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AUSTROADS PROFILE

Austroadsis the association of Australian and New Zealand road transport and traffic authorities whose
purposeis to contribute to the achievement of improved Australian and New Zealand transport related
outcomes by:

+ developing and promoting best practice for the safe and effective management and use of the road

system
+ providing professional support and advice to member organisations and national and international
bodies

acting as a common vehicle for national and international action

fulfilling the role of the Australian Transport Council’s Road Moda Group

undertaking performance assessment and development of Australian and New Zealand standards
devel oping and managing the National Strategic Research Program for roads and their use.
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Within this ambit, Austroads aims to provide strategic direction for the integrated devel opment, management
and operation of the Australian and New Zealand road system — through the promotion of national
uniformity and harmony, elimination of unnecessary duplication, and the identification and application of
world best practice.

AUSTROADS MEMBERSHIP

Austroads membership comprises the six State and two Territory road transport and traffic authorities and
the Commonwealth Department of Transport and Regional Servicesin Australia, the Australian Local
Government Association and Transit New Zealand. It is governed by a council consisting of the chief
executive officer (or an aternative senior executive officer) of each of its eleven member organisations:
Roads and Traffic Authority New South Wales

Roads Corporation Victoria

Department of Main Roads Queensland

Main Roads Western Australia

Transport South Australia

Department of Infrastructure, Energy and Resources Tasmania

Department of Transport and Works Northern Territory

Department of Urban Services Australian Capital Territory

Commonwealth Department of Transport and Regional Services

Australian Local Government Association

Transit New Zealand

The success of Austroads is derived from the synergies of interest and participation of member organisations
and othersin the road industry.
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The Australian Bicycle Council (ABC) oversees the advancement of
cycling in Australia, viathe implementation of “ Australia Cycling —
The National Strategy” (Austroads, 1999). That strategy document
has avision of “Increased cycling for transport and recreation to
enhance the well-being of all Australians’ aswell as a specific goal of
doubling bicycle use by 2004.

The ABC functions as the Austroads Bicycle Reference Group, to
provide advice to government on cycling matters, research needs, and emerging issues.

The ABC through Austroads has commissioned these * Guidelines for Forecasting Demand for
Bicycle Facilities . The objective isto provide State and Territory government agencies and key
stakeholder organisations with aframework for analysing available data to devel op forecasts of
demand for bicycle use. These are desirable for effective and efficient policy development,
evaluation and implementation, particularly in view of the specific goal of doubling cycling.

This guide has been developed based on areview of the literature, both internationally and in
Australia. In addition, various experts on forecasting have been contacted directly and the wider
community of cycling enthusiasts has been contacted through Australian bicycle internet mailing
lists.



Executive Summary

This guide arises from Australia Cycling: The National Strategy 1999-2004. That strategy is
directed at increasing cycling. In order to further the objectives of the strategy it is appropriate to
examine methods by which demand for cycling under different conditions can be estimated. The
importance of developing sound forecasting methods has been recognised in other jurisdictions —
notably the USA where a guidebook on different methods has been devel oped at considerable
effort. Thisguide draws heavily on that guidebook while at the same time providing an Australian
perspective on the purposes, advantages, limitations and methods of demand forecasting.

There are anumber of methods that are available to those with an interest in demand modelling.
These can be categorised into aggregate and disaggregate methods. Generally speaking the
aggregate methods are simpler to carry out but do not have a solid theoretical basis. Without a solid
theoretical grounding it is arguably more dangerous to produce forecasts.

The most basic of the aggregate methods are comparison studies. These compare bicycle use at
one time or place with use at alater time or different place. These studies can be quite persuasive if
the changes from one situation to another are very controlled. Problems arise however where other
factors can affect levels of bicycle use apart from the location or the time — and they always can!

Aggregate behaviour studies are a more sophisticated form of comparison studies. They generally
use some statistical tool such as regression analysis to create models of relationships between
bicycle use in aparticular area and one or more other variables associated with that area. The range
of variables that could be selected for use in such modelsis very extensive, for instance bicycle
ownership rates or motor vehicle rates, average income, average age, hilliness of the area etc. could
all be used to form a predictive model of bicycle use. Results of such models are however generally
fairly questionable — largely due to the nature of the aggregation taking place and the lack of a
sound theoretical connection between most of the variables and the use of bicycles.

Maximal share models can be useful for identifying the latent demand for cycling and the nature
of the major constraints on cycling. These models have had limited application because they
require quite intensive data collection. Transferability of the results of these modelsremains a
guestion mark.

Sketch plan methodsis aterm that can be used to describe afairly ad hoc approach to modelling
demand based on information that is available or readily obtained. It uses spreadsheets to

mani pul ate data from various sources to come up with estimates of the possible effect of providing
more cycling facilities in a particular location or area. These methods are likely to be particularly
useful for bicycle researchers where they do not have access to the extensive modelling tools used
in regional travel models.

Regional travel models are the mainstays of traditional integrated transport planning. They are
extremely powerful asthey can produce relatively detailed forecasts of traffic flows on routes
identified in the network. They rely on a series of models of trip generation, distribution, mode
choice and assignment to produce these trip tables and, from them, calculate performance measures
relating to issues such as congestion, emissions, etc. The cost of developing these modelsis
considerable and they tend to deal very badly with minority modes such as cycling. Nevertheless
elements of these models can be used as the basis for bicycle demand modelling if there is adequate
commitment of resources. To date in Australia this has not been particularly evident. In other
countries there has been some work put into defining bicycle networks within regional travel
models.



One of the most popular methods of understanding different dimensions of demand for transport at
the individual or disaggregate level isthe discrete choice model of behaviour. This has been used
extensively for modelling decisions about the use of different modes, routes, products or services.
Thistype of model assumes behaviour is based on rational choices between different alternatives,
which isafairly robust assumption across a large range of choices. However, it isnot clear that it is
robust when it comes to choice of travel behaviour where there are arguably alot of other
influences on choice and there is a vast number of choices that |ead to the adoption of atravel
pattern.

Discrete choice models have been used in a number of situations for analysis of bicycle demand.
They appear to be particularly useful at the route choice level where they have had probably the
most applications.

The parameters derived from discrete choice models on such issues as the relative attraction of
cycling with bicycle paths versus on road can be used in regional travel models or sketch plan
models or even for inclusion in GIS models (see below).

Other approaches to disaggregate behavioural modelling that are worth mentioning include
structural equation modelling and activity modelling. Due to the limited applications and technical
complexity of such techniques they are merely noted in this guide.

An important technological aid in developing models for bicycle use, particularly at the local level,
are GISs (geogr aphic information systems). These offer aflexible data base approach to
managing and presenting information about the transport network and aggregate data on users.
There have been some very good applications of fairly simple models that use GIS to give agood
picture of the likely possible use of bicycles. The limitations of these models relate to the technical
aspects of mastering the GIS software, ensuring that there is an adequate behavioural foundation in
identifying likely demand and the issues of bicycle network definition.
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Forecasting Demand for Bicycle Facilities

1 INTRODUCTION

1.1 Background

Australian Context: The development of these * Guidelines for Forecasting Demand for Bicycle
Facilities' has arisen from Australia Cycling, the National Strategy 1999-2004’. Therearea
number of Objectives within that strategy that can be served by good information about demand for
cycling:

e Objective 3isfor ‘Facilities that support increased cycling’. In order to know what those
facilities are we need to be able to relate increases in cycling to a particular type of facility or
facilities. Arguably this requires data on peoples’ preferences and behavioural responses to
certain types of infrastructure.

e Objective 5isthat ‘ The benefits of cycling are recognised by decision makers and the
Australian community’. One strategy (5.3) proposed under this objective isto ‘undertake
research on emerging issues associated with cycling’ and strategy 5.4 states that ‘reliable,
accurate and up-to-date information is available to assist decisions made about cycling issues .

One activity already carried out under Objective 5, Strategy 5.2 has been the * Guidelines for
Cycling Data and Cycling Indicators (Steer Davies and Gleave 2000). The data guidelines provide
an excellent base for applying forecasting techniques. They set out available data sources on
various aspects of cycling demand in major Australian cities and represent a useful foundation for
forecasting.

This guide seeks to build on the base provided by the data guidelines by setting out a menu of
forecasting approaches. These approaches can use much of the data described in the Guidelines for
Cycling Data and Cycling Indicators to provide information desirable for meaningful evaluation of
aternative policy positions.

Inspiration: Thisguideisinspired by a guidebook done for the Federal Highway Administration of
the US (US Department of Transportation 1999) available at
http://www.fhwa.dot.gov/tfhrc/safety/pubs/vol 1/contents.htm . Thisisavery useful and
comprehensive guidebook. It isintended to provide the means to address questions such as:

e How many people will use a proposed bicycle facility?
e |f weimprove an existing facility or network how many additional people will useit?
e What types of improvements will have the greatest impact on bicycle use?

e How will improvementsin bicycle facilities affect other modes and other transport impacts on
the community and the environment?

These questions are important for anyone involved in designing transport networks, alocating
budgets, determining priorities and developing policy at al levels of government. These people
may include:

- Local government transport coordinators, especially those responsible for devel oping or
implementing bicycle plans or strategies;

- State government transport and roads officials; and
- Federa government officials in transport, health or environment.




Forecasting Demand for Bicycle Facilities

This guideis particularly intended as a resource for those who have an interest in or responsibilities
for bicycle matters, transport generally or the externalities associated with our transport system, for
example, local and global pollution (including greenhouse gases) and health.

This guidebook does not seek to duplicate the work done on behalf of the US Federal Highway
Administration (FHWA). As can be seen from the material prepared, particularly the supporting
documentation at volume 2 of the US guidebook (see
http://www.fhwa.dot.gov/tf hrc/saf ety/pubs/vol 2/contents.htm, the FHWA has done a vast amount of
research including an extensive worldwide literature review and expert interviews.

For those interested in an in depth knowledge of the various approaches discussed in the US
guidebook it is appropriate to review volume 2 of the guidebook and the literature to which it refers.
In many cases however, this will not be enough to apply the techniques discussed. For this reason
this guide revisits the various methods discussed in the US text and provides an Australian
Interpretation and suggests examples and contacts where possible for Australian practitioners. It
also refers back to the Guidelines for Cycling Data and Cycling Indicators where those Guidelines
provide a useful review of available data for forecasting.

Despite the significant reliance on the US guidebook as a base, this guide is also intended to be a
stand-alone reference. Assuch, it provides an overview of the various techniques, their uses and
abuses, data issues and examples. Unlike the US guidebook, this guide does not include references
to pedestrian modelling.

1.2 What constitutes a forecast?

Demand forecasts are generally made on the basis of some knowledge about existing conditions and
how current levels of demand are likely to be affected by likely changesin key variables. This
requires some kind of model, whether aformal mathematical model or a“‘mental’ model (Ortuzar
and Willumsen 1990).

Models can be defined as a representation of an actual or proposed structure. Thus transport models,
by their nature, attempt to simulate systems by identifying a set of relationships between alimited
set of variables on which the modeller has some data.

Transport modellers hope to create a reasonably accurate representation of observed transport
behaviour and, from this, deduce likely behaviour given one or more changesin conditions.

One of the modeller’ s basic tasks isto identify relationships between variables that can be
influenced by policy and the outcomes of interest to policy makers. Some policy outcomes that
may be of interest are set out below:

Cycling related outcomes of interest to policy makers
e Rélief of congestion and reduction in pollution;

e Thebicycle' savailability as a mode of access for otherwise mobility constrained groups
(especially the young);

e Cyclists' possible impact on other aspects of the network for example traffic speed, intersection
volumes, inter-modal links etc.; and,

e Increased use of a health-promoting mode.
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Palicieslikely to positively affect bicycle use that can be identified include;

e extending and enhancing the bicycle network via provision of on-road and off-road bicycle
ways;

¢ Reducing volumes, speed or size of motorised traffic generally or on an identified bicycle
network;

e End of trip facilities (secure parking / showering facilities);
e Subsidiesfor bicycle use/ imposition of costs on motorised vehicle use;

e Integration of bicycle use with public transport (for example provision of bike parking at
interchanges and provision for carriage of bicycles on trains, ferries, trams and buses) — making
public transport part of the bicycle network;

e Encouragement of high density urban development; and,

e Marketing campaigns aimed at reducing use of motorised vehicles and increasing use of
‘sustainable’ modes.

Policy variableslikely to negatively affect bicycle use may include;

e Proposalsfor registration of bicycles and other regulatory moves that increase the cost of
cycling, the convenience or the social status of cycling;

e Closures of roads/ areas to bicycles;
e Increasing travel times of bicycles by rearranging network features; and,
e Promoting negative safety aspects of bicycles.

Models to forecast bicycle use may include variables from these lists as well as non-policy variables
such as weather, some socio-demographics and some geographical variables.

1.3 Reasons for forecasting bicycle demand

It is possible to identify a number of reasons for formal modelling of bicycle demand. These may
be loosely classified as; strategic policy devel opment, network management and network
enhancement.

Strategic policy development: Models may be used to evaluate alternative policy approaches from
amedium to long term strategic viewpoint. Performance indicators for the overall transport system
may be calculated using strategic transport models.

An example of such an exercise was the Future Directions study for Sydney (Roads and Traffic
Authority 1991). Thisraised the prospect of very poor performance for the Sydney transport
system against a number of indicators — especially congestion and pollution under a‘ steady as she
goes policy framework. The use of strategic models may be decisive in setting a particular policy.
While the Future Directions study did not include the bicycle mode, there are a number of
metropolitan transport models that have and these are discussed in section 7.

If the aims of the National Strategy are to be implemented it isimportant that these types of
strategic models incorporate cycling. If cycling isleft out of the forecasting processit will also be
likely to be left out of policy and provisioning.

Strategic models are increasingly being used to devel op projections regarding such crucial issues as
greenhouse emissions. Examples of these are the report by Goldsmith quoted in the US guidelines
and, in Australia, (McNamara 2000).
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Other strategic modelling exercises attempt to estimate the maximal share for the bicycle mode in
any given environment (for example Brog, Erl et al. (1983); Morgan-Thomas (1992)). These are
classified as market analysis studies in the US guidelines.

Networ k management: In addition to assisting in policy formulation, models can be useful in
managing existing networks and programs. Increasingly, traffic planners are relying on
sophisticated modelling tools for evaluating particular “links’ and “nodes’ in the transport network.
Thisis especially the case for larger urban centres where specialised network analysis software (eg.
EMME/2 and TRIPS) is used to run complex traffic models. Based on observed traffic and
feedback from users, traffic planners adjust aspects of the road system such as potential traffic
volume, lane widths, traffic signal sequencing etc in the models to estimate likely consequences
through the system on arelatively micro scale. There are examples of this sort of model that have
been applied to cycling (Sharples 1993; MV A 1995; DHV Environment and Infrastructure (no
date)), but never in Australia.

In many cases local governments and others have started using Geographical Information Systems
(GIS) to keep an inventory of roads and paths and manage other local government assets. These
can provide sophisticated tools for modelling where appropriate data is available (see for example
Hutchinson (2000)).

In some cases, network managers may wish to identify why some aspects of the network are well
used and others are not. A comparison study (see section 3 below) may be appropriate in this
instance or, for more insight into the behavioural motivations for network use, a discrete choice
model can be estimated (refer section 8).

Networ k enhancement: If anetwork isto be enhanced for bicycle use amodel may be able to give
some guidance as to which parts of the network can be improved for maximum effect and which
parts of the network are currently most in need of improvement.

One of the tools used in network management and enhancement is level of service (LOS)
modelling. This can be used to assess the quality of a network and where most improvement could
be required.

Other tools that are useful in network enhancement decisions are the discrete choice methods
discussed in later sections. These are designed to obtain information about people' s preferences
and likely behaviour based on the importance they ascribe to particular attributes of a system.

Relatively simple comparison models and sketch-plan models can also be used to evaluate the likely
use of proposed network improvements.

1.4 Limitations of forecasts

While forecasts of demand are in some ways essential, many people are critical of models' ability to
capture attitudinal factors associated with demand and hence the accuracy of forecasts produced.
Thisis areasonable critique but where large sums of money and resources are at stake some process
isrequired for evaluating competing proposals. In the absence of a satisfactory alternative,
modelling is desirable albeit with some regard to its limitations.

An over-reliance on the results of quantitative models can be dangerous without recognition of the
possible errors that may occur. One possible consequence of forecasting errorsis expenditure on a
facility that does not attract the forecast patronage. This may be an inefficient use of resources and
may jeopardise the possibility of building an aternate facility that would have met patronage
expectations.
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Dangersin forecasting are particularly acute when trying to forecast far into the future and for large
areas. Changes in technology, the economy and society can have far-reaching and unanticipated
effects on transport behaviour. Differences between people and places can make transferability of
results very dangerous.

Despite these problems, quantitative models have the advantage that they make explicit the
assumptions that go into decision making processes. It isimportant in modelling for all the
assumptions to be spelt out so that the results can be interpreted appropriately.

Alternatives to quantitative forecasting could be simple things such as lists of pro’sand con’s or
some of the “visioning” exercises that are increasingly being used in transport and business
(Queendland Transport and Main Roads 1999; Saul 2001). These sorts of futures studies are very
useful for the larger strategic issues but of less use for the more local issues of prioritising facility
construction.

Specific limitations of the various modelling techniques are discussed for each type of model listed.
In some cases, alternative approaches are also discussed.

1.5 Organisation of this guide

The objective in this guideis to set out a menu of modelling options that address the key issues
discussed above, that is, likely usage, how to achieve maximal usage, and effects on other aspects of
the transport system or the environment. The forecasting options cover arange of applications,
costs, ease of use, and data requirements.

Generally the methods reviewed start with the lowest level of complexity and build to the more
complex modelling techniques. A number of ‘traditional’ transport-modelling frameworks are
catalogued at as well as some more advanced methods.

In organising this guide and implicitly the US guidebook on which it is based, a number of issues
were addressed:

e Categorisation of available methods

Modelling methods may be categorised into aggregate and disaggregate methods — these are akin to
taking atop down or bottom up approach. In the case of top down or aggregate approaches,
grouped datais used to produce forecasts — for example bicycle use can be forecast based on
existing average use and say changes in area wide aggregate car ownership. This contrasts with a
disaggregate approach that takes the perspective of individuals or households — for example a
person’s bicycle use could be forecast based on their income, age and gender and changes to their
trip profile. The individual models are then aggregated after estimation for summary

Generally speaking aggregate methods are simpler to use but are more likely to produce unreliable
results. Itisthissort of trade-off that the practitioner needs to make in developing or interpreting
models. The most obvious forms of disaggregate models are the discrete choice models discussed
at section 8.

e Ciriteriafor deciding between methods

Choice of forecasting method will depend on the questions of particular interest, the decisions to be
made, the accuracy required and the resources available.

For most practitionersrelatively ssmple tools will be as far as they will want or be able to go. These
may well be as sufficient for experienced practitioners with a good understanding of local
conditions and with significant resource constraints. However it may be that there is scope for
employing some more sophisticated tools where data and expertise are available. Thiswill
generally be the case in multi-modal transport models. These models, especially in Australia, are
unlikely to include bicycle as a mode as a matter of course.

—_5—
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The more complex and, hopefully, accurate models may be necessary where parameters are
required in integrated transport analyses. The traditional four-stage transport model provides the

basis for most urban transport models and is capable of being adapted to include parameters from
bicycle models.

A challenge facing those interested in bicycle policy is to ensure that integrated transport models do

include provision for bicycles and there are appropriately validated models to produce parameters
for the multi-modal models.
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2 METHODS OVERVIEW

The forecasting methods reviewed in this guide are grouped into eight categories for convenience.
These are:

Method

Description

Key features

1. Comparison
studies

Analysis of aggregate data from two areas with an
attempt to identify variables that contribute to
different levels of bicycle use between areas or
times.

Relatively simple technique
Wide range of applications

Easy to misinterpret results

2. Aggregate
behaviour studies

Methods that relate bicycle travel to characteristics
of the local area generally through regression
analysis and other multivariate statistical
approaches

Some statistical expertise required
Moderate data requirements

Can be used to identify importance of variables
across different locations

3. Maximal share
studies

Market analysis that attempts to identify maximal
demand for cycling and likely bicycling demand
are included in this category.

Useful to identify key constraints on cycle use

Requires very detailed surveying of market

4. Sketch-plan
methods

Predict use of a facility based on rules of thumb
about travel behaviour.

Relatively simple to construct predictive models

Uses secondary data and parameters from previous
research

Likely to have significant errors but can run a series
of “what ifs” for sensitivity analysis

5. Regional travel
models

Generally based on classical four stage models
relying on a sequence of estimates of trip
generation, distribution, mode share and
assignment

Require considerable technical skills

Models already exist for motor vehicles and transit in
most major centres

Do not deal well with bicycle demand due to the
focus of the modelling systems and data used

Scope for using these models as a basis for bicycle
models in the future

6. Discrete choice
models

Models based on observed or stated individual
choice behaviour

Well established theoretical basis
Considerable technical skill required
Can use revealed and stated preference data

Wide range of applications (mode choice, route
choice, vehicle choice etc.)

7. Other advanced

Path analysis and structural equation models may

Significant technical skills required

behavioural be used to gain an understanding of the feedback o i o
modelling elements between endogenous variables No applications yet in forecasting bicycle demand
techniques
8. GIS based Use of geographical information systems to model Increasingly used for local planning
approaches and present forecast demand for cycling facilities.

Some good examples in the bicycle demand area

Requires knowledge of GIS software

These groups have been set out in generally ascending order of difficulty —where difficulty is
determined based on a judgement about the technical modelling skills and the data required.

In addition, there is discussion of the forecasting implications of some of the individual marketing
(or “‘travel blending’) approaches to transport demand management.
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The various modelling techniques are discussed in terms of :
e A genera overview;

o Uses

e Limitations;

e Dataissues;

e Examples; and,

e UseinAustraia
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3 COMPARISON STUDIES

Description: Comparison studies adopt the straightforward approach that if thereis an observed
level of bicycle usein one observation then it should occur in another. If it does not thenitis
appropriate to identify variables that account for the difference.

There are two basic types of comparison studies used in modelling bicycle demand — firstly, before
and after studies and secondly studies between different facilities where on the face of it they should
have the same level of patronage.

Use: Before and after studies can be used to evaluate the effectiveness of a particular type of facility
or policy. These can then be used to predict the effect of the same sort of facility or policy in a
different place on the assumption that the experience in one place will be repeated in another.

It isfairly common to examine several locations that have some similarities and then to try to
account for the differencesin bicycle use by knowledge about particular local conditions.

Some studies have also been done comparing use of similar facilitiesin different locations. The
interpretive task here may be to identify which variables associated with the facilities may account
for the differences in demand.

Use of comparison studies in Australia has been reasonably widespread. However these sorts of
studies are not often published. An advantage of these sorts of studiesisthat they are easily
understood and presented to a broad audience.

Limitations. The major limitation with comparison studiesis that very few situations are compared
and only alimited number of variables are examined. While it is often the case that variables are
proposed to explain differencesin use, it is not possible to establish whether those variables truly
account for the differences and how much impact a variable actually has on the demand across only
a couple of observations without a“control” group.

In comparing locations that share some characteristicsit is easy to overlook differences. Thisisa
problem with all modelling techniques but tends to be a particular problem with comparison studies.

Data Issues: Minimal dataisrequired for these studies. Generally, count data from one facility to
another is sufficient. For more sophisticated comparison studiesit is possible to adjust counts by
reference to census figures.

Examples: Two studies at alocal level, are cited in the US guidebook. The first of these was a

study where an existing bicycle/pedestrian facility and its surrounding popul ation are compared
with a proposed facility and its surrounding population to estimate potential usage levels on the

proposed facility(Lewis and Kirk 1997).

The second study cited in the US guidebook was actually an Australian study (Wigan, Richardson
et al. 1998) which compared the characteristics of two existing off-road bike paths with quite
different levels of patronage. Thiswas arelatively sophisticated comparison study using GIS
databases to compare population characteristics peripheral to the two trails.

Other Australian examples relate to the travel behaviour modification programs implemented in
Perth and Adelaide (Department of Transport Western Australia (2000); Tisato and Robinson
(1999)). Inthese analyses, use of different modes of transport is compared for a study group before
and after the travel behaviour modification trial is conducted. The resulting travel behaviour
change is extrapolated from the study areato establish cost/benefit parameters for more widespread
implementation of programs. In the South Australian case (Tisato and Robinson 1999) the net
benefits of implementing a ‘travel blending’ program across Adelaide were estimated based on a
benefit / cost ratio of 5.7 achieved in the study area.
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4 AGGREGATE BEHAVIOUR STUDIES

Overview: The aggregate behaviour studies are similar to the comparison studies in some ways —
they may often use similar data but use more data points. Use of agreater number of data points
allows use of various statistical techniques to evaluate the data.

These studies use data that is believed to have a strong relationship to levels of cycling in different
regions, cities, towns, suburbs or census districts. They then seek to relate that data to other
variables that may be correlated with different levels of demand. Regression analysis or some other
multi-variate statistical technique is used to model relationships between variables.

Use: Aggregate behaviour studies can be used to predict mode split across various geographical
regions. This could be used for focussing efforts on areas where potential is greatest.

They can also be used to provide parameters of demand for cycling for inclusion in regional travel
models — see below.

Aggregate demand models have not been widely used in Australia. Thisis perhaps surprising given
the availability of census data that would be suitable for modelling bicycle demand — at |east for the
journey to work — at the aggregate level. Possible reasons for the lack of use in Australiaare the
guestions about the technique itself (see limitations below) and the non-inclusion of bicyclesin
many regional travel models where the parameters from aggregate demand models could be

applied.

Limitations. The data used is at the aggregate level and the correlation identified between many
variables may be spurious. Data that correlates well with demand for bicycle useis not readily
available compared with say data on ‘ motor vehicle ownership’, which correlates well with demand
for motor vehicle use. Ownership of bicycles does not seem to be a particularly good predictor of
demand for cycling in Australian cities.

Some familiarity with regression analysis and other statistical conceptsisrequired for useful
application of these methods.

Data issues: Some data used for these studies is obtainable from census and geographic data.
Census data that may be relevant include car ownership, income, and average age. Of particular use
in Australia are the journey to work figures from the census — see Milthorpe (1993) — these can be
used to obtain the percentage of commute trips by bicycle cross tabulated with gender, local
government area and other variables on the census.

More difficult to obtain and code is information about topographical features such as *hilliness
although such variables may be derived from geographical studies and geographical information
systems (GIS).

Examples: One example of abicycle use forecast from and aggregate behaviour model is that of
Waldman (1977) who compared similar sized cities in Britain by cycling rates and geographical
features. He used aregression model to estimate parameters for ‘hillyness as an explanatory
variable for bicycle use. Citiesthat had low bicycle use and flat terrain were hypothesised to be
those cities where the level of cycling safety was particularly low — of course there could have been
other factors involved relating to socio-demographics, urban design or cultural issues.

Surprisingly studies of thistype are not evident in Australia. Conceivably, regression models of
bicycle use could be developed based on the data identified in the Data Guidelines publication
(Steer Davies and Gleave 2000) but to date no significant studies have come to our attention.
Possibly thisis due to the large degree of variation in bicycle use within groups — for instance there
isno local areain the Sydney statistical district that stands out in its use of bicycles and thereisa
vast degree of variation within different areasin peoples’ travel behaviour generally.
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5 MAXIMAL SHARE STUDIES

Overview: The classic studies of thistype are those of Brég (1982). These take a hierarchical
elimination approach to understanding transport demand. The Brdg et al studiesidentify
“situational constraints’ that prevent people from using bicycles and classify them into different
types that roughly relate to the ease with which it would be possible to get people to change modes.

Situational Groups per (Brog 1982)

Group Description

l.and Il. | Objective conditions prevent use of bicycle or there are constraints which can only be changed with
great difficulty

lll. | Constrained by lack of information

IV. | Constrained by poor perception of mode

V. | Constrained by negative attitude

VI. | Subjectively possible but do not use it

The better studies of this type use comprehensive household interview surveys to understand which
group an individual fallsinto. More rudimentary examples may use proxies or rules of thumb for
determining group membership.

Use: Maximal share analysis can be used to identify “latent” demand for cycling. Thisisaquestion
of considerable interest when presenting a case for additional funding of bicycle facilities or
programs.

Sophisticated versions of these studies can be used to understand where the major constraints on
bicycle use lie and possibly the sorts of measures or societal changes that would be needed to
overcome those constraints.

Limitations: Classification of individualsinto situational groupsis not as straightforward as it may
seem. While some constraints and grouping criteria may be readily observable, other criteria may
not be as clear cut. For example, non-cyclists perception of cycling or a cycle route may not be
particularly useful if they have never thought about cycling or how they would make atrip by
bicycle from a particular origin to a particular destination.

The nature of the datais such that it is strongly influenced by interviewers and the nature of the
interview.

Large-scale application of these sorts of techniques could be very expensive.
It isdifficult to transfer the results of these sorts of models to other environments.

Data issues: Generally these sorts of models rely on specia purpose data collection. It may be
possible to integrate these sorts of studiesinto the behaviour modification programs (* Individualised
Marketing’ and ‘travel blending’) that are currently being implemented in a number of centresin
Australia. Indeed some of these behavioural change programs may be perceived as the descendants
of the hierarchical elimination models of the early 1980’s.

Alter natives: These models share some of the qualities of activity models which have long been
advanced as a desirable approach to understanding travel behaviour.
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Market research type studies have been done in Australian cities which share some of the in depth
attitudinal and household interrogation techniques of the Brog work (see for example Spectrum
Research 1987; Datacol 1992; Market and Communications Research 1998; Market and
Communications Research 1999). These sorts of studies do not apply the hierarchical elimination
framework but do provide insights into major factors constraining increased demand for bicycle
use.

An aternative framework is the rational decision making framework discussed in section 8.
Proponents of the situational group approach are likely to argue that utility maximisation is not a
good behavioural assumption for determining transport behaviour.

Examples: The early example of Brog (1982) provides an illustration of the outputs available from
this sort of model. Asshown in figure 1 below, the objective constraints on use of bicycle for
commute trips were firstly an assumption that bicycle commute trips be less than 15km. Other
objective constraints accounted for 11% of respondents. Constraints on bicycle use eliminated a
further 37%, negative perceptions of routes 6%, perceptions of bicycle use 8%, and subjective
unwillingness a further 8%. Thisleft a possible 30% of trips shorter than 15km as being capable of
being made by bicycle with relatively minor changes in people’ s decisions.

tripslessthat 15 km

Objective no yes
Options 11% 89%
Constraints on use of yes no
bicycle 37% 52%
Perception of routes goe/g ggos/o

neg. pos.
Perception of riding bicycle 8% 38%
and time needed

neg. pos.

Subjective willingness 8% 30%

Figure 1 — Results from Brog (1982)
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An Australian example of this type of approach isthat of Morgan-Thomas (1992). Thisused a
hierarchical elimination model to predict possible travel to Griffith University in Brisbane. The
marked difference between that study and the illustration in figure 1 was at the level of perception
of routes where in Brisbane 38% were negative towards the route and 11% positive compared with
6% and 46% respectively in the German study. The final maximal share among the respondents to
the Brisbane survey was 9%. It should be noted that this is amongst university students who might
be considered positively disposed towards bicycle use relative to the general population.
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6 SKETCH PLAN METHODS

Overview: Sketch plan methods are the term given in the US guidelines to rough models linking
data from various sources. These can be used to estimate the likely effect of different facilities or
policies. Sketch plan models are generally done on spreadsheets using parameters from other
studies to estimate the likely consequences of expenditure.

For estimates of demand for a particular facility, the concept of the ‘travel shed’ (Goldsmith 1997)
Is used to define the potential demand zone. Thisisthen multiplied by the commute population, the
bicycle commute rate and scaled up by estimates of non-work trips and the likely mode change as a
result of aimproved facilities.

Use: These sorts of models are particularly useful in answering questions such as the likely impact
of afacility on greenhouse emissions, parking or some other impact of bicycle use.

One advantage of using spreadsheet modelsisthat it is easy to run anumber of different scenarios.
‘Best’ case, ‘median’ and ‘worst’ case scenarios can be run. Of course they are also fairly cheap to
construct using secondary data sources.

Limitations. The accuracy of sketch plan methods is questionable given the parameters are
generally derived from previous studies that do not necessarily have transferable results.
Alternatively they may be based on the modeller’s estimates.

The ‘travel shed’ concept is not clearly defined and requires the modeller to have a good knowledge
of local conditions and elements such as geographical barriers or other network severance.

Unlike the more sophisticated traffic models discussed later it does not cope as easily with the
notions of the likelihood that someone will use a particular facility based on distance from it etc.

Data issues: These methods use available datain the area. A good knowledge of available data and
local conditionsis required.

Alter natives: Comprehensive network models as discussed below, comparison models or aggregate
behaviour models.

Examples: There are two examples of thistype of approach that illustrate its potential. Both of
these relate to estimation of bicycle provision on greenhouse gas abatement reflecting the topicality
of greenhouse concerns.

Thefirst exampleis at the city wide level (see Katz (2000)). This study used a figure for elasticity
of demand for cycling with respect to the proportion of a trip served by designated bicycle facility
of 0.6 (Katz 1996). Based on this elasticity figure it was assumed that an increase of 25% in the
cycleway proportion of all possible tripsin Sydney would increase the numbers of cycle commuters
by approximately 15% over existing levels. Thiswould see average bicycle commuter numbersin
the greater Sydney region increase from approximately 13 400 (Australian Bureau of Statistics
1996) to 15 410. In addition to the commute trips there are approximately 7000 tripsin the greater
Sydney areathat are made by bicycle on adaily basisfor non-work purposes based on HTS figures.
Itislikely that the elasticity response to cycleways for these non-work tripsis at least as high as for
the work trips. In this case, an additional thousand non-work bicycle trips would be made. A total
of approximately 3000 additional bicycle trips per day would thus be the result of increasing the
average proportion of trips served by cycleways by 25%. These demand figures are used to
extrapolate the potential emissions savings from reducing motorised vkt and then to work out a cost
per tonne of CO2 equivalent emissions saved.

— 14—
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The second example isthat used in the US guidelines (Goldsmith 1997). This developed emission
reduction figures based on the following steps:

A 0.8-km buffer was used to create a corridor-specific travel shed

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
gives existing estimated bicycle commute trips.

An estimate for potential bicycle commuters is determined through survey data that reveals
that percentage of residents who at one point bicycle commuted. This was used to obtain the
percent of potential new bicycle commuters (Seattle used 8 percent). This number isthen
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 asfollows:

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

Non-work trip estimates: These were based on national and city wide estimates of non-work
trips relative to commute trips (approx 2:1)

The proportion of work and non-work trips that would have been motorized vehicular trips
(as opposed to public transport or walk diversions) — conservatively assumed at 50%.

The average length of these diverted trips. Commuting distances are estimated using census
journey-to-work data. For utilitarian non-work trip distances, the commuting distance was
divided in half.

Going through these steps the author derived estimates of motor vehicle kilometres diverted as a
result of the bicycle facility and using standard emission factors was able to estimate the greenhouse
gas abatement effect of the facility.
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7 REGIONAL TRAVEL MODELS

Overview: Regional transport models are the mainstays of integrated urban transport planning.
Traditionally they have been carried out in afour-stage process of Trip generation, Trip distribution,
Mode split and Network assignment. A common structure for these sorts of modelsis shownin
figure 2.

Exogenous data M odels Outputs

Stage 1
Trip generation /
attraction models

Population characteristics
and land use in each
zone

# of trips originating/
terminating in each
zone by purpose

/

Matrix of trips by
origin and destination
and purpose

Transport network and
user characteristics

Stage 2
Trip distribution
models

Matrix of trips by
origin, destination,
purpose and mode

Transport network and
user characteristics 3

Stage 3
Mode split models

Stage 4
Assignment
models

Matrix of trips by
origin, destination,
purpose, mode and
route

Transport network
characteristics —>>

Figure 2 — The classic four stage transport model (after Nash 1982)

Uses These models are used in major international and Australian cities. They provide for the
medium to long term planning of the transport network. They allow planners to examine traffic
volumes, speeds and delays throughout the network. Using various assumptions, they can project
the network’ s performance into the future at arelatively fine zonal level. They can also be used to
examine network performance on a number of criteria such as emissions.

One of the principle uses of these modelsisto develop trip tables showing origin and destination
pairs now and at some future point. These trip tables are then used for evaluating the quality of
links (where links may be roads, public transport services or bicycle facilities) connecting these
origins and destinations.

Being such a powerful integrated planning tool, great reliance tends to be placed on these modelsin
evaluating proposed changes to the transport network. Unfortunately, it is difficult to incorporate
bicycle use into these models where they have been developed with a primary view towards
modelling motor vehicles and public transport or where levels of bicycle use are so low that they
tend to fall out in the calibration process.
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Even where bicycle networks and flows are not modelled directly, the regional travel models can
provide useful information. Often the results of regional travel models, (eg. Traffic volumes and
speeds on particular links) would be useful for sketch-plan modelling of a bicycle network. They
may be used to represent demand on particular desire lines. Rule of thumb diversion factors from
aggregate market share and forecast market share can be used to identify latent bicycle demand on
those lines.

Limitations: Much has been written about the limitations of the traditional four stage model (see
for example Atkins (1987)). Criticisms arise from the tendency to produce and interpret models,
particularly in agrowth climate, to suggest that more road construction is necessary to meet
predicted increases in demand for private motor vehicle transport. This flows from the structure of
the models that generally restrict feedback between the urban form and network characteristics, user
characteristics and trip generation characteristics that could limit private motor vehicle transport
demand under certain constraints.

Restrictions on feedback between elements are necessary to make the models tractable. The precise
form of the restrictions is as much a question of judgement as science. In the past, the judgement
has been that the appropriate form for amodel was to predict increases in private motor vehicle as
accurately as possible given limited policy intervention to actively manage transport demand.

The models generally are focussed purely on ‘utilitarian’ travel, particularly work trips. Given the
increasing proportion of non-work trips, the models have become increasingly nipped and tucked to
fit observed travel patterns. Such non-work trips may be especially important for bicycle travel
demand.

Data issues: Data requirements for these sorts of models are extensive. Depending on the final
structure of the model, they require information from:

e socio-demographic studies, including population figures, employment growth figures, vehicle
ownership and access figures;

e detailed information on workplace and residential location;

e detailed information about the behavioural factors determining peoples’ residential location
choice, travel time choice, route choice, mode choice and other factors affecting their transport
behaviour; and,

e awell specified model of the physical transport network and transport service overlay including
the ability to factor in features such as differential tolls and parking charges, public transport trip
times, fares and frequencies and, of particular importance for this guide, bicycle network
features.

All metropolitan models compromise in one or more areas, again to make the models tractable. One
of the most common compromises in Australian models is to exclude bicycles.

Inclusion of the bicyclein regional transport models requires firstly a conscious decision to include
them in the model specifications and secondly data on the physical network and appropriate
parameters for inclusion in one or more model sequences.

Alter natives: Alternatives to including bicycle demand in regional models include running separate
models representing each stage of the regional modelling process and to link these via sketch-plan
models. This can provide an integrated planning perspective for forecasting demand for alternative
modes on alternative routes.

If the primary interest isin facility evaluation, a practical aternative may bein GIS based
modelling as discussed below.
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Examples

Australia: Regional travel models have recently been updated in Sydney and Melbourne. Perthisin
the process of an extensive review of its strategic planning models. Brisbane and Adelaide are
running similar regional travel models. Both are looking at their data requirements for enhancing
their models.

Relevant contacts are Frank Milthorpe (Transport Data Centre, NSW Department of Transport) and
Edward Chung (Victorian Department of Infrastructure), Steve Piotrowski (WA Department of
Transport), Lindsay Oxlad (Transport SA) and Edmund Chandra (Main Roads, Queensland).

The Melbourne model is run on a network modelled using TRIPS software. It has recently been
updated with afocus on improving the public transport modelling capability. Itisaso being re-
calibrated to reflect changes resulting from the toll road developmentsin Melbourne. It relies on
employment and population forecasts to derive trip generation figures and uses data from the
Victorian Activity and Travel Survey (VATS — see Bicycle Data Guidelines (Steer Davies and
Gleave 2000)), screen-line traffic counts, and patronage data from public transport franchiseesto
develop trip distribution models and calibrate the mode choice and network assignment. Thereis
no attempt to capture bicyclesin the model at this stage.

The Sydney Transport Model (STM) represents a major new modelling effort. Home to work trip
tables are now available for four time periods and seven modes from 1996 to 2026. Non-work trip
tables are expected to be available by the end of 2001.

While the STM is essentially atraditional four-step model, it uses a market analysis stage prior to
trip generation to divide the market into 128 different segments. These market segments are tracked
through the whole modelling process. A major innovation for the model is the motor vehicle
ownership and access and licence holding sub models. Results are not yet available in the form of a
publication.

Bicycles were included as an alternative mode in formulating the model system however they fall
out in the estimation due to the low existing levels of bicycle use in Sydney. A bicycle network is
not specified in the network modelling software (EMME/2) for Sydney. This would need to be done
if the regional travel model was to provide major insights into bicycle demand and thisis not
currently seen as being practicable.

The models rely on the Sydney Household Travel Survey data (see Data Guidelines for more
information) for much of their data on travel behaviour. Thissurvey, likethe VATS, isa
continuous rolling survey. Once it has been running for a sufficient time, significant data on the
levels and types of bicycle use should be available that would be useful for bicycle demand
modelling.

Other cities also have developed regional models that are generally at alevel of sophistication
somewhat below that of Sydney and Melbourne. Perth is currently carrying out a major revamp
with aview to developing athirty year plan. A number of land use forecasts are being developed as
the basis of trip generation models. Mode choice isto be modelled across seven modes including
bicycles and networks are to be specified that incorporate walking and cycling. It is anticipated for
example that there will be special delay functions on links to represent slopes that impact on
cycling. Data used for the models includes a household travel survey from 1986, census journey to
walk datafrom 1996 and the Travelsmart data where that is available (basically South Perth).

Adelaide has recently migrated much of its pre-existing model from QRS software to TRIPS with
analysisin the TRANSEND software developed by Veitsch Lister Consultants.
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North America: A number of American cities have attempted to run regional transport models
incorporating bicycles and pedestrians. Noteworthy among these are Portland (Rossi, Lawton et al.
1993), Montgomery County (The Maryland-National Capital Park and Planning Commission 1991;
Replogle 1995) and Edmonton (Hunt, Brownlee et al. 1998).

US modellers have put alot of effort into identifying level of service (LOS) measures for inclusion
in their models (Epperson 1994; Sorton and Walsh 1994; Stein 1996). These supply side measures
can be useful elements in specifying models but there are no known regional models that
incorporate LOS measures for bicyclesin a systematic way.

Europe: The British consultancy MV A has devel oped the TRIPS software that is widely used for
transport modelling. It has also produced a bicycle model as part of this package and has applied
the model in the city of Leicester. The processiswell described in the US Guidelines at
http://www.fhwa.dot.gov//////tfhrc/saf ety/pubs/vol 2/sec2.10.htm. The contact person responsible
for bicycle modelling at MV A completed a masters degree thesis on a similar theme (Sharples
1993).

In the Leicester model, it is possible to predict the likely bicycle flows on defined links in the
system given new links or changes to the characteristic of the links, for example, reductionsin road
conflicts on a segregated bicycle path. It isalso possible to forecast bicycle flows on particular
links given an increase in the level of cycling at afuture date. 1t does not however incorporate a
mode choice model that is sensitive to changes in network characteristics.

As one would expect, there is some relatively advanced bicycle modelling originating in The
Netherlands. DHV Environment and Infrastructure — a consultancy firm working on behalf of the
Dutch Ministry of Transport, has developed a network model specially designed for cyclists
QUOVARDIS-BICYCLE. Thismodel isfairly similar in concept to the MV A bicycle model
discussed abovein that it is essentially atraditional four stage model with the mode choice step
excluded. It is designed such that TRIPS trip tables can be imported or trip tables and network
information from QUOV ARDIS-CAR, amotor vehicle modelling software tool can be used.

In addition to being used in The Netherlands, the QUOV ARDIS model has been applied in Ipswich
in the UK.
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8 DISCRETE CHOICE MODELS

Overview: Discrete choice models have become widely used in economics, marketing research and
transport. They rely on the theory that peoples’ behaviour reflects a choice. Choices are assumed to
be made on the basis of the values they place on the attributes of the alternatives. Thisis acorollary
to the assumption in classical economics of rational decision-making (homo economicus) based on
utility maximising.

A discrete choice transport model predicts a decision made by an individual (choice of mode,
choice of route, etc.) as afunction of any number of variables. The basic form of most discrete
choice modelsis amultinomial logit model. For afull theoretical exposition of discrete choice
models in transport see McFadden (1976); Hensher and Johnson (1981); Ben-Akivaand Lerman
(1985).

The models can be estimated using observed behaviour (revealed preference data) or stated
preference data or a combination of the two.

Uses. Discrete choice models can provide insights into the major factors affecting a particul ar
decision. Thusin aguestion of whether a cyclist would choose one route over another, various
explanatory variables can be included in amodel. For example, route choice could be modelled as
afunction of system characteristics such as relative distance of alternate routes, intersection delays
on alternate routes, existence of a separate bicycle path or on road bike lane and personal
characteristics such as age and gender of the rider etc..

Similar models can be used for modelling choice of mode, trip departure time and other features of
travel behaviour. Parameters from these models can be used to estimate elasticity of demand with
respect to the variable under consideration. Elasticity is an extremely useful concept in
understanding demand. Broadly speaking it can be understood as a measure of the percentage
change in demand as aresult of a 1% change in the variable of interest.

Limitations. It isimportant to recognise that the assumptions underlying utility theory are not
necessarily accurate depictions of the way that human behaviour develops. People do not
necessarily choose their behaviour based on the attributes of alternatives. Alternate behavioural
assumptions may be developed based on such theories as:

e conditioning;
e habit formation theory;

e cognitive dissonance theory — whereby people reduce mental discomfort by changing their
preference structures according to the behaviours they currently exhibit; or,

e satisficing — whereby people do not choose what is optimal but simply get to alevel that is
acceptable and do not change.

Unfortunately, these alternate theories of human behaviour have not enjoyed the econometric
development of random utility models. Logit modelsin particular are a readily computed,
reasonably robust and well understood behavioural modelling framework.

There are certain recognised weaknesses with the logit models — notably the independence from
irrelevant attributes assumption. Where similar alternatives (ared bus and a blue busisthe classic
transport example) are included in amodel choice set, logit models can incorrectly predict the
probability of choosing alternatives.
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Data issues: These models require significant data especially in the case where estimation is based
on reveaed preference data. For the models to be estimated, data must be available on the chosen
aternative (eg. use of aparticular mode or route) as well as the other aternatives. Generally this
will require specialised data collection as well asrich data sets such as the Victorian Activity and
Travel Survey or Sydney Household travel Survey data.

Stated preference experiments — where respondents are asked what alternative they would choose
given hypothetical levels of various attributes of the alternatives — are a good alternative for running
discrete choice models. These can provide cheaper data with smaller sample sizes. Sophisticated
survey design techniques are required to ensure that realistic responses are provided.

An example of a stated preference mode choice experiment is provided in figure 3 below. In this
experiment respondents were asked to evaluate 32 different scenarios using a computer-based
survey. They were asked to choose which alternatives they would choose in an average commuting
week. In these types of experiments the scenarios are structured so that respondents are forced into
atrade-off of the various attributes of the alternatives.

Scenario 19

Commute distance [9 kmto work: average traffic speed 40 kmh ﬁ

=
School holidayweek M Itis cool and cloudy J%

Car Bus Bicycle Taxi
$2.50 for petrol $1.00 one way fare $0.00 $15.00
+ parking
walk from parking 5 minute walk to bike path for 0% of Door to door
to work place 5 bus stop route service
minutes
buses every 10 no trip end facilities 10 minute wait
minutes exist (shower, change
rooms, undercover bike
parking)
the route is flat

How many times in the week would you choose each of these options?
(CLICK ON CHOICE THEN DOUBLE CLICK ON NUMBER - YOU MAY LEAVE CHOICES BLANK SO LONG AS TOTALIS 5)

[choice1o1 |~ [choice192 | [choice193 | = [choice194 |

< Fiee, >

Figure 3 — Stated preference profile, Katz (1996)

Alternatives: Discrete choice methods are clearly useful guides to likely factors influencing choice
behaviour. Alternative methods of identifying the relative strength of people’s preferences do exist
however. For instance, some studies require respondents to rank or rate factors that are most
important to their decisions. These ratings or rankings can be modelled in various ways (eg. Multi
Criteria Analysis — see Hutchinson (2000) for an example) to weight particular aspects of a given
area. These studies may be reasonable, however, they do not directly model peopl€e’ s choices —they
rely on assumptions that the things people say are important to them actually motivate their
behaviour. This may be accurate in some circumstances but not in others.
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Examples:

Some of the earliest examples of applied discrete choice modelling involved bicycles (see for
example Ben-Akiva and Richards (1976); Bradley and Bovy (1984)). Inthefirst case, extremely
detailed data was available from Dutch household interview surveys and a series of discrete choice
models were estimated. In the second case, stated preference was used to derive aroute choice
model. Route factorsinclude facility type, surface quality, traffic level, and travel time (each
described qualitatively at three levels).

In Australia, discrete choice methods have been widely applied and are used to provide some of the
parameters for regional transport models. They have also been applied by transport consultants to
derive patronage forecasts of various proposed and contemplated transport projects such as the
VFT, the new Brisbane airport rail link etc..

The known Australian applications of discrete choice methods to bicycle use are limited to Katz
(1996) at this point. In that study choice was modelled using a separate stated preference
experiment specifically designed for commute trips. The survey was administered to a small
sample to demonstrate the suitability of the methodology. The experiment reduced the impact of
short term inter-personal and structural constraints by positioning the choice context four yearsinto
the future.

The stated preference models extended the participation models by causing the respondents to
trade-off the various attributes included in the experiment. Multinomial-logit models and nested-
logit models were estimated and very good results were obtained in terms of goodness of fit. The
models allow testing of the impact of many variables on the relative attractiveness of car, bus and
bicycle under arange of different conditions.

Important variables determining choice of bicycle for commuting were trip distance, the proportion
of the trip on abicycle path and existence of facilities such as showers, change rooms and bicycle
parking. Perceptions of cycling as good for the environment and about safety and dignity were
important variables in the models. Variables likely to precipitate a change from car use were
increases in the cost of petrol and parking, and reductionsin average traffic speed. Elasticitiesfor
key policy variables are presented. These suggest, among other things, that the provision of
additional bicycle path will have a significant effect on the likelihood of using abicycle for a
specified trip (elasticity approximately 0.6) . Reducing trip distances also has a significant effect
with an elasticity of 0.8 for distances ranging from 3 km to 12 km.
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9 OTHER ADVANCED APPROACHES TO BEHAVIOURAL MODELLING

This section is intended to reference some of the advanced alternative modelling approaches that
have been suggested as being applicable to bicycle demand modelling.

9.1 Structural equation modelling

Structural equation modelling is a statistical technique that relaxes some of the assumptions
inherent in the regression models with which most researchers are familiar (see Bollen (1989)). Itis
generally associated with LISREL statistical package. It allows dependent relationships between
several variablesto be tested within the same modelling framework.

With a substantive understanding of relationships, causal paths can be evaluated between different
variables and measurement model s estimated for latent variables. It would be possible to develop
structural equation models of propensity to use bikes. Such a model would be able to attach
coefficients to path relationships and thereby give a more precise indication of the interrel ationships
between variables affecting bicycle use.

9.2 Activity modelling and transport behaviour modification programs

Activity modelling has long been promoted as an insightful way to examine peoples’ transport
behaviour (Jones 1979; Jones 1979; Clarke, Dix et al. 1981; Fox 1995). Thisis particularly the case
as the commute trip assumes alesser importance in the overall transport demand and the different
activities that provoke travel become increasingly important to understand.

In some ways the situational group approach of Brog, (1982) shares quite a lot with the approach of
activity modellers. Its major advantages are in getting away from the somewhat questionable
behavioural frameworks offered by discrete choice models and the richness of the analysis where
coding of activitiesiswell thought out.

Unfortunately, we are still quite away from having workable models that integrate activity models
with regional travel models or network models.
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10 GIS BASED APPROACHES

Overview:

Geographical Information Systems (GIS) allow for the integration of spatial and tabular data. GIS
can manage and present complex spatial data. Studies that utilise GIS have the capability of
analysing ‘real world’ data, providing results based on actual cyclist choices and GI S packages can
handle the fine scale spatial data desirable for bicycle research.

Uses: Most GIS systemsin usein Australia (largely by local government) essentially work as
advanced inventory management systems. In thisrole they can be very valuable in managing the
elements that make up abicycle network. They do have other features however that make them
suitable for demand modelling and facility planning.

There are anumber of data elements attached to various features of GIS systems. Population datais
referenced to polygon elements (often representing census collector districts), network datais
referenced to line elements, and features may be referenced to points. Broadly speaking, lines and
features can be used to describe a network and the polygons can be used to incorporate aggregate
demand measures.

One of the most important features of a GIS system isits ability to superimpose results onto maps.
Thisis especially important for presenting models to a mixed audience. It also assistsin error
checking —it is more likely that obvious errors will be spotted when put in their physical context.

Limitations. Experience with relational databases and particular GI S software is required for
effective use of GIS.

Data issues: While there is a substantial amount of network data already built into most GIS
systems, it is necessary to obtain additional datato specify abicycle network.

Similarly, population data may be already available within the GI'S system being used but relevant
information on cycling may need to be obtained through special purpose surveys.

Examples:

A useful Australian example of a cyclist route choice model using GIS was developed at the
University of Queensland (Hutchinson 2000). Taking advantage of the new opportunities presented
by the application of Geographical Information Systems (GIS) to local bicycle planning , multiple
criteriawere used to form a predictive model that reveals the route a cyclist will likely use to reach
a specific destination.

The study was based on cyclists travelling to the University of Queensland’s St Lucia Campusin
Brisbane. Aninitial survey of bicycle riders on campus was analysed using Multiple Criteria
Anaysis. Thisindicated that riding space, directness of route, quality of route surface and slope
were the most influential factors determining route choice for this particular population of cyclists.
Data on each of these four factors was then integrated into one single ‘ cost layer’ that formed the
predictive model. To test the effectiveness of the model, real world data was obtained via a second
rider survey. For each returned survey the cyclist’s origin and destination pair was used to create
three possible routes, which were comparatively analysed against the actual route taken by the
cyclist. From the analysis, two sets of results were obtained; results that outlined the effectiveness
and robustness of the model and results that add to empirical knowledge on cycling.

On average the model predicted 70.5% of the links ridden by the cyclists surveyed. It was found
that the spatial locations of cyclists' origins are closely related to the accuracy of the model,
implying that the model is sensitive to route options available to the cyclist and the differences
between these routes. The model performed worse for shorter trips (less than 2 km) where less
deviation from the shortest path was observed.

——
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Another example of a GIS application in Australiais Wigan, Richardson and Brunton (1998) which
used a GIS to investigate trip generation characteristics of the Lower Y arra bike facility - awell-
connected and promoted facility. Dataincluded in the GIS analysis were adjacent population
demographics, and connectivity to these residential areas. The results of this analysis then became
the basis for predicting potential levels of use at another multiple use trail (the Maribrynong Trail,
which does not benefit from equivalent access and public promotion), assuming similar conditions
existed.

User surveys from the Y arratrail were used to develop atrip length distribution model and trip
generation rates for postal code zones within the study area. These rates were compared to
population densities in postal code areas at various distances from the Maribrynong Trail and
calculated distances from the trail to the postal area centroids (geographic center of the polygon
area). Using this sketch plan method, Wigan et al estimated a potential 500 percent increase in use,
if improvementsin facility access and promotion were undertaken.
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11 CONCLUSIONS

Thereisavariety of demand modelling techniques at the disposal of transport planners and bicycle
plannersin particular. Many of these are dependent on obtaining appropriate data and having the
technological expertise available to implement the methods.

Some of the easier methods such as comparison studies can be used to support proposals at the local
level. For more widespread bicycle facilities and programs involving significant expenditure, a
more rigorous forecasting framework is likely to be required.

Such aframework is likely to need to be developed alongside regional travel models. These models
are not currently equipped to evaluate the case for improvements in the bicycle network because of
their reliance on calibration based on existing travel patterns— bicycle use is generally too
insignificant in Australian cities to provide the basis for calibration within regional travel models.

In order to develop tractable models of the role of bicycles within existing and forecast transport
systems it would be possible to develop a number of the techniques described in thisguide. In
particular, the use of sketch planning techniques with simplified networks and using behavioural
parameters from discrete choice models could be a profitable area for regional planners. These
could be used to alongside some of the visioning exercises that are becoming increasingly popular
(eg. Queensand Transport and Main Roads (1999)).

The availability of GIS modelling techniques also offers considerable scope for developing a better
understanding of where bicycle demand can be expected and relating that demand to the urban
landscape in areadily comprehensible fashion.

GI S systems can be used to enhance local area bicycle plans and local areaintegrated transport
planning.
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Name

Organisation

Telephone

Alastair Cumming

VicRoads

03 9854 2592

Frank Milthorpe

Transport Data Centre
NSW Department of Transport

02 9268 2937

Rosemarie Spiedel

Cycling Promotion Fund

03 9755 3557

Kim Dorrestyn Dorrestyn and Co Pty Ltd 08 8395 2999
Lindsay Oxlad Transport SA 08 8343 2985
Marc Wigan Oxford Systematics 03 9459 9671
Edward Chung Victorian Department of Infrastructure 03 9655 6528
Edmund Chandra Main Roads Queensland 07 3834 5517

Steve Piotrowski

Transport WA

08 9231 2761

Internet email groups

Bike-oz@cyclery.com

Bfa-oz@cyclery.com
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ABSTRACT

This guide examines methods by which demand for cycling under different conditions can be
estimated, and provides a framework for analysing data to develop demand forecasts for
bicycleuse. The guideis based on an international review of literature with an Australian
focus on the purposes, advantages, limitations and methods of demand forecasting. The call
for research in this area stemmed from the need for further policy development, evaluation
and implementation of the Australian Bicycle Council’s ‘National Strategy 1999 — 2004 .

All major forecasting methods are reviewed in the guide and grouped into eight categories
including; comparison studies, aggregate behaviour studies, maximal share studies, sketch-
plan method, regional travel models, discrete choice models, advanced behavioural modelling
techniques and GI'S based methods.

In forecasting demand for bicycle facilities, the guide can assist practitionersin selecting the
most appropriate forecasting method(s) based on the level and intensity of data
reguirements/collection, the size and scope of the proposed facility, and the level of technical
skill required.
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