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Roadmap

• Methods for estimating pedestrian exposure to crash 
risk

• Potential applications of exposure data

• 3 approaches to identifying locations for pedestrian 
safety improvements

• Examples of pedestrian safety countermeasures
• Methods for selecting countermeasures to address specific 

issues 

• The association between selected countermeasures 
and pedestrians’ perceived QOS using crossings



Pedestrian Exposure 
Estimation
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Exposure Estimation Resources
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Defining “Exposure”

“A measure of the number of 
potential opportunities for a 
crash to occur.”
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Categories of Exposure 
Measures 
• Population-based—people or people who regularly walk in an 

area

• Trip-based—# of walking trips made in an area

• Volume-based—pedestrian or motorized traffic volume along a 
facility or crossing at an intersection

• Distance-based—total length traveled by pedestrians, e.g.,  
along a facility or across a crossing

• Time-based—total time spent by persons while walking, e.g., 
person hours of travel along a facility or time to walk across a 
crossing
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A Few Purposes of Estimating 
Exposure

• Develop pedestrian crash rates for a facility or geographic area
• Assess pedestrian safety trends over time and the effectiveness of 

safety countermeasures
• Assess crash rates based on metrics such as time of day, land use 

density, socioeconomic characteristics, gender, or facility type
• Conduct cost–benefit analyses of safety improvements
• Develop crash modification factors (CMFs) for safety 

countermeasures
• Develop safety performance functions (SPFs) for different vehicle-

pedestrian crash and location types
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Exposure Scale and Coverage
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Typical Data Needs 
Critical
• Vehicle–pedestrian crashes, including location, time, and severity
• Traffic volumes
• Some measure of pedestrian exposure to crash risk
• Road characteristics

Supplemental
• Traffic citation data (e.g., speeding, drivers failing to yield to crossing pedestrians)
• Vehicle–pedestrian conflicts and avoidance maneuvers
• Sight distance at intersections and driveways
• Injury surveillance and emergency medical systems data on pedestrian injury
• Law enforcement operations and observations data
• Public survey on perceptions of pedestrian safety
• Direct field observation data, including from pedestrian safety assessments or road 

safety audits
• Sociodemographic data (US Census), e.g., population and employment densities
• Travel behavior data (travel diaries and surveys including the National Household Travel 

Survey)
• Transit data (stop locations, boardings/alightings, routes)
• Infrastructure data
• Sidewalk and path locations 
• Sidewalk physical and effective (i.e., usable) widths
• Sidewalk conditions 
• Crosswalk dimensions
• Traffic signal timing for pedestrians
• Output from Walk Score or transportation demand models
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Evaluating Countermeasure 
Impacts—Performance Measures
• Crash frequency—# of crashes occurring per year or other unit of 

time

• Crash rates—# of crashes normalized by a population or metric of 
exposure 

• E.g., # crashes per 100,000 people living in a city, per miles traveled or 
licensed drivers 

• Can be measured by the types of injuries sustained to the people involved 
in the crash (e.g., by injury severity)
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Exposure Estimation 
Methodologies
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Treatment Location 
Identification
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Approaches to Identify and Prioritize 
Locations for Safety Treatments
• Crash-based (reactive)—focusing on locations with high numbers 

or rates of crashes

• Systemic (proactive)—focusing on locations with similar 
characteristics with the greatest potential to prevent future 
crashes

• Hybrid—combining elements of both the crash-based and 
systemic approaches
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Crash-Based Approach

• Select Analysis Scale

• Select Performance Measures

• Select Screening Method

• Assign Crashes to Network Elements

• Prioritize Sites to Receive Treatment
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Example Crash-Based 
Approaches
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Systemic Approach

• Step 1: Define the Study Scope

• Step 2: Compile Data

• Step 3: Determine Risk Factors

• Step 4: Identify Treatment Sites

• Step 5: Select Potential Countermeasures

• Step 6: Refine and Implement Treatment Plan

• Step 7: Evaluate Program and Project Impacts

Source: NCHRP Research 
Report 893: Systemic 
Pedestrian Safety Analysis
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Hybrid Approach

Integrates the strengths of both 
the crash-based and systemic 
approaches to arrive at a 
prioritized list of treatment 
locations based upon:

• Historical crash patterns

• Clusters of risk factors 

Oregon Department of Transportation’s “All 
Roads Transportation Safety (ARTS) Program”

Source: oregon.gov/ODOT/HWY/TRAFFIC-ROADWAY/Pages/ARTS.aspx
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Pedestrian Safety 
Countermeasure Selection
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Categories of Pedestrian Safety 
Countermeasures 
• Along the roadway

• At crossing locations

• Transit access 

• Roadway design 

• Intersection design

• Traffic calming 

• Traffic management 

• Signs and signals
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Selecting Countermeasures
For example, based upon:

• Posted speed limit and vehicle 
AADT

• Roadway configuration

Source: FWHA Guide for Improving Pedestrian 
Safety at Uncontrolled Crossing Locations 
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Selecting Countermeasures
For example, based upon:

• CMFs from the literature 
or Crash Modification 
Factors Clearinghouse—
cmfclearinghouse.org
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Pedestrian Safety 
Countermeasure Examples
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High-Visibility Crosswalk*
*countermeasure included in NCHRP 17-87 study
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Raised Crosswalk
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Median Crossing (Refuge) Island
*countermeasure included in NCHRP 17-87 study
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R1-6 Signs Gateway Treatment
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Pedestrian Hybrid Beacon (PHB)
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Leading Pedestrian Interval (LPI)
*countermeasure included in NCHRP 17-87 study
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Rectangular Rapid-Flashing Beacon 
(RRFB)
*countermeasure included in NCHRP 17-87 study
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Sidewalk
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Matching Countermeasures 
to Risk Factors
Pedestrian safety risk is a composite of:

• Crash-contributing factors—elements of the 
environment, the persons involved in a crash, road 
user behaviors, etc. that may have played a 
contributing role in the crash

• Crash types—the sequence of road user movements 
that immediately lead up to the crash
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Pedestrian Crash-Contributing 
Factors

• Vehicle speed
• Driver and pedestrian compliance with regulations and traffic 

devices
• Pedestrian crossing behaviors
• Built environment or land use area type
• Intersection presence and types of traffic control devices
• Pedestrian crossing distance
• Time of day/day of week/seasonal factors
• Alcohol impairment on the part of pedestrians or drivers
• Demographics
• Special populations, such as school-aged children, older 

adults, and persons with disabilities
• Presence of transit stops
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Pedestrian Crash Types

Source: pedbikesafe.org

Dart/Dash

Multiple 
Threat

Turning 
Vehicle

Walking Along Roadway

Backing 
Vehicle
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Assessing Countermeasure 
Effectiveness
• Crash reduction

• Motorist yielding

• Pedestrian satisfaction
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Crash Reduction

• Crash-modification factors (CMFs)—provide an estimate of a 
countermeasure’s ability to reduce certain types and severities of 
crashes following installation

• Safety performance functions (SPFs)—estimate the average 
number of crashes at a particular location based on certain 
characteristics present at the location (e.g., traffic volume, traffic 
speed)
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Motorist Yielding
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Pedestrian Satisfaction—
Uncontrolled Crossings
Marginal mean probability of satisfaction by countermeasure type 
(most to least):

• Median islands with RFFBs—0.739

• Median islands—0.667

• Marked crosswalks—0.497

• Unmarked crosswalks—0.294

N = 418. Controls: AADT, driver yielding, pedestrian slowed during crossing
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Pedestrian Satisfaction—
Signalized Crossings
Marginal mean probability of satisfaction by countermeasure type at 
signalized intersections:

• LPI—0.678

• Non-LPI—0.535

N = 418. Controls: AADT, driver yielding, pedestrian slowed during crossing
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Other Research on Treatments

• Road diet (reducing number of vehicle through lanes): moderately 
improves satisfaction (Elias, 2011; Choi, Sangyoup, Dongchan, 
Dongmin, & Sungkyu, 2016). 

• Street lighting: moderately improves satisfaction (Bivina & Parida, 
2019) 

• Sidewalk with buffer from traffic: strongly improves satisfaction 
(Choi, Sangyoup, Dongchan, Dongmin, & Sungkyu, 2016: Zhao, 
Bian, Rong, Liu, & Shu, 2016) 
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Countermeasure Effectiveness

Reduce 
serious 
crashes

Improve 
satisfaction

Increase 
driver 

yielding
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