
 

Table of Contents 

EXECUTIVE SUMMARY ....................................................................................................................................... ES1 

HOW TO USE THIS DOCUMENT .......................................................................................................................... ES1 

CORRIDOR RISK.......................................................................................................................................................... ES1 
BICYCLE/PEDESTRIAN DEMAND & AREAS OF CONCERN ..................................................................................................... ES1 
SAFETY COUNTERMEASURES ......................................................................................................................................... ES2 

NETWORK SCREENING ....................................................................................................................................... ES2 

TOP LOCATIONS ................................................................................................................................................. ES5 

SAFETY COUNTERMEASURES ............................................................................................................................. ES7 

ACCEPTABLE COUNTERMEASURES ..................................................................................................................... ES8 

NEXT STEPS ........................................................................................................................................................ ES8 

IMPROVING THE PLAN ....................................................................................................................................... ES8 

FINAL REPORT ........................................................................................................................................................ 1 

INTRODUCTION ..................................................................................................................................................... 1 

ENGAGEMENT ....................................................................................................................................................... 1 

OVERVIEW .................................................................................................................................................................... 1 
TAC #1 ς PROJECT OVERVIEW ......................................................................................................................................... 1 

NETWORK SCREENING ........................................................................................................................................... 2 

OVERVIEW .................................................................................................................................................................... 2 
DATA COLLECTION .......................................................................................................................................................... 3 
CRASH ANALYSIS ............................................................................................................................................................ 3 

Overview ............................................................................................................................................................... 3 
Crash Severity and Distribution ............................................................................................................................. 4 
Crash Score............................................................................................................................................................ 7 
Crash Hot Spots ..................................................................................................................................................... 7 
Crash Summary ................................................................................................................................................... 13 

SYSTEMIC SAFETY ANALYSIS ........................................................................................................................................... 14 
Overview ............................................................................................................................................................. 14 
Identification of Risk Factors ............................................................................................................................... 14 
Evaluation of Risk Factors ................................................................................................................................... 18 

TAC #2 ς DISCUSS CRASH ANALYSIS AND NETWORK SCREENING .......................................................................................... 47 
Systemic Risk Scores ............................................................................................................................................ 47 
Systemic Analysis Summary ................................................................................................................................ 47 

METROQUEST ONLINE SURVEY ....................................................................................................................................... 50 
Overview ............................................................................................................................................................. 50 
Survey Summary ................................................................................................................................................. 50 
Interactive Map ................................................................................................................................................... 52 
MetroQuest Heat Mapping ................................................................................................................................. 55 

TAC #3 ς DISCUSS PRIORITY CRASH LOCATIONS, RISK SCORES, AND METROQUEST ................................................................. 57 

TOP LOCATIONS ................................................................................................................................................... 58 



 

OVERVIEW .................................................................................................................................................................. 58 
TOP CRASH LOCATIONS ................................................................................................................................................. 58 
TOP SYSTEMIC LOCATIONS ............................................................................................................................................. 58 

SAFETY COUNTERMEASURES ............................................................................................................................... 59 

OVERVIEW .................................................................................................................................................................. 59 
CRASH PATTERNS, FIELD OBSERVATIONS, COUNTERMEASURES ............................................................................................. 59 
TOP COUNTERMEASURES, CONCEPT DESIGNS, COST ESTIMATES, & CRASH MODIFICATION FACTORS ........................................... 75 
BENEFIT TO COST RATIOS............................................................................................................................................... 75 
TAC #4 ς DISCUSS COUNTERMEASURES, CONCEPT DESIGNS AND COST ESTIMATES .................................................................. 75 

ACCEPTABLE COUNTERMEASURES ....................................................................................................................... 93 

RESOURCES FOR FUNDING ............................................................................................................................................. 98 

NEXT STEPS .......................................................................................................................................................... 98 

IMPROVING THE PLAN ......................................................................................................................................... 99 

CRASH DATA COLLECTION .............................................................................................................................................. 99 
LIMITATIONS OF THE DATA ........................................................................................................................................... 100 

 

List of Figures 
FIGURE ES 1: BICYCLE & PEDESTRIAN CRASHES .................................................................................................................... ES2 
FIGURE ES 2: BICYCLE & PEDESTRIAN FATALITIES ................................................................................................................. ES2 
FIGURE ES 3: BICYCLE CRASH LOCATIONS (2015-2020) ....................................................................................................... ES3 
FIGURE ES 4: PEDESTRIAN CRASH LOCATIONS (2015-2020) ................................................................................................. ES4 
FIGURE ES 5: SYSTEMIC RISK SCORE PER SEGMENT............................................................................................................... ES6 
 

FIGURE 1: BICYCLE & PEDESTRIAN CRASHES BY SEVERITY ........................................................................................................... 4 
FIGURE 2: BICYCLE & PEDESTRIAN CRASHES BY YEAR ................................................................................................................ 4 
FIGURE 3: BICYCLE CRASH LOCATIONS (2015-2020) ............................................................................................................... 5 
FIGURE 4: PEDESTRIAN CRASH LOCATIONS (2015-2020) .......................................................................................................... 6 
FIGURE 5: CRASH SCORES PER SEGMENT ................................................................................................................................ 8 
FIGURE 6: LAKEWOOD ς COLFAX AVENUE CRASH HOT SPOT ...................................................................................................... 9 
FIGURE 7: LAKEWOOD ς WADSWORTH BOULEVARD CRASH HOT SPOT ......................................................................................... 9 
FIGURE 8: AURORA ς COLFAX AVENUE CRASH HOT SPOT (PART 2) ........................................................................................... 10 
FIGURE 9: AURORA ς COLFAX AVENUE CRASH HOT SPOT (PART 1) ........................................................................................... 10 
FIGURE 10: AURORA ς HAVANA STREET CRASH HOT SPOT ....................................................................................................... 11 
FIGURE 11: AURORA ς 6TH AVENUE CRASH HOT SPOT ............................................................................................................. 11 
FIGURE 12: GLENDALE ς COLORADO BOULEVARD CRASH HOT SPOT .......................................................................................... 12 
FIGURE 13: GLENDALE ς LEETSDALE DRIVE CRASH HOT SPOT ................................................................................................... 12 
FIGURE 14: URBAN AND RURAL CRASHES BY SEVERITY ............................................................................................................ 18 
FIGURE 15: NUMBER OF FATAL CRASHES BY SPEED LIMIT AND JURISDICTIONAL CLASSIFICATION ...................................................... 19 
FIGURE 16: SUMMARY OF BICYCLE CRASHES BY LOCATION ....................................................................................................... 20 
FIGURE 17: SUMMARY OF PEDESTRIAN CRASHES BY LOCATION ................................................................................................. 20 
FIGURE 18: BICYCLE AND PEDESTRIAN CRASH SEVERITY BY LOCATION......................................................................................... 20 
FIGURE 19: CRASH SEVERITY BY LOCATION ............................................................................................................................ 21 
FIGURE 20: MOBILITY & ACCESS BY FUNCTIONAL CLASSIFICATION ............................................................................................. 22 
FIGURE 21: BREAKDOWN OF CRASH SEVERITY BY FUNCTIONAL CLASSIFICATION ........................................................................... 23 
FIGURE 22: FUNCTIONAL CLASS & CRASH LOCATIONS ............................................................................................................. 24 

file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%233%20-%20R1%20Safety%20Study/06_Reports/Final%20Report/Final%20to%20CDOT/R1%20Safety%20Study%20_Final%20Report_12.23.2022.docx%23_Toc122690543
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%233%20-%20R1%20Safety%20Study/06_Reports/Final%20Report/Final%20to%20CDOT/R1%20Safety%20Study%20_Final%20Report_12.23.2022.docx%23_Toc122690544
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%233%20-%20R1%20Safety%20Study/06_Reports/Final%20Report/Final%20to%20CDOT/R1%20Safety%20Study%20_Final%20Report_12.23.2022.docx%23_Toc122690545
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%233%20-%20R1%20Safety%20Study/06_Reports/Final%20Report/Final%20to%20CDOT/R1%20Safety%20Study%20_Final%20Report_12.23.2022.docx%23_Toc122690546
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%233%20-%20R1%20Safety%20Study/06_Reports/Final%20Report/Final%20to%20CDOT/R1%20Safety%20Study%20_Final%20Report_12.23.2022.docx%23_Toc122690547
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543830
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543831
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543832
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543833
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543834
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543835
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543836
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543837
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543838
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543839
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543840
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543841
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543842
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543843
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543849
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543851


 

FIGURE 23: CRASHES BY LIGHTING CONDITION ....................................................................................................................... 25 
FIGURE 24: PERCENT OF FATAL BICYCLE CRASHES BY LIGHTING CONDITION ................................................................................. 26 
FIGURE 25: PERCENT OF FATAL PEDESTRIAN CRASHES BY LIGHTING CONDITION ........................................................................... 26 
FIGURE 26: PEDESTRIAN RISK FROM VEHICULAR IMPACT ......................................................................................................... 27 
FIGURE 27: SPEED LIMIT & CRASH LOCATIONS....................................................................................................................... 30 
FIGURE 28: AADT & CRASH LOCATIONS .............................................................................................................................. 32 
FIGURE 29: NUMBER OF LANES & CRASH LOCATIONS ............................................................................................................. 34 
FIGURE 30: SHOULDER WIDTH & CRASH LOCATIONS .............................................................................................................. 38 
FIGURE 31: SIDEWALK & CRASH LOCATIONS.......................................................................................................................... 39 
FIGURE 32: BIKE LANE & CRASH LOCATIONS ......................................................................................................................... 40 
FIGURE 33: NUMBER OF CRASHES BY MEDIAN TYPE ............................................................................................................... 42 
FIGURE 34: EXAMPLE OF CHANNELIZED ς RAISED CURB (COLFAX AVENUE WEST OF GARRISON STREET) ........................................... 42 
FIGURE 35: MEDIAN TYPE & CRASH LOCATIONS .................................................................................................................... 43 
FIGURE 36: NUMBER OF CRASHES PER LANE MILE ................................................................................................................. 44 
FIGURE 37: V/C RATIO & CRASH LOCATIONS ........................................................................................................................ 46 
FIGURE 38: SYSTEMIC RISK SCORE PER SEGMENT ................................................................................................................... 49 
FIGURE 39: COUNTIES WHERE MOST METROQUEST PARTICIPANTS LIVE .................................................................................... 52 
FIGURE 40: METROQUEST INTERACTIVE MAP COMMENT DENSITY ............................................................................................ 53 
FIGURE 41: METROQUEST MAP MARKER SUMMARY .............................................................................................................. 54 
FIGURE 42: METROQUEST RESPONSE TO 'WHAT MAKES IT HARD TO BIKE HERE?' ....................................................................... 54 
FIGURE 43: METROQUEST RESPONSE TO Ψ²HAT MAKES YOU FEEL UNSAFE HERE? ...................................................................... 55 
FIGURE 44: COLFAX FROM MOLINE TO PEORIA CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES ............................... 61 
FIGURE 45: COLFAX & HAVANA CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES ................................................... 62 
FIGURE 46: COLFAX & HAVANA CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES (CONT.) ....................................... 63 
FIGURE 47: COLORADO & MISSISSIPPI CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES .......................................... 64 
FIGURE 48: COLFAX & MOLINE CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES.................................................... 65 
FIGURE 49: COLFAX & CHAMBERS CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES ................................................ 66 
FIGURE 50: FEDERAL BLVD & 70TH AVE CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES ......................................... 67 
FIGURE 51: WADSWORTH & 32ND AVE CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES ......................................... 68 
FIGURE 52: WADSWORTH & 32ND AVE CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES (CONT.) ............................. 69 
FIGURE 53: WADSWORTH & 26TH AVE CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES .......................................... 70 
FIGURE 54: WADSWORTH & 26TH AVE CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES (CONT.) .............................. 71 
FIGURE 55: COLFAX & ADAMS CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES .................................................... 72 
FIGURE 56: PALMER FROM COLFAX TO 8TH CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES .................................... 73 
FIGURE 57: 1ST & CENTENNIAL CRASH SUMMARY, FIELD OBSERVATIONS & COUNTERMEASURES .................................................... 74 
FIGURE 58: COLFAX FROM MOLINE TO PEORIA CONCEPT DESIGN & COST ESTIMATE .................................................................... 76 
FIGURE 59: COLFAX & HAVANA CONCEPT DESIGN & COST ESTIMATE ........................................................................................ 77 
FIGURE 60: COLORADO & MISSISSIPPI CONCEPT DESIGN & COST ESTIMATE ............................................................................... 78 
FIGURE 61: COLFAX & MOLINE CONCEPT DESIGN & COST ESTIMATE ......................................................................................... 79 
FIGURE 62: COLFAX & CHAMBERS CONCEPT DESIGN & COST ESTIMATE ..................................................................................... 80 
FIGURE 63: FEDERAL BLVD & 70TH AVE CONCEPT DESIGN & COST ESTIMATE .............................................................................. 81 
FIGURE 64: FEDERAL BLVD & 70TH AVE CONCEPT DESIGN & COST ESTIMATE (CONT.) .................................................................. 82 
FIGURE 65: WADSWORTH & 32ND AVE CONCEPT DESIGN & COST ESTIMATE ............................................................................... 83 
FIGURE 66: WADSWORTH & 32ND AVE CONCEPT DESIGN & COST ESTIMATE (CONT.) ................................................................... 84 
FIGURE 67: WADSWORTH & 32ND AVE CONCEPT DESIGN & COST ESTIMATE (CONT.) ................................................................... 85 
FIGURE 68: WADSWORTH & 26TH AVE CONCEPT DESIGN & COST ESTIMATE ............................................................................... 86 
FIGURE 69: WADSWORTH & 26TH AVE CONCEPT DESIGN & COST ESTIMATE (CONT.) ................................................................... 87 
FIGURE 70: WADSWORTH & 26TH AVE CONCEPT DESIGN & COST ESTIMATE (CONT.) ................................................................... 88 
FIGURE 71: COLFAX & ADAMS CONCEPT DESIGN & COST ESTIMATE .......................................................................................... 89 

file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543852
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543857
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543858
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543859
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543860
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543861
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543864
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543866
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543867
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543868
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543869
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543870
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543871
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543872


 

FIGURE 72: COLFAX & ADAMS CONCEPT DESIGN & COST ESTIMATE (CONT.) .............................................................................. 90 
FIGURE 73: PALMER FROM COLFAX TO 8TH CONCEPT DESIGN & COST ESTIMATE ......................................................................... 91 
FIGURE 74: 1ST & CENTENNIAL CONCEPT DESIGN & COST ESTIMATE......................................................................................... 92 

 

LIST OF TABLES 
TABLE ES 1: TOP LOCATIONS ............................................................................................................................................ ES5 
TABLE ES 2: TOP COUNTERMEASURES BY LOCATION ............................................................................................................. ES7 

 
TABLE 1: DATASETS USED IN THE ANALYSIS ............................................................................................................................. 3 
TABLE 2: CRASH HOT SPOTS (400 POINTS AND ABOVE) ........................................................................................................... 13 
TABLE 3: SUMMARY OF CRASH TYPES ................................................................................................................................... 15 
TABLE 4: CRASHES PER LANE MILE ....................................................................................................................................... 16 
TABLE 5: JURISDICTIONAL CLASSIFICATION CRASH SUMMARY .................................................................................................... 18 
TABLE 6: LOCATION CRASH SUMMARY ................................................................................................................................. 19 
TABLE 7: FUNCTIONAL CLASSIFICATION CRASH SUMMARY ........................................................................................................ 21 
TABLE 8: LIGHT CONDITION CRASH SUMMARY ....................................................................................................................... 25 
TABLE 9: SPEED LIMIT CRASH SUMMARY .............................................................................................................................. 26 
TABLE 10: PEDESTRIAN RISK OF SEVERE INJURY OR DEATH BASED ON SPEED ................................................................................ 28 
TABLE 11: AADT CRASH SUMMARY .................................................................................................................................... 31 
TABLE 12: NUMBER OF LANES CRASH SUMMARY ................................................................................................................... 33 
TABLE 13: SHOULDER WIDTH/SIDEWALK/BIKE LANE CRASH SUMMARY ..................................................................................... 35 
TABLE 14: FUNCTIONAL CLASSIFICATION OF CRASHES ON ROADS WITH WIDE, PAVED SHOULDERS ................................................... 36 
TABLE 15: CRASHES ON URBAN AND RURAL ROADS IN RELATION TO TYPE OF SHOULDER AND PRESENCE OF SIDEWALKS ...................... 37 
TABLE 16: MEDIAN TYPE CRASH SUMMARY .......................................................................................................................... 41 
TABLE 17: BREAKDOWN OF PAINTED MEDIAN CRASHES .......................................................................................................... 44 
TABLE 18: VOLUME TO CAPACITY RATIO SUMMARY ................................................................................................................ 45 
TABLE 19: SYSTEMIC RISK SCORING ..................................................................................................................................... 47 
TABLE 20: METROQUEST REQUESTED LOCATIONS FOR IMPROVEMENTS ..................................................................................... 51 
TABLE 21: TOP SYSTEMIC LOCATIONS................................................................................................................................... 56 
TABLE 22: TOP CRASH LOCATIONS ....................................................................................................................................... 58 
TABLE 23: TOP SYSTEMIC LOCATIONS................................................................................................................................... 59 
TABLE 24: SAFETY COUNTERMEASURE RESOURCES ................................................................................................................. 93 
TABLE 25: ACCEPTABLE COUNTERMEASURES ......................................................................................................................... 94 
TABLE 26: SAFETY FUNDING OPPORTUNITIES ......................................................................................................................... 98 
TABLE 27: TOP LOCATION NEXT STEPS ................................................................................................................................. 99 
 

List of Appendices 
Appendix A:   Crash Hot Spots (250 Points or more) 

Appendix B:   MetroQuest Survey Results Summary 

Appendix C:   Planning Level Cost Estimates for Top Locations 

Appendix D:   Benefit to Cost Calculations

file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%233%20-%20R1%20Safety%20Study/06_Reports/Final%20Report/Final%20to%20CDOT/R1%20Safety%20Study%20_Final%20Report_12.23.2022.docx%23_Toc122690625
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%233%20-%20R1%20Safety%20Study/06_Reports/Final%20Report/Final%20to%20CDOT/R1%20Safety%20Study%20_Final%20Report_12.23.2022.docx%23_Toc122690626
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543904
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543925
file://///lakefs1/Projects/CDOT%20Traffic%20NPS-2019/186807_TO%23_Toc129543926


Executive Summary   P a g e | 1
   

EXECUTIVE SUMMARY 
The goal of this study is to improve the safety of the bicycle and pedestrian network on CDOT roads within 

Region 1 (Adams, Arapahoe, Broomfield, Clear Creek, Denver, Douglas, Gilpen and Jefferson Counties).  A 

Technical Advisory Committee (TAC) consisting of up to two staff from each of the Cities and Counties 

within Region 1, plus Colorado Department of Transportation (CDOT), 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 through a robust online survey called MetroQuest. This document provides a guide to 

identifying areas of higher potential risk, areas 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 Region 1. This study 

evaluated all CDOT roads within Region 1 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 pedestrian improvements, 

the scope of this project was limited to 11 top 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 grants and 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 5 within this report shows the crash scores for every ½ 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 and likely 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 lanes, shoulder width, etc.) that 

correlated to an increased level of risk. These risk factors were scored and the combined score by ½ mile 

segment of road is shown in Figure 38 of this report. The roads with the highest scores are associated 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 Concern 
During this study, an online survey tool was used to gather feedback from local agency staff, advocacy 

groups, and the general public. Over 2,300 people responded to the survey, providing over 5,800 data 

points on the mapping portion of the survey. The full dataset of responses was provided to the TAC 

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 intersections or 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 identified 11 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 the 11 locations and their identified crash patterns and 

field observations to determine if they are dealing with comparable facilities or intersections. Figures 44 

through 57 provide detail on the crash data, field observations and potential countermeasures for each 

of the top locations. As users of this report identify comparable facilities, the countermeasures, concept 

designs and cost estimates on Figures 58 through 74 may prove valuable for future planning / design work 

and budgeting purposes. 

As requested by the TAC, the final section of the ǊŜǇƻǊǘ άAcceptable Countermeasuresέ ǇǊƻǾƛŘŜǎ ŀ ǎŀƳǇƭŜ 

of acceptable countermeasures, resources where additional measures can be found, and links to sites 

containing design guidance, cost estimates, research, and case studies  

NETWORK SCREENING 
The primary analysis for this study was a network 

screening comprised of two components, 1) bicycle 

and pedestrian crash analysis and 2) systemic safety 

analysis was conducted to identify roadways with a 

history of severe bicycle and pedestrian crashes, high 

crash density, or potential for a higher risk of 

crashes.  

The crash analysis included the latest five (5) years of 

available bicycle and pedestrian crash data (July 

2015 thru June 2020). Only bicycle and pedestrian 

crashes on CDOT roads within Region 1 were 

ŜǾŀƭǳŀǘŜŘ ŘǳŜ ǘƻ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ǊŜƎƛƻƴ ŀƴŘ /5h¢Ωǎ 

ability to program state funds and maintenance. A 

total of 2,222 bicycle and pedestrian crashes were 

identified.  

As shown on Figures ES1 and ES2, pedestrian crashes 

accounted for 68 percent of the 2,222 crashes and 94 

percent of the fatalities, indicating that pedestrians 

are at higher risk for fatalities.  Figures ES3 and ES4 

show the regional distribution of bicycle and 

pedestrian crashes. Pedestrian crashes were more 

distributed across the region than bicycle crashes.  

32%

68%

Total Crashes (2015-2020)

Bicycle

Pedestrian

6%

94%

Fatal Crashes (2015-2020)

Bicycle

Pedestrian

Figure ES 1: Bicycle & Pedestrian Crashes 

Figure ES 2: Bicycle & Pedestrian Fatalities 
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Figure ES 3: Bicycle Crash Locations (2015-2020) 
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 Figure ES 4: Pedestrian Crash Locations (2015-2020) 
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For the network screening, the roadway network was divided into ½ 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 evaluated and 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 ½ mile segment of the network was scored for risk. Figure ES 5 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 over 2,300 people identifying over 5,800 points of concern associated 

with pedestrian and bicycle travel in Region 1. Concentrations 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 placed in order of highest to lowest systemic risk score. The resulting list is 

referenced throughout the report as the top systemic locations.  

TOP LOCATIONS 
/5h¢Ωǎ Ǝƻŀƭ ŦƻǊ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƻǇ ƭƻŎations both from the crash analysis, and the more 

proactive approach to safety, the systemic analysis. Five of the top locations came from the list of bicycle 

and pedestrian crash hot spots, and the remaining six locations were selected from the top systemic 

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

 

 

 

 

 

Local Agency Top Locations Type 

Aurora Segment of Colfax from Moline to Peoria Crash 

Aurora Intersection of Colfax/Havana Crash 

Glendale Intersection of Colorado/Mississippi Crash 

Aurora Intersection of Colfax/Moline Crash 

Aurora Intersection of Colfax/Chambers Crash 

Westminster 
/ Adams Co 

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

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

Systemic 

Wheat Ridge 
/ Lakewood 

Intersection of Wadsworth / 26th and Wadsworth from 26th to 
29th 

Systemic 

Bennett Intersection of Colfax / Adams Systemic 

Bennett Palmer Ave from Colfax to 8th Systemic 

Bennett Intersection of 1st St / Centennial Systemic 

Table ES 1: Top Locations 
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Figure ES 5: Systemic Risk Score Per Segment 
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SAFETY COUNTERMEASURES 
An evaluation of the top locations was completed, available 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 understand existing 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 countermeasures were considered.  For each of the top locations, a detailed summary of the bicycle 

and pedestrian crash results, field observations, and safety countermeasures are provided in Figures 44 

thru 57 of the final report. Concept designs, crash modification factors, cost estimates, and benefit to cost 

ratios for each of the top locations are included in Figures 58 through 74 of the report. A summary of the 

top countermeasures for each location is included in Table ES2 below. 

Local Agency Top Locations Top Countermeasure 

Aurora Segment of Colfax 
from Moline to 
Peoria 

¶ Add a marked crossing with a pedestrian refuge and HAWK 
signal between Nome Street and Oswego Street 

Aurora Intersection of 
Colfax/Havana 

¶ Curb extensions in the northwest and southeast corners 
and queue jumps for eastbound and westbound buses 

¶ Evaluate the feasibility of passive pedestrian detection 

Glendale Intersection of 
Colorado/Mississippi 

¶ Modify left turn signal phase to protected by pedestrian call 

Aurora Intersection of 
Colfax/Moline 

¶ Curb extensions in the northwest and southeast corners 

Aurora Intersection of 
Colfax/Chambers 

¶ Add right-turn channelization from Colfax Avenue to 
Chambers Road 

Westminster 
/ Adams Co 

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

¶ Complete sidewalk connectivity on the west side and 
southeast side of Federal Boulevard 
o Update the northwest pedestrian ramp to allow access 

for pedestrians with disabilities  
Wheat Ridge Intersection of 

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

¶ Remove northbound right turn lane, tighten southeast 
corner radius and add a curb extension in the northeast 
corner 

¶ Widen 32nd Avenue to the south to provide east/west bike 
connectivity at the intersection 

¶ !ŘŘ сΩ ǎƛŘŜǿŀƭƪ ƻƴ ²ŀŘǎǿƻǊǘƘ ōŜǘǿŜŜƴ онnd and 35th (both 
sides) 

Wheat Ridge 
/ Lakewood 

Intersection of 
Wadsworth / 26th 
and Wadsworth 
from 26th to 29th 

¶ Widen the east leg to connect bike lanes on 26th Avenue in 
both directions 

¶ Add sidewalks on Wadsworth from 26th to 29th (west side) 

¶ Fill the sidewalk gap from 26th !ǾŜ ǘƻ мтрΩ ǎƻǳǘƘ όŜŀǎǘ ǎƛŘŜύ 

Bennett Intersection of 
Colfax / Adams 

¶ Curb extension in the southwest corner 

¶ Convert intersection to all-way stop with flashing beacons 

Table ES 2: Top Countermeasures by Location 
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ACCEPTABLE COUNTERMEASURES 
TAC members indicated that identification of countermeasures acceptable to CDOT was something they 

hoped would come out of this study. As a result, Tables 24 and 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 funding. Local 

agencies should work with their respective response 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 Safety Improvement Program (HSIP), 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 CDOT is progressing all of the top locations forward. Improvements for five of 

the locations will be designed using vision zero funds, HSIP / FASTER grant applications for three of the 

locations will be prepared, two of the locations were awarded funding during this 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 

include enhancing the crash data set by following the Model Minimum Uniform Crash Criteria Guideline 

(MMUCC)1. MMUCC identifies a minimum set of motor vehicle crash data elements and their attributes 

that States should consider collecting and including in their state 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, on-street parking, access spacing, location of 

sidewalks to the vehicle travel lane (separated versus adjacent) would be helpful in identifying additional 

risk factors.  

 

 
1 MMUCC | NHTSA 

Bennett Palmer Ave from 
Colfax to 8th 

¶ Enlarge triangle median island and extend curb between 5th 
Street and 6th Street 

Bennett Intersection of 1st St 
/ Centennial Dr 

¶ Widen the raised median island and shift the crosswalk 
north 

¶ Install high-visibility crosswalk striping and add an RRFB 

https://www.nhtsa.gov/mmucc-1
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FINAL REPORT 

INTRODUCTION 
CDOT has historically focused on safety and mobility of 

vehicles on CDOT roadways. More recently CDOT has 

shifted to a mentality of improved safety and mobility for all 

users. Policy Directive 1602 and Procedural Directive 1602.1 

state that CDOT will promote transportation mode choice 

by enhancing safety and mobility for bicyclists on or along the state highway system. Additionally, in 2015, 

CDOT launched Moving Colorado Towards Zero Deaths, which sets a goal of zero deaths for every 

individual, family or community using /ƻƭƻǊŀŘƻΩǎ transportation network.  

The goal of this study was to improve the safety of the bicycle and pedestrian networks on all CDOT roads 

within Region 1 through the identification of a program of projects and working collaboratively with local 

agencies on funding opportunities. This study starts with network screening which is an evaluation of 

crash history and available roadway data to identify roadways with the potential for higher risk. From the 

network screening and public engagement results, a list of top locations was identified for development 

of safety countermeasures. The top locations excluded the City and County of Denver as they were 

working on a similar study that addressed bicycle and pedestrian safety. The top countermeasures were 

advanced into conceptual designs with estimates of cost.  

ENGAGEMENT 

Overview 
Engagement for this project included a robust online MetroQuest survey and regular meetings with the 

Technical Advisory Committee (TAC). The MetroQuest survey was made available to the public in both 

English and Spanish from January 7, 2022 through February 18, 2022, and received over 2,300 responses 

across the region. A summary of the MetroQuest results is discussed later in this report.  

The purpose of the TAC was to discuss progress and assumptions, and garner support on various elements 

of the project. The TAC consisted of up to two staff from each of the Cities and Counties within Region 1, 

plus multiple staff from Colorado Department of Transportation (CDOT), Federal Highway Administration 

(FHWA) and Denver Regional Council of Governments (DRCOG).  In order to allow all voices to be heard, 

the TAC was originally broken into East and West, and each TAC meeting held twice. This method was 

used for the first two TAC meetings, after which it was determined that a single TAC meeting would 

provide more benefit to the members and subsequent meetings were each held once. A summary of the 

first round of TAC meetings is provided below. Summaries of the remaining TAC meetings are provided in 

the relevant sections of the report. 

TAC #1 ς Project Overview 
The first round of TAC meetings was held on January 6, 2022 and included a discussion of TAC roles & 
responsibilities and the project study area, goals, overview, and schedule. During 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 long-term. The TACΩǎ ǘƻǇ 
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two priorities for selecting projects were safety and network connectivity.  TAC membersΩ goals for this 
project and ways they said the project could support the local agencies included:  

¶ Coordinating with Local Agencies 
o To work together on projects where CDOT and County/City roads interface or roads that 

form the border of two local agencies 
o Improving the bike/pedestrian network on Sheridan between 17th and 41st 
o To provide connectivity between jurisdictions 
o To have consensus with local agencies on areas where improvements are needed 

¶ Safety/Multimodal 
o Provide safety for all users 
o To make downtowns multimodal 
o Incorporate safe bikeways that reduce traffic 
o Increase safety and access on CDOT roads and arterial streets 
o Focus on multimodal safety on/across CDOT roads 

¶ Countermeasures 
o Provide connectivity to existing resources or resources under development 
o Ensure consistency in evaluation and identification of countermeasures 
o Provide innovative countermeasures 
o Provide a better understanding of contributing factors of crashes 
o Develop a data-driven approach to addressing crash patterns 
o Provide adaptations for municipalities 
o Identify proactive rather than reactive improvements 
o Develop a uniform approach for safety throughout the region with a focus on individual 

locations 
o Identify relevant and applicable improvements for urban versus rural roads 

¶ Other 
o Identify hot spots and prioritize areas of need 
o Develop a strategy for maintenance of separated bikeways 
o Revisit CDOT standards to incorporate bicycle and pedestrian safety 
o Develop Community Education that focuses on Vision Zero, Complete Streets, and 

Multimodal Transportation 

NETWORK SCREENING 

Overview 
A network screening is the process by which high-risk roadways or intersections are identified. The 

network screening was completed in two steps; 1) an analysis of bicycle and pedestrian crashes was 

completed to identify locations with a history of severe crashes, and/or high crash density (hot spots), and 

2) a systemic safety analysis was conducted to identify roadways with higher risk for bicycle and 

pedestrian crashes based on the general roadway characteristics.   

The goal for the network screening was to identify locations on the CDOT Region 1 roadway network 

where the implementation of safety countermeasures would result in a significant increase in safety for 

bicyclists and pedestrians. The results from the network screening were used to prioritize locations for 

further study.  
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Data Collection 
Before crash analysis or systemic safety analysis could be 

completed, available data was gathered and reviewed. 

Available data from the Colorado Department of 

¢ǊŀƴǎǇƻǊǘŀǘƛƻƴΩǎ hƴƭƛƴŜ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳ 

(CDOT OTIS) and the Denver Regional Council of Governments 

(DRCOG) was reviewed to determine applicability and 

usability for this study. Data sources that were associated with 

a CDOT route and milepost were generally applicable to this 

study.  Route and milepost fields connected the data back to 

the CDOT highways network in a cohesive manner that 

enabled route event overlays (dynamic segmentation) to 

analyze multiple sets of attributes together.  Additionally, it 

should be noted that location (intersection versus non-

intersection) and light condition (daylight versus dark) 

information reported in this study comes directly from the 

crash database. Many of the linear attributes (AADT, speed, 

thru lanes, etc.) were sourced directly from the CDOT Highways dataset. In addition, CDOT provided data 

from their Bicycle Level of Stress analysis, conducted in 2018, which allowed for the incorporation of bike 

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

Additional data was identified though DRCOG and was referenced to help prioritize the top locations. 

Those datasets include:  

 Vulnerable Populations by Tract ACS 2015-2019 

 Regional High Injury Network and Critical Corridors 

 Pedestrian Focus Areas 

 Bicycle Facility Inventory 

 

Crash Analysis 

Overview 
The bicycle and pedestrian crash data was evaluated to identify locations with a history of severe crashes 

and/or high crash density (hot spots). The crash analysis included the latest five (5) years of available 

bicycle and pedestrian crash data (July 2015 to June 2020). The year-to-year data indicates that 

approximately 450 bicycle and pedestrian crashes occur annually, however, between January 1, 2020 and 

July 1, 2020, only 144 crashes had been reported, indicating either a potential decline in bicycle and 

pedestrian crashes or fewer crashes occurring in the first half of the year.  Only crashes on CDOT roads 

within Region 1 were evaluated due to the size of the region and the availability of crash data on local 

roads.  It is important to note that the crash analysis only included reported crashes. Some cities across 

the U.S. have compared crash reports with hospital discharge, noting that a large percentage (45%) of 

bicycle/pedestrian injuries resulting from a traffic crash have not been reported.   

Datasets Used in the Analysis 

Bicycle and Pedestrian Crash Data 
(July 2015 ς June 2020) 

Jurisdictional Classification 

Functional Classification 

Lighting 

Speed Limit 

Number of Thru Lanes 

AADT (2019) 

Shoulder Width and Type 

V/C Ratio 

Sidewalks 

Bike Lanes 

Median Type 

Table 1: Datasets Used in the Analysis 



 

Final Report   P a g e | 4
   

Crash Severity and Distribution 
A total of 2,222 crashes (1,513 involving pedestrians 

and 709 involving bicycles) were identified. Crash 

severity was evaluated to identify the proportion of 

severe crashes (defined as fatal and injury) to property 

damage only (PDO) crashes on the network. As shown in 

Figure 1, of the 2,222 bicycle and pedestrian crashes 

recorded along CDOT Region 1 highways, 143 were fatal, 

1,733 resulted in injury, and 346 resulted in property 

damage only. The percent of crashes resulting in an 

injury were similar between bicycle and pedestrian 

crashes; however, the percent of crashes resulting in a 

fatality were higher for pedestrian crashes. There were 

134 fatal pedestrian crashes and 9 fatal bicycle crashes; 

pedestrian crashes exhibit a higher probability of fatality 

than bicycle crashes.   

Looking for trends in the data, the bicycle and pedestrian 

crashes were distributed over the study years (Figure 2). 

Between 2016 and 2019, bicycle and pedestrian crashes 

consistently totaled around 450 crashes annually. Both 

2015 and 2020 data only included half of the year, but it 

appears that bicycle and pedestrian crashes were lower 

than normal in 2020. This could be the result of fewer 

crashes during certain seasons, but it is also likely  the 

result of fewer vehicles, pedestrians and bicyclists on the 

road at the beginning of the COVID pandemic due to 

restaurant and business closures. The reduction in users 

on the transportation network reduced the hazard 

between vehicles and pedestrians. 

Figures 3 and 4 below show the distribution of bicycle 

and pedestrian crashes across the region (darker dots 

represent a higher density of crashes). Most of the 

crashes occurred within the area generally formed by 

the E-470 boundary but crash density was higher in the 

central area. The crashes were observed to be highly concentrated on major corridors in the area, such as 

Colfax Avenue, Federal Boulevard, Sheridan Boulevard, Wadsworth Boulevard, Colorado Boulevard, 

Parker Road, Havana Street, US 285, Kipling Street and 6th Avenue.  

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 pedestrians 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 included in the crash 

analysis. 

Figure 1: Bicycle & Pedestrian Crashes by Severity 
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Figure 2: Bicycle & Pedestrian Crashes by Year 
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Figure 3: Bicycle Crash Locations (2015-2020) 
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Figure 4: Pedestrian Crash Locations (2015-2020) 
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Crash Score 
Identifying the location of crashes was helpful to understand geographically where the crashes occurred, 

but further evaluation was needed to identify the areas with the highest number of severe crashes and/or 

the highest density of crashes (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 ½ mile segments based on milepost. Segmentation of the roadway 

allowed for consistency between segments to simplify scoring of the roadway network. On each ½ mile 

segment, the total number of fatal, injury and PDO bicycle and pedestrian crashes was identified. A score 

was assigned to each crash type. Each fatal crash received 100 points, each injury crash received 50 points, 

and each PDO crash received 25 points. The points for each segment were added, and the segments with 

the highest scores were identified as the locations with inherently higher risk. Figure 5 below shows the 

segments that resulted in the highest crash score for the entire region based on crash history.  

Figure 5 shows that, the segments in Region 1 with the highest crash scores are on Colfax Avenue, Federal 

Boulevard, Colorado Boulevard, 6th Avenue, Havana Street, Sheridan Boulevard, and Wadsworth 

Boulevard. These roadway segments are located in Denver, Lakewood, and Aurora. Based on discussions 

with the City and County of Denver (CCD), at the time of this study, they were working on a similar study 

that was intended to address bicycle and pedestrian safety. As a result the locations within CCD were not 

evaluated further during this study.  

Crash Hot Spots 
The next step in narrowing down bicycle and pedestrian hot spot locations within the region was to 

identify whether the segments identified in Figure 5 were risky because of the geometry of the segment, 

or because of an intersection along the segment. Since a comprehensive intersection dataset was not 

available, a detailed review of crash reports in the highest scoring crash segments within the Cities of 

Lakewood, Aurora and Glendale were conducted. Figures 6 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 injury, and 25 points for a PDO crash, intersections 

received a crash score based on the crashes that were reported as intersection related. The remaining 

crashes were reported as either non-intersection or driveway related. These crashes made up the new 

segment scores. Table 2 provides 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 Boulevard was already 

selected for funding of improvements to address bicycle and pedestrian safety, so that location was also 

not evaluated further. 
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Figure 5: Crash Scores Per Segment 
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Figure 6: Lakewood ς Colfax Avenue Crash Hot Spot Figure 7: Lakewood ς Wadsworth Boulevard Crash Hot Spot 
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Figure 9: Aurora ς Colfax Avenue Crash Hot Spot (Part 1) Figure 8: Aurora ς Colfax Avenue Crash Hot Spot (Part 2) 
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Figure 10: Aurora ς Havana Street Crash Hot Spot Figure 11: Aurora ς 6th Avenue Crash Hot Spot 
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 Figure 13: Glendale ς Leetsdale Drive Crash Hot Spot Figure 12: Glendale ς Colorado Boulevard Crash Hot Spot 
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Table 2: Crash Hot Spots (400 points and above) 

City Segment/Intersection Crash Score 

Aurora Colfax from Moline to Peoria 1000 

Lakewood Colfax from 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 crash data from 2015 to 2020 was evaluated to identify the severity of crashes and 

their locations across the region. Pedestrian crashes accounted for approximately 68 percent of the total 

crashes and 94 percent of the total fatalities; this indicates that pedestrians are at higher risk for fatalities. 

Additionally, pedestrian crashes were more distributed across the region than bicycle crashes.  

Dividing the roads in the region into ½ mile segments and applying scores for each crash based on severity, 

the crash analysis identified the segments with the highest crash scores as shown in Figure 5. 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 hot spots scoring 250 points or more are included in Appendix A.  
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Systemic Safety Analysis 

Overview 
The second step in the network screening process was to perform a systemic safety analysis. Systemic 

analysis looks at the characteristics of the roadways (i.e., speed 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 characteristics that may or may not 

have a crash 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 implement 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 Recovery Act of 

2009 (FASTER) funds.  

CI²!Ωǎ {ȅǎǘŜƳƛŎ {ŀŦŜǘȅ tǊƻƧŜŎǘ {ŜƭŜŎǘƛƻƴ ¢ƻƻƭ2 was used as a guide to complete this systemic safety 

analysis and presents a process for incorporating systemic safety planning into traditional safety 

management processes. tŜǊ CI²!Ωǎ tool, the first steps in 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 occur. For purposes of this study, the crash types that are 

being evaluated are bicycle and pedestrian crashes. The conditions, or risk factors, under which those 

crashes occur are discussed in more detail below.  

Identification of Risk Factors 
The 2,222 bicycle and pedestrian crashes identified within Region 1 were broken down based on a list of 

potential risk factors. Risk factors are defined as variables that either on their own, or in combination with 

each other, can be associated with an increased or decreased risk of crashes occurring. Table 3 shows the 

percent of the 2,222 bicycle and pedestrian crashes associated with each of the potential risk factors. 

Highlights from this analysis are noted below and discussed in more detail in the άEvaluation of Risk 

Factorsέ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ report. 

¶ 99% occurred in urban areas 

¶ 71% occurred at intersections, 24% at non-intersections, and 5% at driveways 

¶ 87% occurred on roadways with functional class άtǊƛƴŎƛǇŀƭ !ǊǘŜǊƛŀƭ ς hǘƘŜǊέ 

¶ 57% occurred during daylight and 33% occurred in dark-lighted conditions 

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

¶ 94% occurred on roadways with an AADT greater than or equal to 25,000 

¶ 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 

 
  

 
2 Systemic Safety Project Selection Tool, FHWA, SA-13-019 
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Table 3: Summary of Crash Types 

    2015 - 2020 Crash History 

Potential 
Risk Factor 

Categories 
Bicycle Pedestrian Total # 

of 
Crashes 

Total % 
by Type # Crashes 

% by 
Type 

# Crashes 
% by 
Type 

  Total # of Crashes 709 100% 1,513 100% 2,222 100% 

Jurisdictional 
Classification 

Urban 702 99% 1,496 99% 2,198 99% 

Rural 7 1% 17 1% 24 1% 

Location 

Intersection 558 79% 1,018 67% 1,576 71% 

Driveway 61 9% 43 3% 104 5% 

Non Intersection 90 13% 452 30% 542 24% 

Functional 
Classification 

Interstate 37 5% 96 6% 133 6% 

Freeway & Expressway 49 7% 51 3% 100 5% 

  Principal Arterial - 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% 

Light 
Condition 

Daylight 550 78% 719 48% 1,269 57% 

Dark - Lighted 106 15% 617 41% 723 33% 

Dark - Unlighted 18 3% 93 6% 111 5% 

Dawn or Dusk 35 5% 84 6% 119 5% 

Speed Limit 

<=30 mph 94 13% 222 15% 316 14% 

35 mph 253 36% 542 36% 795 36% 

40 mph 166 23% 371 25% 537 24% 

>=45 mph 196 28% 378 25% 574 26% 

Number of 
Lanes 

2 34 5% 16 1% 50 2% 

3 3 0% 4 0% 7 0.3% 

4+ 672 95% 1,493 99% 2,165 97% 

AADT 

< 15,000 31 4% 17 1% 48 2% 

15,000 - 24,999 35 5% 53 4% 88 4% 

25,000 - 34,999 263 37% 612 40% 875 39% 

>= 35,000 380 54% 831 55% 1,211 55% 

Shoulder 
Width / Type 

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% 

Narrow (<= 6 FT) and Gravel 4 1% 3 0% 7 0% 

Narrow (<= 6 FT) and Paved 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 
Sidewalk 

Yes 622 87.7% 1,370 90.5% 1,992 90% 

No 87 12.3% 143 9.5% 230 10% 

Presence of 
Bike Lanes 

Yes 1 0% 0 0% 1 0% 

No 708 100% 1,513 100% 2,221 100% 
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Median Type 

Depressed / HOV Reversible  43 6% 82 5% 125 6% 

Raised 85 12% 156 10% 241 11% 

Channelized - Raised Curb 272 38% 594 39% 866 39% 

Painted 78 11% 218 14% 296 13% 

Level 37 5% 58 4% 95 4% 

None 194 27% 405 27% 599 27% 

V/C Ratio 
<0.65 136 19% 225 15% 361 16% 

0.65-0.84 236 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. Table 4 takes the total number of crashes for each of the risk factors and divides that by the total 

number of lane miles associated with the same risk 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 purposes, factors that resulted 

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/mile, the 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 on the roadway 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 discussed below, in the order in which they are presented in Tables 1 and 2.  

The location and light condition risk factors were not included in the crash/mile evaluation since they are 

attributes obtained from the crash reports and not the roadway segments. 

Table 4: Crashes per Lane Mile 

    2015 - 2020 Crash History 

Potential Risk 
Factor 

Categories 
Total # Total # Crashes / 

Lane Mile Crashes Lane Miles 

  Total # of Crashes 2,222 973.9 2.28 
Jurisdictional 
Classification 

Urban 2,198 569.1 3.86 
Rural 24 404.7 0.06 

Functional 
Classification 

Interstate 133 228.3 0.58 

Freeway & Expressway 100 160.6 0.62 

Principal Arterial - 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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Speed Limit <=30 mph 316 49.4 6.4 

35 mph 795 79.0 10.06 

40 mph 537 94.2 5.7 

>=45 mph 574 751.3 0.76 
Number of 
Lanes 

2 50 321.5 0.16 

3 7 33.6 0.21 

4+ 2,165 618.7 3.5 
AADT < 15,000 48 330.9 0.15 

15,000 - 24,999 88 105.5 0.83 

25,000 - 34,999 875 122.6 7.13 

>= 35,000 1,211 414.8 2.92 
Shoulder Width 
/ Type 

No Shoulder 77 35.2 2.19 

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 
Sidewalk 

Yes 1,992 270.6 7.36 

No 230 703.3 0.33 

Presence of 
Bike Lanes 

Yes 1 2.9 0.34 

No 2,221 970.9 2.29 
Median Type Depressed / HOV Reversible  125 295.8 0.42 

Raised 241 61.3 3.93 
  Channelized - Raised Curb 866 71.6 12.09 

Painted 296 34.0 8.71 
  Level 95 108.8 0.87 

None 599 402.5 1.49 
V/C Ratio <0.65 361 451.6 0.8 

0.65-0.84 808 223.9 3.61 

  0.85-0.99 828 230.6 3.59 

  >=1 225 67.8 3.32 
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Evaluation of Risk Factors 

Jurisdictional Classification 

Table 5: Jurisdictional Classification Crash Summary 

Potential 
Risk 
Factor 

Categories 
Total # 
Crashes 

Total % 
By Type 

Total # 
Crashes 

Total # 
Lane 
Miles 

Crashes / 
Lane Mile 

Jurisdictional 
Classification 

Urban 2,198 99% 2,198 569.1 3.86 

Rural 24 1% 24 404.7 0.06 

Defined: Jurisdictional classification rŜŦŜǊǎ ǘƻ /5h¢Ωǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǳǊōŀƴ ǾŜǊǎǳǎ ǊǳǊŀƭ ǊƻŀŘǿŀȅǎ, which 

ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ¦{ /Ŝƴǎǳǎ .ǳǊŜŀǳΩǎ ŎŀǘŜƎƻǊƛȊŀǘƛƻƴ ƻŦ ŀ ƎŜƻƎǊŀǇƘƛŎ ŀǊŜŀ ōȅ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ Ŏƻǳƴǘ. 

Of the 2,222 bicycle and pedestrian crashes that occurred on CDOT Region 1 roadways between 2015 and 

2020, 99% occurred on urban classified roadways although 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 than it is for rural roads. 

This is likely a result of larger populations in urban areas and more conflicts between bicyclists/pedestrians 

and vehicles.  

As shown in Figure 14, despite a smaller proportion 

of total bicycle and pedestrian crashes occurring on 

rural roads, the crash severity on rural and urban 

roads shows a similar distribution: PDO crashes 

accounted for 13% (rural) and 16% (urban); injury 

crashes accounted for 79% (rural) and 78% (urban); 

and fatal crashes accounted for 8% (rural) and 6% 

(urban). Figure 15 illustrates the relationship 

between fatal crashes, speed limits and urban 

versus rural classified roadways.  Nearly all the 

fatalities occurred on urban roads. Seven fatalities 

occurred on roadways with lower speed limits (less 

than or equal to 30 MPH). The number of fatal 

crashes significantly increases with higher speed 

limits. A total of 59 of the 141 (42%) urban fatalities 

occurred on roadways where posted speed limits 

are greater than or equal to 45 MPH. The two rural 

fatal crashes also occurred where posted speed 

limits are greater than or equal to 45 MPH. Multiple 

studies have found that higher speeds are 

associated with more severe crash outcomes, 

particularly for vulnerable road users such as 

pedestrians and bicyclists.  

  

Figure 14: Urban and Rural Crashes by 
Severity 
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Figure 15: Number of Fatal Crashes by Speed Limit and Jurisdictional Classification 

 

Location 

Table 6: Location Crash Summary 

Potential 
Risk 
Factor 

Categories 
Total # 
Crashes 

Total % 
By Type 

Location 

Intersection 1,576 72% 

Driveway 104 5% 

Non-Intersection 542 24% 

Defined: Location refers to where the crash happened along the road as defined in the crash reports. 

LƴǘŜǊǎŜŎǘƛƻƴ ŎǊŀǎƘŜǎ ƛƴŎƭǳŘŜ ǘƘƻǎŜ ƛŘŜƴǘƛŦƛŜŘ ƻƴ ǘƘŜ ŎǊŀǎƘ ǊŜǇƻǊǘǎ ŀǎ άƛƴǘŜǊǎŜŎǘƛƻƴέ ƻǊ άƛƴǘŜǊǎŜŎǘƛƻƴ 

related,έ driveway crashes include all crashes that occurred near a curb cut serving residential or 

commercial businesses/complexes, and non-intersection crashes represent all other crashes in the crash 

reports. The location of crashes was not included in the crash/mile evaluation since it is an attribute 

obtained from the crash reports and not the roadway segments.  

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

(or related to) intersections. Since intersections represent 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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Figure 16: Summary of Bicycle Crashes by Location   Figure 17: Summary of Pedestrian Crashes by Location

     

The crash tree in Figure 18 breaks down the number of crashes by severity at each location (intersection, 

driveway access, non-intersection) for both bicycles and pedestrians. For bicycles, all but one of the fatal 

crashes happened at intersection or non-intersection locations and the distribution of fatal crashes 

occurred equally at these locations with 4 fatal crashes each. For pedestrians, 59.7% of pedestrian 

fatalities occurred at non-intersection locations, and 38.1% occurred at intersection locations.  Bicycle 

injuries generally occurred at intersection locations (79.6%) while 69.7% of pedestrian injuries occurred 

at intersections and 27.2% occurred at non-intersection locations. For both bicycles and pedestrians, the 

majority of severe crashes occurred at intersection and non-intersection locations, as compared to 

driveway access locations. 

Figure 18: Bicycle and Pedestrian Crash Severity by Location 
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Figure 19 presents the combined bicycle and pedestrian crashes by severity and location. Non-intersection 

crashes experienced the highest risk for fatalities (15%), compared to intersection crashes (3.5%) and 

driveways (4%).  According to a May 2021 report by the US Department of Transportation3 non-

intersection crashes also experience the highest percentage of pedestrian fatalities in the US (73%), 

compared to intersection crashes (18%) and other crash types (9%). 

Figure 19: Crash Severity by Location 

 

Functional Classification 

Table 7: Functional Classification Crash Summary 

Potential 
Risk 
Factor 

Categories 
Total # 
Crashes 

Total % 
By Type 

Total # 
Crashes 

Total # 
Lane 
Miles 

Crashes / 
Lane Mile 

Functional 
Classification 

Interstate 133 6% 133 228.3 0.58 

Freeway & Expressway 100 5% 100 160.6 0.62 

Principal Arterial - Other 1,943 87% 1,943 313.2 6.2 

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 is an ordering system for roadways that defines how a road should 

function within the network. The classifications listed have varying relationships between traffic mobility 

and access to adjacent properties, where mobility of traffic decreases in priority from top to bottom and 

access to properties increases in priority from top to bottom.  
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As shown in Figure 20, interstates 

prioritize mobility of traffic through the 

corridor over access, thereby resulting 

in fewer driveway cuts and higher 

speed traffic. On the other hand, local 

roads prioritize land access over 

mobility and provide many curb cuts 

resulting in slower moving traffic. The 

majority of crashes (87%) occurred on 

roadways classified by CDOT as 

Principal Arterial ς Other.  When 

comparing total crashes for each 

classification to the respective number 

of miles (Table 7), Principal Arterial ς Other generated the most crashes per mile (6.2). The remaining 

roadway classifications experienced significantly fewer crashes per mile (0-0.62). This implies that the 

introduction of access on higher speed roads such as Principal Arterials results in significantly higher risk 

for crashes. While minor arterial and major collector roadways are typically designed to have more access 

than Principal Arterial ς Other roadways, the speed of traffic on these roads is typically less, allowing for 

more time to react when vehicles and vulnerable users intersect.  

Understanding /5h¢Ωǎ intended function of this high crash roadway helps to provide insight into what 

may be the cause of these crashes. Principal Arterial ς Other is 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 at-grade intersections. Freeways & Expressways are defined by CDOT as looking similar to Interstates 

in that they have full access control (i.e. no direct access to adjacent properties). Freeways 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 context. Figure 21 shows the 

location where crashes occurred on Principal Arterial ς Other roadways. As shown on Figure 21 in orange, 

since direct access and at grade intersections are restricted on Freeways & Expressways, fewer severe 

crashes (9% of fatalities and 67% of injuries) occurred at intersections on these types of roads. This data 

indicates that access and intersection density likely playing a role in the risk for crashes on Principal 

Arterial ς Other roadways.  

Other considerations for the high number of crashes per lane mile on Principal Arterial ς Other roadways 

as compared to Freeways and Expressways include:  

¶ Fewer bicyclists and pedestrians travel on Freeways & Expressways as they are typically restricted, 

or users prefer not to travel alongside high volumes of very fast-moving vehicles.  

¶ Activity centers on Principal Arterial ς Other roadways provide destinations that attract all modes 

of traffic.  

¶ Multiple destinations with individual access points increase the number of conflict points 

between vulnerable users and vehicles.  

¶ As shown in red on Figure 21, 55% of fatalities, 79% of injuries, and nearly 74% of PDO crashes on 

Principal Arterial ς Other roadways occurred at driveways or intersections. 

  

Figure 20: Mobility & Access by Functional Classification 
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Figure 21: Breakdown of Crash Severity by Functional Classification 

 

While freeways are designed to provide limited access and minor arterials are designed to provide 

connectivity between communities (indicating they provide a higher degree of access), speed, intersection 

density, and volume of users (vehicle, bicycle and pedestrian) likely play a role in the number and severity 

of crashes on these types of roads.  According to CDOT, roadways classified as Principal Arterial ς 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 typically served by one arterial. However, as the Principal Arterial ς Other 

roadways travel through rural towns, increases in access on these high-risk arterial roadways likely 

increased Ǌƛǎƪ ŦƻǊ ŀƭƭ ǳǎŜǊǎ ƻƴ ǘƘŜ ǊƻŀŘǿŀȅΦ CI²!Ωǎ {ŀŦŜ {ȅǎǘŜƳ !ǇǇǊƻŀŎƘ4 notes that redundancy is 

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 people. A couple of ways to achieve redundancy are to 

reduce the number of access points (and hence conflict points) where bicyclists and pedestrians are 

present, and/or reduce speed in areas of higher access density. 

Figure 22 shows the relationship between crashes and roadways functionally classified as Principal Arterial 

ς Other. This Functional Classification experiences significantly more crashes than other classified 

roadways.  

 
4 THE SAFE SYSTEM (dot.gov) 

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

Fat: 51% (53)

Inj: 75.1% (1,159)

PDO: 75.9% (224)

Driveway Access

Fat: 3.8% (4)

Inj: 4.8% (74)

PDO: 7.5% (22)

Non-Intersection

Fat: 45.2% (47)

Inj: 20.1% (311)

PDO: 16.6% (49)

Principal Arterial -
Freeways and 
Expressways

Fat: 9.6% (11)

Inj: 4.1% (66)

PDO: 7.2% (23)

Intersection

Fat: 9.1% (1)

Inj: 66.7% (44)

PDO: 78.3% (18)

Driveway Access

Fat: None

Inj: None

PDO: None

Non-Intersection

Fat: 90.9% (10)

Inj: 33.3% (22)

PDO: 21.7% (5)

https://safety.fhwa.dot.gov/zerodeaths/docs/FHWA_SafeSystem_Brochure_V9_508_200717.pdf
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Figure 22: Functional Class & Crash Locations 
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Lighting Conditions 

Table 8: Light Condition Crash Summary 

Potential 
Risk 
Factor 

Categories 
Total # 
Crashes 

Total % 
By Type 

Lighting 
Conditions 

Daylight 1,269 58% 

Dark - Lit 723 33% 

Dark - Unlit 111 5% 

Dawn or Dusk 119 5% 

Defined: The categories of light condition were defined in the crash reports based on the presence of 

light from the sun or other sources. Lighting was not included in the crash/mile evaluation since it is an 

attribute obtained from the crash reports and not the roadway segments.  

Lighting condition data for each crash was recorded in the crash database and provided by CDOT.  Dark 

conditions can be either lit or unlit with streetlights.  Other lighting conditions include dawn/dusk or 

daylight. Figure 23 shows that 78% of bicycle crashes and 48% of pedestrian crashes occurred in daylight, 

and pedestrians experienced more crashes during dark (lit and unlit) conditions than bicyclists. A total of 

47% of pedestrian crashes occurred in dark (lit and unlit) conditions whereas only 18% of bicycle crashes 

occurred in dark conditions. The requirement for bicycles to have lights and reflectors may explain why 

they experience fewer crashes in dark 

conditions. It is also plausible that more bicyclists 

are outside during the daylight 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 a higher risk factor to pedestrians. Of the 

93 pedestrian crashes that occurred during dark 

unlit conditions, 60 (65%) occurred at non-

intersection locations. Of those same 93 

pedestrian crashes, 87 (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 (56%) of fatal bicycle crashes occurred 

in daylight conditions with only 11% occurring in 

dark unlit conditions. Contrary to this, 

Figure 23: Crashes by Lighting Condition 
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pedestrian crashes show a correlation between fatal crashes and dark conditions, where 64% of fatal 

crashes occurred in dark lit conditions and 14% occurred in the dark unlit conditions. This data indicates 

that dark conditions correlate more strongly with pedestrian fatalities than bicycle fatalities. 

Figure 24: Percent of Fatal Bicycle Crashes by 
Lighting Condition  

Figure 25: Percent of Fatal Pedestrian Crashes by 
Lighting Condition

 

 

Speed Limit 

Table 9: Speed Limit Crash Summary 

Potential 
Risk 
Factor 

Categories 
Total # 
Crashes 

Total % 
By Type 

Total # 
Crashes 

Total # 
Lane 
Miles 

Crashes / 
Lane Mile 

Speed Limit 

<=30 mph 316 14% 316 49.4 6.4 

35 mph 795 36% 795 79.0 10.06 

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 limit as seen when driving on the road.  

Of the 2,222 bicycle and pedestrian crashes that occurred on CDOT Region 1 roadways, 50% occurred on 

roads with posted speeds of 40 mph or higher. When considering the total number of lane miles, 

significantly more crashes per lane mile occurred on roads posted at 35mph or less. It is possible that this 

is a result of higher volumes of bicycles and pedestrians traveling on lower speed roadways. With the 

exception of central urban areas, lower speed roads typically have fewer vehicles than higher speed roads, 

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

vulnerable user crashes are occurring. On the other hand, higher vehicle travel speeds increase risk for 

vulnerable road users due to the physics of speed and weight difference with a vehicle during a crash.   
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Higher speed roads typically have a higher volume of vehicles, thereby increasing potential exposure to 

accidents for vulnerable road users who are using those roadways. 

A study provided by NACTO (National Association of City Transportation Officials) that evaluates the 

relationship between speed and risk of fatal injury5 concluded that the risk of fatality for a pedestrian 

άƛƴŎǊŜŀǎŜǎ ǎƭƻǿƭȅ ǳƴǘƛƭ ƛƳǇŀŎǘ ǎǇŜŜŘǎ ƻŦ ŀǊƻǳƴŘ олƳǇƘΦ !ōƻǾŜ ǘƘƛǎ ǎǇŜŜŘΣ Ǌƛǎƪ ƛƴŎǊŜŀǎŜǎ ǊŀǇƛŘƭȅ ς the 

ƛƴŎǊŜŀǎŜ ƛǎ ōŜǘǿŜŜƴ оΦр ŀƴŘ рΦр ǘƛƳŜǎ ŦǊƻƳ олƳǇƘ ǘƻ плƳǇƘΦέ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘƛǎ ǊŜǇƻǊǘ ǎǘŀǘŜǎ ǘƘŀǘ άŜǾŜƴ 

though the risk of pedestrians being killed at 30mph is relatively low, approximately half of pedestrian 

fatalities (and injuries) occur at this iƳǇŀŎǘ ǎǇŜŜŘ ƻǊ ōŜƭƻǿΦέ Figure 26 provides a visual representation of 

these statistics from the report. 

Figure 26: Pedestrian Risk from Vehicular Impact 

  

 
5 Relationship between Speed and Risk of Fatal Injury: Pedestrians and Car Occupants.  Transport Research Laboratory; 

Department for Transport. September 2010  
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A study6 from the AAA foundation also shows the average risk of severe injury and death for a pedestrian 

struck by a vehicle at varying speeds. Table 10, below, shows the results from the study.  

Table 10: Pedestrian Risk of Severe Injury or Death based on Speed 

Percent Risk of Severe Injury Speed Percent Risk of Death Speed 

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 speaks to vehicle and infrastructure redundancy 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, safer speeds, and post-crash care. An 

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 the other elements is even more important to reduce crashes 

on the network. With half of Region 1 crashes occurring on roads with a posted speed of 40 mph or higher, 

and data showing that at 40 mph, 45-75% of crashes will result in injury and 30-50% will result in fatality, 

assessing and possibly reducing posted speed limits is one way to improve the system. However, when 

ǇŜƻǇƭŜ ŘƻƴΩǘ ǘǊŀǾŜƭ ŀǘ ǘƘŜ ǇƻǎǘŜŘ ǎǇŜŜŘΣ ǊŜŘǳƴŘŀƴŎȅ ƛǎ ƴŜŜŘŜŘ ǘƻ ŜŦŦŜŎǘƛǾŜƭȅ ǊŜŘǳŎŜ Ǌƛǎƪ ŦƻǊ ŀƭƭ 

pedestrians, impaired or not. CDOT is currently updating their process for setting speed limits. The new 

procedure is expected to be less focused on the 85th percentile speed and more in line with the upcoming 

MUTCD standards that will look at historical data and roadway specifics. The new procedure may also 

require changes to the roadway design if posted speed limits are reduced significantly below observed 

speeds, getting to the Safe Systems approach of redundancy in the transportation system. 

While reducing the posted speed limit may be desired on some roads, the design speed of the road and 

ǘƘŜ ŘǊƛǾŜǊǎΩ ƭŜǾŜƭ ƻŦ ŎƻƳŦƻǊǘ ǘȅǇƛŎŀƭƭȅ ŘƛŎǘŀǘŜ ǘƘŜ ǎǇŜŜŘ ƛƴ ǿƘƛŎƘ ǾŜƘƛŎƭŜǎ ǘǊŀǾŜƭΣ thus requiring additional 

modifications to the geometry or police enforcement to physically slow vehicles. Some resources identify 

ǊŜŘǳŎŜŘ ǾŜƘƛŎƭŜ ƭŀƴŜ ǿƛŘǘƘ ŀǎ ŀ ǿŀȅ ǘƻ ǊŜŘǳŎŜ ǾŜƘƛŎƭŜ ǎǇŜŜŘǎ ŀƴŘ ƛƳǇǊƻǾŜ ǎŀŦŜǘȅΦ CƻǊ ŜȄŀƳǇƭŜΣ CI²!Ωǎ 

PEDSAFE7όtŜŘŜǎǘǊƛŀƴ {ŀŦŜǘȅ DǳƛŘŜ ŀƴŘ /ƻǳƴǘŜǊƳŜŀǎǳǊŜ {ŜƭŜŎǘƛƻƴ {ȅǎǘŜƳύ ǇǊƻƎǊŀƳ ƛŘŜƴǘƛŦƛŜǎ άƭŀƴŜ 

ƴŀǊǊƻǿƛƴƎέ ŀǎ ŀ ŎƻǳƴǘŜǊƳŜŀǎǳǊŜ ǘƘŀǘ is tied to reduced speeds on roadways where there are safety and 

speeding problems, and vehicle lane widths are greater than recommended minimums. They also note 

that reducing lane widths can help improve the safety and comfort for pedestrians, bicyclists, transit riders 

ŀƴŘ ƳƻǘƻǊ ǾŜƘƛŎƭŜǎΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƻǳǘƭƛƴŜǎ t95{!C9Ωǎ ǊŜŎƻƳƳŜƴŘŜŘ ƳƛƴƛƳǳƳ ƭŀƴŜ ǿƛŘǘƘǎΥ  

¶ 9 feet lanes on rural roadways 

¶ 10 feet for most vehicular travel lanes 

¶ 10 feet for turn lanes 

¶ 11 feet for lanes that accommodate a large volume of trucks, buses or large vehicles (greater than 8%) 

However, in some cases reduced lane widths can increase crashes. Data from the Crash Modification 

Clearinghouse (CMF) clearinghouse indicates that reducing lane width from 12-feet to 10-feet on 4-lane 

median divided rural roads can reduce crashes (CMF ID 7827) by 42 percent, but on urban roads with 

 
6 LƳǇŀŎǘ {ǇŜŜŘ ŀƴŘ ŀ tŜŘŜǎǘǊƛŀƴΩǎ Risk of Severe Injury or Death. AAA Foundation for Traffic Safety. September 2011  
7 Pedestrian Safety Guide and Countermeasure Selection System (pedbikesafe.org) 

http://www.pedbikesafe.org/pedsafe/
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speeds between 20 and 55mph, CMF 8157 indicates that a reduction in lane width from 12-feet to 10-feet 

would result in a 28 percent increase in all crashes and all levels of severity. Lane reductions should be 

assessed on a case-by-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 / curb extensions, and on-street parking.  Figure 27 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 color) despite only 13 percent of the roads having these speeds. 
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Figure 27: Speed Limit & Crash Locations 
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AADT (Average Annual Daily Traffic) 

Table 11: AADT Crash Summary 

Potential 
Risk 
Factor 

Categories 
Total # 
Crashes 

Total % 
By Type 

Total # 
Crashes 

Total # 
Lane Miles 

Crashes / 
Lane Mile 

AADT 

< 15,000 48 2% 48 330.9 0.15 

15,000 - 24,999 88 4% 88 105.5 0.83 

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 24-hour period.  

Over 94% of crashes occurred on roadways with an Average Annual Daily Traffic (AADT) of greater than 

25,000 vehicles per day (vpd). The AADT is an average of daily traffic for an entire year, whereas ADT 

(Average Daily Traffic) is a measure of any 24 (or more) hour period where traffic volumes are measured. 

The former is data that was available through /5h¢Ωǎ ŘŀǘŀōŀǎŜΦ ¢ƘŜ ƭŀǘǘŜǊ ƛǎ ǘȅǇƛŎŀƭƭȅ ǳǎŜŘ ǘƻ ƳŜŀǎǳǊŜ 

peaks in travel, such as when school is in session or when counts for an entire year are not feasible to 

obǘŀƛƴΦ  ¢ȅǇƛŎŀƭƭȅΣ ŎŀǎŜ ǎǘǳŘƛŜǎ ŀǊŜ ōŀǎŜŘ ƻƴ !5¢Ωǎ ōŜŎŀǳǎŜ ƛǘ ƛǎ ƴƻǘ ŦŜŀǎƛōƭŜ ǘƻ ƘŀǾŜ ǘǊŀŦŦƛŎ ŎƻǳƴǘŜǊǎ ŀŎǊƻǎǎ 

an entire road network.  

The Highway Safety Manual (HSM)8 has historically been the approach used to justify where safety funds 

should be applied. The HSM uses a method of predicting average crash frequency for a segment or 

ƛƴǘŜǊǎŜŎǘƛƻƴ ǘƘǊƻǳƎƘ ǎŀŦŜǘȅ ǇŜǊŦƻǊƳŀƴŎŜ ŦǳƴŎǘƛƻƴǎ ό{tCΩǎύΦ  {tCΩǎ ŀǊŜ Ŝǉǳŀǘƛƻƴǎ ǘƘŀǘ ŜǎǘƛƳŀǘŜ ŜȄǇŜŎǘŜŘ 

crash frequency as a function of traffic volume and roadway characteristics such 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 traffic volume in the HSM points to the level of risk associated with higher volume roads. 

In Figure 28, AADT is displayed against crash locations to show the relationship between AADT and crash 

occurrence. The map illustrates that a high density of crashes occurred on roadways with an AADT of 

25,000 and above. Increased 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 associated with 

higher traffic volumes. They also bring the added challenge of reduced sight distance to and from 

pedestrians and traveling vehicles, and longer crossing distances for pedestrians. 

 

 

 
8 An Introduction to the Highway Safety Manual 

http://www.highwaysafetymanual.org/Documents/HSMP-1.pdf
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Figure 28: AADT & Crash Locations 












































































