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EXECUTIVE SUMMARY

While the transportation network is meant to accommodate a variety of transportation
modes, the experience varies for the users of each mode. For example; an automobile, cyclist,
transit rder, and pedestrian will all have a very different experience traveling along the same
corridor. Often, the physical characteristics of the system that make travel easier or more
enjoyable for one mode may produce challenges or increase risk for uaeahar mode.

These heightened risks are most common at intersections and are especially relevant for users of
active transportation modes, such as pedestrians and cyclists.

Using bicycle and pedestri@nashdata fromWeber, Davis, and Utah Countig906-
2012) alongside a comprehensive site inventory of built environment charactehgicssearch
identifies
1 Which intersections have the highest rate of accidents for cyclists and pedestrians?
1 Do high accident intersections exhibit any charactesishiat are significantly different
from low-accident intersections?
1 Do areas with specific demographics experience more/less bicycle and pedestrian
accidents (e.g. a large percentage of young people)?

1 What physical characteristics make intersections mangerous for cyclists and
pedestrians?

This analysisaddressemany of the characteristics and issues concerning differences
between highand lowtrisk intersections for pedestrians and cyclisisidentifying which
characteristics are the most significant at prediatnaghrates. While the highand lowrisk
intersections seem to have an even spatial dispersion throughout the stydythreame
corridor clustering)this researcehowedhat highrisk ard low-risk intersections do differ

significantly in several ways.

First, highrisk intersections are significantly wider than tossk intersections. On
average a highisk intersection has an additional 14 feet of width. This additional width esquir
more time for normotorized travelers to cross and could result in a failure to clear the
intersection by the time the signal changes. Higk intersections also have more through lanes

than their lowrisk counterparts. Given these data the nextifsognt factor should come as no



surprise. Shorter signal lengths (green light times) result in a higher rate-wfatorized

crashes. Each additional 10 seconds of green light time results in 1.3 fewaoturized

crashes. Taken in context a wid#reet with more through lanes is more dangerous to cross, and
the likely culprit is that the signal time does not leave a pedestrian or cyclist with an adequate
window to safely clear the intersection. Additionally, as the number of green turn arrws at
intersections increased the number of-nwotorized crashes increased dramatically. For each
additional green arrow present in intersections in this sample, there was an increase of-5.47 non
motorized crashes. Finallyigh-risk intersections exhibd larger number of neresidential
drivewayswithin 100 meters of the intersection. L@isk intersections had an average of 4

fewer nonresidential driveways within 100 meters.

An analysis of demographics showed no significant correlation to crashfoateither
aggregate or specific active modes. While there was some variation in the demographies at high
risk versus lowrisk intersections, the differences were not significant. Additionally, only one
built-environment characteristic was signifidgrtorrelated to impact on the number of non
motorized crashes represented in this sample. Intersections located irusexaelelopments
experienced significantly fewer pedestrian crashes than intersections surrounded by residential or

commercial landuses.

Lastly, a parallel regression analysis of elasticities found that the presence of non
motorized crashes during construction at a given intersection significantly predicted an increase
in aggregate nemotorized accidents, as well as predictinggmigicant increase in cyclist
incidents. This implies that the presence of construction creates a significant hazard for non
motorized modes, specifically for cyclists.

Based upon the analysis conducted in this study, the following recommendations are
being made:
1 Evaluatesignal timing to better accommodate intersection width;

1 Reduce conflicts on green arrows by avoiding left turn parallel path crashes; and



1 Consideldimiting the number of nomesidentialaccess points in the upstream
functional area oén intersectiofbaseco n Ut ahdés AdmR98G6st r ati ve

Access Management)



10INTRODUCTION

1.1 Problem Statement

While the transportation network is meant to accommodate a variety of transportation
modes, the experience varies for the users of each n@ften, the physical characteristics of
the system that make travel easier or more enjoyable for one mode magepcbdllenges or
increase risk for users of another modetive travelers, such as cyclists and pedestrians, are
often faced with an increased risk due to their limited protection and increased vulnerability,
especially at intersections where they agestiikely to come in contact with motor vehicles.

1.2 Obijectives

This researchuilds upon a 2012 pilot study conducted in Salt Lake County and seeks to
furtherdetermine what characteristics make intersections more dangerous for cyclists and
pedestrias. Similar to the pilot study, this researfitst identifies intersections with high rates
of active mode crashes and injurieghe three additional counties that comprise Utah's Wasatch
Front (Weber, Davis, and Utah Counties). Netttaough analsis of the physical
characteristicsf the highrisk intersectionss conductecndanydifferencesfrom intersections
that have fewer active modeashes are identifiedBy identifying the characteristics that make
an intersection dangerous for activedas, UDOT caibe better informed regarding which
negative characteristi¢e avoid when designingew intersectionwhile also working tonake
appropriatechangego existing intersections to improve safety for cyclists and pedestrians across
Utah.

1.3 Scope

Using bicycle and pedestrian accident data filvgber, Davis, and Utah Countig€062012)
alongside a comprehensive site inventory of built environment charactethsdicssearch

identifiesthe following:

1 Which intersections have the higheserat accidents for cyclists and pedestrians?



1 Do high accident intersections exhibit any characteristics that are significantly different
from low-accident intersections?

1 Do areas with specific demographics experience more/less bicycle and pedestrian
accidents (e.g. a large percentage of young people)?

1 What physical characteristics make intersections more dangerous for cyclists and
pedestrians?
By answering these questions, this report idexstdharacteristicshat contribute to or

detract from bicycle and pedestrian safety at intersections, and Eotdenmendations for

siteimprovements based on the analysis.

1.4 Outline of Report

This reportis organized according to the following sections. Section 2igee\abrief
literature review examining the impacts that the built environment has on bicycle and pedestrian
safety, specifically at intersections. Section 3 outlines the research methods employed in this
work including a description of the study area gustifications. Section 4 presents the data
collected for this study and provides summary characteristics for each of the intersections
included in the analysis as well a discussion of local demographics and level of service variables.
Section 5 presés both qualitative and quantitative analysis comparing-hgkand lowrisk
intersections including relationships betwéleaintersectionécharacteristics (i.e. surrounding
demographics, level of service, built environment, presence of construttipand accident
rates as well as analyzing correlations between intersection characteristics and accident severity.
Section 6 provides conclusions based upon the data provided in the previous sections and Section

7 outlines t he auferimplem@rgatione c o mmendati ons



2.0 RESEARCH METHODS

2.1 Overview

This section provides larief overview of the existing research literature regarding
intersection characteristics and bicycle and pedestrian safety.

2.2 Bicycle and Pedestrian Safety

Pedestrians killeth traffic crashes accounted for nearlydércent of all traffic fatalities
and69,000injuriesin 2011 An additional 48,000 injuries and 677 fatalities were reported for
cyclists (NHTSA, 2011).In 2009, Utah had 19 pedestrian fatalities accounting for
approximately 7.8% of all state traffic crash fatalities, while cyclist fatalities accounted for an
additional 2% (NHTSA 2009). Automobiles alone cannot be blamed for pedestrian and cyclist
fatalities. Research has shown that both motorists andtsyjpéidestrians are frequently
observed commiltet ivihglfatroaoadsod at i ntersections
(Cinnamon, Schuurman, and Hameed 2011), and most bicycle crashes at intersections occur as a
result of failure to yield (Schepg et al 2010). Additionally, there are two vulnerable
populations when it comes to bicycle and pedestrian crashes; the young (ages 18 and under) and
the elderly (ages 65+). Pedestrians in these two groups alone account for over 26% of traffic
crash faalities (NHTSA 2009). Children are especially vulnerable because they are often
Aexposed to traffic conditions that exceed th
parents often overestimate t HOsdr D% afallicyclists i es (D
killed in 2011 were between the ages of 5 and 15 years old (NHTSA, 2A1ékent CDC
study reported that one of the top reasons parents do not let their children walk to school is
concerns about traffic (Dukehart, et al 2007). Thdexce shows that cycling and walking can
be dangerous forms of transportation, as the user is more vulnerable than someone traveling in a
motor vehicle. The question then becomes, what factors make the environment more dangerous

for pedestrians and cysts?



2.3 The Impact of the Built Environment

The U. S. Department of Transportationds (U
effective pedestrian accommodati on wherever
however, in reality most local municipalitids not have the funding to provide adequate
infrastructure for all users on all roads, nor would it make practical sense to do so.
Approximately 24% of all nomotorist involved accidents in 20@&®09 (ncluding 59% of
bicycle injurieg took place in intesections (NHTSA 201), and accidents occurring at
intersections have been shown to be more severe for cyclists and pedestrians than those
occurring midblock (Zahabi, et al 2011). However, accidents involving pedestrians and cyclists
rarely occur repeatity in the exact same locations making it difficult to determine not only what
circumstances lead to these crashes, but what could be done to prevent them in the future.
Several studies have been conducted in an attempt to identify dangerous chacaaeristi

intersections, as a way to reduce the risk faced by active travelers.

Existing research has shown that a number of key characteristics play a significant role in
increasing the risk a pedestrian or cyclist faces at any given intersection. Thegincl

1 Traffic volume (MirandaMoreno, Morency, and Ebeneidy 2011MirandaMoreno,
Strauss, and Morency 2011; Schneider, et al 2010; and Singh, et al 2011)

1 Landuse mix (MirandaMoreno, Morency, and Ebeneidy 2011; Schneider, et al 2010;
Zahabi, et aR011)

1 Dedicated right turn lane8(rbidge, 2012Schneider, et al 2010)

1 Presence of neresidential driveways within 50 feet of an intersection (Schneider, et al
2010)

1 Percent of residents under agelitthg within a % mile of the intersection (Schneidetr
al 2010)

1 Intersection width and number of through lanes (Singh, et al 2011)

Signal cycle time(Singh, et al 2011)and

1 Presence of bike lanes (Singh, et al 2011)

=

Although research has shown that there are specific components that can make some
intersections more dangerous than others, a majority of cities and regions are still using a
simplistic bikeped infrastructure approach to improving bicycle and pedestrian safety, rather

than addressing intersection characteristics more holistically. Borg& the United Kingdom



Department of Transport recently created a management strategy to help minimize cyclist and
pedestrian risks, it includes: reducing traffic speeds and volumes; providing intersection
treatments, traffic management, and hazardrgtgments; improving carriageways (sidewalks);
providing bike lanes; and converting footpaths to shassdcycle paths (Singh, et al 2011). Of
these strategies, only traffic volumes have been shown to significantly impact cyclist and
pedestrian safetyThis businesssusual approach to planning may have long term

consequences when it comes to the safety of active mode users.

2.4 Summary

While the specific characteristics above have been identified as factors affecting
pedestrian and cyclist safety atdrgections in a variety of studies and locations across the
country and world, there is little data available regarding traffic safety in Utah, and more
specifically along the Wasatch Front. The following sections will provide an analysis of data
gatheredn this region to help local transportation planners focus on strategies to improve

bicycle and pedestrian safety and to avoid installing infrastructure or making roadway and

intersection Ai mprovementso that lstg&y in fact



3.0 DATA COLLECTION

3.1 Overview

The following section provides a complete discussion on the data analyzed in this report
as well as presenting an overview of descriptive characteristics for each of thechiigsd in
the analysis. This section provides data on which intersections were selected for analysis, a
summary of their characteristics, a description of local demographics surrounding these
locations, a discussion of intersections construction timasjiand a description and discussion
regarding different measures for bicycle compatibility and level of service.

3.2 Study Area

Theanalysis described in this report

takes place iWeber, Davis, and Utah
Countes (highlighted in Figure 1) These

three counties make up the bulk of the land
areaalongUtah's Wasatch Froi(8,023
square miles), the urbanizateacontaining
both the Salt Lak€égden and Provo

Metropolitan Areas. These counties also
contain37 percent olUtah'spopulation(U.S.
Census2010).

This analysiduilds on a prior pilot

study ofSalt Lake Countyo completean

analysis for the remainder of tBalt Lake
Metropolitan Region It is anticipated that Figure 1. Project Study Area
additional work will be completed subsequent to

this research to examine the less urbanized and rural areas of the state.



3.3 Intersection Data Collection

Crash data foweber, Davis, and Utah Countiess acquired from the Utah Depment
of Tr anspor tTadfic andSafsty DjvisidiOThe data file included a list of the
3,464crashes that occurred Weber, Davis, and Utah Countiestween 2006 and 221
involving at least one pedestrian or cyclist, and provided infoomatn the location (UTM
coordinates), date, time, number of persons involved, traveler type (motorist, cyclist, pedestrian,
etc), and crash severity. The data were imported into a Geographic Information System (GIS)
database in order to spatially identibzations with a high frequency ofashe®ccurring during
the designated time period. Because street location was not specifically identified until 2009
(prior to thatcrashesvere recorded by mile marker) the data from 20068 were ge@oded to
align with exact street addresses. Using spatial analysis techniques (available in Arc\iew 10.
intersections were sorted according to the number of accidents that took place.

After identifying high and lowtrisk intersections (describdzklowin Section3.4.1), a
comprehensive inventory was conducted for each site, including both intersection specific
transportation system characteristics (signal timing, presence of turn lanes, pedestrian
countdowns, etc.) as well as built environment and urban formatbestics (laneuse,
sidewalks, curb radius building setbacks, presence of street trees, local transit access, etc.).
Table 1 below shows a complete list of the characteristics included in the inventory. Itis
important to note that the characteristicduded in this analysis were identified based upon the
literature described iBection 2the expertise of several local consultants and UDOT staff

membersand lessons learned from the Salt Lake County Pilot Study

Data for each of these characteristicas collected using a combination of field visits and
aerial photograph analyses/evaluations. Each intersection was visited in person at least one time
to conduct precision measurements as well as to acquire on site pedestrian and cyclist volume

counts.

! Crash data and analysis presented herein are protected under 23 USC 409

10



Table 1. Intersection Inventory Characteristics

Transportation System Built Environment Characteristics Other Data
Characteristics

# of Roadway Legs (out of 4)| # Sidewalks Median income (within % mile)
Speed Limit SidewalkWidths % population <18 (within ¥ mile
Level of Service Curb Radius % population <65 (within ¥ mile
Number of Lanes Pedestrian Approaches (#)
Road Width LandUse (Res, Comm, Mixed)
Bike Lanes Street Trees
Signals (light, stop sign, etc.)| Building Set Back
Signal Timing Bus stops (within ¥2 mile)

Dedicated Left Turn Lane (#)| Non-Residential Driveways (within ¥ mile
Dedicated Right Turn (#) Rail Stops (within ¥4 mile)

Raised Center Median (#) Trails (within ¥4 mile)

# of ThroughLanes Freeway on/off ramps (within ¥4 mile)
Crosswalk (#)

Pedestrian signals (#)
Pedestrian Signal Timing

The following subksections summarize the data collected through the intersection
inventories as well as qualitative and quantitative analyses comparing threskighd lowrisk
intersections. All inventory data presented in the tables was acquired throut he aut hor 6s

inventories and measurements unless otherwise cited.

3.4 High-Risk and Low-Risk Intersections

3.4.1 Identifying High- and LowRisk Intersections

The first goal of this report was to identify which intersectiond/gber, Davis, and Utah
Countieswere the most dangerous for pedestrians and cyclists during the given time period
(20062012). Originally the analysis sought to identify the 10 most dangerous interseftio
pedestrians and cyclists in each coubty, asubstantial droff in crash rates resulted in only 9
being selected for Utah County, for a total of 29 hiighk intersections Table 2 below shows
the coordinates of the intersectionsach countyvith the highest frequency of cyclist and
pedestriarcrashesas well ashe number o€rasheshat occurred during the given time period
and t he i munieipalfoeion witbimti@ sounty
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Table 2. High-Risk Intersections

Intersection Coordinates #CI?;ksiePs*d City County
12th St. Washington Blvd 12 Ogden Weber
1900 West 5600 South 8 Roy Weber
4000 South Riverdale Rd. 8 Riverdale Weber
25th St. Washington Blvd 8 Ogden Weber
25th St. Wall Ave 7 Ogden Weber
1900 West 4400 South 7 Roy Weber
1900 West 4800 South 7 Roy Weber
42nd St. Harrison Blvd 6 Ogden Weber
30th St. Harrison Blvd 6 Ogden Weber
2600 North Washington Blvd 6 North Ogden Weber
Antelope Dr. Hilfield Rd. 18 Layton Davis
500 South 200 West 12 Bountiful Davis
700 South State St 12 Clearfield Davis
2600South Hwy 89 11 Bountiful Davis
500 South Main St 11 Bountiful Davis
Hillfield Rd. and Main St. 10 Layton Davis
Antelope Dr. University Park Blvd. 10 Layton Davis
2000 West Antelope Dr. (1700 South) 9 Syracuse Davis
1000 West Antelope Dr. (1700 South) 9 Syracuse Davis
300 North Main St. 9 Clearfield Davis
Bulldog Blvd and University Ave. 17 Provo Utah
State St. and Center St. 16 Orem Utah
800 South State St. 14 Orem Utah
200 North West State St. 13 American Fork Utah
Bulldog Blvd and Hwy 89 13 Provo Utah
Freedom Blvd and Bulldog Blvd 13 Provo Utah
15001600 South Center St. 11 Orem Utah
1720 North State St. 11 Orem Utah
800 North University Ave. 10 Provo Utah

Total= 234

*This totalincludes allcrashesnvolving at least oneyclist or pedestrian that took place within 100 feet of the
listed intersectiometweer?006:2012 (Source: UDOT Safety Division)

High-risk intersections are spread througheath countyhowever, therare several
noticeableclusters. In Weber Countliree highrisk intersections are conspicuously close
together along 1900 West in Roy. There is also a presence dfiskghtersections along
Washington Boulevard in Ogden, however they are spaced significantly further lapR2etvis
County nearly half ofhe high-risk intersections are located on Antelope D@ Additionally,
two are located within blocks of each other on 500 SoutloimBful. Highrisk intersections in
Utah County are located along two main caorg] State Street in Orem (4) aBdlldog
Boulevard in Provo (3). Figuse, 3 and delow show the spatial distribution of Higisk

intersections by county.
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Weber County High-Risk Intersections
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Figure 2. High-Risk Intersections, Weber County
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Davis County High-Risk Intersections
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Figure 4. High-Risk Intersections, Utah County



Because the second research question in this saekgo determine how the physical
characteristics of highisk intersections differ from intersections with lavashrates, a second
sample of lowrisk intersectionss required. Using the GIS database described in Sectn 3
ten intersections were seledtthat exhibited both loarashrates, as well as comparable site and
situation characteristics to the higkk intersections (although built en@hment characteristics
will differ). Table 3 shows the coordinates for the-tlisk intersections, as wedls the number
of crasheghat occurred during th&udyperiod, andthe nt er secti onds muni ci p:
the county Figures 5, 6, and 7 below show the spatial distribution of-Liskwintersections in

each county.

Table 3. Low-Risk Intersections

Intersection Coordinates #C?;I;e;eP;d City County
4600 South Harrison Blvd 3 Ogden Weber
12th St. Wall Ave 3 Ogden Weber
25th St. Lincoln Ave 2 Ogden Weber
3535 West 5600 South 1 Roy Weber
1900 West Riverdale Rd. (53@)) 0 Roy Weber
3100 West 4800 South 0 Roy Weber
5600 South Harrison Blvd 0 Ogden Weber
900 West Riverdale Road 0 Riverdale Weber
4th St. Washington Blvd 0 Ogden Weber
22nd St. Grant Ave 0 Ogden Weber
1225 North Hillfield Rd 3 Layton Davis
Antelopeand Woodland Park Blvd 3 Layton Davis
500 South 500 West 3 Bountiful Davis
Parrish Lane 400 West 2 Centerville Davis
200 North Main St 2 Kaysville Davis
Gordan Ave and Fairfield Rd 2 Layton Davis
1000 East 1700 South 2 Layton Davis
1800 SouttOrchard Blvd 0 Bountiful Davis
300 North 2000 West 0 Clearfield Davis
1000 West 800 North 0 Clearfield Davis
1600 North State St 4 Orem Utah
400 South State St. 4 Orem Utah
University Pkwy and Main St. 4 Orem Utah
500 West 940 North 3 Provo Utah
1850 N. State St 2 Provo Utah
800 North 800 East 2 Orem Utah
Bulldog Blvd and Canyon Rd. 1 Provo Utah
Main St. and State St. 1 Lehi Utah
University Ave Center Street 1 Provo Utah

Total= 48

*Thistotalincludes allcrashesnvolving at least oneyclist or pedestrian that took place within 100 feet of the
listed intersectiorfrom 2006-2012 (Source: UDOT Safety Division)
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Figure 5. Low-Risk Intersections, Weber County
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