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DISCLAIMER
The contents of this report reflect the views of the author, who is responsible
for the facts and the accuracy of the data presented herein. The contents do not
necessarily reflect the official views or policies of the Washington State Transporta-
tion Commission, Department of Transportation, or the Federal Highway Adminis-

tration. This report does not constitute a standard, specification, or regulation.
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EXECUTIVE SUMMARY

This report describes the results of a project designed to identify bicycle facil-
ity improvements that would encourage more people to use a bicycle for commuting
and other utilitarian purposes. Specific tasks included 1) synthesis of the elements
required to create a cycling-friendly environment; 2) development of a comprehen-
sive list of bicycle facilities; 3) review of measures to assess bicycle use with results
from various surveys; and 4) creation of a framework for selecting facility improve-
ments. Such an effort is particularly timely as we seek to provide cost-effective
alternatives to the increasing use of automobiles and the problems that result there-
from.

The types of users and the operating characteristics of their vehicles as they
relate to facility design considerations were surveyed. This led to the following Key

Findings:

#1: Specific attention must be paid to the types of cyclists who may
want to use whatever facilities are being considered. Cyclists can be
classified into four groups: avid, regular, young regular, and begin-
ning. While their needs and capabilities may vary, they share a
common desire to use their bicycles for transportation. A high quali-
ty cycling environment will encourage the less frequent and less
skilled to cycle more and thus to progress to a higher level of cycling.

#2: Facility designs must be compatible with the operating charac-
teristics and limitations of the bicycle. Smooth, clean riding surfaces
free from hazards are essential for the safe operation of bicycles
within the transportation system.

#3. Designers must be aware of the characteristics, capabilities, and
limitations of the bicycle and its operator. This is, of course, no dif-
ferent than the design of facilities for automobiles. We just have less
knowledge and awareness of the needs of the cyclists and their bicy-
cles.

Page v



BICYCLE FACILITIES AND USE

A comprehensive approach is necessary in order to increase utilitarian cy-

cling. The goal is stated in the following Key Finding:

#4: Consideration should be given to developing a cycling-friendly

environment that encourages the use of the bicycle for transportation

purposes. Such an environment would provide a coherent system that

would be easy to use and would offer a choice of direct routes that

were safe, attractive, and comfortable.

Adequate bicycle facilities are critical to achieving a major increase in
utilitarian cycling. Thus another major goal of this research was the devel-
opment of a list of facilities to support such cycling. A total of 23 major facil-

ity categories with 55 subdivisions were identified and described in detail.

#5: A comprehensive list of facilities necessary to fully support utili-

tarian cycling has been developed. While not all of the facilities listed

are necessary, their existence would promote increased cycling and

enhance the cycling experience of those who do.

Measuring bicycle use is quite difficult. Various methods to gather this -
information were reviewed, including surveys and traffic counts. The report pro-
vides information on the following survey options: telephone, in-person interview,

mail back, travel diaries, and verbal and observational. Traffic count options dis-

cussed include manual counts, video recordings, and automated counters.

#6: A variety of methods are available for measuring bicycle use,
including primarily surveys and traffic counts. Care must be exer-
cised in the design and execution of such methods in order to yield
reliable and useful data.

Page vi
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The results of several surveys and counts, some of which represented original
work, are presented in the report. Demographic profiles of cyclists in general and
bike commuters in particular were developed, along with specific information about

the nature of their trips.

#7: The tens of millions of people who ride bikes represent a huge
potential group of utilitarian cyclists. Safe and attractive facilities
providing efficient connections will encourage greater use of cycling,
especially for short trips.

Since funding for bicycle facilities is quite limited, funding agencies are inter-
ested in identifying the facilities that might yield the greatest 'return on investment'
in terms of increased cycling. No such tools exist, and data are virtually nonexistent
on the impact of any specific facility addition or improvement with respect to in-
creased cycling. It is also clear that answering such a question is quite complex
because the question involves such issues as land use, population density and

demographics, the availability of alternatives, and of course the distance to desired

destinations.

#8: There are no objective models or tools to help determine where

additional bicycle facilities should be built or which facilities will

lead to the greatest increase in utilitarian cycling. More research is

clearly needed.

A two-part framework for selecting facility improvements has been
developed. It was not possible within the scope of this project to test this

approach, but it is offered as a starting point for additional research.

#9: A framework for selecting facility improvements has been de-
veloped. The first step involves locating areas more likely to benefit
from such improvements. Step 2 focuses attention on the infrastruc-
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ture and operational changes that might be most appropriate.

Finally, the report presents a Case Study wherein bicycle use on a popular
multi-use trail in the Seattle area was monitored before and after a critical 'missing
link' was filled in. The results showed a substantial increase in use with a significant

fraction of cyclists using the facility for commuting.
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INTRODUCTION
Research Objectives
This project sought to identify bicycle facility improvements that would
encourage more people to use a bicycle for commuting and other utilitarian pur-
poses. Specific tasks included 1) synthesis of the elements required to create a
cycling-friendly environment; 2) development of a comprehensive list of bicycle
facilities; 3) review of measures to assess bicycle use with results from various

surveys; and 4) creation of a framework for selecting facility improvements.

Background

Society's increasing reliance on the automobile to meet the vast majority of
its personal travel needs is well documented, as are the problems that accompany
such a mode choice: congestion, air, water and noise pollution, increased time spent
traveling, escalating infrastructure needs, and an over-dependence on foreign energy
sources. We have spent the past 50 years suburbanizing our landscape while largely
prohibiting the co-location of jobs, residences, and services.

Against this backdrop the bicycle stands out as a transportation vehicle with
largely unrealized potential. Bicycles are relatively inexpensive to purchase and
easy to maintain. They are non-polluting. They provide personal transportation
that features door-to-door service. Not to be overlooked are the public health
benefits of the aerobic exercise one gets while cycling.

National numbers indicate that almost half (48.8%) of daily trips are under 5
km, and 62% are 8.3 or fewer Km. (Zeeger 1994) Such trips can easily be made by
most people on a bicycle. Indeed, bikes can often "beat" cars on urban trips of 10
km or less. Short automobile trips are also the most polluting since automotive

emission control systems work most effectively when the engine is warm.
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Figure 1 illustrates the distribution of daily trips by purpose for all travel
modes and for bicycle trips. A large fraction (42%) of total trips are taken for
personal/family business (e.g. shopping) while only 20% of bicycle trips are for this
purpose. While on a national basis only 0.7% of all trips were made by bike, such
trips total approximately 1.7 BILLION annually. (Zeeger 1994)

Increasing the number of commute and utilitarian trips made by bicycle will
require addressing several interrelated issues. Figure 2 breaks the issues into three
major components that might be thought of as sequential in nature. (Adapted from
Goldsmith 1992) 'PERSONAL CONSIDERATIONS' involve issues that might
affect an indiVidual's willingness to consider using a bike for transportatioﬁ.

'"TRIP FEATURES' confront those willing to bike. The availability of direct,
safe routes on bicycle-friendly facilities is often cited in surveys of potential bike
commuters as a necessary condition in order to be able to bike.

Finally, 'DESTINATION BARRIERS' can prevent those willing and able

from using their bike for transportation. The key elements here are secure bicycle
parking along with showers and clothes lockers. Employer and co-worker attitudes
can also play a role in encouraging and supporting bicycle commuting,.

Meanwhile, as part of the Washington State Transportation Policy Plan
(WSTPP), Washington has adopted a Bicycle Transportation Policy that seeks to
support the increased use of bicycles. The policy identifies four major areas that
need attention: Facilities, Safety Education, Promotion, and Funding. (Washington
State Transportation Commission, 1992) State laws such as the Commute Trip
Reduction Act and the Growth Management Act, along with both federal and state
Clean Air Acts, further support the increased use of bicycles as transportation vehi-
cles. Facilities are the necessary, if not sufficient, element if we are to begin to

realize the potential of the bike.
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DAILY TRIP PURPOSES

All Travel Modes
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B civic/Education

> % Other ‘
~—— )
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Figure 1. Comparison of trip purposes by all modes and by bicycle (Zeeger 1994).
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TO BIKE TO WORK OR NOT?

First, a potential bicycle commuter must deal with:

PERSONAL CONSIDERATIONS

CO000000

Being open to consider an alternative to the car.

Proper attitude - a bicycle is a transportation vehicle.

Realistic assessment of safety issues.

Physical ability to cycle. ,

Equipment/training/experience to use a bike for transportation.
Family responsibilities gz.g. child care).

Need for a car at work.

Next, the willing must confront:

TRIP FEATURES

oleojololeolole)

Reasonable travel time and distance.

Direct routes with minimal delays.

Appropriate roadway facilities (e.g. bike lanes, bridge crossings).
Well maintained facilities (e.g. lack of glass and debris).
Reasonable traffic volumes.

Negotiable terrain.

Acceptable weather conditions or knowledge to deal with same.

Finally, those willing and able with acceptable trip features must overcome:

DESTINATION BARRIERS

O
O
O
O

Secure bicycle parking (c.g. lockers, supervised).

“Clothes lockers to store work clothes.

Showers and changing facilities on-site or near by.
Employer/co-worker attitudes:

-> Flex-time
-> Relaxed dress codes
-> Encouragement (facilities, cash incentives, recognition)

Only when an individual can accept and deal with these issues will they try utilitarian

cycling.

Figure 2. Factors affecting the decision to bicyele commute.

(Adapted from Goldsmith 1992)
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RESEARCH APPROACH

The current low level of utilitarian cycling is due, at least in part, to the
absence of a cycling-friendly environment in most of our communities, as well as to
inadequate knowledge about cycling and those who ride bikes. Cyclists were classi-
fied and the essential features of the bicycle were de;scribed; along with some impor-
tant points about bicycle riding that can have implications for facility design and
maintenance. Finally, a cycling-friendly environment was described in relation to
five key features.

The development of a comprehensive list of facilities to support utilitarian
cycling required the review of a number of design manuals and guides. A table was
created to integrate this information into a comprehensive list of such facilities. A
brief description of each item is presented along with cross-references to the origi-
nal sources where they exist.

Measuring bicycle use is quite difficult. Various methods to gather this
information were reviewed, as were several studies and surveys that have attempted
to assess use. A demographic profile of current cyclists was developed, along with
information on their use patterns.

Finally, an attempt was made to develop a framework for assessing which
facilities might yield the greatest 'return on investment' in terms of increased cycling.
_ Since no documented studies exist, this latter exercise was of necessity somewhat
speculative. A Case Study is presented that showed increased bicycle use in re-

sponse to a facility improvement.
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FINDINGS

Task 1. The Cyclist, The Vehicle, and The Environment

Before one attempts to design facilities to create a cycling-friendly environ-
ment, the capabilities and limitations of the intended users and their vehicles must
be understood.

A. Classifying Cyclists

Various schemes have been developed to classify or characterize cyclists.

Most use cycling experience or skill level as the distinguishing characteristic. Three

such schemes are presented in Table 1.

Table 1. Schemes to classify cyclists.

Source Classification Characteristics
Group A - Experienced - desires direct access to
Wilkinson 1994 A dvaﬁ ced destinations and is comfortable using existing
streets and highways.
Group B - Casual, novice, occasional - desires comfortable
Basi P access to destinations and prefers some
asic . .
separation from motor vehicles.
Group C - Pre-teen - residential areas with low volume
Children traffic or physically separated facilities.
Vehicular All cyclists should be considered drivers of
Forester 1994 . ; . . )
N Cyclist vehicles with no special accommodations.
Davis Avid Uses all roads comfortably.
(City of Davis Reqular Uses roads and appreciates bike lanes and paths
1993) g when they provide direct routes.
Y Mostly junior or senior high school students using
oung regular|_. . )
bikes for social or personal business.
Beginning Those who lack the skill and experience to handle
riders traffic. Includes children.

Wilkinson suggests combining Groups B and C together, since their needs
are similar. However, such a combination lumps together cyclists with a wide range
of skills, experience, and needs. Children under the age of 15 may represent 40%

(with 25% age 10 or less) of bike riders in the U.S. Forester fails to recognize that
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the vast majority of cyclists lack the training and experience necessary to ride safely
and comfortably in traffic.

While arguments can be made for and against each of these classification
schemes, the important point is that cyclists are not a homogeneous group. Facili-
ties designed for cyclists must take into account the different needs and capabilities

of those who will use them. The Davis approach seems the most reasonable be-

cause it individually acknowledges the major user groups.

KEY FINDING #1: Specific attention must be paid to the types of
cyclists who may want to use whatever facilities are being considered.
Cyclists can be classified into four groups: avid, regular, young regu-
lar, and beginning. While their needs and capabilities may vary, they
share a common desire to use their bicycles for transportation. A
high quality cycling environment will encourage the less frequent and
less skilled to cycle more and thus to progress to a higher level of

cycling.

The Bicycle

The bicycle is the most energy efficient form of land transportation ever

devised. However, it has certain characteristics that must be appreciated when

bicycle facilities are designed. These are presented in Table 2.

‘Table 2. Bicycle characteristics that influence facility design.

Characteristic

Consequence

Instability

Requires continuous steering adjustments and weight shifting to keep the
bike upright. A major contributor to the most frequent bicycle accident
type: falls. A minimum speed must be maintained and as speed decreases
maneuvering room increases.

No suspension /
High pressure tires

The pavement provided on bicycle facilities must be smooth and free of
potholes, cracks, raised pavement markers, and bumps.

No operator
protection or
[{lcrumple-zone.

Collisions with fixed objects or vehicles can cause the rider to be thrown
from the bike, as well as result in serious damage to the bicycle.

Effected by
side-winds

Whether winds are naturally caused or the result of passing high-speed
vehicles (particularly large trucks), extra lateral space or buffers should be

provided.

Physical security

Unattended bicycles and their attached components may be subject to
vandalism or theft unless secure parking is provided.

Highly
maneuverable

Allows the cyclist to steer out of trouble and stop in a very short distance
(assuming dry conditions and clean pavement).
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KEY FINDING #2: Facility designs must be compatible with the
operating characteristics and limitations of the bicycle. Smooth,
clean riding surfaces free from hazards are essential for the safe
operation of bicycles within the transportation system.

C. The Cyclist/Bicycle System

Several additional points regarding the cyclist/bicycle system that will influ-

ence facility design should be kept in mind. Table 3 lists five of them with an ex-

planatory comment.

Table 3. Cyclist/bicycle system features.

Point

Comment

Speeds attainable

uscle powér TImits the speed thal a Cyclist can sustain. on Tat terrain most
people can achieve 15 to 25 km-per-hour (KPH) while trained cyclists reach 40
KPH. During descents, speeds in excess of 75 KPH are possible.

Minimize wasted
energy

Facility design and operational characteristics should keep energy losses to a
minimum. Frequent stops waste energy, increase the amount of unstable, slow
speed riding, and discourage cycling.

Cycling is social

Cyclists are social beings and facilities should be designed to permit
side-by-side riding whenever possible.

Information
athering

A cyclist can acquire information about the traffic environment through hearing
as well as sight.

Minimum operating
\volume

A cyclist requires a minimum "operating volume" that is approximately 1.25 m
wide by 2.0 m long by 2.5 m high. The natural tendency of people to ‘shy’ away
from nearby objects such as walls and other fixed objects requires additional
width beyond the actual length of the handlebars. The height of overhead
structures should be no less than 3.5 m. _

KEY FINDING #3. Designers must be aware of the characteristics,
capabilities, and limitations of the bicycle and its operator. This is,
of course, no different than the design of facilities for automobiles.
We just have less knowledge and awareness of the needs of the cyclists

and their bicycles.
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D. The Five Elements of a Cycling-Friendly Environment

The provision of a few bicycle lanes or paths will not be sufficient to -induce
most people to ride to work or use their bikes for errands. Rather, the goal should
be the creation of a comprehensive, cycling-friendly environment. Such an envi-
ronment, of course, includes physical facilities but also addresses the major reasons
why people do not bike for utilitarian purposes.

The Dutch have published a comprehensive bicycle facility design manual
that starts with the cycle/cyclist's characteristics and limitations, accepts the premise
that bicycles should be considered an integral and legitimate part of the transporta-
tion system, and seeks to create a truly cycling-friendly environment. (CROW 1993)
Five complementary characteristics define such an environment and are listed in

Table 4. (AASHTO 1991, pages 8-9, presents a similar view although less compact.)

Table 4. Five elements of a cycling-friendly environment (summary).

Element Key Characteristics
All origins and destinations are linked with a choice of routes

Coherence that are easy to locate, complete, and of consistent quality.

Directness Cycling routes are as direct as possible, with minimal delays.
Facilities minimize the chance of accidents among all users of

Safety the transportation system and provide for the safety and security

of cyclists and their vehicles.

Attractiveness |The surroundings are pleasant and inviting.
Comnfort Cyclists travel efficiently over smooth, well maintained surfaces
along routes where delays are kept to a minimum.

Appendix A illustrates how these five features can be related to various

elements of the transportation system.

KEY FINDING #4: Consideration should be given to developing a
cycling-friendly environment that encourages the use of the bicycle for
transportation purposes. Such an environment would provide a
coherent system that would be easy to use and would offer a choice of
direct routes that were safe, attractive, and comfortable.
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Task 2. A Comprehensive List of Bicycle Facilities

The lack of "bicycle facilities" is often cited in studies and surveys as a major
impediment to the greatef use of bicycles. A national Louis Harris survey found |
"safe bike lanes" and "showers and storage at work" as two of the top three changes
needed to increase bike commuting. (Bicycling 1991) Responses to the "Bicycle
Washington" survey conducted as part of the WSTPP confirmed the importance of
good bicycle facilities for both utilitarian and recreational cycling. (Subcommittee
on Bicycle Transportation 1991)

Unfortunately, the term "bicycle facilities" is not very specific and means
different things to different people. If the average cyclist-on-the-street were to
define the term "bicycle facilities," he or she would probably answer "bike paths" and
maybe mention "bike lanes and streets." Those who used their bikes for more than
recreation might add "secure bike parking" and perhaps "showers and lockers" at
work if they were bike commuters. While certainly essential elements, these repre-
sent only a small fraction of the facilities that should be present to fully support the
widespread use of the bicycle for transportation.

A major goal of this research was to identify the full range of physical facili-
ties that would characterize a truly cycling-friendly environment. The literature was
consulted, with particular attention given to existing bicycle facility design and
planning manuals. Table 5 presents the resulting list in alphabetical order.

While the length of the list may at first seem intimidating, one should note
that the author is unaware of any city or region in which all of the items listed are
adequately addressed. Rather, the reader should consider that we have already
created virtually all of these or comparable facilities, which are largely taken for
granted, to support our use of the automobile. Indeed, many of those same facilities

perhaps with some modifications can be used for cycling transportation.
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Table 5. Comprehensive list of bicycle facilities. (See Appendix B for details.)

1. Airports | 14. On-Street Parking
A.| Access A.| Diagonal
B.| Parking B.| Parallel
C.| Tourist services C.| Parking and bike lanes
2. Bicycle Parking D.| Perpendicular
A.| Attended 15.  Pavement Structures
B.| Automated 16. Railroads
C.| Lockers A.| At-grade crossings
D.| Racks B.| Cars
3. Bridges/Overpasses C.| Terminals/platforms
A.| Bike only or shared with peds 17.  Separated Facilities
B.| Railings A.| Bike only
C.| Shared with motor vehicles B.| Mixeduse
4. Cattle Guards C.| Rail trails
5. Construction Zones D.| Related facilities
A.| Detours 18.  Sidewalks/Ramps
B.| Temporary paved surfaces 19. Traffic Control Devices
C.| Use of steel plates A.| Bollards
6. Curbs - extruded B.| Expanded bike streaming lane
7. Drainage/Utility Covers C.! Paint
8.  Fences/Railings D.| Raised pavement markers
9. Ferries E.| Refuges
A.] Automobile/passenger F.| Signals
B.| Passenger only G.| Signs
C.| Terminals/parking H.! Speed Bumps/traffic diverters
10. Intersections 20. Transit/Light Rail
A.| Road/driveway A.| Buses
B.| Road/road B.| Roadway conflicts
C.| Road/path C.| Trains (light)
11. Lighting D.| Terminals/platforms
12. Maintenance 21. Tunnels/Underpasses
13.  On-Road Facilities A.| Bike only or shared with peds
A.| Arterials - major/minor B.| Shared with motor vehicles
B.| Bicycle boulevards 22, Vegetation - Adjacent
C.| Collectors/ local streets A.| Obstructing
D.| Freeways B.| Surface problems
E.| Hybrid bike lane 23. Workplace Facilities
F.| Stripped bike lane A.| Clothes lockers
G.| Wide curb lanes/shoulders B.| Showers
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Such a list of facilities (Table 5) can not convey many of the issues involved
as they relate to cycling. In addition, references to available guidelines and manuals
can provide more detailed information about facility design. Thus, an annotated
version of Table 5 appears in Appendix B, where each entry has a brief description
or explanation along with references, where they exist, to several guidelines and
manuals. In some cases the references present inconsistent information, while in
others no mention of a particular facility appears.

Obviously not all facilities are needed or appropriate for all locales. Howev-
er, they all should be carefully considered from the perspectives of both the current
utilitarian cyclists and those who might be induced to use their bikes more. A
coherent, direct, safe, attractive, and comfortable environment that provides most or
all of these facilities will result in increased use.

KEY FINDING #5: A comprehensive list of facilities necessary to

fully support utilitarian cycling has been developed. While not all of

the facilities listed are necessary, their existence would promote
increased cycling and enhance the cycling experience of those who do.

Task 3. Bicycle Use: Methods and Selected Results

Various techniques have been developed to measure automobile travel
including the decennial Census, the National Personal Transportation Survey,
analysis of gasoline sales and records of car mileage. It is much more difficult to
assess the amount of bicycling especially for utilitarian purposes. The availability of
better use measures would provide a clearer picture of the type and extent of cycling
being done, as well as help assess the impact of various facility improvements.

National travel surveys have shown that cycling represents only a very small
fraction of reported trips. While there is no question that cycling, at present, is not a

major form of transportation in the U.S,, it is also highly likely that the extent of
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cycling has been seriously under-counted. Both the timing of these surveys (typically
in late winter or early spring) and the way questions have been phrased ("for the
predominant mode of transportation used for the last trip") have contributed to this
result. Recreation or short utilitarian trips - the very type of trips for which the bike
is most often used and for which it is most appropriate - may not have been counted
at all.

On the other hand, surveys designed to uncover cycling behavior in this
country have found it. Sizable fractions of the population own and use bikes and
represent a large pool of potential utilitarian riders. They already own the basic
equipment and have at least a rudimentary skill level to use this travel option.

The two principal techniques available are surveys and traffic counts. Sur-
veys can be done in various ways and offer the opportunity to gather information
about travelers (e.g. demographic and socioeconomic) and details about their travel
habits and experiences, while surveys can also gauge their preferences for various
options. Thus, surveys can be helpful in planning facilities that, if the response‘s are
representative of the community, should better serve the travelers' needs. Surveys
require careful design, can be labor intensive, and usually involve sophisticated
analysis which can further increase their cost. Using surveys to gauge changes in
travel habits that result from a particular facility change requires identifying and
contacting affected users both before and after the change, which can be quite diffi-
cult.

Average daily traffic counts are the time-honored way to monitor roadway
use and most jurisdictions have a database showing average daily motor vehicle
volumes on their major roadways. Unfortunately, very little data exist on bicycle
traffic volumes along roads or even on dedicated bicycle facilities. Such data gath-
ered over time could be used to assess the effectiveness of facility improvements, as

well as to provide exposure data to better-analyze accident information.
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A complete discussion of how to design, carry out, and analyze travel surveys
and traffic counts is beyond the scope of this research. However, some examples of
survey and counting methods appropriate to assessing bicycle use are given below

followed by specific results from several sources.

A. Bicycle Use Surveys.

Designing a good survey should start with a clear and well considered set of
objectives. Questions must be carefully worded to ensure that they are clear to the
respondents and will elicit the correct response. If possible, the survey should be
tested on a representative sample of respondents before being used on the larger
target audience. Shorter surveys are more likely to be answered than longer ones.
The methods used to distribute and collect the surveys can also affect the response.
In general, better responses will be obtained for those surveys that provide a con-
venient, no-cost way to reply.

Random surveys, in which every Nth person is contacted, will generalily yield
the most statistically robust results (assuming a large enough sample). Such surveys
can be used across an entire population (e.g. all residents of a city) or some sub-set
thereof (e.g. those using a bike path).

Alternatively, all members of the target group (e.g. members of a bicycle
club) may be surveyed. It is important to recognize that in either case (random or
blanket), only those with some interest in the subject of the survey are likely to
respond. Thus, all such responses will carry certain biases that may be hard to
unravel. The key is to carefully describe the methodology used so that any reader of
the results will understand how the survey was done and can then properly interpret
them.

1. Telephone surveys require access to the telephone numbers of the target

" population, as well as properly trained surveyors. Those called may be reluc-



BICYCLE FACILITIES AND USE Page 15

tant to answer certain questions (e.g. regarding household income or ethnici-
ty) because it is obvious that their responses can be linked to them directly.
Many people also consider phone surveys an intrusion into their privacy as
well. Such surveys are also labor intensive to conduct. Thus they are often
short and highly focused. The City of Seattle, using volunteers, has used this
technique to gather information on walking and cycling patterns, and it is the

standard method used by the national polling organizations.

2. In-person interviews are similar to telephone surveys but usually require
even more highly trained individuals. At the same time, they are severely
limited in terms of the geographical area that can be covered. The results

obtained rely heavily on the skill of the interviewer.

3. Mail back surveys can be longer than those done over the phone and often
include a self-addressed, postage-paid reply envelope. They may be mailed
or handed out directly to the target group. Appendix C contains samples of
two mail surveys. In one case the goal was to determine the usage of a par-
ticular multi-use trail systefn (the Burke-Gilman/Sammamish River Trails),
and the survéys were distributed to all trail users who would accept them. .
The other survey is more extensive and was derived from one used by Kaplan
(1975) to measure bicycle use of regular riders who were members of the
League of American Wheelmen. The results of several mail surveys are

summarized below in Task 3, Section C.

4, Travel diaries are designed to gather specific trip information (e.g. time-of-
day, origin, destination, mode, and travel distance or time) over periods

ranging from one day to perhaps a week. Collecting accurate data using
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diaries is obviously dependent on having cooperative and accurate subjects.
If properly completed, such information provides a detailed trip making

picture of those surveyed. Appendix C contains a sample travel diary.

5. Verbal and observational surveys can be used to gather some types of use
information. For example, in the Case Study described below, helmet use
(observational) and trip purpose (verbal) information was gathered while a
traffic count was conducted on a multi-use trail. Having the observers in
close proximity to the trail and alerting the trail users through signage to

announce their trip purpose made this possible.

B. Bicycle Traffic Counts

Some of the established techniques for counting motor vehicles (e.g. hand
tallies, pneumatic tubes, induction loops, and most recently, video techniques) can
be used to count bike traffic. Hand tallies are the most commonly used approach
but also the most labor intensive. Applying the mechanical or electronic counting
methods requires special care to eliminate false counts caused by motor vehicle
traffic on roads. Using these automatic techniques on bike paths can also present
challenges, given the lack of well defined travel lanes and the wide range of speeds

observed on such paths.

1. Manual counts can be used to record bike traffic along road or trail seg-
ments or at intersections where turning movements can also be obseryed.
Little training is required, but the counter must be conscientious or the re-
sults will be unreliable. Expense often limits such counts to a few days or
even a few hours, thus providing only a snap-shot of the overall picture. If

personnel are available, a cordon count can be conducted in which all traffic
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moving into a given area is monitored. Using approximately 25 volunteers,
Seattle was able to count bicycle traffic into the central business district
during one morning commute. All such infrequent bicycle counts are subject
to great variability. The temperature, precipitation, darkness, seasons, even
day of the week are variables that can cause dramatic changes in the results.
Thus longitudinal studies (monitoring use over months or years) must be

done with care.

2. Video recording is a way to more frequently monitor a particular location at
low operational cost. While a st‘andard video cassette recorder (VCR) is
limited to 6 to 8 hours of recording on a single tape, time-lapse VCRs are
available that can record for up to 40 full days of images on a single cassette.
The problem then becomes one of analyzing such tapes - a potentially boring
and time consuming task. If traffic is light, it is possible to play the tapes at
fast-forward and review the images at perhaps 10 to 20 times real time.
(Bike counts in the Seattle I-90 bicycle/pedestrian tunnel acquired by using
this technique are reported below.) Such high-speed analysis can not be used
when traffic volumes are high because too much traffic makes it impossible
to distinguish the items of interest with sufficient reliability. Automated
video image analysis systems have the potential to identify bikes in a mixed
traffic scene, but so far the technology has not been used for this purpose.
Such a capability would greatly reduce the data reduction task and provide a

way to more easily gather bicycle use data.

3. Automated counters such as induction loops and pneumatic tube counters
can be used to counts bikes in special situations (e.g. bike lanes and paths).

If automated counters are used on streets, care must be taken to ensure that
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car and truck traffic does not generate false counts. The positioning of such
devices to capture all the bicycle traffic is sometimes impossible, since some
cyclists choose to travel in the same lanes as the motor vehicles. "Automated
trail counters" are sometimes promoted as being able to count bikes.
However, this is more difficult than it first might appear. A simple system
that shines a light across the trail and counts interruptions of the beam may
count a single bike as up to 10 users as the wheels, fork, frame tubes, and legs
successively break the beam. More sophisticated approaches pulse the beam
and then only record objects that break three or more successive pulses.
These work well for walkers, large animals and snowmobiles because of
either their slow speed or large cross-section. However, bikes traveling in

excess of about 5 KPH will not be counted by such systems.

KEY FINDING #6: A variety of methods are available for measuring
bicycle use, including primarily surveys and traffic counts. Care
must be exercised in the design and execution of such methods in
order to yield reliable and useful data.

C. Selected Use Survey and Count Results

Several surveys were analyzed to characterize current cyclists and the types
of riding they engage in. Of particular interest were those who commute by bicycle.
Two surveys, one for the U.S. Consumer Product Safety Commission (CPSC) and
the other for Rodale Press (both presented in Rodgers 1994), provided a national
perspective. Both the published report and the raw data from an origin/destination
survey from Boulder County, Colorado, were analyzed to reveal the bicycle commut-
ing habits in Boulder Valley, an area known nationally for its support of cycling.
(Denver Regional Council of Governments 1992) Finally, responses from a survey
of more than 3000 users (including a sample of almost 500 bicycle commuters) of

the Burke-Gilman Trail/Sammamish River Trail (BGT/SRT) provided a snap-shot
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of local cycling patterns. A complete summary of that survey is reported in Appen-

dix D.

1. Who rides bikes?
Nationally, an estimated 67 million people age 5 and above ride a bike at
least once a year, while close to 100 million bikes are available to be ridden.
Almost 40% of the riding was reported by children under 15 years old while
nearly 20% was reported by people between the ages of 31 and 40. For adult
cyclists the average age is between 35 and 38 years. Males make up slightly
more than half of all riders (52%) although the more regular ma‘le riders
outnumber the females about 2 to 1. Cyclists tend to have higher educational
and income levels than the national averages. Professional or managerial
jobs weré reported most often by the adult cyclists (28 to 41%) followed by
clerical and administrative (19 to 23%). (Rodgers 1994) The data from
Boulder and Seattle were similar except that the Boulder cyclists were

younger (average age was 28 versus 35).

2. How much and where do they ride?
The mean number of hours of cycling estimated by all respondents to the
CPSC national survey was 236.2 per year (median = 105 hours). Meanwhile,
the Rodale survey of adult cyclists revealed that almost 26% reported riding
2 to 3 times per week, while another 23% claimed a frequency of 2 to 3 times
per month and 14% reported once per week. Low traffic volume streets are
the most common places to ride, as most people avoid major arterials and
highways. Sidewalks and playgrounds represent the second most likely venue

for cycling, particularly for children.
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3. Why do they ride?
Table 6A shows the trip purposes reported by the adult Rodale cyclists.
Fitness and exercise were reported by more than three-quarters of the re-
spondents. Slightly over 10% listed commuting as a reason to bike. About

8.7% of the riders reported spending all or most of their time either commut-

ing to work or going to school. This accounts for 12.6% of all hours ridden.
From this one can infer that commuters ride their bikes for longer periods

than non-commuters.

Table 6.A. Bicycle trip purpose. Table 6.B. Reasons to bike more.
[ RODALE (All Riders) RODALE (Adults) |
Multiple Responses % Multiple Responses %

Fitness/Exercise 77.4% Person to Ride With 46.4%
Family Activity 48.1% ISafer Places to Ride 34.7%
Visiting Friends/Relatives 20.7% IMore Comfortable Seat 34.0%
Commuting 10.1% iMore Scenic Riding Places 28.6%
IFast Recreational Rides 9.0% Better Physical Condition 26.8%
IMt. Bike Recreational Riding 5.2% Ability to Ride to Work 14.0%
Day-long Tours 3.4% Gears Easier to Shift 10.9%
\Weekend Tours 1.9% Access to Riding Events 4.1%
Triathlon/Biathlon Event 1.1% [Training Course 1.5%
Century Rides 1.0% Unknown 9.1%
IRoad Racing 1.0%

Mountain Bike Racing 0.7%

Week-long Tours 0.6%

Commercial Bike Tours 0.4%

Unknown 3.2% (Source: Rodgers 1994)
4, Reasons to bike more.

The Rodale survey asked the question: What would cause you to ride more?
Table 6B shows the responses, which confirmed the social nature of cycling,
as the most frequent response was having a person to ride with (46.4%).
Second were safer places to ride (34.7%), followed by more scenic riding
(28.6%). Also mentioned was the "ability to ride to work" (10.9%) but

without any indication of what would be needed to provide that "ability."
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S.

Bike Commuters - Boulder vs. Seattle

The Boulder and Burke-Gilman Trail/Sammamish River Trail
(BGT/SRT) data provided an opportuhity to develop a picture of the types
of people who commute to work or school by bike and to characterize the
type of riding that they do. The methodologies used to collect the data were
different for each of these sources. Boulder data came from an origin/desti-
nation survey conducted using a travel diary. The BGT/SRT data come
from a mail-back survey handed to trail users. Thus care should be used in
comparing the results.

Table 7 compares all Boulder and Seattle cyclists with the subset that
commute by bicycle with respect to age, gender, income, and, for Seattle, also
occupation. Just over 50% of the Boulder cyclists reported commuting trips
in their travel diaries, while 57% of those returning BGT/SRT survéys on a
Tuesday listed work or school as their trip purpose. Boulder cyclists were a
bit younger than those in Seattle, but the gender split (2 to 1 male-female)
was virtually identical. Seattle commuters appeared to have lower incomes.

Thirty-four percent of Boulder bike trips involved commuting be-
tween home and work or school. Bicycles accounted for 7% of the commute
trips, while transit's share was 4% and single-occupancy vehicles made 71%
of such trips. Travel times rather than trip distances were reported for the
Boulder bike trips. The average bicycle trip times and estimated distances
(based on 20 KPH average speed) were as follows: |

Home-Work 16.8 minutes 5.6 km
Home-School 11.0 minutes 3.7 km

Meanwhile, commuting cyclists using the BGT/SRT reported using
the trails an average of almost 200 times per year. Reported total commute

distances averaged 10.7 km, of which trail travel accounted for 7.2 km on
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Table 7. Demographic data on bicycle commuters - Boulder vs. Seattle

[EURVEY: BOULDER BGI/SRT
GROUP/SUBSET All Bike Saturday [ Ali Tuesday | Tuesday Bike
Cyclists Commuters Cyclists Cyclists Commuters
SAMPLE SIZE 497 253 1431 832 475
AGE: Average 27.8 28.7 35.5 34.9 34.1
10 orless 9.1% 4.7% 0.8% 0.1% 0.0%
11-14 1.2% 0.1% 0.0%
10-19 16.5% 13.4%
15-20 3.6% 2.9% 1.9%
21-30 27.2% 34.0% 29.9% 36.1% 40.4%
31-40 29.2% 30.8% 33.1% 35.3% 35.6%
41-50 15.5% 14.6% 19.4% 14.5% 13.5%
51+ 2.6% 2.4% 9.5% 8.5% 6.3%
Unknown 2.7% 2.4% 2.3%
7 s A bt s 28 ST GTTt o E G T I AR OTEETTE TP T T IR T EE T ERTE T2 EF OO RS, FTONIINI AT ST NI I3 S EL PE oL ETEOOPNIRGEDLE DY E2 | POTIS I PO IENG R & O 8 N O A PIET PPN T SRS F s P I FANDORNT 1 PP E AL,
GENDERZ Female Ll V% 36.5% 29.1% 28.0%
Male 65.8% 69.0% 63.0% 70.2% 70.9%
Unknown 0.4% 0.7% 1%
(T2 577 P RRIITETFFTFEIOT TGS ITELIISEOIETLIIITEETELIIITEEEGGIE RO IIIOIIFI TIPS IITAL EPTIS PG AT PIIRIRTI PR
JOCCUPATION: [Clerical/Administrative NA NA 3.5% 3.6% 2.5%
General Laborer NA NA 1.6% 1.8% 1.7%
Homekeeper NA NA 2.6% 2.0% 0.8%
Professional/Manager NA NA 62.9% 50.6% 48.2%
Skilled Labor NA NA 57% 4.7% 3.6%
Student NA NA 16.6% 28.4% 38.3%
Other/Unemployed NA NA 5.7% 6.6% 2.9%
Unreported NA NA 1.4% 2.3% 1.9%
T I AP IS T IS I TERE TIOITTEERIITE I AT I TITLIFEETESPOEETOTIEIAT ITIIIT LT IE V| DG III ST IS PONIFOE N A FTEF ST IINSE SR FL PP IR NS F T I * Kk
<§15 10.1% 136% 17.8% 261% 31.6%]
INCOME $15K<$30K : 16.8% 20.6% 25.4% 29.7% 324%
$30K<$45K 28.9% 27.2% 23.6% 20.1% 16.3%
[$45K<§60K 233% 20.2% 12.6% 10.9% 9.8%
>=$60K 20.8% 18.4% 15.0% 9.5% 7.6%
Unreported 5.7% 3.7% 2.3%

Sources: DRCOG, 1992; Original data from 1990 Burke-Gilman/Sammamish River Trail Survey
by Cascade Bicycle Club, King County, and City of Seattle.

6. 1-90 Tunnel Bicycle Traffic

The 1-90 Bicycle/Pedestrian Tunnel through the Mt. Baker Ridge in
Seattle provides an important connection between Bellevue and Mercer
Island and downtown Seattle. The tunnel is fitted with four video cameras
which permit monitoring activity in the tunnel. With the assistance of per-
sonnel at the WSDOT Northwest Region Office, a VCR was used to record
bicycle traffic during the morning (0600-0900) and afternoon (1600-1900)
prime commute times.

Tapes for several days in August and October 1994 were acquired and

analyzed, providing the results shown in Table 8. Generally, a 6-hour tape
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could be analyzed in about 30 minutes by playing the tape in "shuttle search”

mode.

Table 8. 1-90 Bicycle tunnel traffic - AM/PM rush hours.

BICYCLE TRAFFIG - 190 Tunnel T REFPORTED WEATHER
Date | Dayof | _AM (0600-0900) | N _Tempeérature | Rain Sky
1994 | Week East West East { L High | {cm)
8 Th - - 26 o PC
18 F 10 24 0 ]

4 M 16 24 o PC
151% M - - 16] Trace E
10/11 T 10 15 0] PC
10/12 w 10 15 0] PC
10/13 Th 9 13 094] CR

F 4 13 0.05] PC/R
T = = A 3 0] C |
w 8 25 \ 14 033] CR
Th 7 27 1 13 015] CR

F - - 15 0 [}

M 18 PC

W 1 CR

Kilellello Te A

0

NN o[ ~4| No| | O Ot <o

11 0.05] CR
T Indicates data not taken. Weather data as feported in the Seaftle 1IMES.
Temperatures degress C. SKY: C = Cloudy, PC = Partly Cloudy, R = Rainy, S = Sunny.

Zommmm \
M 5 17 - -~
[3721 T - - 20 13
!

3722 w 14 7 I -
NOTES

KEY FINDING #7: The tens of millions of people who ride bikes
represent a huge potential group of utilitarian cyclists. Safe and
attractive facilities providing efficient connections will encourage
greater use of cycling, especially for short trips.

Task 4. Facility Improvements to Increase Bicycle Use

With limited resources one should ask: Which types of bicycle facilities will
result in the greatest increase in use? Unfortunately, answering such a question is
very difficult. As noted in the Introduction, individual travelers must consider
several factors before deciding to cycle rather than to use another form of transpor-
tation. Clearly, adequate facilities are a necessary but no’t sufficient requirement.

Beyond the individual, the decision to build a particular facility must also
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consider a host of other issues, including the demographics of the area (including
population density); land-use patterns in the area; distances between homes, shop-
ping opportunities, and work sites; the presence of barriers to utilitarian cycling; the
attractiveness of alternatives (e.g. congestion-free roads or very efficient transit);
and the presence of cycling-trip generators. Such generators may include schools
and universities, work sites with large fractions of younger workers and perhaps with
relaxed dress-codes, and recreational areas featuring bicycle-friendly features.

No studies have provided objective criteria or formulas that can provide the
basis for selecting one area over another to receive cycling facilities improvements
nor have any studies indicated which improvements will yield the greatest return on
investment.. Indeed the need for more research to provide just such tools is one of
the major conclusions of this research project.

Note that several authors have recently proposed methods that purportedly
will evaluate a particular road segment and suggest either specific facilities or
evaluate the friendliness or safety from a cyclist's perspective. Wilkinson (1994)
uses traffic volumes and speeds in various environments to develop a set of graphs
intended to suggest various road treatments (e.g. bike lanes, wide curb lanes).
Sorton and Walsh (1994) have developed a "bicycle stress level” index based on
traffic volume, curb lane width, and traffic speed as primary variables. Secondary
variables include the number of commercial driveways per mile, parking turnover,
and the percentage of heavy vehicles. Finally, Epperson (1994) has summarized
efforts to create a "cycling level of service standard (LOS)." Unfortunately, none of
these methods can answer the central question: What facilities are needed and what

impact will they have?

KEY FINDING #8: There are no objective models or tools to help
determine where additional bicycle facilities should be built or which
facilities will lead to the greatest increase in utilitarian cycling. More
research is clearly needed.
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A A Framework for Selecting Facilities Improvements

The preceding having been said, it is possible to propose at least a structure
within which to approach this problem and to provide guidance until better tools are
available. The following framework (Ta.ble 9) presents a two-step process designed
to help narrow the choices of where to direct resources.

Step 1 identifies six key factors that can be used to locate geographic areas
with appropriate populations, land-use patterns, and the basic infrastructure to
support increased cycling without massive changes. Investing in improved bicycle
facilities in the absence of these factors is not likely to result in a significant payoff.

Once likely areas have been identified, Step 2 can be used to assess various
infrastructure and operational features that might benefit from improved facilities.
Some changes might have a dramatic impact if they removed a major barrier or
resulted in a major reduction in travel time by bicycle between two significant
generators. Other changes would be more incremental.

The overall goal should be the creation of a comprehensive, cycling-friendly
environment that makes cycling an attractive option as travelers are making their

mode choices.

KEY FINDING #9: A framework for selecting facility improvements
has been developed. The first step involves locating areas more likely
to benefit from such improvements. Step 2 focuses attention on the
infrastructure and operational changes that might be most appropri-
ate.
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Table 9. A framework for selecting bicycle facility improvements.

Goal: Creation of a cycling-friendly environment.

Feature

STEP 1. LOCATE AREAS LIKELY TO BENEFIT

i

Examples

A. Favorable Demographics

Large numbers of children

Majority age 50 or less

Interest in fithess

B. Compatible Land Use

Medium to high population density

Mixed land uses

Presence of cycling generators (€.g.: university)

C. Reasonable Trip Dlsfances
and Times

Jobs/schools within 30 minutes by bike

Shopping/services within 10-15 minutes by bike

Most destinations within 10 km

D. Supportive Social
Environment

Perception of safety

Presence of people aclivity

Employer support/tolerance for cycle commuting

. E Functional Infrastructure

Basic road system adequate for cycling

No major barriers

Reasonable topography

F. Suitable Traffic Conditions

Speeds/volumes reasonable

Congestion may be good

SIS [RIRIPN] = [ON] = [CR=[oe=

Lack of heavy commercial traffic

[STEP 2. ASSESS FACILITIES

AND OPERATIONAL DEFICIENCIES

Feature

Examples

A. On-road Facilities

1. Inadequate lane widths

2. Incomplete bike (lane) system

3. Dangerous intersections

B. Route Structure

1. _Barriers/gaps/missing links

2. Routes difficult to find and follow

3. B|ke routes not direct

C. Operational Features

1. Frequent STOP signs on bike routes

2. Signals fail to detect bikes

Signal timing incompatible with continuous bicycle
__travel

w

D. Quality

1. Rough riding surfaces

Glass and debris in cycle tracks

Presence of dangerous drain grates and utility access
covers

E_ Destination Facilities

Unsafe access to work or shopping sites

Inadequate bicycle parking

No showers or lockers at work

T F. Safety*

Travel through high crime areas

Unwillingness of motorists to share the road

LN IP] @ !\’.-‘

Inadequate traffic law enforcement on all users

NOTE: * Safety as used here is hot a

‘facnlmes issue per se, but inattention to these features

will be a serious detriment to all types of cycling and thus deserves mention here.
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B. Case Study: Change In Use Following A Facility Improvement

A "Missing Link" Closed.

When the Sammamish River and Burke-Gilman Trails were built in the "70s
a 5 km gap existed between Kenmore and Bothell, known as the "Missing Link."
Half of the gap could be traversed using a heavily traveled, four-lane state highway
(SR 522) with inadequate and poorly maintained shoulders. A two-lane étreet (NE
175th) that serves a heavy industrial area with lumber yards, a concrete plant, sea-
plane base, and marina was the other half of the link. In addition, a very busy arte-
rial had to be crossed.

In 1988 a trail was completed in the eastern half of this section, thereby
eliminating the need to ride on the state highway. The 1990 trail counts described
in Appendix D were thus done after completion of this portion. The remaining 2.5-
km segment was completed in June 1993, when a tunnel was installed under a busy
arterial. (See Figure 3.) The result was an uninterrupted mixed-use trail stretching

42 km from north of downtown Seattle to Redmond.

New Counts

Traffic counts had been taken on both sides of the Missing Link in 1990
(Kenmore and Sheridan Beach). This provided an excellent opportunity to evaluate
changes in use as a result of this new facility. Three new counts comparable to those
taken in 1990 were conducted in 1994 at the same two locations on one Saturday
and two Tuesdays in May. The second Tuesday was added to provide additional
information on bike commuting on the facility.

W.hile the basic objective remained the same - count users going through
each station - several changes were made in the process for 1994. First, some data

were taken before and after the 0700 to 1900 period. On each Tuesday counts were
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Figure 3. Vicinity map of the "Missing Link."
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taken starting at 0600. This was done because bicycle commuters heading in either
direction from this area might be 15 or more kilometers from their destinations and
thus might well be gone before 0700. Since several hundred cyclists had used the
trail between 1800 and 1900 in 1990, an extra hour was added at one station
(Kenmore) to obtain counts from 1900 to 2000.

Second, in place of hand-out cards, an oral survey of trip purpose was con-
ducted. Signs with the following messages were placed in advance of each station
(in both directions): TRAIL SURVEY AHEAD, TELL US TRIP PURPOSE,
COMMUTING/RECREATION/TRAINING. The counters were instructed to ask
all users for their trip purpose if they did not volunteer it. Well over 90% of the
users cooperated in telling us the purpose of t-heir trips.

Third, while the 1990 survey had been conducted using mostly local bicycle
club volunteers, the health occupations club of the local high schools was hired to
conduct the 1994 counts. Two people staffed each station throughout the counting
periods.

Fourth, in 1993 King County passed a mandatory bicycle helmet law. The
counters were instructed to record helmet wearing by each cyclist and classify the

rider as either a child (through age 12), a teenager (13-19) or an adult (over 20).

Dramatic Increase in Use

As shown in Table 10, bicycle traffic for comparable 12-hour periods in-
creased substantially from 1990 to 1994, particularly at Kenmore. Note that on the
1994 Saturday, clouds moved-in about noon, and around 1500 a drizzle began that
lasted for 2 hours. It is likely that this inclement weather reduced the number of

riders and led to the slight decrease shown at Sheridan Beach.
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Table 10. Twelve hour bicycle counts BGT/SRT - 1990 vs. 1994

KENMORE SHERIDAN BEACH
1990 | 1994 |% Change 1990 | 1994 [% Change
Tuesday 330 1118 239% 617 1216 97%
~ 330 1040 215% 617 1057 71%

The hourly counts at each station are shown in Figure 4. As can be seen, use
in 1994 was greater throughout each day except after noon on Saturday when the
weather changed. Note also that on Tuesdays a large number of cyclists continued

to use the trail between 1800 and 1900.

BIKES @ KENMORE BIKES @ SHERIDAN BEACH
Tuesdays - 1990 vs 1994 Tuesdays - 1990 vs 1994
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Figure 4. Hourly bicycle counts BGT/SRT - 1990 vs. 1994,
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Trip Purpose

As was expected, the commuters use of the facility was heaviest ih the
morning (0600 to 0900) and again in the afternoon (1600 to 1900). Figure 5 shows
reported trip purpose as a function of time at each site for both Tuesdays. Sheridan
Beach had more commuters, as expected, since it is closer to the University of
Washington (about 16 km from Sheridan Beach) and Seattle job sites.

The fraction of total users who reported commuting as their purpose ranged
from 18.6% to 28.3% for the 13-hour Tuesday counts. Table 11 summarizes the
commuter counts, during the AM and PM peaks. These numbers are especially
significant given the distance to any major concentrations of jobs. The land use
along most of the trail in Seattle is residential, while in Kenmore there are both
industrial and commercial (retail) areas. Further east (8 to 10 km) in Bothell, there
are some employment sites in the North Creek Valley and along the Sammamish
River to Redmond (22 km). However, much of the eastern portion of the trail is
Jocated in open space. Given the distance to job sites, one can safely speculate that
many of these commuters were traveling between 12 and 25 km to their jobs.
Anecdotal evidence suggests that many of these bicycle commuters would not be

doing so in the absence of the trail.

Helmet Use

Table 12 shows the bicycle helmet use rates by age group aggregated over the
three days of observation. Given the relatively short distance between the stations,
it is likely that some cyclists were counted multiple times. There was some variabili-
ty in the data for each age group during the three days and even at the two sites.
The high and low percentages for each age group on any given day were as follows:

children: 68% to 100%; teenagers: 40% to 100%; and adults: 86% to 94%.



BICYCLE FACILITIES AND USE

Page 32

TRIP PURPOSE

Kenmore Tuesday May 10, 1994
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Figure 5. Trip purpose for Tuesdays at Kenmore and Sheridan Beach.

Table 11. Bicycle commuters during prime time.

PRIME COMMUTING TIME STATISTICS - 1994
DATES/ KENMORE SHERIDAN BEACH
HOURS COM TOTAL | % COM COM TOTAL | % COM
May 10
AM 6-9 96 144 66.7% 114 247 46.2%
PM 16-19 87 577 15.1% 134 710 18.9%
PRIME TOTALS 183 721 25.4% 248 957 25.9%
"M3HRTOTALS 229 1230 18.6% 303 1602]  18.9%
% PRIME 79.9% 58.6% 81.8% 59.7%
May 24
AM 6-9 107 221 48.4% 153 227 67.4%
PM 16-19 92 436 21.1% 153 463 33.0%
PRIME TOTALS 199 657 30.3% 306 690 44.3%
13 HR TOTALS 268 1229 21.8% 366 1295 28.3%
% PRIME 74.3% 53.3% 83.6% 53.3%

Table 12. Observed helmet use.

OBSERVED HELMET USE

Yes No % Yes
Children 265 23 92.0%
[Teenager 245 65 79.0%
IAdults 8101 896 90.0%
TOTALS 8611 984 89.7%
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CONCLUSIONS

Bicycles offer many advantages as a transportation vehicle, yet at the present
time they are used primarily for recreation. The keys to substantially increasing
their use for commuting and personal business purposes lie in understanding the
capabilities and limitations of the mode while adopting a comprehensive approach
to the provision of appropriate facilities. The goal should be the creation of a cy-
cling-friendly environment that provides a coherent system that is easy to use and
offers a choice of direct routes that are safe, attractive, and comfortable.

This research produced a comprehensive list of bicycle facilities encompass-
ing 23 major categories with 55 subdivisions along with cross-references to six design
manuals and guides. While not all of the identified facilities will be needed in every
case, the list is intended to convey the notion that cyclists require more than the
occasional bike lane or path. |

While this research identified various methods for measuring bicycle use, it
also revealed the virtual lack of objective data on how facilities affect such use.
"Before and after" studies are difficult to perform and have sirﬁply not been done.

Data from Boulder and Seattle indicated that if cycling is supported through
facilities development and encouragement, a significant mode shift can occur.
Removing a single barrier in a critical location can have a dramatic effect on use.

Finally, a framework for identifying areas likely to benefit from facility
improvements was developed. The two-step process, while requiring validation,

may offer a method for selecting high-return facility improvements.

RECOMMENDATIONS/APPLICATION/IMPLEMENTATION
The five elements of a cycle-friendly environment and the bicycle facility
matrix should be disseminated to government officials and the public. Doing so may

enhance the appreciation for the breadth of the issues involved in increasing cycling



BICYCLE FACILITIES AND USE Page 34

for transportation.

Clearly additional research into the connection between the provision of
bicycle facilities and use are urgently needed. There is a great deal of interest in
and funding for such facilities in response to the opportunities provided by the
Intermodal Surface Transportation Efficiency Act (ISTEA). Applying the use
measures identified in this research to gather baseline data and then conducting
similar studies after construction may yield valuable information.

Application of the proposed framework for selecting specific neighborhoods
and transportation corridors for facilities improvements would help refine and
validate the concept. Additional surveys seeking specific information on facilities

needs would also be helpful.
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APPENDIX A

Five Elements of a Cycling-Friendly Environment

The Dutch bicycle facilities design manual "Sign up for the bike" (CROW
1993) lists the five essential requirements for a cycling friendly environment as 1.
Coherence, 2. Directness, 3. Safety, 4. Attractiveness, and 5. Comfort. (The
AASHTO 1991 bicycle facility guide uses similar language but is less concise.) In
the U.S. these terms are not commonly used to describe bicycle facilities. However,
they do present a useful paradigm because they succinctly capture all the elements
that should .be present if the goal is to provide a high quality cycling environment
that will attract substantially more cyclists to using their bikes for more than recrea-
tion.

In the table (A.1) on the following pages, each of these elements is expanded
into several criteria upon which to judge how well a particular element is meeting
the needs of cyclists, along with specific parameters for each criterion. Limiting
factors or goals have then been proposed where possible for various types of facili-
ties (both on-street and off). Note that "Network" is also included to further empha-
size the need to think holistically about the entire system.

Note that while the Dutch provided the framework for this table, it has been
substantially altered with the goal of making the concepts more useful to U.S.
readers. Further, many of the specific entries (e.g., COMFORT/Chance of
stop/Arterial of only once every 4 km) are provided as values requiring further
validation. Those wishing to substitute their own values are of coilr'se welcome to

do so.
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APPENDIX B

Bicycle Facilities Matrix

The following matrix Table (B.1) lists each of the bicycle facilities bresented
in Table 5, along with a short narrative describing each item. The "Source Docu-
ments" columns provide references to seven of the facilities design manuals and
guides that were consulted as part of this research. They are identified below, with
full citations appearing in the References list.

It is important to point out that this matrix is not intended to serve as a de-
tailed design manual. Rather, the matrix is intended to convey the breadth of facili-
ties that should be considered in the development of a cycling-friendly community

and to direct the reader to more detailed information.

NOTES on table entries:
1. Page (marked "p") and chapter (marked "C") references are given.
2. A reference adjacent to a major category (e.g., 2. Bicycle Parking) may

contain information on the subheadings under that item (e.g., D. Racks).

3. A page reference may refer to the first of several pages containing relevant
information.
SOURCES:

A - AASHTO 1991 (Guide for the Development of Bicycle Facilities)

W - WSDOT 1989 (WSDOT Design Manual, Sectuion 1010, Facilities for
Nonmotorized Transportation) _

V - Velo Quebec 1992 (Technical Handbook of Bikeway Design)

N - NCDOT 1994 (North Carolina Bicycle Facilities Planning and Design
Guidelines)

S - NBWS-CS#24 1994 (National Bicycling and Walkiﬁg Study, Case Study #24)

C - CROW 1993 (Dutch design manual)
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APPENDIX C

Sample Use Survey Forms

This Appendix contains examples of three survey instruments that can be

used to gather different information about bicycle use and travel patterns.

Multi-use Trail Survey - Distributed to trail users/mail back

Figure C.1 shows the survey card distributed to users of the BGT/SRT in
May 1990. The primary focus was to gather information about the respondents' use
of the trails. The other side was self-addressed with Business Reply postage paid.

Many chose to fill out the card and leave it at the station, however.

Regular Bicycle User Survey - Distributed through bike clubs/mail-back

Figure C.2 shows the two-sided survey form that was developed to gather de-
tailed information about the cycling habits and experiences of "regular” bike riders.
It was adapted from the form used by Kaplan (1975) and will be distributed to cy-
 clists throughout Washington state in early 1995 who are members of organized
bicycle clubs. It may also be used by the League of American Bicyclists in 1995 to

repeat the original Kaplan study.

Travel Diary - Distributed to and returned from selected participants by mail
 Figure C.3 presents an example of a travel diary form that can be used to

gather detailed trip information from participants. This one was used in the Boul-

der County Origin/Destination Survey. (DRCOG 1992) - This particular form was

designed to gather information on trips by all modes, including bicycles.
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/'/“ . : , >
\ BL - K) £y A ey
Date received: - Qoo 123456

P

TRAIL USE SURVEY

Welcose to the trail. This study is verz isportant for 1earnin? sore about
trail use, Please help us by ansvering he question and then place the card in
the mail. Postage is prepaid. Thank you for your cooperation.

1. a. Where did you enter the trail? §
(% please give an address, major intersection or significant landmark)

b. Where did you leave the trail? ¢

t. 1f, A & B are the sase vhere did you turn around? #
d. Estimate your total distance traveled on the trail: siles,

2. What activity did you do on the trail?
valk_; jog_; bicycle_; equestrian_; other (specify)

3. What vas the gurpose of your use of the trail today? # . recreation__;
school 3 shopping_; training_; work_; other (specity)

How many days in the last veek have you used the trail?
Hov many tises in the last sonth? __ Hov many tises inThe last year? __

4, a. By vhich sethod did you reach the trail? ‘
foot_; bicycle_j bus_j; car_j other (specify)

b. Estimate the distance you travel to get to the trail? niles

5. Where did you begin your trip? §
(§ please give an address, major intersection or signiticant landeark)

6. If your non-sotorized trip began before lou entered the trail or continued
beyond -the tfail, what vas the total distance of the trip? siles.

7. Hov many accidents have you been involved in on the trail in the last year?

bicycle/bicycle bicycle/dog_ bicycle/pedestrian__  falls__
pedestrian/car ___ bicyclescar__  other (specify)

8. Your Age:___  Sex: Male__ Fesale_  lip code of residence:

9. Dccupation; Student___  Clerical___  Professional General labor_

Skilled Labor_  Hosekeeper___  Other (specify)

10. Income Level:
less the $10,000__ 30,000 - $39,999__ 60,000 - $69,999__
10,000 - $19,999 40,000 - $49,999 70,000 - $79,999____

20,000 - $29,939___ 50,000 - $59,999_ 80,000 & up

11. Comments on trail use and trails:

t I y&u ‘igde a second trig on the trail today, vith a different purpose,
please fill out a separate card covering that trip.

Figure C.1. Multiuse trail survey form.
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Figure C.2. Regular bicycle user survey - page 1.
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Figure ca. Regular bicycle user survey - page 2.
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Figure C.3. Travel diary form. (DRCOG 1992)






BICYCLE FACILITIES AND USE Page D.1

APPENDIX D.
1990 Burke-Gilman Trail/Sammamish River Trail (BGT/SRT) User Survey

User counts and surveys have been conducted al()ﬁg the BGT/SRT every five
years since 1980. The most recent was completed in May 1990 and involved 12 hour
(0700-1900) user counts (by mode) taken at six locations on a Saturday (the 19th)
and a Tuesday (the 22nd). In addition, postage-paid survey cards (Appendix C)
were distributed to as many users as would accept them.

At the time the total length of the combined trails was 40 km, and a 2.5 km
"missing link" broke the trail approximately in the middle. The Gas Works station

was near Lake Union in Seattle while the Marymoor station was in Redmond.

User Counts

The count totals are shown in Table D.1. Note that the total numbers do not
represent the total number of cyclists on the trails those days, as it is likely that some
individuals were counted at several stations and perhaps in both directions if they
completed a round trip on the trail.

At four stations on the Saturday an average of about 200 bikes per hour
passed by. On Tuesday the University station showed by far the highest bike counts,
averaging over 115 bikes per hour.

Weather conditions can dramatically affect the number of trail users, particu-
larly those engaged in recreational activities. The weather on these days was dry
and partly sunny, with mild temperatures; thus the data are probably typical of

similar days in May.

Survey Responses
While almost 3,200 people completed cards (1905 from Saturday, 1286 from

Tuesday), no record was kept of the number distributed, so no response rate is avail-
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able. In addition, the respondents can not be considered random, since only those
willing to take a card, fill it out, and return it are included. That said, the responses
received do represent the most complete picture available of the types of people
using the BGT/SRT.

Data from each card were entered into a database and analyzed to produce

the results shown in Table D.2.

Bike Commuters

Cyclists using the BGT/SRT for commuting were of special interest to ‘this
project. Thus additional analyses were performed on the responses from the Tues-
day group. Those cyclists reporting either a work or school trip purpose were ana-
lyzed separately. There were 475 such users. Almost 2/3 of this group were going
to or from work, while 1/3 were going to or from school. This group reported the
highest average use rates, with the means and medians quite close in all three time

frames (week, month, and year). If accurate, they could be characterized as almost

daily weekday users.
Table D.1. May 1990 BGT/STR user counts.

May 19, 1990 Bikes Joggers Walkers Other Totals GRAND

SATURDAY E W E w E w E W E W [TOTALS
[Site:

GAS WORKS 998| 1003f 101 117)  225] 297 9 70 1333] 1424 2757
UNIVERSITY 1196 | 1264 133 133 S0 105 9 aff 1428 1511 2939
ISHERIDAN BEACH [ 1247} 1238 87 91 120 140 0 Of 1454| 1469 2923
KENMORE 907] 896 21 20 16 15 1 1 945| 932 1877
MVOODINVILLE 1032 1039 52 69 35 26 11 13} 1130{ 1147 2277
MARYMOOR 1220] 1164 150] 179 140| 158 40 48} 1550 1549 3099
OTALS E&wW 6600 6604| 544 609] 626] 741 70 78| 7840| 8032 15872
IGRAND TOTALS 13204 1153 1367 148 15872
May 22, 1990 . Bikes Joggers Walkers Other Totals GRAND
TUESDAY E w E w E w E w E W |TOTALS
ite:

AS WORKS 433} 374 86 98 55 58 9 11 583| 541 1124
UNIVERSITY 649 748 163 157 153 183 9 9 974 1097 2071
ISHERIDAN BEACH 324 293 65 63 141 148 1 1 531 505 1036
KENMORE 171 159 19 19 7 20 0 0 197] 198 395
MVOODINVILLE 262 266 50 40 37 43 6 3 355] 352 707
[MARYMOOR 264 | 282 85 86 67 80 7 51 _423] 453 876
TOTALS E&W 2103] 2122] 468] 463] 460[ 532 32 29| 3063] 3146 6209
GRAND TOTALS 4225 931 992 61 6209
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