Evaluating
Success:
Complete Streets Before and After

A

By Kendra Rowley and Ryan McClain (M)
s best practices continue to evolve for the design of pedestrian, bicycle, and
transit-friendly intersections and streets, there is a need to evaluate these new
installations. This also extends into other mobility options such as scooters
and transportation network companies. Practitioners are often faced with the

question “Is this project actually doing what it was intended to do?” or “Will this project have
unintended consequences?”—and the traditional metrics of traffic volumes and level of service do
not convey the full picture of success for a complete streets project. And yet, relying on a change
in collision patterns after a project is completed means waiting several years.
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This article aims to present a framework for practitioners to
consider when evaluating complete streets projects, based on a case
study in the San Francisco Bay Area in California, USA. We will
discuss why evaluation is important, where and how evaluation can
be performed, the types of metrics that can be used, and sample
results chosen to address the following categories: vehicle flow,
bicycle activity and environment, and pedestrian safety. The goal is
to emphasize the importance of consistent data collection methods
as an industry and to present unique methods for evaluating safety
in the near term.
How can we increase confidence in these treatments? As
standards continue to evolve, guidance such as those published in
the National Association of City Transportation Officials (NACTO)
guides are increasingly becoming state of the practice. A recent
review of available safety literature was completed by Fehr &
Peers Bicycle/Pedestrian Discipline Group to identify the gaps in
research for more innovative bicycle design treatments found in
the NACTO guides. The conclusion of the study, the 2018 Safety
Efficacy Confidence Levels for Pedestrian and Bicycle Treatments,
was that more safety studies are warranted. Fehr & Peers found
that in order to feel confident in the overall application and effect
of several of these treatments, there is a need for more evaluation
and most importantly, studies with consistent, standardized data
collection protocols so that clear benchmarks can be used when
comparing these treatments to a certain standard of safety and
against each other.
Evaluating new projects in a consistent manner allows practitioners to gain a holistic understanding of project outputs (those
things that can be directly controlled such as miles of bicycle lanes
constructed) and outcomes (the results of the outputs that can’t
be directly controlled such as number of bicycle riders) to better
communicate the results to the public and decision makers. For
example, it is useful for stakeholders to understand not only the
improved roadway safety, changes to mode share for bicycles and
pedestrians, and user comfort of a project, but also interrelated
effects such as changes to vehicle flow (volumes, queues and speed),
loading activity in prohibited zones, and traffic signal compliance.

Pilot Projects
Along with innovative design elements, practitioners now have a
larger toolbox of “quick-build” materials to choose from, opening
the door to rapid installation of low-cost yet effective roadway
transformations using channelizers, bollards, asphalt curbs, epoxy
surface treatments, or planters.
Quick-build projects are a useful application for before-after
studies because they allow for iterative design. These projects are
often presented as pilot projects, or demonstration projects, a way
for a community to test out a new treatment with the expectation
that it could be removed if the desired outcomes are not reached.

Figure 1: Quick-Build project in Fremont, CA, USA.
Being able to measure those outcomes requires a well-defined
before/after data collection plan. Defining the quantitative methods
used for evaluation and setting thresholds will engender trust with
the community that a “pilot” project is truly a pilot.
The length of a pilot project can vary from a few days to several
years, depending on the extent of change. A longer testing period
should typically allow for a more comprehensive evaluation.
Before-after studies with a duration of less than five years will
require unique safety metrics other than collision data to allow
cities to understand the safety implications before collision trends
are apparent.

Metrics
Prior to implementing a pilot project, goals should be set with the
community to determine the most appropriate metrics for the
before-after study.
The metrics in Table 1 are based on a case study in Berkeley,
CA, USA as well as the 2017 literature review to identify gaps in
safety research. The list is meant to serve as a guide for choosing the
appropriate metrics for a new pre- and post- evaluation study. It is
imperative that the desired metrics be established at the beginning
of a project to collect sufficient before data.

Case Study
Evaluation metrics and data collection methodology in this article
are based on a pre- and post-evaluation of a Complete Streets
Pilot Project in Berkeley, CA, USA. The two-block study segment
is located on Bancroft Way, between Fulton Street and Dana
Street, adjacent to the south side of the University of California,
Berkeley (UC Berkeley) campus. The pilot project converted the
on-street parking on the north side of the one-way street to a
dedicated bus lane, and removed one vehicle-travel lane to make
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Table 1: Evaluation Metrics and Their Application
Metric
Vehicle Flow
24 Hour Vehicle volumes (ADT)1

When to Use

How to Use It

All projects

To establish volume / roadway context for appropriate
application of treatments (high volume vs. low volume).

Average corridor speeds
Peak hour vehicle turning movements

Corridor projects that include goal of reducing speed

To evaluate change in vehicle speed.

Projects with intersection safety treatments

To establish volume / intersection context for appropriate
application of treatments.

Vehicle queuing during peak periods
Vehicle turning speeds

Projects that include removal of a vehicle lane

To evaluate / demonstrate changes to vehicle flow.

Projects that include goal of reducing speed at
intersections

To evaluate effectiveness of reducing vehicle turning speeds

Observations of damage to
temporary treatments
Vehicle travel time2

Projects with reduced turning radii or roadway narrowing
in area with larger commercial vehicles

To evaluate the ability of treatments to accommodate larger
commercial vehicles

Projects that may reduce roadway vehicle capacity

To determine expected and actual change in travel time
through the study area.

All projects

To establish volume context and to demonstrate potential to
attract new users

Bicycle volumes on sidewalk or
riding wrong way in the street
Crosswalk or bikeway
blocking at intersections
User perception / comfort
(intercept surveys)
Pedestrian Safety
Near-Collision Video Analytics4

Projects that provide a new dedicated bicycle facility,
especially serving contra-flow movements

To determine if project encouraged bicycle riders to ride in
dedicated facilities

Bicycle Activity and Environment
Mid-block bicycle volumes3

Projects that include a new bike facility with crossings at
intersections
Near-term safety projects whose pilot duration is less than
five years

To provide a near term proxy for bicycle safety before
collision trends are apparent

Projects with a major goal is addressing an
existing safety issue

This emerging technology offers a potential for measuring
efficacy faster than waiting for collisions to happen and to set
a baseline and future target for study.

Vehicle to pedestrian or
bicycle to pedestrian yield rates

Projects with changes at uncontrolled crosswalk locations
(e.g. lane removal or new bike facility) or at signalized
crosswalks with permitted turns (e.g. new bicycle
activity/facilities)

To determine if a project has successfully elevated the
pedestrian and awareness to yield for drivers and riders

User perception / comfort
(intercept surveys)
Loading and Unloading
Loading/unloading in
prohibited zones
Parking in prohibited zones

Near-term safety projects with a pilot duration of less than
five years

To provide a near-term proxy for pedestrian safety before
collision trends are apparent

Projects that convert parking lanes or loading zones to red
curb (e.g. a new bus lane or relocated loading)

To determine if additional enforcement or physical elements
are needed

Transit Service
Transit travel times
Transit dwell times
Long-Term Metrics
Patron volumes, intercept surveys,
or sales receipts
1
2
3
4
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Projects that modify parking (such as establishing “floating” To determine if additional enforcement or physical elements
parking adjacent to a bike lane)
are needed
Projects with potential to affect transit travel time such as
addition of a dedicated bus lane
Projects that affect dwell times, such as addition of a
dedicated bus lane or in-lane bus boarding
Projects that remove on-street parking or with perceived
impacts to adjacent businesses

To document and/or monitor economic impacts

For projects with a concern of diverting traffic to other streets, 24-hour volumes may also need to be collected on parallel and/or cross-streets.
This may be an alternative to evaluation of operations or delay at individual intersections.
10-24 hours of bicycle volumes are recommended to capture daily fluctuations
Near-Collision video analytics is an emerging opportunity to detect and diagnose areas with an existing safety problem before collisions occur.
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room for a two-way protected bicycle facility on the south side
of the street with flexible posts. Parking was preserved on the
south side of the street only (Figure 1), and provides an additional
vertical separation between bicyclists and vehicular traffic.
Road diet projects and the addition of protected bike lanes
also includes benefits for those walking by shortening crossing
distances and limiting vehicle exposure at crosswalks along the
corridor. Since the pilot segment includes signalized crossings
and a yield-controlled crosswalk and is also located in an area
with heavy pedestrian traffic, preserving pedestrian safety after
all of these changes was important. Measuring the outcomes of
pedestrian safety could help the city to understand whether the
design should be modified or expanded.

Methodology
Several methods were used to collect data for the various metrics
outlined in Table 1. Vehicle speeds and volumes were collected
over a 72-hour time frame. These counts were used to determine
the AM and PM peak periods. Video observations were recorded
to determine various counts, yield rates, queues, and loading
observations. Each set of observations were conducted either
during the AM and PM peak periods or during a longer period
from 8:00 a.m. to 6:00 p.m.

Data Post-Processing
Most of the data were post-processed by recording observations of
the video footage during specific periods. Once the peak periods
were determined from the counts, certain activities were observed
directly from the video during these periods such as maximum
queues, the number of vehicles blocking crosswalks at intersections, and the number of vehicles and bicycles running red lights,
for example. Other data were recorded by observing the video
footage during the entire study period, from 8:00 a.m.–6:00 p.m.
This included the number of people riding bikes on the sidewalk,
wrong-way riding, and the number of people riding in the new
protected bikeway, for example.
For pedestrian yield rates, a separate method was used to
post-process data, which is described below.

Pedestrian Yield Rates
To understand pedestrian safety along the corridor, pedestrian
yield rates were calculated at signalized locations with permissive
turning movements and uncontrolled crosswalks. This approach
focuses on the experience of the pedestrian crossing the street.
The average pedestrian yield rate indicates how likely it is for
vehicles and/or bicyclists to yield to any one pedestrian (or group
of pedestrians), regardless of whether the vehicle yielded to
another pedestrian (or group of pedestrians) previously.

Figure 2: Bancroft pilot project cross-section.
Interactions between vehicles and/or bicycles and pedestrians
were observed using video footage for each “pedestrian crossing
experience” (i.e. individual pedestrian or group of pedestrians
crossing at the same time). For each crossing experience, the
number of vehicles and/or bicyclists that yielded and did not yield
to the pedestrian(s) were recorded as one observation point.

Public Communications
Visual communication is a useful tool to manage public perception
after a project is completed, using clear infographics to illustrate
the results with comparative metrics and data. These graphics can
also be used to engage the public during the pilot project process,
to ensure the data that is collected reflects the goals or the concerns
of the community, to present the baseline conditions as well as the
comparative results.
For the Bancroft case study, each infographic that was created
addresses an element of the corridor and presents before and after
statistics. Examples included here include Vehicle Flow, Bicycle
Activity and Environment, and Pedestrian Safety. Specific metrics
that are illustrated here include bicycle volumes and behaviors,
bicycle-pedestrian and vehicle-pedestrian yield rates, as well as
vehicle speeds and queueing.
 Vehicle Flow presents a comparison of traffic volumes,
speeds, queues, and crosswalk blocking at signals pre- and
post-implementation.
 Bicycle Activity and Environment illustrates the changes
in number of people riding bikes on the corridor and the
environment that they ride in.
 Pedestrian Safety illustrates how drivers and bicyclists interact
with pedestrians on the corridor.
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Additional Metrics
Additional metrics that were summarized for the Bancroft case
study include vehicular compliance with signals, prohibited loading
and parking behaviors, and transit reliability. Infographics for
these metrics are available from the authors upon request. Signal
compliance behavior was observed directly from the video footage
during AM and PM peak periods, including red light violations
and vehicles making illegal turning movements at locations
with restricted left turns or turn-on-red restrictions. Loading
behavior was recorded during the entire study period, from
8:00 a.m.–6:00 p.m., and included the rate of illegal parking in
loading zones,1*as well as loading/unloading activity and parking in
prohibited zones such as the bus-only lane.
Transit reliability was evaluated using Reliability+, a tool
developed by Fehr & Peers to identify transit speed and reliability
concerns. The tool processes automated vehicle location (AVL) data
to calculate average and variation of speeds and travel times for
1

*Observations of parking compared to active loading and unloading at yellow and white zones.

a set of study segments along a transit corridor. Reliability along
the corridor, measured by the coefficient of variation of travel
time, is a statistic that normalizes the standard deviation of travel
times by the mean travel time of buses traversing the corridor.
Therefore, an increase in reliability may not mean a decrease in
travel time or faster vehicle speed along the corridor but instead a
more dependable and predictable service for riders. For example,
if a trip is typically 20 minutes, but is wildly unpredictable, a
rider will have to plan for a 30-minute trip. If a trip is typically 20
minutes, but is reliable, the rider can reliably budget a 20-minute
trip. Increased reliability is also important because it helps buses
to stay on schedule and not bunch and makes service easier to
schedule. A full month of AVL data were used to compare “before”
and “after” conditions on the Bancroft corridor. A comparison of
bus dwell time and passenger demand on the bus stop level was also
presented using automatic passenger counter (APC) data, providing
additional corridor context to the reliability statistics.
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Conclusion
In order to feel more confident in the overall application and effect
of complete streets treatments, there is a need for more safety
studies. By encouraging widespread documentation of the outputs
and outcomes of complete streets treatments in a variety of land use
settings and street cross-sections (or street types), practitioners can
develop an increased confidence for their appropriate application.
This widespread documentation should include quantification of
outcomes and standardized data collection protocols before and
after project implementation. Such studies could support the case for
inclusion of more of these treatments in the Highway Safety Manual
published by the American Association of State Highway Transportation Officials and a better quantification of benefits and costs.
Following a consistent evaluation framework and considering
unique methods for evaluating safety in the near term (when a
project’s long term effects cannot be immediately evaluated), as well
as additional studies of complete streets infrastructure treatments,
will improve guidance for transportation professionals and
facilitate safer facility designs. They also provide stakeholders with
an improved understanding of a project’s success. itej
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A sampling of the visuals that were used to communicate the results of
the Bancroft before-after study. The three examples here each address an
element of the corridor: Vehicle Flow, Bicycle Activity and Environment,
and Pedestrian Safety.
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