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FOREWORD

The early 1970’s saw the United States in the middle of an oil crisis, causing
many Americans to look for alternatives to automobiles. Bicycling became
popular, and thousands of miles of special bicycle facilities were constructed
from coast to coast. Twenty years later, once again, interest in bicycling is
high. New Federal legislation, such as the 1991 Intermodal Surface
Transportation Efficiency Act (ISTEA) and the 1990 Clean Air Act Amendments,
and publication of the National Bicycling and Walking Study create a favorable
atmosphere for bicycling in the 1990’'s.

This report is a synthesis of bicycle safety-related research and applied
research since 1981 in the United States. This report updates an earlier
synthesis prepared for the Federal Highway Administration in 1981. This
current synthesis should update researchers and practitioners with what has
been tried, tested, and evaluated since the initial synthesis. This report
also identifies the gaps in bicycle safety research and integrates experience
from countries that have devoted a significant amount of research to
increasing bicycle use and safety.

The information contained in this report should be of interest to design
engineers, transportation planners, and transportation engineers involved in
the design, construction, and/or reconstruction of facilities within the
highway system.

Lyle Saxton, Director
Office of Safety and Traffic
Operations Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. This report
does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade
and manufacturers’ names appear in this report only because they are
considered essential to the objective of the document.
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INTRODUCTION

Twenty years ago, the United States was in the middle of an oil crisis. Gasoline prices
skyrocketed and supply was scarce. In the 3-year period of 1972 through 1974, more than
45 million bicycles were sold — mostly to adults looking for an alternative to their
gas-guzzling automobiles.®

Dozens of State and local government agencies launched ambitious plans to make their
communities more conducive to bicycling. Thousands of miles of special facilities for
bicyclists were built on and alongside highways from San Diego, CA to Bangor, ME.

For most transportation planners and engineers it was the first time they had ever been called
upon to think about bicycling — and for much of the 1970’s, bicyclists, academics,
legislators, police, traffic engineers, and planners debated and studied what worked best to
safely and efficiently accommodate this new group of highway users.

Twenty years after the oil crisis, interest in bicycling is high once more. New Federal
transportation and clean air legislation, and publication of the U.S. Department of
Transportation’s National Bicycling and Walking Study, make the 1990°s a crucial time for
bicycling.?®

There are unique opportunities at the State and local level to influence the physical and
political climate to make bicycling easier and safer. Every State and most major urban areas
now have a bicycle and pedestrian coordinator and/or bicycle advisory committee.

We can look back on and learn from the 20-year history of experiments, studies, strategies,
reports, videos, and programs that increased bicycle use and made the activity safer. Many
of these resources are mentioned in this synthesis. Yet, there are still significant gaps in the
literature. Debates still continue over the best way to accommodate bicyclists in certain
situations. Research has not always been available to back up program activities. Evaluation
of policies and programs implemented at the State and local level is still uncommon. In
addition, little of the experience gained in Europe, Japan, Australia, and other parts of the
world over the past 20 years has been disseminated or utilized in the United States.

Little more than a decade ago, a synthesis of bicycle safety-related research was undertaken
by the Federal Government.® This report is designed to:

1. Bring researchers and practitioners up to date with what has been tried, tested,
and evaluated during the 1980’s and 1990’s.

2. Identify significant gaps in research that are holding back efforts to increase
bicycle use and bicycle safety.

3. Integrate experience from countries where a significant amount of research has
been devoted to increasing bicycle use and bicycle safety.



The 1981 synthesis was focused specifically on reporting research work. In the 12 years
since then, most of the literature in the field has been policy- and program-oriented, with
very little pure research. Thus, the scope of this synthesis is broader than its predecessor,
without attempting to be a complete program manual for State and local engineers, planners,
and advocates. Where possible, references to current best practices have been included. As
part of the development of this report, case studies were commissioned from the Netherlands,
Great Britain, Australia, Japan, Germany, and Denmark to add international experience and

perspective.

Practitioners and bicycle policy-makers and advocates should have access to the best
information available as they work to integrate bicycling into the routine development,
operation, and maintenance of the transportation system. This synthesis provides an overview
of research, both pure and applied, that has been done in this area over the past 15 years.



SECTION 1.
BICYCLING IN THE UNITED STATES IN THE 1990’s

INTRODUCTION

The 1990’s have seen an explosion of interest in bicycling at all levels of government and
among all sections of society. In February 1990, the U.S. Department of Transportation
(DOT) issued Moving America: A Statement of National Transportation Policy, which
explicitly endorsed bicycling as an important component of the transportation system:

It is Federal transportation policy to promote increased use of bicycling and encourage
planners and engineers to accommodate bicycle and pedestrian needs in designing
transportation facilities for urban and suburban areas.®

Congress commended DOT on this statement in the 1991 Transportation Appropriations Act
and allocated funds for the Federal Highway Administration (FHWA) to carry out a National
Bicycling and Walking Study.® They said:

Opportunities for bicycling and walking must be enhanced if their full potential to
reduce pollution, congestion, and energy consumption is to be realized and the safety
of nonmotorized users is to be enhanced.

Prior to passage of this legislation, the Federal Highway Administrator, Dr. Thomas Larson,
committed his staff to “working with the States to encourage their [nonmotorized modes] use
and make them safer.”® In a subsequent memorandum to staff, he added:

I strongly support this important element of the National Transportation Policy and
request the full support of the field offices in cooperation with the State highway and
transportation agencies to achieve these important objectives. Bicyclists and
pedestrians are legitimate users of the transportation system, and FHWA has a
responsibility to provide for their transportation needs.

I am specifically asking that the field offices ensure that full consideration is given to
the safe accommodation of bicycle and pedestrian traffic on all Federal-aid highway
projects.?

Congressional and Federal agency support for bicycling culminated in 1991 with passage of
the Intermodal Surface Transportation Efficiency Act ISTEA).® ISTEA, together with the
1990 Clean Air Act Amendments, which include bicycling and walking programs as key
implementation strategies, has ensured that bicycling safety and promotion will be considered
by Federal, State and local agencies as an integral part of the transportation system.®

ISTEA makes all the major funding sources for Federal-aid transportation programs available
to be used for bicycling improvements, and the planning process outlined in the legislation
requires the development of long-range bicycle plans for every State and major urban area.

3



INCREASING BICYCLE SALES AND USE

Another reason for government agency interest in bicycling is the fact that so many people
are now using bicycles. In the decade leading up to 1993, the number of bicyclists in the
United States grew from 72 million to 99 million, according to the Bicycle Institute of
America (BIA)."? The BIA publishes an annual estimate of bicycle use in a variety of
categories based on sales figures, demographics, and other sources in the bicycle industry
(table 1).

Other indications of the growth in popularity of bicycling include annual sales figures. The
Bicycle Manufacturers Association compiles data on shipments of bicycles made in the
United States each year."? In the decade prior to 1993, an average of more than 11 million
bicycles have been sold in the United States, ranging from a low of 9 million in 1983 to 12.6
million in 1987. Sales in the last 3 years were 11.7, 11.6, and 13.0 million units,
respectively (table 2).

Among the most important trends hidden in these sales figures is the great popularity of
mountain bikes or all-terrain bikes. Only 500,000 of these wide-tired, low-geared,
easy-to-ride bicycles were sold in 1983, but they now represent close to 60 percent of the
entire bicycle market with annual sales approaching 7 million units.?® Mountain bikes are
easy and comfortable to ride, and are very practical for utility riding.

Sales of mountain bicycles over the past few years have confirmed the general trend, noted
in many studies, towards greater adult participation in bicycling. For example, the
Department of Interior’s 1982-1983 Nationwide Recreation Survey noted that:

Bicycling has gained dramatically in the past 22 years on every available
yardstick, more than tripling its population participation rate. Especially
noteworthy is the increase in adult bicycling, which was practically
insignificant in 1960. In the present survey, cycling is part of the free-time
repertoire of 37 percent of the young adults (ages 25 to 39) and 22 percent of
the middle-aged (40 to 55 years of age). This greatly exceeds the most
sanguine predictions of the early 1960’s.9?

This growth continued in the 1980°s. In 1990 and 1991, Rodale Press commissioned opinion
polls from the Harris Organization. They found that in 1990, 42 percent of adults had ridden
a bicycle at least once during the previous 12 months, and 54 percent of those ages 18 to 39
had ridden at least once. On average, adults had ridden four times in the previous month,®®
The 1990 figure represents more than 75 million adults. By the following year, the number
riding at least once in the previous 12 months had risen to 82 million, or 46 percent of all
adults. 4



Table 1. Bicycle use in the United States, 1983-1992.

110 Total U.S. Bicyclists

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

40 Adults Riding Regularly

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992



Table 1. Bicycle use in the United States, 1983-1992 (continued).

5.0 7 Bicycle Commuters

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

0.5 Racing

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992



Table 1. Bicycle use in the United States, 1983-1992 (continued).

Mountain Bike Riders

o [\] ()
O W O
M 1 M 1 L

Millions
O
1

10 7

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

2.0 Touring and Vacations

Millions

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992



Table 1. Bicycle use in the United States, 1983-1992 (continued).

5.0 7 Event Participants
4.5
4.0 7
351
é 3.0
.§ 2.5 7
2.0 7
1.5 7
1.0 7
0.5 ]
0.0 -

n.a.

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Source: Bicycle Institute of America

Table 2. Bicycle sales in the United States, 1983-1992 (in millions).

Domestic
Year Shipments Imports Total
1983 6.3 2.7 9.0
1984 5.9 4.2 10.1
1985 5.8 5.6 11.4
1986 5.3 7.0 12.3
1987 5.2 7.4 12.6
1988 4.5 54 9.9
1989 53 4.9 10.7
1990 6.0 4.8 10.8
1991 7.3 4.4 11.7
1992 7.4 4.2 11.6
1993 8.0 5.0 13.0

Source: Bicycle Manufacturers Association




Surveys at the national and local level confirm that for most people, recreational riding is
still the primary activity, and that fitness, health, and fun are the primary motivational fac-
tors. In the 1991 Harris survey, for example, 18 percent (29.5 million) of those surveyed
rode for recreation and 15 percent (25.3 million) rode to stay fit. Of the 82 million who rode
in 1991 (reported in the 1992 publication), 82 percent did so for fun and 65 percent for
fitness.

Similar studies at the State and local level have helped convince State agencies and others
that bicycling was an activity that deserved attention. For example, in Texas, the State Parks
and Wildlife Department discovered in 1989 that 5.5 million Texans (33 percent) rode a
bicycle at least once a year, and that bicycling was the second most popular outdoor
recreational activity in the State."® A second Texas study (Simmons, 1989) revealed that
more than 6 percent of Texan adults (627,000 people) rode a bike at least 24 days per
year.®® Surveys done in conjunction with bicycling events and along specific bicycling
facilities in many other locations have revealed similar trends.

EVERYDAY BICYCLING

Although bicycling has become a mainstream recreational activity for U.S. adults, bicycle
use for everyday trips to work, school, and stores remains, according to most studies,
relatively low.

There are two major data sources on transportation that are widely used by planners and
engineers — the decennial Census and the National Personal Transportation Survey, which is
carried out every 7 years. Data from these and other sources on national levels of bicycling
are somewhat confusing as commentators note that each of the surveys has its own
problems. 17

The Census, for example, only asks respondents to note their primary mode of travel to
work, and only asks people ages 16 years and older — 77 percent of the population. Thus,
rides to transit, shopping, or social trips are excluded, as are any school-based trips by
children ages 15 years or less. As journeys to work now account for only 20 percent of all
trips, reliance on the Census for hard transportation data is becoming harder to justify.® In
addition, the Census data is collected in March, which is still a cold month for some areas of
the country, and this is likely to contribute to a lower number of people riding bicycles.

The National Personal Transportation Survey (NPTS) covers all trips made by respondents
(48,000 people in 22,000 households) during a 24-h period, and asks about each segment of
each trip."? The percentage of all trips made by bicycle has remained constant at 0.7
percent, since the 1977 survey. In addition, the NPTS breaks down the number of journeys
to work made by different modes.

Table 3 summarizes the results of the two most recent Census and NPTS reports, and
compares journey-to-work data with data collected for a 1980 report on bicycle promotion



published by the U.S. Department of Transportation. The second half of the table shows the
level of bicycle use for all trips, regardless of their purpose, collected as part of the NPTS.

Table 4 is taken from the NPTS and shows the purposes for which bicycle trips are made. A
comparison is provided with the national breakdown for all modes and it reveals that
bicycling is used predominantly for social and recreational travel.

A local survey of bicyclists in Seattle has shown that bicycling for non-work-related
utilitarian trips is three times greater than bicycling for journey-to-work trips.®®

The NPTS also reveals that more than 75 percent of bicycle trips are made by people
younger than 30 years of age, and that men are three times more likely to bicycle than
women.

In the 1991 Harris report, commuting information was specifically requested from
respondents. Of the 39.4 million adults who had ridden in the previous month, only 7
percent (2.76 million) had commuted to work by bicycle during that time. A second survey
reported the same percentage of commuting trips made by riders.®

Thus, while recreational bicycling has increased significantly, commuting and utilitarian
bicycling is still a largely untapped market. According to the NPTS, the average length of
all trips is less than 8 mi (13 km), and two out of every three trips are less than 5 mi (8 km)
long. Fifty-four percent of workers live within 5 mi (8 km) or less of their place of work.®"
Thus, a major portion of the trips are within reasonable bicycling distance.

Table 3. Estimated levels of bicycle use in the United States.

Journey to Work

Source # of Cyclists % of Trips
Bicycle Transportation for

Energy Conservation, 1975¢ 475,000

U.S. Census, 1980@Y 800,000 1.4
NPTS, Journey to Work, 1990 0.3
U.S. Census, 1990%? 690,000

All Trips

NPTS, 1983@% 0.7
NPTS, 1990® 0.7

10



Table 4. Bicycle trip characteristics, 1990.

Trip Purpose % All Trips % Bicycle Trips
To or from work 20% 10%
School/Church 11% 14%
Social/Recreational 27% 55%
Personal, Family 22% 10%
Business

Shopping 18% 10%

Other 2% 1%

Source: National Personal Transportation Survey, 1990

THE POTENTIAL FOR BICYCLING IN THE UNITED STATES

Every survey of bicyclists and non-bicyclists reveals a tremendous latent demand for making
everyday trips by bicycle (to the extent that two major studies, a decade apart, researching
the potential for bicycling and walking trips have noted this phenomenon).

In 1981, the Federal Highway Administration noted that:

Of all modes, bicycle is the only one for which preference is consistently greater than
choice. This is true regardless of the current level of bicycle use or the purpose of the
trip or the site surveyed.®

In a doctoral thesis published in 1993, Noland identifies a similar trend. People consistently
express a much greater desire to bicycle than is actually the case at present, suggesting a
great untapped potential pool of people who would ride, given the right circumstances.
Noland writes:

High levels of abstract support for bicycling belie the fact that in most places, only a
small minority choose to use a bicycle for transportation on anything resembling a
regular basis.®

The apparent latent demand for bicycling can be seen clearly in the Harris report findings. In
both the 1991 (table 5) and 1992 reports, a representative sample of respondents — taken
from the general public — were asked whether they would sometimes commute to work by
bicycle if certain improvements were made.® ¥
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Table 5. Would you commute by bicycle if...

1991 Conditions Yes No

Safe bike lanes on roads and highways 49.3% 44.8%
Financial incentives from employer 44.5% 49.7%
Showers, lockers, and secure parking at work 43.5% 50.6%
Gas prices continue to rise 37.9% 55.8%

Source: Rodale Press.

The 1992 report includes questions on stated trip habits (actual use) vs. trip preferences, if
all modes were equal. According to the survey, if people felt they had a real choice between
modes, the percentage of trips made by bicycling and walking would increase from 5 percent
of all trips to 13 percent. Driving alone would fall from 76 percent of trips to 51 percent.
Transit and carpooling would both increase their share significantly (see table 6).

Table 6. Transportation habits and preferences if facilities existed.

Preferences Habits

e

B Drive Alone (51%) M Drive Alone (76%)
H Car Pool (20%) B Car Pool (12%)
Mass Transit (14%) Mass Transit (6%)
Fd Walk/Bike (13%) Walk/Bike (6%)

O Other 2%) O Other (1%)

Source: Pathways for People. A Louis Harris Poll commissioned by Rodale Press.
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In a case study completed for the FHWA as part of the National Bicycling and Walking
Study, Goldsmith (1993) reviews more than 10 national and local surveys that follow a
similar pattern.®® He reviews the subjective and objective factors that influence mode
choice and concludes that:

Current markets for bicycling have not been adequately tapped.

Removing the perception of danger and lack of safe routes — and matching
bicycle accessibility to the level of car accessibility — will increase utilitarian
bicycling.

Compact land-use patterns and development of a bicycle-friendly infrastructure
must be achieved in the long run.

The share of bicycling trips will not grow significantly as long as motoring
remains relatively cheap and easy compared to every other option.

Very little is known about non-commuting trip patterns and habits. This is an area
that probably has tremendous potential.

Goldsmith’s conclusions are matched by researchers both before and after his study. The
1981 FHWA study on demand incentives to promote bicycling and walking arrived at
strikingly similar results, as did Noland (1993).%%

Among the key findings of the FHWA (1981) report were:

Current preference is a good indicator of current mode choice, but indicated
preference levels underestimate actual car use and overestimate actual bicycle use.

The greatest potential for increasing bicycle use may be in areas where it is
already high.

In order of effectiveness in shifting people from their cars, compact land-use
patterns and higher driving costs are ranked above the provision of facilities for

bicyclists.

Special facilities can play a prominent role in increasing bicycle use, especially in
the context of compact land-use patterns.

“It appears that in order to accomplish even modest increases in the levels of
walking and bicycling, a family of measures or incentives must be implemented.
This is precisely what motorized traffic enjoys and takes for granted.”®¥
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Noland, whose study concentrates on the impact of risk on trip choice, concurs. He
concludes that:

® It is possible to induce a large increase in the share of commuting trips made by
bicycle in the Philadelphia region, but no single policy will achieve this goal.

¢ In denser urban areas, significant increases can be achieved through the provision
of a network of bicycle lanes.

¢ In lower density suburbs, average commuting distances must be brought down.

¢ In all cases, disincentives to automobile commuting are necessary to achieve
significant shifts from driving cars to alternatives.

& “From a policy perspective it would be questionable to only implement the
anti-auto policies, which will cause shifts to bicycle transportation, without
providing a safe transportation network for bicycling . . . However, only
constructing bicycle lanes, without decreasing incentives to automobile com-
muting, will only achieve relatively minor reductions in automobile usage.” @

Work in the broader field of transportation policy is beginning to reveal the extent to which
automobile use is subsidized, and the degree to which these subsidies act as incentives to
single-occupant vehicle use.® Increasing costs toward the true cost of driving, through
higher gasoline prices, and parking, through parking fees, would act as a significant
disincentive to drive.®

FACTORS INFLUENCING BICYCLE MODE CHOICE

The three studies by Noland, Goldsmith, and FHWA each reviewed an exhaustive list of
factors that influence mode choice for the journey to work for both bicyclists and
non-bicyclists, including distance, safety, time, convenience, climate, topography, and
available facilities.

In considering individual factors, Goldsmith notes that age is the most significant
demographic variable. Health and fitness concerns are the primary motivating factors and the
primary disincentives are fear of traffic, lack of places to ride, and the weather. For
utilitarian riding, however, distance, safety, and ancillary facilities are the greatest
disincentives. Once again, no single program or policy change is going to attract all potential
commuter and utilitarian bicycle trips. A comprehensive package of measures, especially at
the local level, is required.

Goldsmith reviewed environmental factors by comparing bicycle-use levels in 20 urban areas
against a number of objective factors, such as population, land use, and the existence of
different facilities. The most significant variable noted was the presence of a university,
where bicycle use is notably higher than in communities without a university. However,
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Even when university towns are excluded from consideration, cities with higher levels
of bicycle commuting have on average 70% more bikeways per roadway mile and six
times more bike lane miles per arterial mile.®®

An interesting case study in Hawaii is documented by Willey, et al. (1991) as it confirms
many of the general principles identified by Goldsmith.?” The authors compared studies of
bicycle and moped use by students at the University of Hawaii in 1978 and 1988. In the 1978
study, 8.2 percent of students used bicycles to get to school and 1.1 percent chose mopeds.
In addition, 22 percent walked, 35 percent drove alone, and 15 percent were car passengers.

After 10 years, single-occupant car use had risen to 43 percent and moped use grew to 7.6
percent of the trips. In contrast, car passengers had fallen to 9.7 percent and bicycling fell
to 5.8 percent of the trips. Respondents in the survey were asked if they had shifted from
another mode to their present mode and a significant percentage had done so. In 1988, 22
percent of moped and bicycle users formerly walked to campus, 6 percent drove cars, and 3
percent traveled as car passengers. In 1