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This article exarnines the need for quantitarive modeling of bicycle
dernand and rcviews the techniques available for incolporating bicycles
into existing transportation planning models. It is argued that there is
insufficient attention paid to quantitative rnodeling of bicycle demand
and that this results in the case for bicycle provision bcing poorly based.
Transportation modeling, as in many other areas of research, has a tra-
ditional rnethod of approach. Inrprovernents in models have tended to
be incremental rather than revolutionary. In improving the models of
bicycle demand, it is appropriate ro review the elements of the tradi-
tional approach to determine whether it is possible to tailor those mod-
els to the needs of bicycle planning. The location-specifìc rnodels of tra-
ditional transportation nrodels are characterized by considerable spatial
detail and very few variables that relatc to travel behavior. Although
these models are unsatisfactory, particularly insofar as they lìave trcated
bicycle transportation, their resr¡lts continue to be required by practi-
tioners responsible for transpoltation provision. In the frrture, however,
these rnodels will have a different focus than the predict-and-provicle
approach taken in years past. This can be expected to result in improved
treatment of rninority rnodes such as bicycles. The challenge fol incor-
porating bicycles into futurc models is to develop a behavioral under-
standing of bicycle demand that can be incorporated into the spatially
defined network ¡nodels. Sorne new tools oftransportation planning and
network managernent can also be exploited to ensure that bicycle trans-
portation is not forgotten by mainstream transportation researchers.
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Quantitative rnodeling of the clemand for bicycles is an essential
part of any cohercnt attempt to establish the bicycle's role in an
urban transportation systern. Very little progress has been made in
this area and culrent bicycle policy is based on imprecise ideas
about the effects of particular measures. Some of the approaches to
transportation demand modeling that can be adopted to gain a bet-
ter understanding of the role of bicycles in our cities are examinecl.
Better understanding, backed by rigorous analysis, will irnprove
policy-making in relation to bicycles. However, rnodeling bicycle
demand is not a simple matter and some of the challenges specific
to bicycles are substantial.

The general context aclopted in this article is urban Australia.
Contrary to many of the images projected abroad of an "outback"
Australia, the reality for most of the population is an urban or sub-
urban existence not too dissimilar to North America or parts of
Europe. The use of bicycles in urban Australia is similar in propor-
tion to cities in the United States. For insrance, journey-to-work-
mode share fìgures for bicycles range from approximately 0.8Vo in
Sydney to 5o/o in Perth and Canberra.

Information on bicycle riding for trip purposes other than the
journey to work is less well known. In this respect, bicycle ricling is
no clifferent than other modes; however, it is expected that the pro-
portion of commuter bicycle trips to total bicycle trips is lower than
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for other rnodes, given the high recreational value placed on bicy-
cle riding by rnany people and the utility of bicycles for short trips.
Noncommuter trips are of increasing importance to transportation
planners because of their increasing importance to total travel ancl

the change in planning philosophy away fronr a sole concern for
capacity at the rnorning peak. Thus, relative interest in bicycle trans-
portation could be expected to exceed its journey-to-work modal
share.

This article first considers why formal models of bicycle demand
are useful in planning for bicycles and why incorporating bicycles
in rnainstream transportation strategy formulation is increasingly
necessary. The approaches taken to incorporating bicycles in trans-
portation demancl ¡¡odels and the benents and shortcomings of par-
ticular methods are then considered.

The concept of demand in transportation is a very broad one and,
as a result, many aspects are treated cursorily in this article. It is
hoped that this article will serve as a frame of reference for exam-
ining bicycle demand studies and ictentify areas in which resear.ch
has been cornpleted or wherc additional work could be usefully con-
ducted.

State-of-the-art trânsportation research and management
methodologies that can be applied to bicycles, such as Intelligent
Vehicle Highway Systems (IVHS) and Geographic Information
Systems (GIS), are noted as areas to pursue if bicycle research is to
become a seriously recognized area for transport research. The pro-
motion of such an image is important in ensuring that opportunities
for incorporation of bicycles and other "minority" modes within
transportation systems are at least identified, and pursued, with at
least the same zeal as the more "futuristic" transport solutions.

WHY MODEL BICYCLE DEMAND?

For many people, the reasons for examining bicycle demand in
transportation models may be self-evident. However, it is worth
briefly recapping why bicycles are a potentially important part of
the transportâtion mix and why a formal model may be useful.

Importance of Bicycles

One of the major issues facing community and urban planners today
is the need to develop sustainable urban systems. An essential aspect
of urban life is the need to transport people and goods. Transporta-
tion patterns have been identified as having very negative impacts
on sustainability because of the direct impacts of certain forms of
transportation, particularly the private motor vehicle, and the ind!
rect effects of the transportation system on land use patterns.



Katz

It is widely perceived that a significant change in transportation

and land use patterns, away from a reliance on motor cars, is needed

to tneet the sustainability criteria identified by the Brundtland Corn-

mission (/). What is not so generally agreed on is the folm of the

change that should or could be introduced. Some advocates argue

strongly that a greater reliance on human-powered modes, particu-

larly bicycles, would reduce the problerns of motor vehicles and

erìsule a greater level ofsustainability. Bicycles can be identified as

an altelnative mode to a substantial numbel of motor vehicle trips
cunently rnade, either alone for short tfips, or in combination with
public transportation, for longer trips. Others see the private rnotor
vehicle maintaining or even strengthening its position as the prìmary

form of independent transportation because of its advantages in
terms of comfort, convenience, and security, not to mention its
industlial impoltance. Bicycles are often considered an obstruction
to the smooth flow of motorized vehicles by the latter group.

Although the arguments supporting increased use of bicycles
may be attractive, there is considerable debate about whether bicy-
cles are really capable of providing an attractive altelnative for a

signiflcant number ofpeople and for a signifìcant proportion oftheir
trips. This is a vital issue for bicycle proponents and those people

charged with determining transportation policy.

Reasons for Having A Formal Model

Various forms of model, or simplifiecl views of the real worlcl, arc

used in fonnulating orjustifying palticular transpoltation plans. A
broad hierarchy of model types is:

o Mental models. These models are completely opaque to peo-

ple other than the clecision maker. Mental models are generally

based on a small number of variables and lirnited data, often per-

sonal experience, relating to those variables.
o Documented qualitative models. These sorts of models iden-

tify relationships, either causal or associative. The models may

iclentify policy objectives, a set of relevant variables and assump-

tions, and expected outcornes from alternative policies.
r Quantitative models. These models typically involve a set of

mathematically defined relationships. They may begin with a qual-

itative rnodel that is translated into a set of mathematical simplifi-
cations ofthe real world. Parameters and statistical confidence lev-
els defining the mathematical relationships may be estimated given

available data. As discussed below, there are numerous forms of
quantitative models with very different degrees ofsophistication in
terms of the numbers of variables and the description of the rela-
tionships.

Perhaps the major single research project conductecl into bicycle
transportation in the English-speaking world in rccent years has

been the National Bicycling and Walking Study mandated by the

United States Depaltment of Transportation Appropriations Act
l99l (2). The research was conducted by consultants on behalf of
the FHWA. It has produced a series of reports on various aspects of
the human-poweled modes. Most of the reports involve qualitative

models of the demand for and the effects of human-powered trans-
portation. The references to bicycles are primarily an identification
of the barriers to cycle trips and the characteristics of other trans-

portation modes that could be influenced to make cycle trips attrac-

tive either as a substitute or as a complement to other alternatives,
for example, in the case of public transit.
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It is recognized in the final leport (2) that there is a good deal

oi research yet to be done in translating the visions of a tlans-
pol'tation system mole oriented toward nonrnotoÌized modes into
planning action. Note(l in the report ât Action Item 8, point 9 is a
reference to "conducting research into pâtronage estir¡ation and

mode split rnodeling for bicycle and pedestrian services and

facilities."
This acknowledgrnent of the need for quantitative modeling

could well be argued to have received insufficient attention to date.

The reasons for placing rnore emphasis on developing quantitative
models are discussed below.

Explicit Assunrytions

One reason for formalizing the rnodeling process is the greater like-
lihood of making explicit key assumptions about factors affecting
dernand. A well-clocumented model allows the developer (and

users) of the model to reflect on the causal mechanis¡ns under-

lying the modeled relationships. Relevance of variables included or
ornitted from the model, and the level of reliability it may have

under different conditions and over different time periocls may also
be considered. This process can lead to model rcfinement and

extensiOn.

An illustration of the importance of explicit assumptions is in the
way that land use patterns are incorporated into transportation mod-
els. The incrcased use of bicycles could conceivably contribute to
changes in land use. An urban structule chalacterizecl by low-
density residential, industrial, and other development, commonly
deprecated as "urban splawl," rnay be of recluced attractiveness for
bicycle users conrpared with motor vehicle users. Adoption of the

bicycle as a major trarìsportation mode could see people making
long-term decisions about residential and employment location to
suit bicycle trip making. The importance of this effect, based on the
premise that people choose, or are captive to, a mode of travel and

then select residential location and activities suitable to that mode,

requires an assumption about the sequence in which people rnake

clecisions. Transportation nìodeling of whatever type rcquires some

such assumptions and their form can have very major impacts on
the lesults of a particular model. Most transportation models take

the urban form as being insensitive to mode choice. Better models

make these assumptions explicit and qualify the models accord-
ingly.

Justifcation for Expenditure and Eflicient
Allocation of Resources

The increased popularity of cycling for recrcational and utilitalian
use through the 1980s and the recognition of potential beneñts of
bicycle use have been reflected in incleased levels of provision
specifically for bicycles. It is fair to say that this provision has been

based mainly on mental or qualitative models informing the politi-
cal process. For a variety of possible reasons, the measured response

to many bicycle facilities implemented in Australia has been very
Iimited. The analysis of the "failure" of provision in terms of
observed demand response may be interpreted in a number of ways,

for example:

l. Providing for cycling is a waste of money.

2. The facilities created may be inappropriate or insufficient to
generate any noticeable demand response.
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3. Cycling facilities alone will not have a significant influence on
demand fol cycling without policies directed at changing attitudes,
cycling behaviors, and levels of service of other ¡nodes. This will
influence transportation demand generally in a way which favors
sustainable modes such as bicycles.

4. We should not won'y about whether. dernand changes are
observed because existing cyclists deserve a better level of ser.vice
anyway.

without developing a better understanding of bicycle transporta-
tion demand within ovelall strategic ¡nodels of transportation, it is
not possible to professionally adopt any of these responses. Cer-
tainly, before significant rcsources can be dedicated to cycling poli-
cies it is necessary to demonstrate that the first response, a fr.e-
quently heard comment within road authorities, is incorect.

The belief structurc underlying such a response may be that
cycling is unlikely to be attractive to many people because of its
perceived negative attributes, such as exposure to weather, effort
required (particularly for going up hills), and the level of risk of
injuly. Formal models would help these beliels to be reviewed
explicitly in evaluating a demand response.

The second and fourth responses are unlikely to cany a rational
argument on cycling provision. The second response leaves an open
question about how rnuch, by way of resources, needs to be directed
to cycling to have an effect on demand. The fourth response is basecl
on an equity argument that is very diffìcult to win given the corn-
peting demands of transit and automobile lobbies and orher govern-
rnent spending priorities. The intuitively attractive conclusion gives
rise to additional questions about bicycle de-mancl relative to demand
for other rnodes. These need to be considered within the context of
the urban transportation system as a whole.

All of the suggested responses require aclditional information to
evaluate their relative ancl absolute values. Different analytical
approaches may be biased toward particular responses. The tradi-
tional transportation demand modeling approaches are likely to come
up with a ¡esponse along the lines ofthe first response unless speci-
fied to incorporate a range of variables not typically included in such
models. The reasons for this and the alternative approaches that have
become more widely accepted are discussed below.

QUANTITATIVE MODELING TDCHNIQUES

As noted above, quantitative rnodeling techniques in transportation
vary widely in terms of approach and degree of rigor. Some of the
techniques developed for planning, particularly at the city-wide
level, involve an enormous computational effort. The particular
purpose ofthe model will naturally influence its structure and the
resources dedicated to it. By and large the specific bicycling mod-
els have been very limited in their scope and have not been readily
incorporated within the strategic modeling structures of transporta-
tion and land use planning.

One approach to modeling cycling has been to compare the lev-
els of cycling in different cities and to try to correlate these levels
with the geographic features of the cities. This approach has been
used to define expected levels of cycling for certain trip purposes
across cities in the United Kingdom, based mainly on their topog-
raphy (3). A regression model was estimated using the available
information on cycling trips and topographical information on cities
of equivalent size. Where the topography did not explain a particu-
larly high or low level ofcycling, it was suggested that accident risk
as a result of poor facilities was the missing explanatory variable.
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Mental ¡nodels and qualitative models are often constructed on
the same basis suggesting that given si¡nilarities in topography and
clirnate between some European cities in which cycling rates are
very high and cities in which rates arc low, the differcnce lies in the
level of cycling risk because of pool. facilities and driver behavior.
Unfortunately, this interprctation may be inconect flor the follow-
ing reasons. It rnay be misleading because there are any number of
other factors rhat ¡nay influence cycling rates, including attitudes,
historical modal shares and, probably most importantly, service lev-
els of other modes. Ir may provide insufficient guidance about the
type of facilities that are required. Facilities in some cities may work
well because of the char.acteristics of the population or city, but
work badly in others. For example, a different form ofbicycle park-
ing facility rnay be appropriate in Australia or the United States
from that required in Japan where theft is not a common problem.
The different urban context ofJapan means that bicycles are often
used for accessing railways. This ¡nakes the provision of parking
concentrated at railways particularly effective. Distribution of park_
ing facilities in Australia and rhe United Stares would probably need
to be more widespread, and thereby expensive, to be as effective
from the viewpoint of the cyclist.

Given the very different characteristics of trips made, land use
distributions, levels of car ownership, etc., across different cities, it
is unrealistic to expect a parricular type of facility to work well in
one city simply because it works well in another.

In view of the limitations of simple conelation type models in
understanding bicycle transportation, it is natural to turn to other
areas of research directed at understanding the intemelationships of
population characteristics, numbers of trips rnacle, modal shares
spatial distribution of trips, and land use characteristics. Trans-
portation research has developed a range of techniques to help in
our understanding of these relationships and to model the ways in
which various factors interact in an urban context. The techniques
may be broadly categorized as:

l. "Traditional" land use transportation models,
2. Strategic transportation models, and
3. "Behavioral" models.

Olten these models are portrayed as alternatives, with the latter
models suggested as improvements on the earlier approaches; how-
ever, it needs to be recognized that these models are largely com-
plementary. The major challenge is to integrate the different
approaches to allow behavioral findings to be applied in both devel-
oping broad strategies and in the detailed provision issues faced by
local engineers and planners. Before considering how integration
can be achieved, the different types of models are brieffy described.

Traditional Models

The classical models have a number of elements familiar to trans-
portation planners. These are trip generation, trip distribution, mode
choice, and trip assignment. These four stages address a number of
reasonable questions:

l. How many trips will be made,
2. Where they will be from and to,
3. What mode they will use, and
4. Which route they will take at what time.

This sequence ofanalysis is represented in Figure I (4).
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I'IGURB I Classical four-stage transportation model.

A major advantage of the four-stage model is that it can be appliecl
at â fairly fine zonal or evelì link-based level. This level ofdetail is
required by many of the people involved in day-to-day transporta-
tion supply issues; however, as emphasized by Bates (5), this level
of detail is achieved at some cost. One of the problerns acknowl-
edged by Bates is that the "slow modes" of walking and cycling are
often omitted from all stages of the modeling prccess to reduce the
complexity of the rnodeling structure. There is essentially no theo-
retical reason to exclude these modes and their ornission is often
attributed to an institutional and political orientation toward provid-
ing capacity for motor vehicles and transit. There have been some
exceptions to the omission of bicycles from traditional models,
notably as one would expect, in the Netherlands, and in isolated
other instances such as Montgomery County, Maryland (ó).

Many commentators have noted other deficiencies in the use of
four-stage models (f Z8). The criticisms of the state of practice in
four-stage modeling may be st¡m¡narized for each stage as follows.

Trip Generation

Trips generated within a particular zone and trips attracted to a zone
are generally estimated on the basis of a cross-sectional survey of
numbers of trips made by households. Different types of house-
holds, based on life cycle stage, income, car ownership, or other
readily observed characteristics, are correlated with different trip-
generating rates. Different zonal land use characteristics (retail
floor-space, office space, etc.) are correlated with trip attraction
rates. This cross-sectional analysis does not provide information
about changes and is unlikely to stimulate questions about what is
causing changes in trip rates over time. The level of trip making
itself is generally not a target of policy among transportation plan-
ners using a four-stage model, which is sornething of an anornaly.

The traditional rnodels do nor rypically atrempt ro relate trip rates
to changes in mode choice, systetn changes, or availability of dif-
ferent destinations. The trip generatiorr models that emerge are
insensitive to policy tools available to transpol.tation planners and
are crucially dependent on population changes. Population changes
are usually taken from demographic predictions outside the trans-
portation model.

Some trip generation models for bicycles have been calibrated
using the techniques typically used in the traditional models. In one
English study (9), a model of bicycle trip generation incorporating
variables such as car ownership and household structure was esti-
mated, Different participation rates in cycling, ranging from6.60/oto
0.4o/o, were identified across l0 different groups. Extension of this
approach is likely to be fruitful in understanding how to maximize
benefits through targeting of provision to particular bicyclist groups.

Trip Distribution

Very little progress has been made in modeling people's decisions
about trip destinations and how these relate to their origins. In most
models, trips generated are allocated origins and destinations based
on some measure of separation. The models are then "calibrated"
according to an observed matrix of movements. This procedure is
unsatisfactory insofar as the reasons why a particular destinatioñ is
chosen may depend crucially on a number of factors that are simply
omitted from the distribution model. This may be attributed to our
lack of understanding of complex human activity patterns that
determine destination choice.

Although this theoretical basis for trip clistribution is unsatisfac-
tory, the lack of accurate data on movements makes calibration
inaccurate or nearly impossible in the case of bicycles, which are
often omitted from routine traffìc movement information collection.
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Inacculacies are compounded when increases in trips generated
are predictecl. The additional trips are allocated through growth fac-
tors appliecl to origin and destination pairs. These growth factol.s al.e
often not integrÍ¡ted with projected transpot.tation system and land
use changes, rnaking the clistribution process even ¡nore suspect the-
oretically and clangelous practically.

Mode Choice

The mocleling of ¡node choice has receivcd a large proportion of
attention in research into transportation behavior. A fair amount of
this research has been incolporated into the four.-stage process but
because of the size of areawide four-stage models, often only a lim-
ited number of variables and mode combinations are included. Fre-
quent omissions are cycling and other "minority" rnodes along with
variables that may be important in an individuat's choice of those
rnodes. The behavioral models often incorporate a signifìcant num-
ber of the variables that are omitted frorn the sequential rnodels for
areawide planning.

A frequently neglected aspect of rnode choice rnoclels in the four-
stage process is the interaction of indiviclual and household activity
patterns that impose constraints on ¡îode choice and other aspects
of personal and household tlavel character.istics. The wor.k in activ-
ity nrodeling (10-12) has indicated sonre protnise in understancling
constrait'rts; however, there is still sorne way to go before these tech-
niques ale opelational at the detailed level ofthe four-stage pr.ocess.

The existence of the solts of constlaints cornrnonly refened to in
activity analysis, such as the need to tlansport children, to linkjour-
neys for different purposes in accoldance with a time budget, to
calry out shopping, etc., al'e anecdotally in¡tortant. The application
of an activity analysis approach could be of consiclerable value in
undelstanding the constraints on bicycle use and the oppor.tunities
for increased bicycle use if facilities are provided for specifìc
groups. Fìor instance, currently, a parent rnay decide to travel by car.
to work at a pa¡'ticular time so they can take a child to school. If a
cycle facility were providecl allowing the child to cycle to school,
the parent may choose a different departur.e tirne, possibly outside
the morning peak, or have time available to consider taking an alter.-
nate for¡n of tr-ansportation.

Assignment

Trip assignment components of the classical models tencl to be
dominated by questions of software and network design rather than
the route choice and departure time choice considerations important
for individual travelers.

The route choice issues for cyclists are particularly crucial. Inad-
equate routes for bicycle travel may result in no trip being made or
an alternate mode being selected. A choice not to use an inappro-
priate facility may affect provision of additional facilities, different
link characteristics may affect destination choice, and mixing of
bicycles with other traffic on particular routes may affect the flow
of motorized traffic. None of these interactions are dealt with satis-
factorily in traditional ¡nodels.

A useful discussion of the need for, and difficulties in, inclusion
of bicycles in assignment models is provided by Sharples (13). She
also notes the difficulties in incorporating bicycles within existing
software packages designed predominantly for motor vehicles.
Bicycles have quite different traffic characteristics from motor
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vehicles-saturation flows, different speecl ancl trip length clistribu_
tions, route availability, gap acceptance, propensity to obey partic_
ulal'road rules, etc. These characteristics arc poor.ly unclerstoocl and
may be highly variable accorcling to rhe context and the particular
cyclist.

Strategic Nlodeling

Despite the criticisms of the classical rnocleling appr.oach noted pre_
viously, tlìe state of practice in applied transportation planning
remains largely based around four-stage models. Given this fact,
along with the benefits discussed earlier of having a quantitative
model rather than making decisions in an inforntation vacuum, the
question is how the approach can be used to undel.stand ancl develop
policy responses to the pressing transportation questions.

Increasingly, so-called strategic or sketch planning tnodels have
been used for analyzing major policy is.sues. The advantages ofsuch
models ale discussed in the following sections.

Re ducing Zonal Detail

One major dlawback of the very detailed four-stage approach is the
level ofdetail itself. The vast numbers ofzones means that conlpu-
tationally there is room for only a very Iirnitecl nurnber.of var.iables
that explain behavior in the ¡nodels and little or no feedback
between stages of the mocleling ptocess.

Thus, the nlost common way of adapting the four-stage approach
to strategic issues is to reduce the level of zonal detail. In Sydney,
with a population approaching 4 rnillion sprcact over a very large
area, the major transportation rnodel has 720 zones, 7,000 links, and
a transit network of 22,000 segments. It has been recognized that to
try to work ar rhis level of detail in seeking to understand fairly
broad policy inrplications is cornputationally intr.actable. The zonal
network has been collapsed fr.om 720 to 86 in the major recent stucly
of strategic options, known as the Future Directions Study, under-
taken in l99l (14).

Even this reduced level oldetail makes inclusion of a large num_
ber of policy variables or feedback mechanisms clifficult. For mocl-
eling these more complex r.elationship structures, even smaller
numbers of zones rnay need to be used. Also, specific rnarket seg-
ments can be considered alone in modeling many issues, and the
network assignment information can be abandoned. This is essen-
tially the approach taken in many of the behavioral models dis-
cussed later. where aggregated zones are used, such as in the Future
Directions model, they will ideally be consistent with the detailed
zones to make it possible to incorporate findings from the str.ategic
models into the more detailed models.

Sequential Structure

One major criticism of the classical models is the sequential struc-
ture imposed on the whole population and the lack of any interac-
tion between elements in that structure. By using a strategic model
with a smaller number of zones, it is easier to incorporate the feed-
back effects that ale important in many transportation-related
choices.

Incorporating feedback between elements of the sequential
process is now a reasonably well-accepted practice in the rnore
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sophisticated strategic models but is by no means univeLsal. The
order of modeling adopted: trip frequency, destination, mode
choice, and route and time selection, may be varied accor.ding to dif-
ferent types of people or tlip purposes. In the introductory discus-
sion about why it is important to model bicycle demand, it was
noted that adoption of bicycles as a plirnary mode of transportation
by some people could affect decisions about where they live. It is
difficult to incorporate such an effect in a traditional nrodel because
of the computâtional burden placed on those ¡nodels from manipu-
lating huge matrices of zones.

Behavioral Models

Other interactions that can also be incorporated into a rnodel that
has been freed of the bulden of large numbers ol zones include
many aspects of the decision rnaking process. These models are fre-
quently of the form known as "disaggregate" or "behavioral" mod-
els (/5). They examine the choice pt'ocess undertaken by individu-
als in relation to a particular aspect of their travel behavior. These
models draw on literature from psychology and economics relating
to choice behavioral atritudes, perceptions, information integration,
ancl decision making. This contrasts with the classical models,
which are related only tenuously to any behavioral theory.

The disaggregate approaches are very useful for understanding
not only what decisions people ale making about travel but why
they are rnaking them. Young (/ó) presents a genelal rnodel of the
decision rnaking process (Figure 2) that iclentifies some of the many
aspects of clecision rnaking that can be investigated in behavioral
research into transportation.

The bold lines in Figure 2 represenr the main effects ancl the faint
lines represent feedback effects in the decision rnaking process in
relation to transportation.
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The behavioral approaches have been used most extensively in
transportation for modeling mocle choice âlone but have also been
used for other aspects of transportation dernand. They coulcl also be
used forjoint estimation oftlip clistribution and generation for par-
ticular classes of people.

Most of the nlodels have assurned a utility ¡¡aximization frame-
work for decision rnaking with no exp¡.ess acknowledgrnent of
choice inertia effects or some of the subtleties of perception,
attribute evalt¡ation, etc. Sonre of these subtleties rnay be irnportant
for understanding the longer term potential of cycling as a tl.ans-
portation mode.

A number of useful studies have been conducted in relation to
mode choice and loute choice by cyclists. Perhaps the rnost com-
prehensive application of behavioral modeling techniques to bicy-
cle mode choice in a rninority mocle share context is the study by
Noland (lD.That study seeks to test some of the hypotheses corn-
monly put forward regarding the role of risk versus other. factors,
such as comfort, in relation to choice of bicycle tr.ansportatioll.

Other applications of behavioral techniques have been in the area
of route choice (18-20). These studies have frequently usecl statecl
preference techniques to try to elicit infor¡nation about the value
cyclists place on various attributes of routes when making route
choices. Stated preference techniques have a considerable potential
for future modeling work in other areas relatecl to bicycles in adcli-
tion to route choice.

INTEGRATING BEHAVIORAL MODELS

The challenge for those seeking to intprove our unclerstanding of
bicycle use is to integrate insights fr.om behavioral moclels into
areawide transportation planning. The link between behavioral
models and system characteristics in networks is often unclear. This

FIGURE 2 A general transportation model (Ió).
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is particularly the case fol bicycles, as discussecl by Sharples (/3).
One method that may be explorecl as the mechanisrn fbr.incorpora-
tion of variables identified in behavioral lnodels, for instance r.isk
associated with a palticular link, is incorpolation ofspecifìc bicycle
factors within the concept of "generalizecl cost." Inforrnation on
these factors woulcl need to be available on a network-wide basis.

A key ingredient to such integratiorì is collection of appropriate
data relating to the network, This is costly and requires a systernâtic
inventory of our road systems based on factors that are goocl pre-
dictors of bicycle clernand. Additional explolatory rcsearch would
be useful in identifying these predictors.

Inventories of our road networks are constantly being irnprovecl.
The managernent of road inventory infor'¡nation has recently
become a high priority as its use wirhin CIS sysrems and for IVHS
is being expanded. Alreacly attempts are being rnacte to ensurc that
bicycles are not ignored in developing such technologies (2/).
However, there is a strong likelihood that they could be omitted
from practical applications of these techniques if the possibilities
are not considered well in advance ancl a rnodeling framework is not
established.

CONCLUSION

This article al'gues that a high priority needs to be given ro incor-
porating bicycles into quantitative tr¿ìnsportatio¡r rnoclels. This con-
trasts with an alternate view that mathematical modeling of trans-
portation is not an appropriate way to plan ufban tr.anspol.tation
systems because moclels are ovelly restrictive in the variables they
are able to inclucle.

The need to incorporate bicycles in quantitative rnodels sterns
from the need to ensurc tlìat planning is fully thought through and
therefore resources are efficiently allocated. The successes and fail-
ures of irnplernented bicycle policies rnay also be better under.stood
and less susceptible to the moclal bias of particular institutions or
tmditional approaches.

Traditional modeling techniques, ancl even the rnore recent strâte-
gic modeling techniques that have evolved frorn them, have not been
effective in modeling minority mocles such as cycling. The challenge
in rnodeling bicycle demand lies in integrating the rnany subtle fac-
tols affecting the demand for cycling into stl'aregic planning rnodels
and detailed areawide planning models. This calls for a concenrrated
research effort to develop behavioral models whose parameters can
be incorporated into the models that are spatially linked.

This rcsearch requirement does not cun'ently appear to be rcceiv-
ing a great deal of attention. The time is now right to pursue such
research through data collection in conjunction with the inforr¡ation
requircments of new transportation research areas such as IVHS and
GIS. This has the potential to place research into clemand for minor-
ity mocles, such as cycling, into the research mainstream. It rnay be
that this is where they rightly belong given the issues of sustain-
ability currently facing our cities.
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