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FOREWORD

This two-volume guidebook describes and compares the various methods and tools that can be
used to forecast non-motorized travel demand or that otherwise support the prioritization and
analyses of bicycle and pedestrian facilities. The guidebookis intended to be used by bicycle and
pedestrian planners, technical staff, researchers, advocates, and others who may wish to estimate
bicycle and pedestrian travel demand or to prioritize bicycle and pedestrian projects.

This second volume, Supporting Documentation, gives details on each method, including
purpose, structure, input / data needs, assumptions, and real-world applications. This volume
contains an extensive annotated bibliography of references on demand forecasting methods,
supporting tools and techniques, and factors influencing the choice to walk or bicycle, aswell as
potential contacts in thisfield. The other volume, Overview of Methods, provides an overview of
each of nineteen methods appropriate for forecasting and/or understanding pedestrian and
bicycle travel demand.

Mickiel fforer

hlichael F. Trentacos
Drirector, Office of S

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
object of the document.



Technical Report Documentation Page

1. Report No. &

|[FHWA-RD-98-166

(Government

JAccession No.

3. Recipient's Catalog No.

4. Titleand Subtitle

GUIDEBOOK ON METHODS TO ESTIMATE NON-
IMOTORIZED
TRAVEL: SUPPORTING DOCUMENTATION

5. Report Date

July 1999

6. Performing Organization Code

7. Author (s)

WL Schwartz, CD Porter, GC Payne, JH Suhrbier, PC Moeg,
WL Wilkinson 11

8. Performing Organization Report No.

9. Performing Organization Name and Address

|Bicyc|e Federation of

Cambridge Systematics, Inc. America

10. Work Unit No. (TRAIS)

150 Cambridge Park Dr., Ste

s
4000 1506 21~ St., NW, Ste. 200

3A4B

Cambridge, MA 02140 \Washington, DC 20036

11. Contract or Grant No.

|DTFH61-92-C-00138

12. Sponsoring Agency Name and Address

|Federal Highway Administration
Turner-Fairbanks Highway Research Center
6300 Georgetown Pike

[McLean, VA 22101-2296

13. Type of Report and Period Covered

|[Final Report
July 1, 1997 - February 28, 1999

14. Sponsoring Agency Code

15. Supplementary Notes

Contracting Officer's Technical Representatives COTR's): Carol Tan Esse and Ann Do

16. Abstract

This guidebook provides a means for practitioners to better understand and estimate bicycle and
pedestrian travel and to address transportation planning needs. The guidebook describes and
compares the various methods that can be used to forecast non-motorized travel demand or that
otherwise support the prioritization and analyses of non-motorized projects. These methods are
categorized according to four major purposes: (1) demand estimation; (2) relative demand
potential; (3) supply quality analysis and (4) supporting tools and techniques. Discrete choice
models, regional travel models, sketch plan methods, facility demand potential, bicycle




compatibility measures, and geographic information systems are among the methods and tools
described.

Overview of Methods provides a concise overview for each available method, including some
typical applications, pros and cons, and a quick reference guide on ease of use, data
requirements, sensitivity to design factors, and whether widely used. In addition, it discusses
general issues for consideration in forecasting non-motorized travel demand, such as the
dimensions of travel behavior and factors influencing bicycling and walking, and identifies
[future needs in this area.

Supporting Documentation provides substantially more detail on the methods including purpose
structure, input/data needs, assumptions, and real-world applications. It also contains an
extensive annotated bibliography of references on demand forecasting methods, supporting tools
and techniques, and factors influencing the choice to walk or bicycle, as well as potential
contactsin thisfield.

18. Distribution Statement

17. Key Words No restrictions. This document is
[Bicycle, pedestrian, travel demand, forecasting available to the public through the
methods, estimate. Nationa Technica Information

Services, Springfield, VA 22161

20. Security

Classif. (of
. 21. No. of Pag
this page) o 22. Price

|UnC|aSSIerd |Unc|as
sified

19. Security Classif. (of thisreport)

Form DOT F1700.7 (872 Repr oduction of form and completed page is authorized




U.S. Department of Transportation's Federal Highway Administration - Research, Development, &
Technology

Guidebook on Method to Estimate Non-Motorized Travel: Supporting
Documentation (Publication NO. FHWA-RD-98-166)

1.0 Introduction

1.1 Overview

This document is the second volume of the two-volumeGuidebook on Methods to Estimate Non-
Motorized Travel where the first volume, Overview of Methods, provides a concise overview of
available methods for predicting future levels of bicycle and pedestrian travel or "travel
demand.” The Overview of Methods also discusses general issues for consideration in forecasting
demand for non-motorized travel. This volume, theSupporting Documentation, provides
substantially more detail on the methods described in the guidebook and identifies sources and
real-world applications of the methods.

This volume is organized as follows:

Section 2.0 (Documentation of M ethods) -- An in-depth, structured description and evaluation
of each method, including multiple variations on some methods as well as real-world
applications.

Section 3.0 (Bibliography) -- An annotated bibliography of references on demand forecasting
methods, supporting tools and techniques, and factors influencing the choice to walk or bicycle.

Section 4.0 (Contacts) -- A list of individuals and organizations contacted in developing this
guidebook.

The contents of the Overview of Methods include:

Section 1.0 -- A discussion of the purpose of the guidebook and the importance and uses of
forecasting bicycle and pedestrian travel demand.

Section 2.0 -- An introduction to non-motorized travel demand forecasting, including waysin
which travel behavior can change, general approaches to travel demand forecasting, factors
specifically influencing bicycle and pedestrian travel, and differences in forecasting bicycle vs.
pedestrian travel.

Section 3.0 -- Anintroduction to 11 classes of methods and a one-page overview of each which
includes a description, typical applications, advantages, and disadvantages. Sectior3.0 also
contains a summary of key characteristics and uses of each method as well as a guide to
choosing an appropriate method for a specific purpose.



Section 4.0 -- A summary of the guidebook and a discussion of the limitations of existing
forecasting methods and future research needs for improving non-motorized demand forecasting.

1.2 Purpose of the Guidebook

The need for improved conditions for bicyclists and pedestrians has received increasing attention
in recent years in transportation planning circles. Planners are recognizing a growing popular
interest in bicycling and walking for health and recreation, the desire to promote alternatives to
automobile travel for environmental reasons, and the need to provide safe and convenient travel
options for the entire population. At the same time, the question of how many people will
actually use new or improved bicycle and pedestrian facilities is gaining interest and importance.
Planners and policy makers need to be convinced that the benefits of improvements are worth the
costs. Furthermore, they want to know where to spend limited resources to get the most "bang

for the buck" as measured by benefits to users.

This guidebook was developed in response to the need to predict bicycle and pedestrian or "non-
motorized" travel.® The guidebook isintended to provide a means of addressing the following
related questions:

If we build anew bicycle or pedestrian facility, how many people will useit?

If we improve an existing facility or network, how many additional people will choose to
walk or bicycle?

What types and combinations of improvements will have the greatest impact on
increasing non-motorized travel ?

How will improvements to non-motorized travel conditions affect motor vehicle use?

The guidebook describes and compares the various methods that have been developed to predict
future levels of bicycle and pedestrian travel, i.e., travel demand. The guidebook also discusses
other quantitative methods that support demand forecasting but do not actually predict future
demand. These include (1) analyses of the potential market for bicycling and walking; (2)"level
of service" measures and "environment factors' that describe the quality of thesupply of bicycle
and pedestrian facilities; and (3)supporting tools and techniques such as Geographic Information
Systems (GIS) and preference surveys. The guidebook is intended to be used by bicycle and
pedestrian planners, technical staff, researchers, advocates, and others who may wish to apply
these methods to estimate bicycle and pedestrian travel demand or to prioritize bicycle and
pedestrian projects.

1.3 Research M ethodology

The guidebook is based on an extensive international review of both published and unpublished
sources. Most of the methods were developed in the United States, Canada, and Europe, but
examples are aso included from Japan, Australia, and South America.

Members of the research team conducted an extensive outreach effort to identify research
activities (both past and present), methods, and ideas for the project. This consisted of a



networking effort that began with people who are well known in the field of bicycle and
pedestrian planning and other individuals who are known to the research team. Simultaneous to
the direct networking, the Internet was used as a means of outreach through avariety of
discussion lists. All told, more than 65 contacts were made. These included other consulting
firms, research and/or cycling organizations in foreign countries, practitioners, and individuals.
The complete list of contacts made or targets of outreach is presented in Section 4.0.

In addition to the networking effort, aliterature review was conducted to identify relevant
published sources. It should be noted that not all of the methods discovered in thisliterature
review are of recent vintage. The rise of the energy crisis and the environmental movement in the
1970s led to considerable interest and research into bicycle and pedestrian planning issues during
this period. As an example, in 1978 the Federal Highway Administration published a three-
volume Pedestrian Planning Procedures Manual (Kagan, Scott, and Avin, 1978). The manual
outlined a 27-step process for forecasting pedestrian travel demand and prioritizing pedestrian
projects in central business districts and other large activity centers. At the same time, discrete
choice modeling techniques were pioneered and developed for the purposes of forecasting travel.
These techniques were applied specifically to forecasting bicycle travel in a number of studies
conducted in the late 1970s and early 1980s.

As relevant methods were identified from the networking and literature review efforts, they were
documented in a database. The fina version of this data base is presented here as Section2.0,
"Documentation of Methods." This data base served as a structure for an organized discussion
and evaluation of each method, and also served as the basis for categorizing and describing the
methods as presented in the guidebook.

1.4 Overview of M ethods

Nineteen method entries were completed in the data base. For purposes of the discussion in the
guidebook, the entries were grouped into 11 classes of methods having similar characteristics.
These were further grouped according to the four major purposes of the methods: demand
estimation, relative demand potential, supply quality analysis, and supporting tools and
techniques. Table1.1 describes the four major purposes and 11 classes of methods. Tablel.2
shows how the 11 classes of methods correspond to the 19 method entries contained in

Section 2.0.

Some of the entries in section 2.0 describe one specific method, as developed by a particular
practitioner, while others contain descriptions of two to four similar methods. Decisions as to
whether to group methods of the same type in one entry or to treat them in separate entries were
primarily based on the similarity of the methods and on the length of the discussion for each.
Treatment of some methods in separate entries is not meant to imply that a greater importanceis
attached to that specific method, and is not meant to endorse the use of those methods over
others.

Table 1.1 Categorization of Available M ethods.
Purpose M ethod Description

Demand Estimation. Methods that can be used to derive



Comparison Studies

Aggregate Behavior Studies

guantitative estimates of demand.

Methods that predict non-motorized travel on
afacility by comparing it to usage and to
surrounding population and land use
characteristics of other similar facilities.

Methods that relate non-motorized travel in an
areato itslocal population, land use, and other
characteristics, usually through regression
analysis.

Methods that predict non-motorized travel on
afacility or in an area based on simple

Sketch Plan Methods calculations and rules of thumb about trip

lengths, mode shares, and other aspects of
travel behavior.

Models that predict an individuals travel

Discrete Choice Models decisions based on characteristics of the

Regional Travel Models

alternatives available to them.

Models that predict total trips by trip purpose,
mode, and origin/destination and distribute
these trips across a network of transportation
facilities, based on land use characteristics
such as population and employment and on
characteristics of the transportation network.

Table 3.1 Categorization of Available M ethods (continued)

Purpose Method

Relative Demand
Potential

Market
Analysis

Facility
Demand

Description

Methods that do not predict actual demand levels, but which can
be used to assess potential demand for or relative levels of non-
motorized travel.

Methods that identify alikely or maximum number of bicycle or
pedestrian trips that may be expected given an ideal network of
facilities.

Methods that use local population and land use characteristics to
prioritize projects based on their relative potential for use.



Potential

Methods that describe the quality of non-motorized facilities
(supply) rather than the demand for such facilities. These may be
useful for estimating demand if demand can be related to the
quality of available facilities.

Supply Quality Analysis

Bicycle and
Pedestrian Measures that relate characteristics of a specific facility such as
Compatibility safety to its overall attractiveness for bicycling or walking.

Measures

. Measures of facility and environment characteristics at the area
Environment : _ _ : _
Factors level that describe how attractive the areais to bicycling or

walking.

Supporting Tools and

Techniques Analytical methods to support demand forecasting.

Geographic Emerging information management tools, with graphic or
Information  pictorial display capabilities, that can be used in many ways to
Systems evaluate both potential demand and supply quality.

Survey techniques that can be used on their own to determine
Preference factors that influence demand, and that also serve asthe
Surveys foundation for quantitative forecasting methods such as discrete
choice modeling.

Table 1.2 Organization of Methodsin Supporting Documentation.

M ethod Corresponding Methods in

Purpose  Method Number Supporting Documentation

Demand Estimation

Comparison Studies 21 Comparison Studies



Aggregate Behavior

Sudies 2.2

Sketch Plan Methods 2.3
24
Discrete Choice Models 2.5

2.6

2.7

Regional Travel Models 2.8

29
2.10
211
Relative Demand Potential
Market Analysis 212
Facility Demand
Potential 213
214
Supply Quality Analysis
Bicycle and Pedestrian 215

Compatibility Measures
2.16

Environment Factors  2.17

Aggregate Behavior Studies

Bicycle Sketch Plan Methods
Pedestrian Sketch Plan M ethods
Discrete Choice Models

Discrete Choice Models: Route
Choice

Discrete Choice Models: Transit
Access

Regional Travel Models

Bicycle Travel Models: Quovadis-
Bicycle

Bicycle Travel Models: START and
TRIPS

Pedestrian Demand Models

Market Analysis
Latent Demand Score

Pedestrian Potential and Deficiency
Indices

Bicycle Compatibility Measures

Pedestrian Compatibility Measures

Environment Factors



Supporting Tools and Techniques

Geographic Information

Systems 2.18 Geographic Information Systems

Preference Surveys 219 Preference Surveys
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2.0 Documentation of M ethods

Demand Estimation

2.1 Comparison Studies

Descriptive Criteria: What isit?

Categories:

EdBicycle EdPedestrian EdFacility-Level EdArea-Level
Authors and Development Dates:

Hoekwater (1978); Lewis and Kirk (1997); Wigan (1998)

Purpose:

The simplestform of demand forecasting, comparison studies track bicycle or pedestrian travel
levels before and after a change (such as a facility improvement), or compare travel levels across
facilities with similar characteristics. The results of a comparison study can be used to predict the
impacts on non-motorized travel of asimilar improvement in another situation, assuming that all
other influencing factors are roughly the same between the two situations.

Two basic types of comparison studies are discussed here:

1. Before-and-after studies. These are based on counts of users both before and after an
improvement. The change in usersis assumed to be related to the improvement.

2. Similar conditions studies. These studies use counts and/or user survey datafrom existing
facilities, sometimes combined with data on the population in the surrounding area, to estimate
the potential number of users on asimilar existing or proposed facility. Two examples are
documented here:

Lewis and Kirk (1997): To forecast travel on two proposed rail trails, employees at the Centra
Transportation Planning Staff (CTPS), the regional transportation planning agency for the
Boston, M assachusetts metropolitan area, examined a comparable existing rail trail using counts
of trail users and travel survey datafor arearesidents.

Wigan, Richardson, and Brunton (1998) compared the characteristics of users and the



surrounding popul ation on two existing facilitiesin Australia, and identified factors that could
account for differences in usage levels on the two trails.

Structure:

Before and After Studies:

These have been widely used in Europe to assess the mode choice impacts of programs to
improve bicycle and pedestrian facilities. Some studies have focused on the change in mode split
for an urban area as awhole, after a city-wide program of improvements. Others have focused on
specific facilities, conducting user counts both before and after an improvement to the facility.
An example of the latter is given in Hoekwater (1978), who compared bicycle traffic before and
after the addition of bicycle lanes in the Netherlands. In addition to counts on the facility itself,
counts were also performed on parallel facilities to attempt to estimate how much traffic was
diverted as compared to actual new riders.

Similar Conditions Studies:

Lewig/Kirk: To estimate the potential usage of a proposed rail trail in Massachusetts, planning
staff conducted bicycle counts on an existing trail which has characteristics similar to the
proposed facility. These counts were then factored based on the ratio of total population within
corridors surrounding the two facilities to predict total trips on the proposed facility. Total
volumes were distributed throughout the proposed corridor based on the population of
communities along the corridor. An alternative method was also applied in which forecasts for
the proposed trail were factored by the ratio of bicycle commuting mode share in the two
corridors, as determined from census data.

Wigan/Richardson/Brunton: Two existing facilities in Australia were compared: Lower Yarra
and Maribrynong trails. A survey of trail users was conducted regarding mode of accessto the
trail, access distance, personal characteristics, etc. Data on population in the surrounding area
were also analyzed using GIS techniques. The characteristics of users and the surrounding

popul ation were both used to compare the two trails. The resultsindicate that the Lower Yarra
trail attracts more users from awider range of distances than the Lower Maribrynong. The
authors concluded that with better signage, improved linkages and promotional efforts for the
Lower Maribrynong facility, thistrail could see higher usage rates, similar to the Lower Y arra
trail. The model gives an estimate of the potential users of the Lower Maribrynong trail (see also
GIS, Method 1.18)

Calibration/Validation Approach:
Not applicable.

I nputs/Data Needs:

Before and After Studies:

These require counts or mode split data from the facility or area before and after the
improvement. Counts should also be obtained from parallel facilities to determine to what extent
achange in traffic on afacility is due to diversion as compared to new users. Ideally, counts



would also be performed over the same time period in other control areas that are unaffected by
the improvements to determine whether traffic levels may have changed for reasons unrelated to
the facility addition. Enough counts should be performed so that the statistical significance of
any observed change in traffic can be verified.

Similar Conditions Studies:

Lewig/Kirk: The comparison approach requires bicycle counts for the existing facility and
population data for the surrounding areas of both the existing and proposed facilities.

Wigan/Richardson/Brunton: The technique uses survey results taken from the VITAL project,
which is a continuing household interview survey in Melbourne that covers the origins and
destinations of bicycle travel. Another survey was conducted by Mebourne Parks and
Waterways (MPW). A third survey questioned only users at the Lower Yarraand Lower
Maribrynong trails.

The main inputs that are used from these surveys include:
Trip length distributions;
Numbers of patrons from different postal code areas (equivalent to ZIP codes);
Populations in postal code regions at various distances from the trail; and
Distances from the trail to the different postcode area centroids.

Potential Data Sources:

Lewig/Kirk: This approach could use localized mode split information to provide better accuracy.

Computational Requirements:

Minimal computations are required.

User Skill/Knowledge:

Minimal skill is needed.

Assumptions:

Unless very carefully designed, comparison studies may not control for other factors unrelated to
the facility improvement which may affect usage levels, such as weather conditions on the day of
the count, improvements to parallel facilities, etc. Also, the specific factors causing differences
in impacts for different facilities may not be readily explained, or may only be described
gualitatively. Because of possible differences in the situation, transferring results from one
situation to another may lead to incorrect usage forecasts. Therefore, the comparison method is
best used in conjunction with a qualitative assessment of environmental factors to gauge an
approximate level of impact, rather than for quantitatively predicting an actual change in usage
levels.

Wigan/Richardson/Brunton: This technique assumes that the main reason that the two trails have



different user rates is because of inadequate signage and connections at the trail with the lower
usage rate. The differencesin level of usage between two apparently similar trails illustrates why
care must be taken in using a simple comparison approach to predict demand.

Facility Design Factors:

Lewig/Kirk and Wigan/Richardson/Brunton: This approach requires planners to compare
facilities that are similar in type and length.

-
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Figure2.1 A similar conditions study uses data
from an existing facility, such as the
bike lane shown here, to estimate the
potential number of userson a
proposed facility.

Output Types.
These methods supply the planner with rough estimates of bicycle usage for proposed facilities.
Real-World Examples:

Hoekwater: Counts of bicycle traffic were performed before and after the addition of bicycle
lanes at two locations in the Netherlands. Counts were also performed on parallel facilities to
attempt to estimate diversion vs. new riders. In one location, bicycle countsincreased by 30 to 60
percent on the route with a slight increase on parallel routes. For adifferent location, bicycle
traffic on the route also increased but there was some decrease on parallel facilities; the authors



concluded that roughly two-thirds of the increase in bicycle traffic came from parallel routes and
one-third from new trips.

Lewig/Kirk: Bicycle counts from the Minuteman Commuter Bikeway in the Boston area were
used to predict the bicycle volumes for the proposed Central Massachusetts Rail Trail Bikeway.
Weekend and peak-hour weekday counts were taken at four locations along the 48-km long
Minuteman facility. Weekday counts then were estimated by assuming that the peak period
represents 10 percent of the daily usage. An average of the four survey sites was taken to obtain
aweekday estimate of 1,600 and a weekend estimate of 3,400 users. The population of the
Central Massachusetts Bikeway corridor, at 138,556, is 80 percent that of the Minuteman
corridor's population of 172,606. Usage estimates for the Central M assachusetts Bikeway,
therefore, total 1,280 for the weekdays and 2,720 for the weekends. The volumes then were
distributed aong the corridor according to popul ation share.

The same approach was used on the Norwottuck Rail Trail, which is at the western end of the
proposed Central Massachusetts Bikeway. Weekday bicycle volumes total 700, weekend/holiday
volumes total 1,900 and the regional population is 69,000. The surrounding area for the proposed
facility has two times the Norwottuck population so the daily estimates total 1,400 per weekday
and 3,800 per weekend/holiday.

Wigan/Richardson/Brunton: The Lower Y arraand Lower Maribrynong trails differ in that the
latter lacks linkages and promotional opportunities. Since the populations surrounding the two
trails are similar as well as each trail's length, the user rates also should be similar. The Lower
Maribrynong trail has a significantly higher usage rate. The authors hypothesized that the
proportional differencein user rates reflects the potential usage that could occur on the Lower
Yarratrail.

Contacts/Source:

Cathy Buckley Lewis, Central Transportation Planning Staff, 10 Park Plaza, Suite2150, Boston,
MA 02116.

Marcus Wigan: Oxford Systematics, GPO Box 126, Heidelberg, Victoria, Australia 3084.
Publications:

Hoekwater, J. Bicycle Routes in the Hague and Tilburg. Published in Bicycling as a Mode of
Transport: Proceedings of a Symposium held at the Transport and Road Research Laboratory,
Crowthorne, U.K. (TRRL Supplementary Report 540), October 1978.

Lewis, Cathy Buckley and James E. Kirk, Central Massachusetts Rail Trail Feasibility Sudy,
Central Transportation Planning Staff, Boston, MA, April 1997.

Wigan, Marcus, Anthony J. Richardson and Paris Brunton. Smplified Estimation of Demand for
Non-motorized Trails Using GIS, Transportation Research Board, Preprint #981203, 1998.

Evaluative Criteria: How Does It Work?

Performance:



Examples where these methods had been validated in practice were not identified.
Use of Existing Resources:

Lewig/Kirk: These methods are simplified approaches that capitalize on the use of existing, albeit
somewhat limited, resources.

Wigan/Richardson/Brunton: Sinceit is difficult to quantify the benefit of signage and linkage
improvements as well as the impact of promotions on the usage of an existing facility, this
method attempts to cal culate the benefits using a comparable facility that has more sophisticated
signage, linkages, and promotional opportunities.

Travel Demand Model | ntegration:

Not applicable.

Applicability to Diverse Conditions:

The methods use survey results that vary depending on the situation.
Usage in Decision-Making:

The methods provide a rough estimate concerning the demand that is likely to occur on proposed
facilities.

Ability to I ncorporate Changes:

The methods are able to incorporate changes into the analysis since the data inputs and
computations are not complex.

Ease-of-Use:
LewigKirk: The method is easy to use because it uses simple and widely available data.

Wigan/Richardson/Brunton: This approach is somewhat more complex than Lewis/Kirk,
requiring the use of GIS and local travel surveys for analysis.
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Demand Estimation

2.2 Aggregate Behavior Studies

Descriptive Criteria: What is|t?

Categories:

EdBicycle [IPedestrian LIFacility-Level EdArea-Level
Authors and Development Dates:

Ashley and Banister (1989); Epperson, Hendricks, and Y ork (1995); Ridgway (1995); Nelson
and Allen (1997).

Purpose:

Aggregate behavior studies or models attempt to predict mode split and/or other travel behavior
characteristics for an aggregate population, such as residents of a census tract or metropolitan
area. Prediction is based on characteristics of the population and of the area. An example of an
aggregate model would be aregression equation to predict the bicycle mode splits of individual
census tracts in ametropolitan area, based on the average income of the tract and on the total
length of bikewaysin the tract. Aggregate behavior models can be contrasted withdisaggregate
models, which predict an individual's behavior and then aggregate individual decisions across a
population to obtain overall travel characteristics.

Aggregate models can be used for the following purposes:
1. Identifying which factors influence overall levels of bicycling or walking in an area.

2. Predicting the change in levels of bicycling or walking caused by a change in one of these
factors.

3. Predicting the amount of bicycling or walking in otherareas, based on data collected in one
area

4. Developing data for useinatravel demand model.

Structure:



Linear regression equations are commonly used to predict an independent variable (bicycle mode
split, number of trips, etc.) as afunction of various dependent variables.

Calibration/Validation Approach:

A model can be developed based on onedataset and then applied to another dataset to check its
validity. Attemptsto do this, however, have yielded |ess-than-satisfactory results (c.f. Ashley and
Banister, 1989; Ridgway, 1995).

I nputs/Data Needs:

All data must be obtained at the level of the unit of analysis (census tract, employment center,
metropolitan area, etc.) A wide variety of data can be used in devel oping aggregate behavior
models. Both the data used and the unit of analysis are generally constrained by what data can be
obtained from available sources or collected with little additional effort.

Ashley and Banister obtained data at the ward level in the United Kingdom on characteristics of
the population, trip distances, availability of other modes, traffic levels, and local
climate/topographical factors. Some data were obtained from census records while other data
required additional collection and analysis efforts. They also identified a number of variables that
were desirable to have but could not be collected because of resource limitations.

Potential Data Sources:

Census Data: Population characteristics (socioeconomic and demographic), journey-to-work
mode, density

Land use data bases

Topographic maps: topography

Roadway network data bases: traffic volumes, road characteristics

Computational Requirements:

Analysis can be conducted with spreadsheets or standard statistical software packages.
User Skill/Knowledge:

An ability to construct statistical models such as linear regression is required.
Assumptions:

It is assumed that travel behavior at an aggregate level can be predicted with relative accuracy
given the data available. The implications of this assumption are discussed under "Comments."”

Facility Design Factors:

Ashley and Banister considered terrain (hilliness) and traffic levels. Availability of bicycling
facilities and terminal facilities were not included because of lack of data.

Inclusion of facility design factors in aggregate demand models would require measures of



facility availabilityquality which can be constructed at the area level. These might include miles
of bike path or lane, miles of sidewalk, percent of road network in good cyclable condition, etc.
Further development of road/facility network data bases using GI S techniques should allow
easier incorporation of facility design factors. Pedestrian environment factors, such as those
developed in Portland, OR, are an example of area-level facility design variables.

Nelson and Allen included per capita miles of bikeway in an analysis of work-trip bicycle use at
the metropolitan arealevel.

Output Types.

Output is mode split or total trips by mode for an area as a function of variables describing the
area.

Real-World Examples:

Ashley and Banister (1989) used UK census datato (1) evaluate factors influencing bicycling to
work; (2) develop amodel to predict the proportion of residents bicycling to work; and (3) test
the model. A variety of factors were tested including personal characteristics, trip distance,
availability of bicycling facilities, availability of other modes, traffic levels, and local
climate/topographical factors.

Epperson, Hendricks, and York (1995) analyzed NPTS data to develop nationwide bicycle trip
generation rates for 12 categories of people (stratified by age, gender, and race). These trip rates
were applied to census tracts based on the number of people in each category by tract.

Nelson and Allen (1997) conducted a cross-sectional analysis of 18 U.S. cities to predict work

trip bicycle mode split (from census data) based on weather, terrain, number of college students,
and per capita miles of bikeway facilities. A positive association was found between the presence
of bikeway facilities and bicycle work trip mode split.

Ridgway (1995) developed a regression model to estimate bicycle mode split at the city and
census tract levels based on available data. Candidate variables were screened based on
correlation with bicycle mode split. Those selected included age (percent of population under 25
years), and mean population travel time (a proxy for travel distance), and percent of student
population.

Contacts/Source:

Chris Banister: Department of Planning and Landscape, University of Manchester, UK.
Bruce Epperson: Miami Metropolitan Planning Organization, Hollywood, FL.
Matthew Ridgway: Fehr and Peers Associates, Lafayette, CA.

Publications:

Ashley, Carol A. and Chris Banister. Bicycling to Work from Wards in a Metropolitan Area.
Traffic Engineering and Control, Vol. 30, nos. 6-8, June - September 1989.

Epperson, Bruce, Sara J. Hendricks and Mitchell Y ork. Estimation of Bicycle Transportation



Demand from Limited Data. (University of South Florida). Compendium of Technical Papers
from the Institute of Transportation Engineers 65" Annual Meeti ng, pp. 436-440, 1995.

Nelson, Arthur C. and David Allen.1f You Build Them, Commuters Will Use Them: Cross-
Sectional Analysis of Commuters and Bicycle Facilities. City Planning Program, Georgia
Institute of Technology, submitted to the Transportation Research Board, 76th Annua Meeting,
Washington, DC (preprint), January 1997.

Ridgway, Matthew D. Projecting Bicycle Demand: An Application of Travel Demand Modeling
Techniques to Bicycles. 1995 Compendium of Technical Papers, Institute of Transportation
Engineers 65th Annual Meeting, pp. 755-785, 1995.

Evaluative Criteria: How Does It Work?

Performance:

Aggregate demand models to predict bicycling and walking mode shares tend to have low-
explanatory power; that is, most of the factors which influence mode shares have not been
accounted for in the model.

Ashley and Banister found that "whileit is possible to isolate some factors in the form of a model
for particular areas, when the model is applied elsewhere the fit is not so good." Also there are
significant difficulties involved with developing a transferable model.

Ridgway found that while his model based on census data adequately predicted bicycle mode
split using data from 18 Californiacities, it did not perform so well at predicting mode split for
census tracts in Berkeley.

Use of Existing Resources:

Aggregate models can be constructed largely using existing data on population and land use
characteristics. Aggregate-level data on network characteristics may require additional data
collection and analysis, although further development of road/facility networkdata bases using
GIS techniques should alow easier incorporation of facility design factor.



Figure2.2  Aggregate models can be constructed
largely using existing
data on population and land use
characteristics.

Travel Demand Model | ntegration:

Aggregate models are frequently used in the travel modeling process to predict total number of
trips by trip purpose at the zonal level. The models discussed here differ primarily in that they
attempt to predict only total bike or walk trips, rather than tota trips by all modes. In travel
demand models, mode choice is usually predicted separately at alater stage of the travel
modeling process.

Applicability to Diverse Conditions:



Aggregate models have not yet been devel oped which have been demonstrated to be transferable
to other situations or aress.

Usage in Decision-Making:

No information is available.

Ability to I ncorporate Changes:

Models can be re-estimated with relative ease if new data become available.
Ease-of-Use:

An ability to construct statistical models such as linear regression is required.
Comments:

It is assumed that travel behavior at an aggregate level can be predicted with relative accuracy
given the data available. Some of the drawbacks of this assumption include:

The method relies on aggregate-level data (i.e., averages/statistics for a population) rather
than predicting the behavior of individual trip makers. Aggregate-level data can mask
significant variances within goopulation which affect behavior (the problems with
aggregation have been widely discussed in the literature on travel demand modeling).

The method ignores the impact of factors which are not readily available, such as
attitudinal factors.

The primary data source on trips at a zonal/aggregate level is the census, which looks
only at work trips.

The available data generally do not include environmental variables such as the overall
quality of the areafor bicycling or walking, the overall quality of alternative modes, etc.
Some pedestrian environment factors have been developed for this purpose, but only one
known bicycle environment factor exists and its validity has not yet been proven. Also,
these factors require significant local data collection. In most cases, density (population
and/or employment) may be the only readily available proxy for environmental factors
that describe the relative attractiveness of an areafor bicycling or walking.
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Demand Estimation

2.3 Bicycle Sketch Plan M ethods

Descriptive Criteria: What is|t?

Categories:

EdBicycle [IPedestrian EdFacility-Level LlArea-Level
Authors and Development Dates:

Goldsmith (1997)

Purpose:

Sketch plan methods can be defined as a series of "back-of-the-envelope” calculationsto
estimate the number of bicyclists using afacility or area. These methods generally rely on data
that already exist or can be collected with relative ease (such as census and land use data),
combined with behavioral assumptions derived from other studies. Sketch plan methods tend to
vary widely in their specific approaches and in their level of sophistication.

Goldsmith (1997) developed and applied a sketch-plan method to estimate the impact of a new
bicycle facility in the Seattle, WA, area on reducing motor vehicle VMT (vehicle miles of travel)
and emissions.

Structure:
Goldsmith:

1. Determine the location and boundaries of the travel shed (i.e., the areafrom which most trips
on the facility are expected to originate).

2. Determine the population of census tracts within the travel shed.

3. Use census or survey datato determine the percentage of daily commuters within the travel
shed.

4. Use census or survey datato determine the bicycle mode split for each census tract within the
travel shed.



5. Estimate the number of potential bicycle commuters using the rate of current bicycle
commuting in the travel shed as a comparison. For example, if the travel shed has a higher
bicycle mode split than the census, then the potential bicycle commuter rate also should be
higher. Also could use the proportion of population under 45 years relative to the city average to
estimate the potential riding population. Multiply the rate by the total number of commutersin
the travel shed and then subtract the number of current bicycle commuters.

6. Determine the expected number of new bicycle trips by assuming that a certain percentage of
the population will divert trips from other modes to bicycling. For example, the Sesttle survey
showed that 26 percent of the potential bicycle commuting population would become bicycle
commuters.

7. Determine the proportion of these trips that came from single-occupancy vehicle (SOV) trips.
For example, the Seattle survey showed that one in two would be diverted from SOV trips.

8. Determine trip lengths using thecity-wide average or one calculated from central locations
within the census tracts to main trip generators.

9. Calculate the estimated number of VMT eliminated and emissions prevented using emissions
assumptions as shown below in the "Assumptions" entry.

Calibration/Validation Approach:

Goldsmith: The technique should be tested in other settings to ensure its transferability.
Furthermore, before and after bicycle counts could help to better improve the accuracy of this
type of estimation technique.

I nputs/Data Needs:
Goldsmith: The VM T/emissions model requires the following data items:

Geographic areathat is affected by abicycle facility, which also is known as the "travel
shed";

Population and journey-to-work census data for the travel shed;

Current bicycle patterns within the travel shed, especially origin and destination
information as well as key bicycle routes; and

Emission factors per trip and VMT for the purpose of calculating emission reductions.
Potential Data Sources:
Goldsmith: Not applicable.
Computational Requirements:
Goldsmith: Uses spreadsheets.
User Skill/Knowledge:



Goldsmith: Users should be familiar with the bicycle-related data that are available in the
respective area.

Assumptions:
Goldsmith: The following assumptions were made for each information need:

Travel shed identification. A 0.8-km buffer is the standard approach used to create a
corridor-specific travel shed. Other criteriaalso should be considered, such as the
proximity of alternative bicycle routes and physical barriers like mountains or highways.
For example, the proposed Pine Street facility has alarger travel shed to the north
because very few bicycle facilities are located in this area whereas the travel shed in the
south is small since an alternative facility is in close proximity.

The proportion of new bicycle trips. To estimate commuter bicycle trips, first multiply
the percentage of residents who commute on adaily basis (60 percent in Seattle) by the
population of the travel shed. With the commuting population number, multiply it by the
bicycle commute rate. This calculation givesexisting estimated bicycle commute trips.
An estimate for potential bicycle commutersis determined through survey data that
reveal s that percentage of residents who at one point bicycle commuted. Subtract this
percentage from the current bicycle commute rate to obtain the percent of potential new
bicycle commuters (Seattle used 8 percent). This number is then multiplied by the
number of commutersin the travel shed and then by the number of commuters who said
that they would switch to bicycling if safer facilities were provided (26 percent in
Seattle). The equation is as follows:

# new bicycle commuters = # CBD (central business district) commuters* percent
potential bicycle commuters* percent ride on safe facilities

Non-work trip estimates: Since data are scarce concerning utilitarian non-work trips, the
method relies on national surveys that show these trips as 50 to 100 percent more
frequent than work trips. In Seattle, household travel survey data show that there are
about 70 percent more utilitarian non-work trips than work trips.

The proportion of these trips that would have been motorized vehicular trips (as opposed
to transit diversions). The estimate for the substitution rate is based on the ared's rate of
single-occupancy vehicle (SOV) travel. Seattle's proportion of SOV commutesis 60
percent, so Seattle conservatively chose a 50 percent substitution rate meaning that one
out of every two bicycle commute trips replaces an SOV trip. For utilitarian non-work
trips, only one of three trips were assumed to be diverted from SOV travel, since these
trips tend to be much shorter and could be accomplished by non-automobile modes.

The average length of these SOV diverted trips. Commuting distances are estimated
using census journey-to-work data. Minutes were converted into miles using an
assumption that the average bicyclist travels at about 16 km/h or 1.6 km every 6 minutes.
The average commute length is between 3.93 and 5.22 km based on low and high
estimates. For utilitarian non-work trip distances, the commuting distance was divided in
half. For Seattle, the average one-way non-work bicycle trip distance was estimated at



1.43 km, or one-half the average of 3.93 and 5.22.
Facility Design Factors:

Goldsmith: This method does not consider the impact of facility design factors on bicycle travel
demand.

Output Types.

Goldsmith: The output consists of new bicycle commute and non-work utilitarian trips per day,
and their impact on reducing SOV trips, VMT, and emissions. The following tableillustrates the
estimated reductions in SOV tripsand VMT.

New