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EXECUTIVE SUMMARY

The goal of this study is to improve the safety of the bicycle and pedestrian network on CDOT roads within
Regionl (Adams, Arapahoe, Broomfield, Clear Creek, Denver, Douglas, Gilpen and Jefferson)Cdunties
Technical Advisory Committd&@AQ consisting of up to two staff from each of the Cities and Counties
within Regionl, plus Colorado Department of Transportati@DOT), Federal Highway Administration
(FHWA) and Denver Regional Council of Governments (DRCOG) staff guided the inputs and assumptions
during the study, while local agencies and the public provided feedback on areas of concern and ideas for
improvement trough a robust online survey called MetroQueBhis document provides a guide to
identifying areas of higher potential riskreas of bicycle and / or pedestrian concern, and a list of safety
countermeasures that could apply to state or local roadways.

HOW TO USE THIS DOCUMENT

This document is intended to serve as a tool to help municipal staff, elected officials, and community
stakeholders improve bicycle and pedestrian safety on CDOT roads throughout Redibis study
evaluated all CDOT roads withitegionl and identified a set of priority locations for which safety
countermeasures and conceptual designs were developed. While many locations within the region were
identified as having an elevated level of risk or high demand for bicycle and peddstpeovements,

the scope of this project was limited tdl lop locations. Despite the limited number of top locations
selected, there are several elements of this study that cities, counties, and stakeholders can use in
pursuing transportation safety grésand prioritizing and budgeting for safety improvements on state and
local roadways within the region.

Corridor Risk

The process for identifying top locations included two steps: 1) crash identification, and 2) systemic
evaluation.Figure 5within this report shows the crash scores for every % mile segment of state roads
within the region. The segments with the highest scores are those with the largest number and/or severity
of crashes, representing an elevated level of risk licaly a greater need for the introduction of safety
countermeasures.

The second piece of the study included a systemic evaluation which looked at the roadways where crashes
occurred and identified specific features (i.e. speed, volume, number of laheslder width, etc.) that
correlated to an increased level of risk. These risk factors were scored and the combined score by % mile
segment of road is shown frigure 3&f this report. The roads with the highest scores ar@eaisded with

the highest level of systemic risk. When preparing safety grant applications, this report can be referenced
to show the level of risk (crash and/or systemic) a specific corridor was shown to exhibit.

Bicycle/Pedestrian Demand & Areas of Conce

During this study, an online survey tool was used to gather feedback from local agency staff, advocacy
groups, and the general public. Ov&B00 people responded to the survey, providing 08800 data

points on the mapping portion of the survey. Thel dataset of responses was provided to th&C
members during this project and can be used to identify areas of concern, interest, or demand for bicycle
and pedestrian improvements. Once this project is complete, CDOT can be contacted directly for the
dataset, which includes a map showing where comments were located and the comments themselves.
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Safety Countermeasures

Reviewers can consider and apply the countermeasures identified in this report to improve bicycle and
pedestrian safety at intersectiong along roadway segments. While CDOT roadways were the focus of
this project, countermeasures may be considered for both state and local facilities.

As previously indicated, the project team identifietl specific locations throughout the region. For each
location, a set of countermeasures was identified to address specific crash patterns, risk factors, or field
observations. Users of this report should review thddcations and their identified crash patterns and
field observations to determine if thegre dealing with comparable facilities or intersectioRgjures 4
through 7 provide detail on the crash data, field observations and potential countermeasures for each
of the top locations. As users of this report identifyrquarable facilities, the countermeasures, concept
designs and cost estimates Bigures B through 74 may prove valuable for future planning / design work

and budgeting purposes.

As requested by th&AG the final section of thiNBS LIAMEptaiie Countermeasures LIN2 A RS& | &l
of acceptable countermeasures, resources where additional measures can be found, and links to sites
containing design guidance, cost estimates, reseanol,case studies

NETWORK SCREENING

The primary analysis for this study was a netwcFigure E$: Bicycle & Pedestrian Crashes
screening comprised of two components, 1) bicyc'-

and pedestrian crash analysis and 2) systemic sa Total Crashes (2012020)
analysis was conducted to identify roadways with
history of severe bicycle and pedestrian crashegh h
crash density, or potential for a higher risk «

crashes. _
= Bicycle

The crash analysis included the latest five (5) year: = Pedestrian
available bicycle and pedestrian crash dafaly

2015 thruJune 202D Only bicycle and pedestriar
crashes on CDOT roads within Regibnwere

SOl fdz SR RdzS G2 dGKS &a... . _. ... .e_..c. ..R /5h¢C¢
ability to program state funds and maintenance. Figure EQ: Bicycle & Pedestrian Fatalities

total of 2,222 bicycle and pedestriacrashes were
identified.

Fatal Crashes (2012020)

As shown on Figures ES1 and ES2, pedestrian cre

accounted fol68 percent of the2,222crashesand94 W
percent of the fatalities, indicating that pedestrian
are at higher risk for fatalities. FigureS3and ES4
show the regional distribution of bicycle an
pedestrian crashes. Pedestrian crashes were m
distributed across the region than bicycle crashes.

= Bicycle

= Pedestrian
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Figure ES: Bicycle Crash Locations (22020)
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Figure E8: Pedestrian Crash Locations (2@020)
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For the network screening, the roadway network was divided into %2 mile segments. Each segment was
assigned a crash score based on the presence and severity of bicycle and pedestrian crashes. Segments
and intersections with high crash scores were evaluaad a list of top crash locations identified.
Systemic risk features were developed based on the roadway characteristics of the high scoring crash
segments and each % mile segment of the network was scored foFigskeE S5 illustrates the resulting

systemic risk score per segment for the region.

Concurrent with the network screening and risk analysis, a MetroQuest interactive online survey was
conducted. The survey resulted in 0\&B00 people identifying ove®,800 poirts of concern associated

with pedestrian and bicycle travel in RegitnConcentrations of comments within MetroQuest were
evaluated and added to a list of MetroQuest hot spot locations that were cross referenced with the
systemic risk scores and placedarder of highest to lowest systemic risk scofide resulting list is
referenced throughout the report as the top systemic locations.

TOP LOCATIONS

/' 5he¢Qa 3A2Ff F2NJ (KA A atioisdbBtR frod Itha crast? analySisS ghd hé orel 2 LJ
proactive approach to safety, the systemic analySigeof the top locations came from the list of bicycle

and pedestrian crash hot spots, and the remaingiiglocations were selected from thtop systenic

locations The list of top locations is shown in Table ES1, below.

Table ES: Top Locations

Local Agenc% Top Locations Type
Aurora Segment of Colfax from Moline to Peoria Crash
Aurora Intersection of Colfax/Havana Crash
Glendale Intersection ofColorado/Mississippi Crash
Aurora Intersection of Colfax/Moline Crash
Aurora Intersection of Colfax/Chambers Crash
Westminster | Intersection of US 287 (Federal Blvd) / 70th Ave Systemic
/ Adams Co
Wheat Ridge| Intersection of Wadsworth / 32nd and/adsworth from 32nd tq Systemic
35th
Wheat Ridge| Intersection of Wadsworth / 26th and Wadsworth from 26th [ Systemic
/ Lakewood | 29th
Bennett Intersection of Colfax / Adams Systemic
Bennett Palmer Ave from Colfax to 8th Systemic
Bennett Intersection of 1st St / Centennial Systemic
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Figure ES: Systemic Risk Score Per Segment
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SAFETY COUNTERMEASURES

An evaluation of the top locations was completedrailable bicycle and pedestrian crash data were
reviewed to identify any patterns in the data or unique characteristics related to each location, and
MetroQuest comments were reviewed to better understandséixig concerns. Traffic counts were
collected and reviewed, and field evaluations were conducted to gather a better understanding of the
specific conditions of each site. Traffic patterns were observed, site specific challenges noted, and various
safety ountermeasures were considered. For each of the top locations, a detailed summary of the bicycle
and pedestrian crash results, field observations, and safety countermeasures are providedras 4

thru 57 of the final repot. Concept designs, crash modification factors, cost estimates, and benefit to cost
ratios for each of the top locations are includedtigures B through 74 of the report. A summary of the

top countermeasures for each locatigincluded in Table ES2 below.

Table E: Top Countermeasures by Location

Top Locations

Top Countermeasure

Local Agenc%

Aurora Segment of Colfax | § Add a marked crossing with a pedestrian refuge and HA
from Moline to signal between Nome Street and Oswego Street
Peoria

Aurora Intersection of 9 Curb extensions in the northwest and southeast corners
Colfax/Havana and queue jumps for eastbound and westbound buses

9 Evaluate the feasibility of passive pedestrian detection

Glendale Intersection of 1 Modify left turnsignal phaséo protected by pedestrian ca
Colorado/Mississipp

Aurora Intersection of 9 Curb extensions in the northwest and southeast corners
Colfax/Moline

Aurora Intersection of 1 Add rightturn channelization from Colfax Avenue to
Colfax/Chambers Chambers Road

Westminster
/ Adams Co

Intersection of US
287 (Federal Blvd) /
70th Ave

9 Complete sidewalk connectivity on the west side and
southeast side of Federal Boulevard
o Update the northwest pedestrian ramp tdlow access
for pedestrians with disabilities

Wheat Ridge

Intersection of
Wadsworth / 32nd
and Wadsworth
from 32nd to 35th

1 Remove northbound right turn lane, tighten southeast
corner radiusand add a curb extension in the northeast
corner

1 Widen 329 Avenue to the south to provide east/west bike|
connectivity at the intersection

f!' RR ¢cQ aARSgl 1 2y™and3R ddte
sides)
Wheat Ridge| Intersection of { Widen the east leg to connect bike lanes o' 26/enue in
| Lakewood | Wadsworth / 26th both directions

and Wadsworth
from 26th to 29th

1 Add sidewalks on Wadsworth from 26 29" (west side)
1 Fill the sidewalk gap from %8 @S (2 wmTpQ &

Bennett

Intersection of
Colfax / Adams

1 Curb extension in the southwest corner
1 Convert intersection to allvay stop with flashing beacons

Executive Summary
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Bennett Palmer Ave from 1 Enlarge triangle median island and extend curb betwekn

Colfax to 8th Street and & Street
Bennett Intersection of 1st S| T Widen the raised median island and shift the crosswalk
| CentennialDr north

1 Install highvisibility crosswalk striping and add an RRFB

ACCEPTABLE COUNTERMEASURES

TACmembers indicated that identification of countermeasuaeeptable to CDOWas something they

hoped would come out of this study. As a result, TaBkesnd 25, within this report provide a list of
resources for identifying acceptable countermeasures, design guidance, best practices, research, and case
studies. Many of the countermeasures provided are also great candidates for safety grant fluodialg.
agencies should work with their respective reape team to better understand the cause of crashes so

that appropriate countermeasures can be implemented.

Additionally, this section outlines potential funding sources to progress projects into design and
implementation.These include the Highway Safétyprovement PrograniHSIP)Funding Advancements

for Surface Transportation and Economic Recovery Act (FASTER), Revitalizing Main Streets, Safe Routes to
School, and the DRCOG Transportation Improvement Program.

NEXT STEPS

This section outlines how CDGTprogressing all of the top locations forwaltthprovements for five of
the locations will be designed using vision zero funds, HSIP / FASTER grant applicatioes ddthe
locations will be preparedwo of the locations were awarded funding duritftjs project, and the final
location CDOT will work with the City and County of Denver to implement signal timing adjustments.

IMPROVING THE PLAN

The final section of the report outlines ways that this plan could be improved in the future. Suggestions
indude enhancing the crash data set by following the Model Minimum Uniform Crash Criteria Guideline
(MMUCC) MMUCC identifies a minimum set of motor vehicle crash data elements and their attributes
that States should consider collecting and including irtistate crash data system. Additionally, it is
suggested that for future studies, datasets such as intersection locations, intersection control (signal
versus stop control or roundabout), intersection geometry;sbreet parking, access spacing, locatisn
sidewalks to the vehicle travel lane (separated versus adjacent) would be helpful in identifying additional
risk factors.

I MMUCC | NHTSA
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FINAL REPORT

INTRODUCTION

CDOT has historically focused safety and mobility of MOVING TOWARDS
vehicleson CDOT roadways. More recently CDOT h ZE R(m
shifted to a mentality oimproved safety and mobility for all .

users.Policy Directive 1602 and Procedural Directive 1602

state that CDOWwill promote transportation mode choice ™

by enhancing safety and mihiby for bicyclists on or along the state highway systéatditionally in 2015
CDOTlaunched Moving Colorado Towards Zero Deaths, which sefsahof zero deaths for every
individual, family or community usirig2 f 2 NiariR@@adon network.

The goal of this studyasto improve the safety of the bicycle and pedestrian netveak all CDOT roads
within Regioril through the identification o& program ofrojectsand working collaboratively with local
agencies on funding opportunitie¥his study starts witmetwork screeningvhich is an evaluation of
crash history and available roadway data to identifgdways withithe potential forhigher riskFFrom the
network screeningnd public engagement results list of toplocationswasidentified for development
of safety countermeasureshe top locations excludethe City and County of Denver as therre
working on a similar study that addreskkicycle and pedestrian safetyhe top countermeasuresere
advanced into conceptual desigwith estimates of cost.

ENGAGEMENT

Overview

Engagement for this project include robust online MetroQuest survey and regular meetings with
Technical Advisory Committd€@AQ. The MetroQuest survey was made available to the piiblimoth
English and@nishfrom January 7, 202through Februaryl8, 202, and received ove2,300 responses
across the region. A summary of the MetroQuest ressltiscussed later in this report.

The purpose of th& AGvasto discuss progress and assumptipasd garner support on various elements

of the project.TheTACconsised of up to two staff from each of th€ities and Countiesithin Regior,
plusmultiple staff from Colorado Department of Transportation (CDCGEQeral Highway Administration
(FHWA) and Denver Regional Council of Governments (DR@Qi&]er to allow all voices to be heard,
the TAC wasriginallybroken into East and West, and each TAC meeting held tWhis.method was
used for the first two T& meetings, after which it was determined that a single TAC meeting would
provide more benefit to the members and subsequent meetings were each held Arstenmary of the

first round of TAGOmeetingsis provided belowSummaries of the remaining TAC megsrare provided in

the relevant sections of the report.

TACH1 ¢ Project Overview

The firstround of TACmeetings washeld onJanuary 6, 2022nd included a discussion dfACroles &
responsibilities and the project study area, goals, overview, and sahdduting this meeting participants

were polled on their thoughts regarding what they hoped the project would achieve, their top two project
selection priorities and how the project could benefit their municipality in the H@mm. TheTAQ & (1 2 LJ
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two priorities for selecting projects were safety and network connectivibBAC membeoalsfor this
project andways they said the projectould support the local agencies included:
1 Coordinathgwith Local Agencies
0 To work together omrojects where CDOT and County/City roads intertaa@ads that
form the border of two local agencies
o Improvingthe bike/pedestrian network on Sheridan between™and 4F!
0 To provide onnectivity between jurisdictions
0 To have consensugith local agegies on areas where improvements are needed
1 SafetyMultimodal
0 Provide afety for all users
0 To makedowntownsmultimodal
0 Incorporate safédikeways that reduce traffic
0 Increase safety and access on C@tlsand arterial streets
o0 Focus ommultimodal safety on/across CDOT roads
1 Countermeasures
o0 Provide onnectivity to existing resources or resources under development
Ensure onsistency in evaluation and identification of countermeasures
Provide nnovative countermeasures
Provide a better nderstandingof contributing factors of crashes
Developa data-driven approach t@addressingrash patterns
Provide aaptations for municipalities
Identify proactive rather than reactive improvements
Developa wiform approach for safety throughout the regiarith afocus on individual
locations
o Identify relevant and applicable improvements for urban versus rural roads
1 Other
o ldentify hot spots and prioritize areas of need
Developa drategy for maintenance of separated bikeways
Revisit CDOT standardsiteorporate béycleand pedestrian safety
Develop Community Educationthat focuses onVision Zero, Complete Streets, and
Multimodal Transportation

NETWORK SCREENING

Overview

A network screening is the process by which kigk roadwaysor intersectionsare identified The
network screening was completed in two steps; h)amalysisof bicycle and pedestrian crashess
completed to identify locations with a history of severe crashesl/or high crash densitghot spots) and
2) a systemic safety analysigas conducted to identify roadwaywith higher risk forbicycle and
pedestriancrashes based on thgeneralroadwaycharacteristics

O O0OO0OO0OO0OO0OOo

O OO

The goal fotthe network screeningvasto identify locations on the CDOT Regibmoadway network
where the implementation of safety countermeasures worddult in asignificant increase in safety for
bicyclists and pedestrian¥he resultdrom the network screeningvere used to prioritize locations for
further study.
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Data Collection

Before crash analysis or systemic safety analysis coulcTablel: Datasets Used in the Analysis

completed, available datawas gathered and reviewed]
Available data from the Colorado Department of
CNI YALRNIFGA2YQa hyftAyS ¢

Datasets Used in the Analysis

Bicycle and Pedestrian Crash Data
(July 201%; June 2020)

(CDOT OT)&andthe Denver Regional Cocil of Governments

Jurisdictional Classification

(DRCO¥ was reviewed to determine applicability an

Functional Classification

usability for this study. Data sources that were associated v

Lighting

a CDOT route and milepost were generally applicable to

Speed Limit

study. Route and milepost fields connected the data back
the CDOT highways network in a cohesive manner t

Iélfumber of ThrlLanes

AADT (2019)

enabled route event overlays (dynamic segmentation)
analyze multiple sets of attributes together. Additionally,

;;éhoulder Width and Type

V/C Ratio

should be noted thatlocation (intersection versus non
intersection) and light condition (daylight versus dar

\Sidewalks

Bike Lanes

information reported in this study comes directly from th
crash databaseMany of the linear attributes (AADT, spee

Median Type

2NN (A z

thru lanes, etc.) were sourced directly from the CDOT Highways dataset. In addition, CO@&dmtata
from their Bicycle Level of Stress analysis, conducted in 2018, which allowed for the incorporation of bike

lane and sidewalk datdhe complete list of datasets used in the analysis is provided in Table 1.

Additional datawas identified thouglbRCOG andasreferenced to help prioritize the top locations.

Those datasets include:

Vulnerable Populations by Tract ACS 220459
Regional High Injury Network and Critical Corridors
Pedestrian Focus Areas

Bicycle Facility Inventp

Crash Analysis
Overview

The bicycle and pedestriacrashdata was evaluatetb identify locations with a history of severe crashes
and/or high crash densityhpt spot9. The crash analysiacluded the latest five (5) years of available
bicycle andpedestrian crash datad{ly 2015 to June 202D The yearto-year data indicates that
approximately 450 bicycle and pedestrian crashes occur annually, however, between January 1, 2020 and
July 1, 2020, only 144 crashesdhaeen reported, indicatingither a potential decline in bicycle and
pedestrian crasheesr fewer crashes occurring in the first half of the ye@mnly crashes on CDOT roads
within Regionl were evaluateddue to the size of the region artle availabilityof crash data on local

roads. It is important to note that the crash analysis only inclddeported crashes®me cities across

the U.S. have compared crash reports with hospital discharge, noting that a large percentage (45%) of
bicycle/pedestrian injdes resulting from a traffic crash ¥anot been reported.
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Crash 8&verity and Distribution Figurel: Bicycle & Pedestrian Crashes by Se
A total of2,222 crashes 1,513 involving pedestriars _ _
d 709 involving bicycles) were identified. Crash Bicycle and Pedestrian Crashes
and g bicycles) were - By Severity (2015 2020)
severity was evaluated to identify the proportion ¢
. g 100%
severe crashes (defined as fatal and injury) to prope 12%
damage onlfPDO)xrashesn the network As shown in ~ 90% 24% (176
Figurel, of the 2,222 bicycle and pedestrian crashe (0
recorded along CDOT Regibhighways143were fatal,
1,733 resulted in injury, and346 resulted in property 70%
damage only. The percent of crashes resultingam 5,
injury were similar between bicycle and pedestrie )
crashes; hwever, the percent of crashes resultingan 0% (17 %"3
fatality were higher for pedestrian crashes. Therer&v 409 75%
134 fatal pedestriarcrashesand 9 fatal bicycle crashes (530)
pedestrian crashes exhibit a higher probability of fatali
than bicycle crashes. 20%

80%

30%

Looking for trends in the data, thedycle and pedestrian 10%
crasheswere distributed over the study yea(Bigure 2). 0% 1% ©) -
Between 2016 and 2019jdycle and pedestrian crashe Bicycle Pedestrian
consistently totaled sound 450 crashes annuallBoth mFatal = Injury = Property Damage Only
2015 and 202@ataonly included half of the yeabut it

appears that bicycle and pedestrian crashes were lovFigure2: Bicycle & Pedestrian Crasheybgr
than normal in 2020This could be the result of fewe
crashes during certain seasons, but it is also likelky
result of fewewehicles pedestrians and bicycliste) the = 500

443 467 44g 467
road at the beginning of the COVID panderdige to g
restaurant and business closures. The reductiomsiers 300 258 | |
on the transportation networkreduced the hazard I
144

Bicycle & Pedestrian Crashes By Year

between vehicles and pedestrians 200

Figures3 and 4 below show the distribution of bicycle 100
and pedestrian crasheacross the regiorfdarker dots 0
represent a higher density of crashed)lost of the
crashes occurred within the aregenerally formed by m Total Bicycle & Pedestrian Crashes

the E470boundarybut crash densityvashigherin the

central area. The crashes were observed to be highly concentrated on major corridoraieahgich as
Colfax AvenugeFederal Boulevard, Sheridan Boulevardadaworth Boulevard Colorado Boulevard,
Parker Road, Havana Stre®s 285, Kipling Street antl Bvenue

2015 2016 2017 2018 2019 2020

Bicycle and pedestrian crashes were also mapped based on level of severity (fatal, injury and PDO) and
are evaluated later in this report. Although national safety approaches typically focus on severe crashes,
CDOT has determined that bicyclists and pedass are vulnerable users, and that there is a fine line
between fatal, injury, and PDO crashes for these types of users. As such, the presence of any bicycle or
pedestrian crash indicates some level of risk, and all levels of crash severity were inoldldedrash
analysis.
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Figure3: Bicycle Cradiocationg20152020)
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Figured: Pedestrian Cradlocationg20152020)

b P58 L B B B B ]
. ey SN R O RN P -
'k \_i ~ 1 ﬁ/-
AL Doiedsr | X

X3
-

LN

N
BRQOMF[ELD@ W
S. . THORNTON

D & & —== covmmerce

CITY

et :
w BENNET L

K4\9~7 DEER

LAKEV% 7- >

D

/ &8
LIJTLETON )

Iy
[

PARKER

'\p
o

g

e

.

.
gy < S X e

1
1 X ’\)}'
1 S 5 A ! (\
y CASTLE
1 : ROCK o,
1
1 o f 1
L '\ ! 3 !
Pedestrian Crash Locations : ' ¥ 3 ' J :
4 D-l | - y
County Boundaries :‘\ LS Yy 4 2 :
Y 3
= : 1 | %y 1
= — a Region 1 Boundary ) , : “ oM g "
» -
CDOT Highways E by AT \ % ‘ 9 :
o, 0 R TR \._------L-- -

Region 1
Other Regions

0 5 10 20 A
Miles

Pedestrian Crash Locations (2015 - 2020)

Final Report Page| 6



Crash Score

Identifying the location of crashegashelpful to understand geographically whetree crashes occued,

but further evaluation was needed to identify the areas with the highest number of severe crashes and/or
the highest density focrashes (hot spots). In order to identify these locations, crash scores were applied
to the entire network through the following process.

The roadway network was broken into ¥2 mile segments based on milepost. Segmentation of the roadway
allowed for conistency between segments to simplify scoring of the roadway network. On each % mile
segment, the total number of fatal, injury and PDBi©ycle and pedestriacrashes was identified. A score

was assigned to each crash tygachatal crash received 100 pus, eachinjury crash received 50 points
andeachPDO crash received 25 points. The points for each segment were,addkthe segments with

the highest scores were identified as the locations with inherently higherfigkie 5 below shows the
segments that resulted in the highestashscore for the entire region based on crash history.

Figure5 shows that the segment#n Region vith the highest crash scorese on Colfax Avenu&gderal
Boulevard, Colorado Boulevard® 6Avenue, Havana Street, Sheridan Boulevard, and Wadsworth
Boulevard.These roadway segments doeatedin Denver, Lakewood, and AuroBased on discussions
with the Cityand County oDenver(CCD)at the tine of this study, they were working onsamilar study

that was intended taaddresshicycle and pedestrian safetis a result the locations withCDwere not
evaluated further during this study.

Crash Hot Spots

The next step in narrowing down bicycledapedestrian hot spot locations within the region was to
identify whether the segments identified FFigure Swere risky because of the geometry of the segment,

or because of an intersection along the segment. Since a comprekeimsersection dataset was not
available, a detailed review of crash reports in the highest scoring crash segwidntsthe Cities of
Lakewood, Aurora and Glendaleere conducted. Figure$ through 13 provide more detail about the
specific location and severity of crashes within the segments scoring over 400 points. Using the same
scoring of 100 points for a fatal crash, 50 points for an injamg 25p0ints for a PDO crasimtersections
received a crash score based on the crashes that were reported as intersection related. The remaining
crashes were reported as either nimtersection or driveway related. These crashes made up the new
segment scoreslable 2provides the final crash hot spots and their associated scores. As discussed later
in this report,the segment of Colfax Avenue from Allison Street to Sheridan Boulevasdalready
selected for funding of improvements taldress bicycle and pestrian safety, so that location was also

not evaluated further.
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Figure5: Crash Scores Per Segment
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Figure6: Lakewood, Colfax Avenue Crash Hot Sp:
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Figure9: Aurorag Colfax Avenue Crash Hot Spot (Part 1)

Figure8: Aurorag Colfax Avenue Crash Hot Spot (Part 2)
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Figurel2: Glendale; Colorado Boulevard Crash Hot Spot

Figurel3: Glendale Leetsdale Drive Crash Hot Spot
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Table2: Crash Hot Spofd00 points an@bove

City Segment/Intersection Crash Score
Aurora Colfax from Moline to Peoria 1000
Lakewood Colfaxfrom Allison St to Sheridan Blvd 925
Aurora Colfax/Havana 675
Glendale Colorado Boulevard/Mississippi 675
Aurora Colfax/Moline 625
Aurora Colfax/Chambers 625
Lakewood Colfax/Wadsworth 575
Aurora Colfax/Peoria 550
Lakewood Colfax/Teller 500
Lakewood Colfax/Sheridan 500
Lakewood Colfax/Lamar 475
Lakewood Wadsworth/14th Ave 450
Glendale Colorado Boulevard/Ohio Ave 450
Aurora Colfax/Dayton 400
Aurora 6th Ave from Billings to Chambers 400

Crash Summary

Bicycle and pedestrian cradata from 2015 to 2P0Owas evaluated to identifthe severity of crashes and
their locations across the region. Pedestrian crashes accounted for approxir@@gdycent of thetotal
crashes an®4 percent ofthe total fatalities thisindicatesthat pedestrians are at higher risk for fatalities.
Additionally, pedestrian crashes were more distributed across the region than bicycle crashes

Dividingthe roads in the region into ¥2 mile segments and applying scores for each crash based on severity,
the crash analysis identified the segments with the highest crash scores as sheworigb. The top 15

bicycle and pedestrian crash hot spots scoring 400 points or more are listed in Table 2, above. The full list
of crash hofspots scoring 250 points or more are includedppendixA.
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Systemic Safety Analysis

Overview

The second step in the network screenpi@cesswas to perform a systemic safety analysis. Systemic
analysis looks at the characteristics of the roadways Epeed limit, AADT, shoulder width/type, number

of lanes, presence of bike lanes and sidewalk) associated with hot spot crash locations, and then uses
those roadway characteristics to identify additional roads with similar charactertistitsnay or mayot

have acrash history. The resulting roadways are identified as having inherently more risk than other roads
in the region. This approach is a more proactive approach to safety than the historically reactive approach
which relies on crash history to ptement safety improvements. Additionally, systemic analysis is
becoming an acceptable approach to securing safety grant funding such as Highway Safety Improvement
Program (HSIP) and Funding Advancements for Surface Transportation and Economic Recafery Act
2009 (FASTER) funds.

Cl21Qa {@2ailiSYAO {I T 8iad used\iR & §uiddito doddleRigsystepiy safetg 2 f
analysis andpresents a process for incorporating systemic safety planning into traditional safety
management processes. S NJ C todl,! the Jirst stepsin identifying systemic improvements are to
identify crash types that represent potential for crash reduction on the roadway network and then identify
where (under what conditions) they typically occBor purposes of thistudy, the crash typethat are
being evaluatedare bicycle and pedestrian crasheBhe conditionsor risk factorsunder which those
crashes occur are discussadmnore detailbelow.

Identification ofRisk Factors

The2,222bicycle and pedestrian crashes identified within Rediovere broken down based on a list of
potentialrisk factorsRisk factors are defined &ariableghat either on their own, or in combination with
each othercan be associated with ancreasel or decreasd riskof crashes occurring able3 shows the
percentof the 2,222bicycle and pedestrian crashassociated with each of the potential risk factors.
Highlights from his analysisre noted below and discussed in more detail in tig/aluation of Risk
Factors & SO0 Argpefit. 2 F (G KS

99% occurred in urban areas

71% occurred at intersection24% at nosintersections, and 5% at driveways
87%occurred on roadwasgwith functional clasét t NA y OA LJh i KISNE S NR | f
57% occurred during daylight aB@% occurred in darkghted conditions

97% occurred on roadways with greater than or equal to 4 vehicle travel lanes

94% occurred on roadways with &ADT greater thaor equal t025,000

78% occurred on roadways with a curbed shoulder of 0 FT in width

99.95% occurred on roadways without bike lanes

90% occurred on roadways with sidewalks

= =4 =4 4 -4 -8 -8 -8 A

2 Systemic Safety Project Selection Tool, FHWA3BA9
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Table3: Sumnary of Crash Types

2015- 2020 Crash History
Bicycle Pedestrian Total #

Potential Categories % by % by of Total %
— # Crashes Type # Crashes Type Crashes by Type
Total #of Crashes 709 100% 1,513 100% | 2,222 100%
Jurisdictional Urban 702 99% 1,496 99% 2,198 99%
Classification Rural 7 1% 17 1% 24 1%
Intersection 558 79% 1,018 67% 1,576 71%
Location Driveway 61 9% 43 3% 104 5%
Non Intersection 90 13% 452 30% 542 24%
Functional Interstate 37 5% 96 6% 133 6%
Classification Freeway & Expressway 49 7% 51 3% 100 5%
Principal Arteriat Other 598 84% 1,345 89% 1,943 87%
Minor Arterial 21 3% 19 1% 40 2%
Major Collector 2 0% 2 0% 4 0%
Minor Collector 2 0% 0 0% 2 0%
Daylight 550 78% 719 48% 1,269 57%
Light Dark- Lighted 106 15% 617 41% 723 33%
Candition Daik - Unlighted 18 3% 93 6% 111 5%
Dawn or Dusk 35 5% 84 6% 119 5%
<=30 mph 94 13% 222 15% 316 14%
.. 35mph 253 36% 542 36% 795 36%
Speed Limit
40 mph 166 23% 371 25% 537 24%
>=45 mph 196 28% 378 25% 574 26%
2 34 5% 16 1% 50 2%
T:rr]gts’er of 3 3 0% 4 0% 7 0.3%
4+ 672 95% 1,493 99% 2,165 97%
< 15,000 31 4% 17 1% 48 2%
AADT 15,000- 24,999 35 5% 58 4% 88 4%
25,000- 34,999 263 37% 612 40% 875 39%
>= 35,000 380 54% 831 55% 1,211 55%
No Shoulder 25 4% 52 3% 77 3%
Curbed (0 FT) 528 74% 1,199 79% 1,727 78%
Curbed (>0 FT) 30 4% 65 4% 95 4%
Shouder Namow (<= 6 FT) and Grav{ 4 1% 3 0% 7 0%
Width / Type
Narrow (<= 6 FT) and Pave 21 3% 14 1% 35 2%
Wide (>6 FT) and Gravel 20 3% 25 2% 45 2%
Wide (>6 FT) and Paved 81 11% 155 10% 236 11%
Presence of Yes 622 87.7% 1,370 90.5%| 1,992 90%
Sidewalk No 87 12.3% 143 9.5% 230 10%
Presence of Yes 1 0% 0 0% 1 0%
Bike Lanes  No 708 100% 1,513 100% | 2,221 100%
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Depressed / HOV Reversib 43 6% 82 5% 125 6%
Raised 85 12% 156 10% 241 11%
: Channelized Raised Curb 272 38% 594 39% 866 39%
Median Type .
Panted 78 11% 218 14% 296 13%
Level 37 5% 58 4% 95 4%
None 194 27% 405 27% 599 27%
. <0.65 136 19% 225 15% 361 16%
V/C Ratio
0.650.84 236 33% 572 38% 808 36%
0.85-0.99 252 36% 576 38% 828 37%
>=1 85 12% 140 9% 225 10%

Another way to evaluate the data is to look at the density of crashes associated with each of the risk
factors. Tablel takes the total number of crashes for each of the risk factors and divides that by the total
number of lane miles associated with thersarisk factor, resulting in number of crashes per lane mile.

Across Region 1, there were a total of 2,222 crashes and 973.9 miles of CDOT roadway, resulting in an
average of 1 crash every 0.44 miles, or 2.28 crashes/mile. For comparison purposestiattesulted

in a number greater than 2.28 crashes/mile experienced a higher density of crashes than the roadway
network as a whole. The crash density for each of the factors ranged from 0 to 12.09 crashes per mile.

In theory, the higher the crashes/mijléhe riskier that factor is to the network. However, much research
has been done on many of the potential risk factors identified and that data/research must also be
considered to determine whether each of these factors actually represent a risk onatieay network.

This concept is referred to as the dilemma of correlation versus causation which speaks to two things
happening at the same time and mistakenly concluding that one causes the other. The evaluation of each
of the potential risk factors is disssed below, in the order in which they are presented in Tdbdawml 2.

The location and light condition risk factors were not included in the crash/mile evaluation since they are
attributes obtained fom the crash reports and not the roadway segments.

Tabled: Crashes pdraneMile

2015- 2020 Crash History

Potential Risk  categories Total # Total # Crashes /
Factor Crashes Lane Miles  Lane Mile
Total # ofCrashes 2,222 973.9 2.28
Jurisdictional  yrban 2,198 569.1 3.86
Classification  Rural 24 404.7 0.06
Functional Interstate 133 228.3 0.58
Classification  ree\vay & Expressway 100 160.6 0.62
Principal Arteriat Other 1,943 313.2 6.2
Minor Arterial 40 155.3 0.26
Major Collector 4 72.9 0.05
Minor Collector 2 25.8 0.08
Local 0 17.9 0
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Number of 321.5
Lanes

33.6
618.7

Shoulder Width  No Shoulder 77 35.2 2.19
I Type Curbed (0 FT) 1,727 147.7 11.69
Curbed (>0 FT) 95 21.8 4.36
Narrow (<= 6 FT) and Gravel 7 116.1 0.06
Narrow (<= 6 FT) and Paved 35 71.7 0.49
Wide (>6 FT) and Gravel 45 84.2 0.53
Wide (>6 FT) and Paved 236 497.2 0.47

Presence of Yes 1 2.9 0.34
Bike Lanes No 2,221 970.9 2.29

VIC Ratio <0.65 361 451.6 0.8
0.650.84 808 223.9 3.61
0.850.99 828 230.6 3.59
>=1 225 67.8 3.32
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Evaluation of Risk Factors
Jurisdictional Classification

Table5: Jurisdictional Classification Crash Summary

Pgtennal . Total # Total % Total # UelE e Crashes /
Risk Categories Lane

Crashes By Type Crashes Lane Mile

Factor Miles

Jurisdictional | Urban 99% 569.1
Classification| ryral 24 1% 24 404.7 0.06

Defined Jurisdictionatlassificaton$ F SN&E G2 /5h¢Qa Of I aaAFAQWhich2zy 27
A4 olaSR 2y GKS '{ /S8yadza . dNBIdQa OFGiSI2NRT I GAZY

Of the2,222bicycle and pedestriacrashedhat occurred on CDOT Regibroadways between 2015 and
2020, 9% occurred omrban classifiedoadwaysalthough only 58% of the total lane miles are classified
as urban As a result, the crashes per lane mile for urban roads is much higher thaaoririsdl roads.

This is likely a result tdrger populations in urban areas and more conflicts between bicyclists/pedestrians
and vehicles.

As shown in Figur4, despitea smaller proportion Figurel4: Urban and Rural Crashes by
of total bicycle and pedestrian crashescurring on Urban and Rural Crashes
rural roads the crash severitpn rural and urban By Severity (2015 2020)
roads shows a similar distribution PDO crashes
accounted forl3%((rural) and16% (urban);injury
crashesaccounted for79% (ruraland 78% (urban);  90%
and fatal crasheaccounted for8% (rural) and 6%
(urban) Figure 15 illustrates the relationship
between fatal crashes speed limits and urban 70%
versus rural classified roadwaysNearly allthe
fatalities occurredon urbanroads Sevenfatalities
occurred on roadways with lower speed ligftess 50%
than or equal to 30 MPH). The number of fat
crashes significantly increasegth higher speed  40%
limits. A total of59 of the 141 (42%)urbanfatalities
occurredon roadwayswhere posted speed limits
are greater than or equal to 4MPH Thetwo rural 20%

fatal crashes also occurredhere posted speed

limits are greater than or equal ¥#6 MPHMultiple 10% -

studies have found that higher speeds are 0% -
associated with more severe crash outcome Rural Urban
particularly for vulnerable road usersuch as mFatal ©Injury =PDO
pedestrians andbicyclists.

100%
13% @) 16% (343

80%

60%

78%

79% (19) e

30%
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Figurel5: Number of Fatal Crashes by Spdeut and Jurisdictional Classification

Number of Fatal Crashes
By Speed Limit and Jurisdictional Classification (26022920)
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Table6: Location Crash Summary

Potential

X . Total # Total %
Risk Categories Crashes Bv Tvoe
Factor y 1yp
Intersection 1,576 72%
Location Driveway 104 5%
Nortintersection 542 24%

Defined Location refers to tvere the crash happened along the raeldefined in the crash reports
LYGSNESOGA2Y ONYakKkSa AyOfdRS (K2aS ARSYUGUAFTASR 2y
related¢ driveway crashes include all crashes that occurred aearb cut serving residential or

commercial businesses/complexaad nonrintersection crashes represent all other crashetbe crash

reports.The location of crashegasnot included in the crashiile evaluatiorsince it isan attribute

obtained from thecrash reports and not the roadway segments.

In the crash database provided by CD&,majority(72%)of bicycle and pedestrian crashes occurred at

(or related to) intersectionsSince intersectinsrepresent a juncture of two roadways where different
modes of travel (vehicles, bicycles, pedestrians) intersect and experience increased conflict points, it is
logical that the majority of crashes occurred at these locations.
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Figurel6: Summary of Bicycle Crashe& bgation Figurel7: Summary of Pedestrian Crashes by Location

Pedestrian Crashes By Location
(2015- 2020)

Bicycle Crashes By Location
(2015- 2020)

8.6%

= At Driveway Access = Intersection = Non-Intersectior = At Driveway Access = Intersection = Non-Intersection

The crash tree iFigurel8 breaks down the number of crashes by severity at each location (intersection,
driveway access, naintersection) for both bicycles and pedestrians. For bicyelkdut one of the fatal
crashes happened at intersection or nimersection locations and #h distribution offatal crashes
occurred equally athese locations with 4 fatal crashes eacRor pedestrians, 59.7% of pedestrian
fatalities occurred at norntersection locationsand 38.1%occurredat intersection locations Bicycle
injuries generallyccurredat intersection location§79.6%) whilé9.7% of pedestrian injuries occurred

at intersectionsand 27.2%occurredat nonrintersection locationskor both bicycles and pedestrians, the
majority of severe crashes occurred at intersection and-mbersection locations, as compared to
driveway access locations.

Figurel8: Bicycle and Pedestrian Crash Severity by Location

All Crashes (20152020)
Total: 2,222
Fat: 6.4% (143)
Inj: 78.0% (1,733)
PDO: 15.6% (346)
|

Bicycle
Fat: 6.3% (9)
Inj: 30.6% (530)
PDO: 49.1% (170),

Pedestrian
Fat: 93.7% (134)
Inj: 69.4% (1,203)
PDO: 50.9% (176

Intersection
Fat: 44.4% (4)
Inj: 79.6% (422)
PDO: 77.6% (131

~

Driveway Access
Fat: 11.1% (1)
Inj: 7.5% (40)

PDO: 11.8% (20

Final Report

NonIntersection
Fat: 44.4% (4)
Inj: 12.8% (68)

PDO: 10.6% (18

Intersection
Fat: 38.1% (51)
Inj: 69.7% (839)

PDO: 72.7% (128

Driveway Access
Fat: 2.2% (3)
Inj: 3.1% (37)
PDO: 1.7% (3)

Non-Intersection
Fat: 59.7% (80
Inj: 27.2% (327
PDO: 25.6% (4%)
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Figure B presensthe combined bicycle andedestrian crashelsy severity and locatiomon-intersection
crashesexperiencel the highest riskfor fatalities (15%) compared to intersction crashe43.5%)and
driveways (4%) According to a May 2021 report by the US Department of Transportation-
intersection crakes also experience the highest percentage of pedestrian fatalities in the US (73%),
compared to intersection crashes (18%) and other crash types (9%).

Figurel9: Crash Severity hycation

Crash Severity By Location (202920)

100%
260
90% 23 63
80%
S 70%
3 60%
3 50% 77 1,261 395
2 0%
c
g 30%
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m Fatal = Injury m PDO

Functional Classification

Table7: Functional Classification Crash Summary
Potential Total #

) . Total % Total # Crashes /
R Categories By Type Crashes Lane Lane Mile
Factor y 1yp Miles

Interstate 133 6% 133 228.3 0.58
Freeway & Expressway 100 5% 100 160.6 0.62
Functi | Principal Arteriat Other 1,943 87% 1,943 313.2 6.2

unctiona . .

Classification Minor Arterial 40 2% 40 155.3 0.26
Major Collector 4 0% 4 72.9 0.05
Minor Collector 2 0% 2 25.8 0.08
Local 0 0% 0 17.9 0

Defined Functional classification &n ordering system for roadways that defiiesv a road should
function within the networkThe classificationéstedhavevaryingrelationships betweetraffic mobility
and access to adjacent properti@ghere mobility of trafic decreags inpriority from top to bottom and
access to propertigacreasesn priority fromtop to bottom.

3 2019 Data: Pedestrians (dot.gov)

Final Report Page| 21


https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813079

As shownin Figure 20, interstates Figure20: Mobility & Access by Functional Classifice
prioritize mobility of traffic thoughthe
corridor over accesghereby resulting
in fewer driveway cutsand higher
speed traffic On the other hand, local
roads prioritize land accessover
mobility and provide many curb cuts
resulting inslower moving trafficThe )
majority of crashe87%)occurred on Land Major Collector
roadways classified by CDOT
Principal Arterial ¢ Other.  When
comparing total crashesfor each
classificatiorto the respective number
of miles (Table7), Princpal Arterial¢ Othergenerated the most crashes per mig.2). The remaining
roadway classifications experienced significantly fewer crashes per ©E6R). This implies thathe
introduction of access on higher speed roads such as Principal Artezgaliis insignificantlyhigherrisk

for crashesWhile minor arterial and major collector roadways are typically designed to have more access
than Principal Arteriat, Otherroadways, the speed afaffic on these roads is typically less, allowing for
more time to react when vehicles and vulnerable users intersect.

Interstate

Freeways & Expressways

Principal Arterial — Other

Mobility

Minor Arterial

Access Minor Collector

Local

Understanding 5 h énfedded function of ths high crash roadway helps to providesight into what

may be the cause of these crashBsincipal Arteriat Otheris defined by CDOT as a roadway that serves
activity centers and provides a high degree of mobility. It also provides additional access to parcels and
has atgrade intersectiong-reeways & Expresswage defined by CDOT as kiag similar to Interstates

in that they have full access contiak.no direct access to adjacent propertieEyeeways provide access

via on/off ramps and no at grade intersections while Expressways are more common in rural settings and
at grade intersections are permitted to varying degrees depending on corfigdre 21shows the
location where crashes occurred &nincipal Arteriat OtherroadwaysAs shown orfrigure 21in orange,

since direct access and at grade intersections are restricteBreaways & Expresswayswer severe
crashes (9% of fataikts and 67% of injuriegccurred at intersectionen these types of roads. This data
indicates that access and intersection density likely playing a role in the risk for crashPsiraripal
Arterial ¢ Otherroadways.

Other considerations for the high mber of crashes per lane mile on Principal Artegi@ther roadways
as compared to Freeways and Expressviagiside:

1 Fewer bicyclists and pedestrians travel on Freeways & Expressways as they are tgptdatigd,
or users prefer not to travel alongi& high volumes of veriastmovingvehicles.

1 Activity centers on Principal Arteri@Other roadways provide destinations that attract all modes
of traffic.

9 Multiple destinations with individual access points increase the number of conflict points
between vulnerable users and vehicles.

1 As shown in red oRigure 2155% of fatalities, 79% of injuries, and nearly 74% of PDO crashes on
Principal Arteriaf; Otherroadways occurred at driveways or intersections.
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Figure21: Breakdown of Crash Severity by Functional Classification

All Crashes (2015
2020)

Total: 2,222
Fat: 6.4% (143)
Inj: 78.0% (1,733)
PDO: 15.6% (346)

Principal Arterial-
Other

Fat: 90.4% (104)
Inj: 95.9% (1,544)
PDO: 92.8% (295)

Intersection Driveway Accesp Non-Intersection Intersection Driveway Acces Non-Intersectior
Fat: 51% (53) Fat: 3.8% (4) Fat: 45.2% (47 Fat: None Fat: 90.9% (10
Inj: 75.1% (1,159 Inj: 4.8% (74) Inj: 20.1% (311 Inj: None Inj: 33.3% (22
PDO: 75.9% (224) PDO: 7.5% (22 PDO: 16.6% (49 PDO: None PDO: 21.7% (5

Principal Arterial-
Freeways and
Expressways

Fat: 9.6% (11)
Inj: 4.1% (66)
PDO: 7.2% (23)

While freeways are designed to provide limited access and minor arterials are designed to provide
connectivity between communities (indicating they provide a higherelegf access), spegidtersection
density, and volume of users (vehicle, bicycle and pedesttikely play a role in the number and severity

of crashes on these types of roads. According to CDOT, roadways clasdffietctipsl Arteriak; Other
provide a similar service in both urban and rural areas. The primary difference between urban and rural
areas is that urban areas have a higher quantity of arterials serving a particular area (higher intersection
density), whereas rural areas are typicallyvaer by one arterial. However, as tReincipal Arteriat Other
roadways travel through rural towns, increases in access on theseribiglarterial roadways likely
increasedNA 41 F2NJ Fff dzaSNAR 2y GKS NRdteRihdt Eedunabdy 3s! Qa
crucial to reducing risks, which requires that all parts of the transportation system are strengthened so
that if one part fails, the other parts still protect peopk.couple of way$o achieve redundancgre to
reduce the number of access panfand hence conflict pointsihere bicyclists and pedestrians are
present and/or reduce speed in areas of higher access density

Figure22 shows the relationship between crashes and roadways functionally classifethaipal Arterial
¢ Other. This Functional Classificatiaxperiences significantly more crashes than other classified
roadways.

4THE SAFE SYSTEM (dot.gov)
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Figure22: Functional Class & Crash Locations
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Lighting Conditions
Table8: Light Condition Crash Summary
Potential

Risk Categories
Factor
Daylight 1,269
Lighting Dark- Lit 723
Conditions | park- Unlit 111
Dawn or Dusk 119

Total %
By Type

58%
33%
5%

5%

Defined The ategories ofight conditionwere definedn the crash reportbased on theresence of
light from the sun or other sourcdsghting wasot included in the crash/mile evaluatisince it is an
attribute obtained from the crash reports and not the roadway segments.

Lighting condition data for each atawas recorded in the crash databasel provided by CDOTDark
conditions can be eithelit or unlit with streetlights. Other lighting conditions include dawn/dusk or
daylight.Figure23 shows that78% of bicycle crashes and 48% of pedestrian crastmsgredin daylight
and pedestrians experiencemore crashes during darkt(and unli) conditionsthan bicyclistsA total of
47% of pedestrian crashes occurred in déitkand unli) conditions wheeas onlyl8% of bicycle crashes
occurred in dark conditiong.he requirement for bicycles to have lights and reflectors mtain why

Figure23: Crashes blighting Condition

Crashes By Lighting Condition
(2015- 2020)

100%
90%

80%

47.5%
(719
70%
77.6%
60% (550
50% 5.6% @4)
40%
30% 40.8%
(617
20% 4.9% (35)
10% 1&&%"
0% e 2.5% (18)  CEGLYCE
Bicycle Pedestrian

m Dark (Unlit) = Dark (Lit) = Dawn/Dusk = Daylight

Final Report

they experience fewer crashesin dark
conditions It isalsoplausible that more bicyclists
are outside during the daight hours which
could correlate with the higher volume of bicycle
crashes during daylight hours. As for
pedestrians, it is plausible that there are more
pedestrians than bicyclists outside during the
nighttime hours and that dark conditions
present ahigherrisk factor to pedestrian©f the
93 pedestrian crashes that occurrelliring dark
unlit conditions, 60 (65%)occurred at non
intersection locations Of those same 93
pedestrian crashes37 (94%)occurred in the
urban areas.

It was previously noted that pedestrian crashes
have a higher fatality rate than bicycle crashes.
To further explore a possible correlation
between fatal accidents and lighting conditions,
Figures 24 and 25 summarize the lighting
conditions for fatal accidents.

Over half $699 of fatal bicycle crashes occurred
in daylight conditions with onl¥1% occurring in
dark wunlit conditions. Contrary to this,
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pedestrian crasheshow a correlation between fatal crashes and dark conditions, wbé¥% offatal
crashes occurred in datit conditions andl4% occurred in thelark unlt conditions This datandicates
that dark conditions correla morestrongly with pedestrian fatalities than bicycle fatalities.

Figure24: Percent oFatalBicycle Crashes by Figure25: Percent oFatalPedestrian Crashes by

Lighting Condition Lighting Condibn
Fatal Bicycle Crashes Fatal Pedestrian Crashes
By Lighting Conditions (2015 - 2020) By Lighting Conditions (2015 - 2020)

19% (26)
2% (3)

56% (5)

11% (1)

® Dark (Unlit) = Dark (Lit) = Dawn/Dusk = Daylight ® Dark (Unlit) = Dark (Lit) = Dawn/Dusk = Daylight

Speed Limit

Table9: Speed Limit Crash Summary
Potential Total #

. . Total # Total % Total # Crashes /
ke Criteaies Crashes By Type Crashes ~ENE Lane Mile
Factor y P Miles

<=30 mph 316 14% 316 49.4 6.4
... | 35 mph 795 36% 795 79.0 10.06
Speed Limit
40 mph 537 24% 537 94.2 5.7
>=45 mph 574 26% 574 751.3 0.76

Defined Speed limit is the posted speed liadgtseen when drivingn the road.

Of the 2,222 bicycle and pedestriacrashes that occurredn CDOT Regidnroadways50%occurred on
roads with posted speeds of 4@ph or higher.When considering the total number of lane miles
significantly more crashgser lane mileoccurredon roads posted aB5mph or lesslt is possible that this
is a result of higher volumes of bicycles and pedestrians traveling on lower speed roaitdythe
exception of central urban areg®wer speed roadtypicallyhave fewer vehicles than higher speed roads,

but if this is wherethe most vulnerable users are traveling, then this is reflected in where the most

vulnerable user crashes are occurri@n the other hand, higherehicle travelspeed increase risk for
vulnerable road users due to the physics of speed and weight differesith a vehicle during a crash.
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Higher speedoads typically have a higher volume of vehicles, thereby increasitemtial exposure to
accidents fovulnerable road users who are using those roadways

A studyprovided by NACTO (National AssociatignCity Transportation Officials) thatvaluates the

relationship between speed and risk of fatal infucpncluded that therisk of fatality for a pedestrian
GAYONBlIFaSa atz2gfte dzydAt AYLI OGO &LISSRa 2 7FctheNBdzy R «
AYONBIFAS Aa 0Si6SSy odp | YIRRPDAPA AiyAIYIStae F NBKA 20 nNGIK2 |
though the risk of pedestrians being killed at 30mph is relatively low, approximately half of pedestrian
fatalities(and injuriespceur at thisY LI O & LIS S Rgu28praviSels 2 wisdat representation of

these statisticsrom the report.

Figure26: Pedestrian Risk from Vehicular Impact

Pedestrian Risk From Vehicular Impact

VEHICLE IMPACT SHARE OF REPORTED PROBABILITY OF PEDESTRIAN DEATH
SPEED INCIDENTS' OR SERIOUS INJURY'
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1 Based on "Relationship between Speed and Risk of Fatal Injury Pedemum and Car . g
obab i Death
Occupants” by D, C. Richards published by UK Depai spart, Sep 2010 2 i s e URBI‘_[‘
- IN 7
Death is fatality within 30 days. Serious Injury is a condition requiring h 3 + Probability of Serious Injury

5 Relationsip betweenSpeedand Riskof Fatallnjury: Pedestriangand CarOccupants. Transport Research Laboratory;
Department for Transport. Septemhzd10
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A study from the AAA foundation also shows the average risk of severe injury and death for a pedestrian
struck by a vehicle at varying speeds. Tdllebelow, shows the results from the study.

TablelO: Pedestrian Risk of Severe Injureath based on Speed

Percent Risk of Severe Injury Percent Risk of Death

10% 16 mph 10% 23 mph
25% 23 mph 25% 32 mph
50% 31 mph 50% 42 mph
75% 39 mph 75% 50 mph
90% 46 mph 90% 58 mph

The Safe Systems Approach speakeeticle and infrastructureedundancy in the transportation system

so that if one part fails, the other part still protects people. There are 5 elements that correspond to an
improved safety strategy: safer people, safer roads, safer vehicles, saferssp@edpostrash careAn
example of this would be pedestrians or drivers that are under the influence. When the people in the
system are not being safe, redundancy in titeer elements is even more important to reduce crashes

on the network With half d Regiori crashes occurring amads with a posted speed of 4@ph or higher,
anddata showing that a#0 mph 45-75% of cashes will result itnjury and 3650% will result idatality,
assessing and possiblyducingpostedspeedlimits is one way to irprove the systemHowever, when
1JIS2LX S R2y Qi OGN} @St G GKS 1LadSR &aLISSRI NBRdzyR
pedestrians, impaired or noCDOT is currently updating their process for setting speed limits. The new
procedure is expectetb be less focused on the 8percentile speed and more in line with the upcoming
MUTCD standards thatill look at historical data and roadway specifithie new procedure may also
require changes to the roadway design if posted speed limits are reduced significantly below observed
speeds, getting to th&afe Systems approaohredundancy in the transportation system.

While reducing the posted speed linmtay be desired on some roads, the design speed of the road and
0KS RNAGSNEQ fS@St 2F O2YTFT2NI (& umddgdirihnggaddRian®@i I 4 S G
modifications to the geometry or police enforcement to physically slow vehiaese $esources identify

NERddzOSR @GSKAOEtS ftlyS 6ARGK & | glF& G2 NBRddzOS @SK
PEDSAEEt SRSAGNALY {FFSG& DAARS FyR [/ 2dzy i SNXSH & dzNB
YENNR gAY AE Fa | igidgddn/rédGehidvéSebds daNdadwéayk Whire there are safety and

speedingproblems,and vehicle lane widths are greater than recommended minimums. They also note
that redudnglane widths can help improve the safety and comfort for pedestrians, bicytiatsijt riders
FYR Y202N) GSKAOt Sad ¢KS F2tt2¢6Ay3 2dzift AySa t95{!C

9 feet lanes on rural roadways

10 feet for most vehicular travel lanes

10 feet for turn lanes

1 1ilfeet forlanesthataccommodatelarge volume of trucks, buses or large vehicles (greater than 8%)

= =4 =4

However, in some cases reduced lane widths can increase crashes. Data fr@raghieModification
Clearinghous€CMF clearinghouse indicates that reducing lane width fromfé2t to 10feet on 4lane
median divided rural roads can reduce crashes (CMF ID 7827) by 42 percent, but on urban roads with

SLYLI OG { LISSR IREROf Sevete Rr§ ér Deddhn LAY FdUNdation for Traffic Seégtember 2011
" Pedestrian Safety Guide and Countermeasure Selection System (pedbikesafe.org)
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speeds between 20 and 55mph, CMF 8157 indicates that a reduction in ldithefroim 12-feet to 10feet

would result in a 28 percent increaseath crashesand all levels of severity.ane reductions should be
assessed on a cafg-case basis and additional treatments considered to slow vehicles when a reduction

in speed is desired. Other treatments that may be appropriate to reduce speeds include roundabouts,
speed humps, bulb outs ¢urb extensions, and estreet parking. Figure27 shows the relationship
between posted speed limits and reported crashes. As discussed above, half of crashes occurred on roads
that are 35mph or less (grey or yellow in coldespite only 13 percent of the roads having these speeds.
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Figure27: Speed Lim& Crash Locations
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AADT (Average Annual Daily Traffic)
Tablel1l: AADT Crash Summary

Potential

) : Total % Total # Total # Crashes /
Risk Categories . ;
By Type Crashes  Lane Miles Lane Mile
Factor
< 15,000 48 2% 48 330.9 0.15
15,000- 24,999 88 4% 88 105.5 0.83
AADT
25,000- 34,999 875 39% 875 122.6 7.13
>= 35,000 1,211 55% 1,211 414.8 2.92

Defined AADT is the Average Annual Daily Traffic, or an annual average of the total demand on a road
in both directions within a 2Aour period.

Over94% of crashes occurred on roadways with an Average Annual Daily Traffic (AADT) of greater than
25,000 vehicles per day (vpdThe AADT is an averagedaly traffic for an entire year, whereas ADT

(Average Daily Traffic) is a measure of any 24 (or mon&) eriod where traffic volumes are measured.

The former is data that was availabledbigh/ 5h ¢ Q&4 RIFGF ol aSed ¢KS £ G§GSNI Aa
peaks in travel, such as when school is in session or when counts for an entire year are not feasible to
obli F Ay ® ¢ceLAOrtftex OFrasS addzRASa FNB o6llaSR 2y !15¢Q
an entire road network.

The Highway Safety Manual (H8kBs historically been the approach used to justify where safety funds

should be appéd. The HSM uses a method of predicting average crash frequency for a segment or
AYGSNESOGAZ2Y (GKNRAzZZAK al FSG& LISNF2NXIFYyOS TFdzyOGA2ya
crash frequency as a function of traffic volume and roadway charatitsrisuch as number of lanes,

median type, intersection control (i.e. stop, signal or roundabout), or number of approach legs. This
analysis is used to identify sites with the most potential for crash frequency or severity reduction. The

focus on traffiovolume in the HSM points to the level of risk associated with higher volume roads.

In Figure28, AADT is displayed against crash locations to show the relationship between AADT and crash
occurrence. The map illustrates that @h density of crashes occurred omadwayswith an AADT of
25,000 and abovelincreased AADT exposes bicyclists and pedestrians to a higher number of vehicles
which may increase the likelihood of a crash occurring. Wider roads are almost always asseitiated
higher traffic volumes They alsdoring the added challenge of reduced sight distance to and from
pedestrians and traveling vehiclesdlongercrossingdistances for pedestrians

8 An Introduction to the Highway Ssf Manual
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http://www.highwaysafetymanual.org/Documents/HSMP-1.pdf

Figure28: AADT & Crash Locations
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