I. PROBLEM STATEMENT NUMBER (to be completed by NCHRP staff)
II. PROBLEM TITLE

Development of Crash Reduction Factors for Uncontrolled Pedestrian Crossing Treatments

III. RESEARCH PROBLEM STATEMENT

There is considerable uncertainty and confusion surrounding the use of pedestrian crossing treatments at uncontrolled locations. Research shows that marking crosswalks without making additional improvements is associated with higher pedestrian crash rates under certain roadway configurations and operating characteristics (Zegeer et al. 2001).  However, failing to provide crossing opportunities or over-improving an area are both undesirable solutions.  Where a crosswalk alone might lead to increased pedestrian crashes, Zegeer et al. recommend enhanced crossing treatments, noting that “pedestrian crossing problems and needs should be routinely identified, and appropriate solutions should be selected to improve pedestrian safety and access.”

While there have been several studies looking at pedestrian safety at uncontrolled crossing locations, robust crash reduction factors (CRFs) are generally lacking. Findings from NCHRP Research Results Digest 299 indicate that CRFs are nonexistent for most pedestrian crossing improvements (NCHRP 2005), while factors with moderate predictive certainty are available for a few treatments.  While CRFs are listed for several pedestrian crossing improvements in the FHWA Toolbox of Countermeasures and Their Potential Effectiveness for Pedestrian Crashes (FHWA 2008), most are based on simple studies at a limited number of sites.
Research is needed to document the effects of enhanced crossing treatments, and to develop CRFs for specific treatments.  This study will develop CRFs for four treatments:  1) In-Street Pedestrian Crossing Signs, 2) Advanced Yield/Stop Bars, 3) HAWK signals, and 4) Rectangular Rapid Flashing Beacons.  This research would fill a void in the highway safety literature, and would greatly improve the ability of State and local DOTs to reliably reduce pedestrian crashes and predict the benefits of specific treatments at uncontrolled crossings.  

IV. LITERATURE SEARCH SUMMARY

Zegeer et al. (2001) conducted a major study investigating the effects of crosswalk markings at uncontrolled crossings. The study authors broke down their findings into several categories based on roadway characteristics (speed, volume, and number of travel lanes) and treatment type (marked/unmarked crosswalk with or without median). In general, they found that on low volume, low speed roads, minimal crosswalk treatments (markings and accompanying MUTCD-required signage) have no appreciable effect on pedestrian safety. However, on high volume, high speed roads, such treatments lead to a greater pedestrian crash rate. The presence of a median was found to have a significant safety benefit.  As a result, the study authors recommend enhanced crossing treatments to provide safe crossing opportunities on roads with heavy traffic and/or high speeds. 

Additional research completed in 2006 documented variations in motorist yielding rates at crosswalks with varying treatments (Fitzpatrick et al. 2006).  These treatments included traffic signals, flashing beacons, in-roadway warning lights, and pedestrian crossing flags, among others.  The report presents guidelines for selecting appropriate treatments to improve pedestrian crossing safety. While the results support the concept of improved pedestrian safety at crosswalks with enhanced treatments, the study did not develop crash reduction factors.  A similar study of pedestrian crossing treatments was conducted on arterials in Washington State (Davis and Hallenbeck, 2008).  It explored the effects of crosswalk markings, raised medians, in-pavement flashers, signage, stop bars, overhead lighting, and sidewalks on pedestrian and driver behaviors.  In general, drivers yielded more often where the general roadway design and pedestrian crossing facilities made the crossing location more “obvious” pedestrian crossing locations.  Marked crosswalks tended to have higher rates of yielding than unmarked crosswalks, and marked crosswalks with flashers tended to have higher rates of yielding than marked crosswalks alone.  Crossings with marked crosswalks and flashers received better motorist compliance than marked crosswalks alone.  However, the study did not identify pedestrian crash reduction factors.  Several other studies suggest that pedestrian crossing treatments can reduce pedestrian conflicts (Van Houten, 1988; Van Houten & Malenfant, 1992), but also fall short of providing crash reduction factors.
FHWA summarized available pedestrian CRFs in 2008.  This document included several unsignalized crossing treatments.

· Converting an unsignalized intersection into a roundabout could reduce pedestrian crashes by 27 percent.

· Constructing a pedestrian overpass or underpass could reduce pedestrian crashes by 13 percent. 

· Installing a raised median or refuge islands could reduce pedestrian crashes by 39 to 56 percent.

These CRFs only include three of the many possible safety treatments at uncontrolled pedestrian crossings.  In addition, they tend to be based on studies that were conducted at a limited number of sites and did not use rigorous methodologies.

This FHWA document also raises the important issue of understanding the specific roadway context to apply CRFs appropriately:  “A CRF should be regarded as a generic estimate of the effectiveness of a countermeasure. The estimate is a useful guide, but it remains necessary to apply engineering judgment and to consider site-specific environmental, traffic volume, traffic mix, geometric, and operational conditions which will affect the safety impact of a countermeasure. Actual effectiveness will vary from site to site. The user must ensure that a countermeasure applies to the particular conditions being considered.”
V. RESEARCH OBJECTIVE
The overall objective of the proposed research is to quantify the relationship between pedestrian safety and crossing treatments at uncontrolled locations along roads with high traffic volume and/or speed. Researchers should develop CRFs for four uncontrolled crossing treatments.  The study should use a rigorous research methodology and be based on data from multiple locations several different communities.  The treatments to be evaluated include:

1) In-Street Pedestrian Crossing Signs

2) Advanced Yield/Stop Bars

3) HAWK signals 
4) Rectangular Rapid Flashing Beacons
Subtasks would likely include: 

1) Thorough literature review of published pedestrian crash reduction factors.
2) Summary of unpublished results from agencies having experience with innovative uncontrolled crossing treatments, such as Tucson, Arizona and Portland, Oregon.
3) Outreach and coordination with implementing agencies.
4) Development of a methodology for development of pedestrian CRFs at uncontrolled crossings.
5) Preliminary report describing the analysis and calculation of pedestrian CRFs.  This report should document the roadway and surrounding neighborhood context in which the CRFs were observed.

6) Final report summarizing the pedestrian CRFs and comparing the effectiveness of different treatments.  This report should provide guidance on the contexts where it may or may not be appropriate to use each CRF.
Methods/Study Design

The study should focus on roadways where, based on physical and operational characteristics, the installation of a crosswalk alone would be expected to have a negative effect on pedestrian safety, as per the results of Zegeer et al.  Specifically, roads with 4 or more lanes and ADT greater than 12,000 vehicles/day should be evaluated.  Ideally, the operational characteristics of all segments would fall within a narrow range.
Since pedestrian-motor vehicle crashes are less common than crashes between motor vehicles, it may be necessary to evaluate pedestrian safety using observable pedestrian-motor vehicle conflicts or other safety measures. If this method is pursued, it would be necessary to develop a model to relate conflicts to crashes (subtask 4 above).  

A method to account for pedestrian-motor vehicle conflicts has been developed by Van Houten et al. This method considers a pedestrian-motorist interaction to be a “conflict” when any of the following occurs:

· If the driver had to engage in abrupt braking

· If the driver had to swerve to avoid striking a pedestrian

· If the pedestrian had to take sudden evasive action to avoid being struck

Also following from Van Houten et al., additional pedestrian safety proxies should be evaluated. These include:

· How far in advance of the crosswalk motorists stop for pedestrians

· Percentage of motorists yielding to pedestrians

VI. ESTIMATE OF PROBLEM FUNDING AND RESEARCH PERIOD
Recommended Funding:

$500,000 

Research Period:

Three years

VII. URGENCY, PAYOFF POTENTIAL, AND IMPLEMENTATION
The proposed research is very important in light of the large number of pedestrian fatalities that occur at midblock or uncontrolled intersections.  Without safe crossings, the pedestrian network remains fragmented, preventing walking as a viable form of transportation.  
The proposed research would allow state and local transportation agencies to quantify the safety benefits of pedestrian crossing treatments, and to incorporate these treatments into their safety programs.  Funding from the Highway Safety Improvement Program would be more likely to be utilized for pedestrian crossing improvements if reliable CRFs were available.

VIII. PERSON(S) DEVELOPING THE PROBLEM

TRB Committee on Pedestrians (ANF 10), Subcommittee on Research. 
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