicle
volumes were obtained for a one-year period from January to December 2024.

StreetLight also estimates metrics, including equity demographics, household income, and
household and employment characteristics, using the 2020 census data. The following metrics were
considered in this study to account for areas of persistent poverty (APP) factors:

» Percentage of minority pedestrians/bicyclists (using metric attribute of any race except “white”)
» Percentage of pedestrians/bicyclists with a disability

» Percentage of pedestrians/bicyclists without access to a vehicle

»  Percentage of pedestrians/bicyclists with household income less than $50,000
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Pedestrian and Bicyclist Crashes:

» Pedestrian and bicycle crash data from January 1, 2016, to December 31, 2023 (8 years) was
obtained from the City through the Arizona Department of Transportation (ADOT) database.

» Using GPS coordinates of crash data, GIS layers of both pedestrian and bicyclist crashes were
created. Crashes without GPS coordinates were not included in this analysis.

» Using GIS tools and some manual effort, crash data were assigned to the study intersections and
segments with the following methodologies:

» Crashes that occurred within a 150-foot radius of a study intersection were assigned to that
intersection.

» Pedestrian crashes that occurred within a 60-foot radius of a study segment were linked to that
segment. Similarly, a radius of 70 feet was used to assign bicyclist crashes to study segments.

» Geolocated crashes were assigned to only one segment or one intersection to prevent any
duplicates.

Areview of crash data shows 5,832 pedestrian and 2,671 bicyclist injury crashes in the City occurred
in the 8-year study period. Less than 8 percent of injury crashes (452 pedestrian and 206 bicyclist
crashes) occurred on local streets that were not part of the study area.

Schools:

The city obtained a GIS layer of schools from MAG, used to
identify whether a school is adjacent to study segments or
intersections within specific radii. For this analysis, a 200-foot
radius was used to determine whether schools are near a study
intersection, and a 70-foot radius was used for segments.
(These values were selected using manual trial and error to
optimize results.) A study segment or intersection was assigned
the Boolean value of “Yes” if a school is within these radii.
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Transit Stops (Bus and Light Rail Stops):

» Alist of transit stops was obtained from the city, and GIS layers of bus and light rail stops were
created using GPS coordinates.

»  Two extensions of the light rail system (Northwest Extension and South-Central Extension) were
eliminated from the analysis because they opened after the end of the 8-year study crash data
period in 2023. (The Northwest extension opened in January 2024, and the South Central
Extension opened in June 2025.) However, no changes were made to the bus stop GIS layer.

» A Boolean value of “Yes” was assigned to study segments if a bus/light rail stop is within a 70-
foot radius. Similarly, a 250-foot radius was used to determine the presence of bus/light rail
stops near the study intersections.

Traffic Control:

The city’s “Traffic Equipment Locations” and OpenStreetMap (OSM) Traffic Signal layer were
obtained. Using GIS tools and some manual effort, the traffic control at each intersection was
designated as signalized, unsignalized, or PHB (Pedestrian Hybrid Beacon).’

Speed Limits:

The city provided a GIS layer of speed limits for the analysis. The following methodologies were used
to determine speed limits at the study intersections and segments:

» To determine the speed limit at each study intersection, the highest speed limit value within a
50-foot radius of each intersection was identified and assigned to the intersection. A default
speed limit value of 25 miles per hour (mph) was assigned to the remaining study intersections
where the speed limit layer did not intersect with the study intersections. Some intersections
with a default speed limit value of 25 mph were randomly evaluated and updated using Google
Street View images when applicable.

»  Speed limits on segments may vary due to roadway characteristics. To determine the speed limit
on each study segment, a speed limit value was assigned to each segment based on the speed
limit values identified for the longest portion of the segment’s length. For example, if a study
segment has a speed limit of 40 mph for ¥2-mile and 45 mph for 200 feet, a speed limit of 40 mph
was assigned. Any segments without a speed limit value were assumed to be 25 mph.

Canal Crossing:

A GIS layer of canal crossings was obtained from the city to identify study segments intersecting
canal crossings, with an assumption of a 70-foot radius. It is noted that underpass canal crossings
were also identified. Using GIS tools, the following classes were assigned to the study segments: at-
grade canal trail crossing, underpass canal trail crossing, or no canal trail crossing.

" Note: PHBs are sometimes referred to as High-Intensity Activated Crosswalks (HAWKSs).
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Interchanges:

A new GIS layer was created where freeway interchanges intersect the study segments using Google
aerial images. Using GIS tools, a Boolean value of “Yes” was assigned to the study segments that
crossed an interchange.

Bike Lanes:

Bike lane classes were extracted from the city’s bikeway GIS layer. The bike lanes layer may not
necessarily align or have similar segment lengths to the study segments. Therefore, a radius of 10
feet was used to assign bike lanes to segments where more than 85% of the study segment lengths
have a bike lane using ArcGIS Pro and some manual effort.

Lighting Conditions:

To determine lighting conditions on the study segments, a GIS layer of streetlight poles was obtained.
Streetlight poles within a 150-foot radius of the study intersections were removed, as this analysis
only considered lighting conditions on segments. Using GIS tools, a 70-foot radius buffer was
created for each side of the study segments (left and right sides) to identify if streetlight poles exist
on one or both sides of the segments.

B. Crash Pattern Analysis

System-wide crash patterns were evaluated using the crash data to understand what conditions are
leading to existing safety deficiencies and begin informing which safety strategies to target. Crash
data from 2016-2023 was used to evaluate crashes involving pedestrians and bicyclists. Figure 1 and
Figure 2 show the crash pattern of pedestrian and bicyclist crashes by year and severity. Broadly,
Pedestrian Crashes, KSIs have been increasing or remaining the same over time while bicyclist
crashes have decreased and bicyclist KSI crashes have decreased slightly since pre-covid
frequencies.
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Figure 1 - Pedestrian Crashes by Year and Severity
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Figure 2 - Bicycle Crashes by Year and Severity

Various factors influence pedestrian and bicyclist crashes. One significant factor is
light conditions as shown in Figure 3. Greater numbers of pedestrian KSI crashes occur during
reduced lighting conditions (including dark lighted, dark unlighted, dawn, and dusk) than during
daylight conditions. This trend is reversed for bicyclists where greater numbers of KSI crashes occur
during daylight conditions than in reduced lighting conditions. Additionally, when pedestrian
crashes do occur in reduced lighting conditions, they tend to result in more severe crashes than
during daylight.
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Figure 3 - Pedestrian and Bicycle Crashes by Lighting and Severity
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Other systemwide crash patterns are temporal in nature correlated to the time of the crash. As
shown in Table 1, pedestrian crashes most frequently occur in the evening hour, on weekdays and
Fridays are the most frequent days that crashes occur on. By time of day, most crashes occur in
the evening hours between 6pm and 12am. This pattern is more pronounced for KSI crashes, the
table shows over half of all KSI crashes occurring between 6pm and 12am, compared to around
42% of all crashes occurring during this same period.

Table 1 - Pedestrian Crashes by Severity, Day of Week, and Time of Day

. All Crashes KSI Crashes Only

Time Mon Tue Wed Thu  Fri  Sat  Sun All Mon Tue Wed Thu Fri  Sat  Sun Al
12:00 AM-1:00 AM 13 20 11 11 12 32 33 132 7 11 6 4 5 5 20 68
1:00 AM-2:00 AM 5 11 3 9 10 24 23 85 3 7 0 7 6 14 10 47
2:00 AM-3:00 AM 7 9 8 14 7 12 18 75 4 4 2 8 5 6 12 0
3:00 AM-4:00 AM 9 13 7 6 15 8 4 72 7 6 6 6 12 5 1 43
4:00 AM-5:00 AM 14 18 16 o 22 5 9 101 6 8 6 12 10 4 4 50
5:00 AM-6:00 AM 25 22 23 23 27 14 6 140 8 7 10 13 14 5 3 60
6:00 AM-7:00 AM 45 49 38 52 3 18 8 246 6 17 13 20 12 P 5 85
7:00 AM-8:00 AM 50 49 47 42 51 17 6 262 11 1 13 9 9 3 2 58
8:00 AM-9:00 AM 39 49 43 33 35 27 | 10 236 5 14 12 5 6 6 3 51
9:00 AM-10:00 AM 25 30 29 24 23 16 16 163 4 5 7 3 5 4 4 32
10:00AM-11:00AM | 25 27 19 30 31 19 18 169 4 12 6 8 10 3 4 47
11:00 AM-12:00PM | 22 6 2 27 25 2 | 16 154 5 4 7 12 8 4 0 40
12:00 PM-1:00 PM 30 28 25 25 29 27 | 12 176 1 5 5 6 7 3 5 32
1:00 PM-2:00 PM 20 24 21 29 27 28 16 165 2 1 2 5 5 2 3 20
2:00 PM-3:00 PM 44 44 55 32 39 27 16 257 7 12 16 7 4 6 3 55
3:00 PM-4:00 PM 53 61 48 45 70 22 24 323 10 14 12 11 3 6 3 59
4:00 PM-5:00 PM 48 62 68 54 47 30 25 334 5 15 19 11 7 7 6 70
5:00 PM-6:00 PM 52 48 58 64 54 36 21 333 11 15 12 13 14 1 6 82
6:00 PM-7:00 PM 65 8 90 63 8 61 67 516 2 32 3 25 3 26 22 199
7:00 PM-8:00 PM 72 65 8 8 97 71 67 547 27 28 89 3 42 33 28 232
8:00 PM-9:00 PM 57 70 79 65 57 79 67 474 322 23 | 42 23 25 28 32 205
9:00 PM-10:00 PM 51 50 43 60 79 8 41 409 24 25 21 24 35 42 | 18 189
10:00PM-11:00PM | 32 39 37 35 61 39 41 284 14 21 18 12 3 16 20 131
11:00PM-12:00AM | 25 23 21 3 41 40 18 204 13 14 11 18 21 20 8 105
Total 828 912 899 893 | 980 763 | 582 5857 | 248 311 | 322 297 | 330 271 | 222 2,001

The trend for bicyclist crashes is substantively different from the pedestrian time of day crash pattern
as shown in Table 2. Bicyclist crash patterns are far more consistent with a commuter schedule,
peaking in the AM and PM peak hour with the majority of crashes occurring during the work week.
While there is a significant hot spot of crashes in the AM peak hour, this is less prominent for KSI
crashes, with a stronger crash pattern focused on the PM peak hour.
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Table 2 - Bicyclist Crashes by Severity, Day of Week, and Time of Day

All Crashes KSI Crashes Only

Sat Sun Wed Thu Fri Sat  Sun

12:00 AM-1:00 AM 2 3 1 2 4 6 5 23 0 1 1 1 1 8] 1 8
1:00 AM-2:00 AM 1 0 1 1 4 5 3 15 1 0 1 0 1 1 2 6
2:00 AM-3:00 AM 0 0 1 0 1 3 2 7 0 0 0 0 0 1 0 1
3:00 AM-4:00 AM 1 1 1 2 1 3] 1 10 1 0 0 1 0 2 1 5)
4:00 AM-5:00 AM 4 4 6 5] 1 0 1 21 1 0 1 2 1 0 0 5
5:00 AM-6:00 AM 8 7 11 12 9 4 3 54 2 2 2 3 2 0 0 11
6:00 AM-7:00 AM 16 18 21 10 15 6 8 89 4 4 6 3 4 1 1 23
7:00 AM-8:00 AM 31 41 48 48 38 5] 7 218 5 4 5 2 3 2 0 21
8:00 AM-9:00 AM 26 28 36 19 20 8 8 145 5} 3 4 8! 2 0 0 17
9:00 AM-10:00 AM 10 13 15 21 21 12 13 105 4 1 1 2 3 & 4 18
10:00 AM-11:00 AM 22 25 21 24 19 14 13 138 4 3 0 5} 2 1 0 15
11:00 AM-12:00 PM 16 21 15 17 18 15 19 121 0 2 2 2 7 1 3 17
12:00 PM-1:00 PM 17 16 34 25 21 22 16 151 2 2 5 2 3 4 0 18
1:00 PM-2:00 PM 17 32 26 20 24 16 9 144 1 3 2 5} 1 2 2 16
2:00 PM-3:00 PM 26 38 26 32 38 22 19 201 4 4 2 6 2 4 1 23
3:00 PM-4:00 PM 25 48 37 37 31 15 19 212 8! 6 5 5} 2 2 1 24
4:00 PM-5:00 PM 30 55 41 50 37 9 19 241 2 7 8 8 3 3 2 33
5:00 PM-6:00 PM 33 38 50 51 29 19 17 237 4 5 7 10 | 3 5 2 36
6:00 PM-7:00 PM 22 27 48 30 24 30 17 198 5} 3 5 7 2 6 2 30
7:00 PM-8:00 PM 13 21 21 22 21 20 14 132 2 4 3 2 6 6 4 27
8:00 PM-9:00 PM 17 8 22 24 20 9 13 113 3 2 4 3 7 3 2 24
9:00 PM-10:00 PM 15 12 11 15 14 10 8 85 2 2 3 4 4 2 2 19
10:00 PM-11:00 PM 6 7 5 6 9 6 5 44 1 0 1 0 3 2 3 10
11:00 PM-12:00 AM 6 5 6 2 5 6 8 33 0 0 2 1 2 4 0 9
Total 364 468 504 475 424 265 237 2,737 56 58 70 77 64 58 | 33 416

The crash density, meaning the rate of crashes per street centerline mile by functional class, is
shown in Figure 4. This shows that arterial streets are around 6 times more likely than the average
network segment to experience KSI crashes. Collectors are about twice less likely than the average
network segment to experience pedestrian KSI and about 0.8 times less likely to experience bicycle
KSI crashes. Local streets are about 15 and 8 times less likely to experience pedestrian and bicycle
KSI crashes, respectively. Because of these findings and due to limited available roadway data, the
subsequent analysis in this study excluded local streets and focused on arterials and collectors.
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Figure 4 - Pedestrian and Bicycle KSI Crash Density by Functional Class
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Figure 5 below shows the distribution of KSIs by the posted speed limit of the streets or adjacent
intersection legs studied, as well as the distribution of road-miles by posted speed. This indicates
that over half of all pedestrian KSIs and around 45% of all bicyclist KSIs studied occur on streets with
40 mph posted speed limit, despite 40 mph being the posted speed on around 25% of studied road-
miles. KSI crashes are represented the least on studied roadways with posted speeds of 25 and 30
mph.
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Figure 5 — Pedestrian and Bicycle KSI Crash and Road-Miles Distribution by Posted
Speed Limit for Studied Roadways

The distribution of crashes by facility type (all segment types vs. all intersection types) and severity
is shown in Figure 6. This indicates that across all classifications, segments carry the majority of
crashes. This is skewed higher toward segments for KSl crashes for both pedestrians and bicyclists.
65% of all pedestrian KSI crashes occur on segments.
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Figure 6 — Pedestrian and Bicycle Crash Distribution by Facility Type and Severity for
Studied Roadways
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The frequency of crashes involving pedestrians by Age and Gender is shown in Figure 7. This data is
for the age of the pedestrian involved in the crash. This shows that the most common age for a
pedestrian to be involved in a crash is 25-34. Additionally, for people 18 years and older, men are
approximately twice as likely as women to be involved in a crash in most of the age groups. It should
be noted that the age of pedestrians involved in a crash were only provided for the years 2016-2021.
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Figure 7 - Pedestrian Crashes by Age and Gender (2016-2021)

Bicyclists crashes by age and gender is shown in Figure 8. The gender factor is stronger for bicyclists
than pedestrians, with 3.8 times more crashes involving male than female bicyclists. Similar to
pedestrians, the most common age for a bicyclist to be involved in a crash is 25-34.
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Figure 8 - Bicyclist Crashes by Age and Gender (2016-2023)
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Figure 9 shows pedestrian crashes classified by reported control type, including traffic signals, stop
control, and segments/other control types (uncontrolled, temporary traffic control/flagging
operation, flashing signals, etc.). Traffic signals make up around 63% of the controlled intersections
studied and account for around 66% of pedestrian KSI crashes and 69% of total pedestrian crashes
at controlled intersections. Traffic signals were recorded as having the lowest proportion of KSI
crashes at around 28%, with stop control having around 32%. For segments and other control types,
the rate is around 38%. The bicyclist crash data did not include information about traffic control.
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Figure 9 - Pedestrian Crashes by Traffic Control Type and Severity
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Section 3 - Safety and Persistent Areas in Poverty Analysis
A. Introduction

Vulnerable Road User (VRU) safety analysis was performed on the City’s roadway segments and
intersections to determine High-Risk Networks (HRNs) for pedestrians and bicyclists. The
pedestrian and bicyclist HRNs are intended to support the citywide High-Injury Network (HIN)
developed for the RSAP in 2024. The HRNs allow the City to identify high-risk areas for pedestrian
and bicyclist crashes and KSlIs, which can be prioritized for targeted, proactive pedestrian and
bicyclist safety improvements.

The study area is defined as the roadway network within the city limits. However, with the city’s
approval, only arterial and collector functional classifications were included in this analysis because
limited data are available for local roadways, and most crashes occurred on arterials and collectors.

The data collected in Section 2 — Data Collection and Analysis was utilized to perform the analysis in
this section. Various sources were joined at an intersection and segment basis, such as crashes,
vehicle traffic volumes, and roadway characteristics. This enabled detailed analysis to be conducted
correlating those attributes of the roadway to the observed crash frequency and identify the further
areas of improvement. This information helped establish both areas of high crash frequency as well
as areas that don’t necessarily experience high crash frequency but have the risk factors associated
with high crashes. The methodology is as follows:

B. Pedestrian and Bicyclist High-Injury Network (HIN)

Pedestrian and bicyclist HINs were developed for this study to verify that the HRN methodology
produces results that correlate to existing high-injury areas. This involves screening the network and
identifying street segments and intersections with a history of VRU crashes. Scoring systems were
developed to assign scores to the study intersections and segments based primarily on pedestrian
and bicyclist injury crashes but also considering other factors such as volumes and
socioeconomics, including household income. Many of these factors are unique to the development
of the HIN for pedestrians and bicyclists and differ from the citywide HIN developed for the RSAP.
Intersections and segments use separate scoring systems, and pedestrians and bicyclists also use
separate scoring systems as shown in Figure 10, Figure 11, Figure 12, and Figure 13.
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Figure 10 — Intersection Scoring Systems for Pedestrians

INTERSECTION SCORING SYSTEM FOR PEDESTRIANS

Start with intersections that have at least 1 pedestrian crash with a severity of fatal or injury in the 8 years between 2016 and 2023.

1 Number of fatal and injury crashes (KABC) tied to the intersection

2 Number of fatal and serious-injury crashes (KA) tied to the intersection

3 Average daily pedestrian volume at the intersection, per Streetlight Data
Pedestrian volume
>3,000: Score 4
1,500 - 3,000: Score 2
<1,500: Score 0

4 Percent of injury/fatal crashes with lighting condition other than "daylight"
Pedestrian crashes

>60%: Scare 2
< 60%: Score 0

S If the percent of minarity pedestrians is greater than 50%, Score 1

6 If the percent of pedestrians with household income < $50K is greater than 50%, Score 1

7 If the percent of pedestrians with a disability is greater than 12%, Score1

8 If the percent of pedestrians without access to a vehicle is greater than 10%, Score1

TOTAL

SCORE

i

i

JL L

Note: Over 70% of bicyclist crashes occur during
daylight conditions, but the majority of pedestrian
crashes happen during darkness. Pedestrian
crashes during dark conditions have been a major
source of the increase in number of pedestrian
injuries and fatalities.

Note: The average percent of minority pedestrians
is 46%.

Note: The average percent of pedestrians with
household income < $50K is 40%.

Note: The average percent of pedestrians with a
disability is 10%.

Note: The average percent of pedestrians without
access to a vehicle is 6%.

Figure 11 - Segments Scoring Systems for Pedestrians

SEGMENT SCORING SYSTEM FOR PEDESTRIANS

Start with segments that have at least 1 pedestrian crash with a severity of fatal or injury in the 8 years between 2016 and 2023,

1 Rate of fatal and injury crashes (KABC) per mile tied to the segment

2 Rate of fatal and serious-injury crashes (KA) per mile tied to the segment

3 Average daily pedestrian volume on the segment, per Streetlight Data
Pedestrian volume
>1,000: Score 4
500 - 1,000: Score 2
< 500: Score 0

4 Percent of injury/fatal crashes with lighting condition other than "daylight"
Pedestrian crashes

> 60%: Score 2
= 60%: Score 0

5 If the percent of minority pedestrians is greater than 50%, Score 1

6 If the percent of pedestrians with household income < $50K is greater than 50%, Score 1

7 If the percent of pedestrians with a disability is greater than 12%, Score 1

8 If the percent of pedestrians without access to a vehicle is greater than 10%, Score 1

9 Segment length in feet

TOTAL

[ xos-

[ +20m

I UL

SCORE

UL

i

Note: Over 70% of bicyclist crashes occur during
daylight conditions, but the majority of pedestrian
crashes happen during darkness. Pedestrian
crashes during dark conditions have been a major
source of the increase in number of pedestrian
injuries and fatalities.

Note: The average percent of minority pedestrians
is 46%.

Note: The average percent of pedestrians with
household income < $50K is 40%.

Note: The average percent of pedestrians with a
disability is 10%.

Note: The average percent of pedestrians without
access to a vehicle is 6%.

Note: Long segments with many crashes might be
overlooked because of the scoring system's use of
crashes per mile. Factor 9 increases the likelihood
that long segments will be included.
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Figure 12 - Intersection Scoring Systems for Bicyclists

1 Number of fatal and injury crashes (KABC) tied to the intersection
2 Number of fatal and serious-injury crashes (KA) tied to the intersection I:l x0.5=
3 Average daily bicycle volume at the intersection, per StreetlLight Data

Bicycle volume
>300: Score 4

100 - 300: Score 2
<100: Score 0

4 Lighting conditions were not used in the bicyclist scoring system

5 If the percent of minority bicyclists is greater than 50%, Score 1
6 If the percent of bicyclists with household income < $50K is greater than 50%, Score 1
7 If the percent of bicyclists with a disability is greater than 12%, Score 1

8 If the percent of bicyclists without access to a vehicle is greater than 10%, Score 1

TOTAL

INTERSECTION SCORING SYSTEM FOR BICYCLISTS

SCORE

i

I L

Start with intersections that have at least 1 bicyclist crash with a severity of fatal or injury in the 8 years between 2016 and 2023.

Note: Over 70% of bicyclist crashes accur during
daylight conditions.

Note: The average percent of minority bicyclists is
46%.

Note: The average percent of bicyclists with
household income < $50K is 40%.

Note: The average percent of bicyclists with a
disability is 10%.

Note: The average percent of bicyclists without
access to a vehicle is 6%.

Figure 13 - Segment Scoring Systems for Bicyclists

1 Rate of fatal and injury crashes (KABC) per mile tied to the segment
2 Rate of fatal and serious-injury crashes (KA) per mile tied to the segment I:I x0.5=
3 Average daily bicycle volume on the segment, per StreetLight Data

Bicycle volume
>100: Score 4
50-100: Score 2
<50: Score @

4 Lighting conditions were not used in the bicyclist scoring system

5 If the percent of minority bicyclists is greater than 50%, Score 1
6 If the percent of bicyclists with household income < $50K is greater than 50%, Score 1
7 If the percent of bicyclists with a disability is greater than 12%, Score 1

8 If the percent of bicyclists without access to a vehicle is greater than 10%, Score 1

9 Segment length in feet I:l +2,000=

TOTAL

SEGMENT SCORING SYSTEM FOR BICYCLISTS

SCORE

JOL

0 oot

Start with segments that have at least 1 bicyclist crash with a severity of fatal or injury in the 8 years between 2016 and 2023.

Note: Over 70% of bicyclist crashes occur during
daylight conditions.

Note: The average percent of minority bicyclists is
46%.

Note: The average percent of bicyclists with
househald income < $50K is 40%.

Note: The average percent of bicyclists with a
disability is 10%.

Note: The average percent of bicyclists without
access to a vehicle is 6%.

Note: Long segments with many crashes might be
overlooked because of the scoring system's use of
crashes per mile. Factor 9 increases the likelihood
that long segments will be included.
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Scores on each study segment and intersection were calculated for both pedestrian and bicyclist
modes based on the attributes that were obtained and determined during data collection. In the
citywide HIN developed for the RSAP, segments and intersections were considered part of the HIN if
their crash frequency (at intersections) or crash frequency per mile (on segments) is at least two
standard deviations above the mean. A similar method was used for the pedestrian and bicyclist
HINs but using total score from each scoring system instead of crash frequency. Table 3 shows a
summary of HIN statistics. Pedestrian and bicyclist HIN maps are shown in Figure 14 and Figure 15.

Table 3 - Summary of HIN Statistics

Threshold

Average Standard Numberin HIN to Total Study
Mode Study Type Total Score Deviations Score HIN Area Ratio
(Rounded)
Intersections 6.98 5.31 17 43 3%
Pedestrian
Segments 14.01 10.72 35 48 2%
Intersections 4.75 2.14 9 21 2%
Bicyclist
Segments 8.84 5.63 20 26 1%

Note: The average and standard deviation statistics were calculated for the study intersections and
segments that have at least one fatal or injury crash in the 8 years between 2016 and 2023.
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C. Pedestrian Demand Map

The pedestrian demand map was developed to calculate the projected demand for walking trips
within every 2020 Census Block Group. The calculated pedestrian demand is used to help determine
level of pedestrian activity expected at a particular intersection or segment, which can influence the
need for safety improvements at that facility. Pedestrian demand is an input used in the ‘Pedestrian
Safety Countermeasure Selection Tool’ described in Section 4 - Identification of Strategies and
Countermeasures.

The Mixed-Use Developments (MXD) Trip Generation Model tool produced by the U.S. Environmental
Protection Agency (EPA) together with the Institute for Transportation Engineers (ITE) was used to
calculate the pedestrian demand. The tool typically estimates vehicle trips generated by
development over peak periods or an entire day, however it also predicts trips by walking and transit.
Perinstructions of the tool’s developers, care was taken when applying this tool to block groups near
transit, particularly next to premium bus or rail service and within the regional core (downtown)
areas.

The pedestrian demand results from the MXD model represents walking external daily total trips
regardless of trip purpose. The pedestrian demand values are shown in Figure 16.
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Figure 16 — Estimated Pedestrian Demand by Census Block
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D. High-Risk Network (HRN) Identification

HRN analysis is a method for identifying segments or intersections that may pose relatively higher
risk compared to the average using attributes such as roadway classification, vehicle traffic
volumes, and presence of bike lanes. A risk-point scoring system was developed to identify
attributes to be considered as part of the HRN. Attributes, including roadway classification, speed
limit, the presence of sidewalks, bike lanes, bus stops, and raised medians, were included in the
analysis when available for segments and intersections, as shown in Table 4 indicated by green
boxes.

Table 4 - Segments and Intersection Attributes for HRN

Attributes

Segments
Intersection

Functional Classification

Pedestrian Volume

Bicycle Volume
ADT
Speed Limit

Bus Stops
Light Rail Route

School

Bike Lane

Canal Crossings

Interchanges

Lighting Conditions

Income

Control

The risk points for each attribute were calculated, then were assigned to each corresponding
segment and intersection in GIS based on the actual values. The total risk points were calculated,
which is a summation of all risk points on each segment/intersection. The HRN was divided into
three categories based on selected thresholds: Low, Medium, and High. Table 5 shows a summary
of HRN thresholds and distribution. Pedestrian and bicyclist HRN maps are shown in Figure 17 and
Figure 18.

Table 5- HRN Threshold and Distribution for Segments and Intersections

S Thresholds Counts
Study Type Classification - - = - - =
Pedestrian Bicyclist Pedestrian Bicyclist

High 2465 2430 46 44

Intersections Medium 410-465 | 395-430 220 211
Low <410 <395 1,011 1,022

High 2580 2516 128 126

Segments Medium 530-580 | 456-516 369 542
Low <530 <456 2,036 1,865
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Figure 17 — Pedestrian High-Risk Network (HRN)
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Comparison of Pedestrian and Bicyclist HIN to 2024 Citywide HIN

The results of the Pedestrian and Bicyclist HIN were compared to the 2024 citywide HIN as shown in
Figure 19 and Figure 20, with counts for each category shown in Table 6. These show a higher degree
of overlap between citywide HIN and Pedestrian HIN than the citywide HIN with the Bicyclist HIN.
One area of strong overlap between the citywide HIN and Pedestrian HIN is the interchange
segments where Figure 19 shows about half of interchange segments within the citywide HIN also
being in the Pedestrian HIN. Also, there are no interchange segments for the Pedestrian HIN which
were not already on the citywide HIN. This may be because the factors which make interchanges
higher risk are the same between overall crashes and pedestrian/bicyclist crashes such as high
volumes, high speeds, and high numbers of conflict points.

Additionally, the Pedestrian HIN tends to concentrate more toward the dense core areas going
east/west between Indian School Road and McDowell Road and going north/south between 35"
Avenue and 19" Avenue, while the citywide HIN is slightly more dispersed with that concentration of
HIN intersections and segments extending much further.

Table 6 - HIN Intersections and Segments in Citywide HIN

Numberin NumberOnlyin  NumberOnlyin
Mode Study Type Both HINs Citywide HIN  Ped/Bike HIN
Intersections 20 36 23
Pedestrian
Segments 34 54 25
Intersections 6 50 15
Bicyclist
Segments 15 73 15
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Figure 20 - Comparison Between Citywide HIN and Bicyclist HIN
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E. Areas of Persistent Poverty Analysis

The USDOT Areas of Persistent Poverty (APP) data (link here) was used to evaluate the HRN to
determine how crashes were distributed across the project area. As shown in Figure 21, the HRN
segments were concentrated disproportionately within APPs. 75% of HRN segments for pedestrians
and 65% of HRN segments for bicyclists were within APPs.

80% 75%

71%
70% 65%
60%

60%
50% 46% 46%
40%
30%
20%
10%

0%

HRN Pedestrians HRN Bicyclists

Percentage of Network within APP

m High Risk Medium Risk  m Citywide, All Study Segments
Figure 21 - Percent of High-Risk Areas Within APP for HRN Segments

Maps showing the location of Pedestrian and Bicyclist HRN within the APPs is shown in Figure 22 and
Figure 23. These figures demonstrate the concentration of High HRN segments within the APPs.
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Figure 22 - Pedestrian Segment and Intersection HRN with APP zones
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Figure 23 - Bicyclist Segment and Intersection HRN with APP zones
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Further analysis was conducted to determine the overlap between other co-occurring factors as
shown in Figure 24. This figure shows that high-risk segments with high pedestrian demand are more
likely to be within an APP (63%) than those outside APPs (46%). This demonstrates a co-occurring
factor between the pedestrian demand and areas of persistent poverty when assessing high-risk.

Within APP >

< Outside APP

B Limited Demand Potential Demand Moderate Demand  ®mHigh Demand

Figure 24 - Percentage of Pedestrian HRN High-Risk Segments within APP by
Pedestrian Demand
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Figure 25 - Pedestrian Demand within APP
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Other co-occurring factors were evaluated to determine correlation with APPs. Table 7 shows the
percentage of network within APPs by HRN risk category and factor. For instance, among pedestrian
high-risk facilities where light rail is present nearby, 88% of those facilities are within an APP,
compared to high-risk facilities where no light rail is nearby, 74% of those are within an APP. This
aligns closely with the results of the pedestrian demand analysis as shown in Figure 25 that areas
with greater ped demand are more likely to be in an APP than areas with less pedestrian demand.
This trend persists with factors such as Canal Crossing and Interchange. The trend is opposite
regarding the Bicyclist HRN, which has a lower percentage of high-risk facilities with light rail within
an APP at 60%, compared to 74% of high-risk facilities not near light rail being within an APP.

Table 7 - Percent of Network within APP by HRN and Factor

Pedestrian HRN Bicyclist HRN
High Medium High Medium
HRN HRN HRN HRN

School Zone 75% 62% 50% 70% 67% 45%
Not School Zone 75% 60% 39% 72% 64% 36%
Light Rail Present 88% 44% 99% 60% 100% 100%
No Light Rail 74% 61% 41% 74% 64% 38%
Bus Stop Present 75% 60% 62% 71% 65% 58%
No Bus Stops Present - - 31% - 0% 31%
Canal Crossing Present 88% 80% 58% 84% 85% 48%
No Canal Crossing Present 75% 60% 41% 70% 64% 38%
No Lighting - - 23% - - 23%
Double-sided Lighting 75% 60% 44% 71% 65% 40%
Single-sided Lighting 77% 80% 35% 72% 69% 35%
No Interchange Type 78% 59% 41% 70% 65% 38%
Other Interchange Type - 100% 43% 100% 89% 32%
Diamond Interchange 72% 93% 56% 74% 88% 49%
Single-Point Urban Interchange 54% 100% 0% 71% 53% 0%

Not in Interchange 78% 56% 41% 70% 63% 38%
In Interchange 62% 96% 49% 73% 84% 41%
Bike Lane < 15% coverage 75% 59% 46% 70% 63% 42%
E;'iz:;g”ee Within 85% - 15% - 100%  38% - 100%  37%
Bike Lane > 85% coverage - 81% 39% 100% 72% 36%

The City of Phoenix RSAP dated September 2022 utilized two other zones to evaluate disadvantaged
communities. One was the now discontinued USDOT Justice40 zones, the other was a Phoenix
Specific “Equity Areas” which accounted for car ownership, low income, age, race, disability. The
areas of persistent poverty used in this study have a strong overlap with the city’s equity areas used
in the 2022 study. Aside from race, both largely utilize the same underlying census data.
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A. Introduction

Using the understanding of crash data and patterns identified in
Section 2 — Data Collection and Analysis and the information
obtained from development of the HIN, HRN, pedestrian demand
map, and APPs described in Section 3 - Safety and Persistent
Areas in Poverty Analysis, an inventory of safety improvements
was developed to help the City proactively address the safety of
VRUs in the HRNs. The inventory consists of evidence-based
strategies and countermeasures obtained from established
pedestrian and bicycle safety resources that demonstrate
efficacy in principles that improve the safety of VRUs, including
reducing conflicts and vehicle exposure, increasing visibility, and
reducing speeds and kinetic energy in crashes.

With the inventory of safety improvements, a tool called the

‘Pedestrian Safety Countermeasure Selection Tool’ was developed to help the City identify and
consider appropriate countermeasures at a chosen location. The tool outputs a list of
countermeasures applicable to the location based on existing conditions criteria and other user
inputs that encompass the context of each location, providing a framework for further use in later
stages such as project planning and alternatives analysis.
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B. Development of Strategies and Countermeasures

Safety strategies and countermeasures that focus on the unique safety needs of VRUs were
compiled from established sources that have extensive documentation linking the improvement to
their safety outcomes. These sources include the following:

e FHWA Proven Safety Countermeasures
e FHWA PEDSAFE and BIKESAFE Guides and Countermeasure Selection Systems

e Other FHWA studies and guides including Improving Intersections for Pedestrians and
Bicyclists Informational Guide from 2022 and Separated Bike Lane Planning and Design
Guide from 2014

e National Association of City Transportation Officials (NACTO) guides and studies including
the Urban Street Design Guide, Urban Bikeway Design Guide, and Designing for All Ages &
Abilities

e (City of Phoenix 2024 Report titled Pedestrian Treatments in Phoenix: Guidance on
Implementation and Operation

o City of Phoenix 2023 Active Transportation Plan

e Otherjurisdictions’ resources (state, MPO, county, and city) including local jurisdictions like
ADOT, MAG, and City of Tucson

The countermeasures listed in the tool align with the need to reduce pedestrian and bicycle crashes
and eliminate crashes that result in KSIs. According to the data presented in Section 2 — Data
Collection and Analysis, the vast majority of pedestrian and bicycle crashes result in some level of
injury, with 34% of pedestrian crashes and 15% of bicycle crashes reported as KSI crashes. Reported
pedestrian and bicycle crashes tend to occur on arterial roadways more often than on collector and
local streets, and tend to occur on roadways with higher speeds, most commonly roadways with 40-
mph posted speed limits. These crash outcomes correlate with facilities that often lack dedicated
bicycle facilities or provide limited pedestrian facilities and crossings with minimal separation from
vehicle traffic and a high level of exposure. Countermeasures proposed seek to address these
concerns where made evident through crash data or through present risk factors.

The countermeasures include a variety of facilities and strategies that directly address the core
principles of the SSA. Some countermeasures reduce vehicle speeds through spot treatments and
systemic changes, which in turn reduces KSI crash risk. Some countermeasures also reduce
pedestrian and bicycle exposure by providing separation between the proposed facility and vehicle
traffic, as well as reducing the number of conflict points, which helps reduce KSI risk and risk of
crashes resulting from human error. The countermeasures may also influence the travel patterns of
VRUs, whereby providing a safer facility that is usable for all ages and abilities, the demand of those
facilities increases and reduces the use of roadways that are less safe. Lastly, the countermeasures
in this list often can work in tandem with each other or be broadly implemented across entire
corridors, networks, or neighborhoods, providing several layers of safety and redundancy so a single
error does not result in a KSI crash, and to proactively improve safety before crashes happen.
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C. Pedestrian Safety Countermeasure Selection Tool

The Pedestrian Safety Countermeasure Selection Tool is an Excel-based application developed for
the City’s internal project process to assist in identifying the most appropriate countermeasures for
addressing pedestrian safety issues (PSI) based on specific criteria. This tool evaluates a range of
inputs for the subject facility to identify the best-suited countermeasures whose criteria fit the
facility, including speed limits, vehicle traffic volume, street width, number of lanes, traffic control
at intersections, and more along with the known PSIs including conflicts at crossing locations,
excessive vehicle speeds, limited visibility, vehicle yielding concerns, minimal separation from
vehicle traffic, and nighttime crashes. The countermeasures in the tool were selected based on
research described above, meaning countermeasures are practical and evidence-based. These
resources are documented in the tool under each countermeasure along with descriptions and
example locations.

D. Poverty and Community Impact Screening

The countermeasures in the tool were assessed to determine relative impact on APPs. A field in the
tool was created describing both the adverse effects on disadvantaged communities as well as
adaptations for local conditions. For instance, a countermeasure like ‘daylighting at crossing
locations has the potential to remove parking spaces, which are in high demand in densely
populated neighborhoods. To accommodate this, the City may adapt to minimize parking impact by
only providing parking barriers like curb extensions for the first 20 feet beyond the intersection when
sight distance and vehicle volume allow. This distance is the minimum per Phoenix City Code and
would not have significant adverse impacts on the neighborhood. Alternatives to these
countermeasures such as police enforcement may be effective to a degree in improving behavioral
aspects of traffic safety. However, they often disproportionately impact APP areas when over-
enforcement can lead to financial burden to the affected areas and foster distrust of government
institutions. One alternative is implementation of automated enforcement. These fields discussing
disproportionate impact and adaptations are filled out in the tool for all applicable
countermeasures.
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Section 5 - Implementation Plan

A. Introduction/Purpose

This section is intended to serve as a supplement to the original Vision Zero RSAP. These updates
are intended to strengthen pedestrian and bicyclist safety. Deliverables for this update have been
developed incorporating and expanding on the results of the previous four sections including:

e 9-point Safety Checklist

e Countermeasure and Strategy Performance Measurement Development

These tools may be used by the City to guide the development of CIP and planning for private
development projects centered around safety as a policy. These strategies stem from and are meant
to supplement the original RSAP plan recommendations and seek to base the core City policies
around a SSA framework and provide more quantitative ways to choose countermeasures through a
detailed decision tree and create a tool to assess effectiveness of installed countermeasures. A
timeline for implementing the tools and strategies from this study will need to be developed to help
understand their integration with RSAP recommendations and the City’s other related initiatives.

B. 9-point Safety Checklist

To consistently prioritize pedestrian and bicyclist safety, a structured 9-point safety checklist was
developed to be used in both private development review and capital project planning. The tool
guides staff during project design and traffic impact analysis (TIA) review, using criteria grounded in
FHWA Proven Safety Countermeasures, the Safe System hierarchy, systemic safety strategies,
kinetic-energy reduction principles, and opportunities for ITS integration. This can be used to verify
that pedestrian and bicyclist safety is considered at a foundational level of the transportation design
process. See Appendix A—-9-point Checklist for Pedestrian and Bicyclist Safety.

C. Identifying and Selecting HIN/HRN Locations for Improvements

As described in ‘Section 3 - Safety and Persistent Areas in Poverty Analysis’, intersections and
segments in the HIN and HRN were identified and the networks were documented to show the
facilities with the greatest need for improvement. Strong overlaps between the HIN developed in this
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study and the 2024 HIN were observed, including segments spanning freeways that include
interchanges being highly represented in both networks. To satisfy the City’s goal of addressing
pedestrian and bicycle safety, these segments can be prioritized with other locations if they are
identified within the HIN/HRN, independently or as part of a broader segment, to deliver effective
and timely safety projects considering available resources. Selecting these segments requires close
coordination with ADOT to consider the safety and operational goals of the state and to gain
concurrence with the safety improvements identified for consideration.

D. Countermeasure and Strategy Performance Measurement Development
Countermeasure Performance Tool

The Countermeasure Performance Tool was developed and is embedded in the Countermeasure
Selection Tool to monitor and outline the performance metrics for countermeasures selected.
Selected performance metrics are complementary to those listed in the RSAP and are subject to the
availability of accurate count data. The quantitative measurements used focuses on the following:
e Intersection Countermeasures, Crash Rates per Million Entering Vehicles
o All Crashes, Fatal and Serious Injury Crashes, Pedestrian and Bicycle Crashes

e Segment Countermeasures, Crashes Rates per Million Vehicle Miles Travelled

o All Crashes, Fatal and Serious Injury Crashes, Pedestrian and Bicycle Crashes
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Additionally, the tool calculates a simple Crash Reduction Factor (CRF). This CRF is compared
against the installation cost to calculate a benefit-cost ratio based on the crash reduction factor
applied to the volume and length of the segment to determine crash cost savings. The effectiveness
of different countermeasures is determined based on these factors. The analysis is straightforward
enough to include in a spreadsheet tool as it doesn’t include any Empirical Bayes adjustments or
other more advanced statistical analysis. The inputs are as follows:

e Intersections
o Countermeasure Type
o Installation Date

o Installation Cost (Inclusive of all costs including Traffic Control, Mobilization, Staff
Time, etc.)

o Major, Minor Average Annual Daily Traffic (AADT)

o Crashes (Total, KSI, Ped/Bike), 3-year Before and 3-year After (Note, if 3-years of data
doesn’texist, the analysis can be prorated to accommodate that, or the site could be
ignored if sufficient sites exist with full after analysis periods.

e Segments
o Countermeasure Type
o Installation Date

o Installation Cost (Inclusive of all costs including Traffic Control, Mobilization, Staff
Time, etc.)

o AADT
o Segment Length

o Crashes (Total, KSI, Ped/Bike)

The output of this analysis is the before and after crash rates and the calculated benefit cost ratios
both on a site-by-site and aggregated countermeasure type basis.

Tool Updates

Annual monitoring of the impacts and outcomes of the changes can occur regularly and result in
continuous improvement.

The evaluation process can be repeated as new information emerges, or additional opportunities to
integrate the SSA are identified.
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Impact on Countermeasure Implementation

The site-by-site effectiveness is aggregated by countermeasure type. Locations which significantly
underperform the average crash reduction can be considered for alteration or removal. This
evaluation can be conducted Citywide on an annual basis. This also informs decision making to
future implementation to prioritize higher cost benefit countermeasures over a wider range.

Strategy Performance Measures

Non-site-specific countermeasures like policy and strategy changes may be more difficult to
precisely measure than site-specific countermeasures due to the complexity of the change and the
correlating factors that make it challenging to isolate the direct safety impact of individual strategies.
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Appendix A — 9-point Checklist for Pedestrian and Bicyclist Safety

9-point Checklist for Pedestrian and Bicyclist Safety

Project: Date:

1. Context-Sensitive Planning
e Mo M

O O O Does the project align with the City's Read Safety Action Plan?

O Does the project align with the City's Active Transportation Plan?

O Does the project align with the City's Complete Streets Design Guidelines?

O Was community input received from pedestrians, bicyelists or disability advocates?

O In there an opportunity to incorporate temporary installations or pilot testing using tactical
urbanism strategies?

O Are pedestrian and bicyclist safety goals explicitly incorporated into project objectives?

O O 0O Is the project context-appropriate (e.g.. downtown core, villages, residential, school zone,
corridor with high pedestrian volumes, high injury network, high risk network)?

OoOo0OoOd
Oooao

O
O

Motes

2. FHWA. Proven Safety Countermeasures (PSCs) Implementation

Yoas Mo M

Pedestrian-Focused

O O O Are crosswalk visibility enhancements (e.q., high-visibility markings, signs) included?

O O O Are Pedestrian Hybrid Beacons (PHBs) or Rectangular Rapid Flashing Beacons (RRFBs)
considered where volumes warrant?

O O O Is pedestrian refuge space included at multilane crossings?

O O O Are lane reallocations considered where feasible?

Bicycle-Focused
O O O Are separated or buffered bike lanes or protected intersections incorporated?
O O O Are bike signals installed at intersections with complex vehicle movements?

Intersection/General Safety
O O O Are leading pedestrian intervals (LPIs) included at signalized intersections?

0 O O Are roundabouts or mini-roundabouts considered in place of signalized or stop-controlled
intersections?

O O O Are Access Management strategies (e.g., median treatments, driveway consclidation) used to
reduce conflict points?

1off
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Notes

3. Safe System Approach & Kinetic Energy Management
e Mo MA

O

O0Oano

O O Is vehicle operating speed designed to be survivable for VEUs (20-30 mph in mixed zones)?
O O Are narrower lane widths used (10-11 ft) to encourage lower speeds where appropriate?
O O Are vertical deflection elements (e.9.. speed humps, raised crossings) used to control speed?

O O Is conflict separation provided (time, space, or physical) between vehicles and
pedestrians/bicyclists?

O O Are forgiving roadside features (e.g., breakaway poles, clear zones) incorporated?
O O Is crash kinetic energy (mass * speed?) considered in design vehicle selection?

Naotes

4. Systemic Safety Principles

Yas Mo N

O

O

o

O O Does the project apply treatments proactively, based on risk factors (and HINFHEN), not just
crash history data?

O O Are proven countermeasures deployed broadly and redundantly along corridors and at
intersections with similar risk conditions?

O O Are areas of persistent poverty (APP) factored in when prioritizing countermeasures?

Notes

2ofbe
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5. Intersection & Conflict Point Reduction
s Mo M

O O O Are corner radii minimized to reduce twrning speeds?
O O O Are curb extensions or bulb-outs installed to shorten crossing distances?
O O O Is right-turn slip lane design modified to slow vehicles and improve pedestrian visibility?

O O O Are driveway access points minimized and made pedestrian-friendly? (ADA compliant?)

Notes

6. Intelligent Transportation Systems (ITS) Integration

Yis Mo MIA

0O O O Are automated pedestrian detection systems used to adjust signal timing?

O O O s bike detection integrated with signals for equitable timing?

O O O s the project coordinated with smart signal networks or adaptive signal control?

O O O Are real-time fravel info systems (e.q., dynamic speed displays, warning signs) leveraged to
improve user awareness?

O O O Are data collection devices (e.g., video analytics, counters) included for engoing evaluation?

Notes

7. Accessibility and PROWAG

Yes Mo NA

O O O Are ADA-compliant curb ramps and accessible pedestrian signals (APS) included?
O O O Are tactile waming surfaces and auditory cues provided where neaded?

O O O Are sidewalks continuous, well-lit, and unobstructed throughout the project?

Iofe
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Notes

8. Community Engagement & Education
e Mo MA

O O O Was input from pedestrian, bicyclist, and disability advocates included in design?
O O O Are education or awareness campaigns tied to any changes in infrastructura?
O O O Are there plans for follow-up evaluation post-implementation?

Notes

9. Maintenance & Sustainability
YeE Mo MA

O O O Is there a plan for year-round maintenance of bike lanes and sidewalks (e.qg., debris)?
O O O Are materials/detectors/flex posts selected for long-term durability and performance under
varying conditions?

Notes
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Checklist Summary

Category Met MNeeds Revision Not Applicable
FHWA Proven Safety Countermeasures O O [
Kinetic Energy Reduction Strategies Od O O

Safe System Principles O O O

ITS Integration O O |
Accessibility and APP O O O
Revision Notes

Investigator:

Reviewer: Review Date:

Reviewer Notes
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Actions (include anticipated dates and/or dates of completion)

Resul mpl r implementation Implementation Date:
Results Investigator: Date:
Notes
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