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Abstract

This report investigatesthe current literature available on the com-
bination bicyclesand public transport (known asdual modetransport)
aspart of an overall transit strategy. Increasingthe proportion of dual
mode bicycle trips within a transport systemwasfound to have signif-
icant bene¯ts in terms of reducing the pollution, congestionand costs
associated with massautomobile travel. It was found that there are a
large number of factors a®ectingand impeding the useof bicycles for
utilitarian trips. Particularly important factors are the fear of theft
and danger on the road as well as the signi¯cant distancesthat many
peopleneedto travel. However adding a public transport component
to a journey can overcomethe problems of distance that limit cycling
when used on its own. Dual-mode bicycle trips can also have sig-
ni¯can t advantagesfor public transport operators by increasing their
service area, reducing their expenditure on costly park-and-ride fa-
cilities or even reducing the number of stops and routes required to
servicea population.

However, the implementation of dual-mode bicycle is not without
di±cult y. Plannersneedto take a whole systemapproach and develop
all aspects of the door-to-door journey. Facilities to park bicycles,
while important, will not bee®ectiveunlessprovision is madeto enable
cyclists to travel to, into and within the transit station.

An investigation of the literature on systemsthat allow bicyclesto
becarried with the cyclist on public transport vehicleswasalsocarried
out. Both thesesystems,and bikehire linked to public transportation,
were found to have the bene¯cial e®ectof allowing travel by bicycle
for both accessto and egressfrom transit services.

The factors e®ectingthe implementation, management and pro-
motion of dual-mode bicycle system were also investigated in this lit-
erature review. Political and ¯nancial constraints are the main im-
pediments to the implementation of dual-mode systems,rather than
technical problems.

Someavenuesfor future research on dual-mode bicycle systemsare
alsorecommendedin this report. This includesresearch speci¯c to the
Australian situation, as well as more general research.
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1 In tro duction

This is a report written as part of 421-401Research and Techniquesof In-
vestigation at the University of Melbourne during semesterone, 2004. The
majorit y of the report is a review of the current literature on combining bi-
cycleand public transportation. A discussionof the main conclusionsof the
literature survey and recommendationsfor future research are alsoincluded.

The topic is discussedas it applies generally to transportation systems
around the world, but there is an emphasisto the transport network of
Melbourne in Australia.

2 Topic Description

This report focuseson the combination of bicyclesand public transport as
part of an overall city transportation system. The combination of a bicycle
with public transport is often referred to as a `dual-mode' or `multi-modal'
method of transport.

2.1 What is Multi-mo dal Travel?

Multi-mo dal travel is transportation using more than one mode. The term
`mode' describesthe typeof transport usedby the traveller (or freight) during
each section of the journey. Walking, travelling by car or a train are all
examplesof di®erent modesof travel.

The most common form of passengermultimodal travel is a walk-ride-
walk trip. This involvesa walking leg to reach a vehicle,a trip on the vehicle,
and ¯nally another walking leg from the vehicleto the ultimate destination.

The combination of the di®erent modesof travel into a `chain' of linked
trips is the hallmark of a multi-modal trip. However, just as a chain is only
as strong as its weakest link, if oneof the linked trips fails to work properly
the entire trip will be a®ected.

It could bearguedthat all private vehicletrips aremulti-modal. A person
has to walk to get to their vehicle at the start of the trip, and walk again
to ¯nish their journey after parking the vehicle. However, the walking legs
are usually ignored unlessthey form a signi¯cant part of the chain in terms
of time or distance,or have a signi¯cant impact upon the comfort or cost of
the entire trip.
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Most trips involving public transportation will also involve a signi¯cant
walking (or other mode) component. Unlike the typical short walk to a
private car, reaching public transport by foot is usually a signi¯cant part of
the entire journey.

Having to link with public transport modesreducesthe speedand comfort
of a journey, comparedwith travelling by private car. Infrequent or unreli-
ableservices,unpleasant waiting areasand reduced°eixibilit y can lessenthe
conviencenceand attractiv enessof a multi-modal public transport trip. Like-
wise, the time to reach the ultimate destination from the end of the transit
leg of the trip, the egresssection, can greatly e®ectthe usability of public
transport. Such problemsdo not generallyapply to private vehicle trips, as
travellersare able to completethe journey all in onego, with out having to
link multiple modes.

2.2 Bik e and Public Transp ort Multi-mo dal Travel

The combined use of a bicycle and public transport is a prime exampleof
multi-modal travel. Involving a signi¯cant portion of travel on two separate
modes,a typical `bike-and-ride' journey will consistof:

1. Travel by bicycle

2. A transfer from the bicycle to a public transport vehicle

3. Travel on the public transport vehicle

4. Egressfrom the public transport vehicle

5. Travel to the ultimate destination by bicycle or by another transport
mode

(Glasson1984,page180) divides dual mode bicycle travel into two basic
forms:

1. The Park and Ride version- The bicycleis parkedat a terminal, station
or stop where the cyclist transfers to or from the motorised public
vehicle

2. The `piggy-back' version - The bicycle is carried on the motorised ve-
hicle with the cyclist
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2.3 Scope

There is a signi¯cant body of literature devoted to the design of general
bicycle facilities. Bicycle paths, on road cycle lanes,generalbicycle parking,
bicycle usageand bicycle safety are subjects that have beenwell researched
in Australia and overseas.

Thesesubjects have relevancefor bicycle trips to a public transport stop.
However, this investigation will only examinesuch subjects as they directly
relate to dual mode trips. As an example: the connectionof bicycle paths to
a station is within the scope of this investigation, while the generaldesignof
bicycle paths is not.
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3 Literature Surv ey

3.1 Overview

Much of the research reviewed in this report is from America and the United
Kingdom. It is only within the last twenty yearsthat combining bicycleswith
public transport hasbecomea topic of research in Englishspeakingcountries.
Before1980,non-motorisedtransport was mostly ignored by researchers,as
most of the Westernworld concentrated on transportation basedaround the
private automobile.

It was not until the GeelongBike Plan Experiment, beginning in 1978,
that the bicyclewasseriouslyplannedfor in Australia. Prior to this, \no one
had ever tried to modify an existing major city for the useof cyclist; no one
had apparently even consideredthat there was a needto do so."(Sach 1984,
page78).

This helps to explain the lack of Australian speci¯c research into this
topic. However, much of the research done in the United Statesof America
could beapplied to the Australian transport system. Australia hasfolloweda
similar path of development to America, with low density suburbsa common
featureof cities in both countries. The development of the transport systems
in both Australia and America has centred around the private automobile,
due mainly to the spreadout nature of our cities.

In contrast, Japan and the Netherlands, as well as someother parts of
Europe, have placed less emphasison the private car in the development
of their transport policies and planning. Unfortunately, little of the origi-
nal research that must have beendone throughout the development of the
Japaneseand Europeansystemsis readily available in Australia. The major-
it y of the literature surveyedin this report is about transferring the principles
of the Japaneseand Dutch systemsto other countries as a way of reducing
car congestion.

3.2 Wh y Should Dual-Mo de Bicycle Transp ort be En-
couraged?

Many transportation systemsin Westerncountries areheavily car dependant.
To reach many placesand conduct basic everyday tasks, such as grocery
shopping or commuting to work, people need a car. Many transportation
decision makers seethis dependanceon the motor vehicle as a sign of a
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modern society.
However, alternate models for the modern transport systemexist. The

Netherlands, Switzerland, and Japan \clearly demonstrate the important
role that nonmotorizedtransportation canplay in modern transport systems,
especially for short trips and for accessto public transport services"(Replogle
1991).

The use of non-motorized transport for short trips, and in conjunction
with public transit for longer trips, canhave signi¯cant bene¯ts to travellers,
employersand society at large.

Travellerscan bene¯t from the reducedcostsof non-motorizedtransport.
Regular, transport-related, exercisecan also improve the traveler's health.

For employers,non motorized transport useamongsttheir sta®can have
a number of bene¯ts. A ¯t workforce, that gets regular exercisethrough
walking or cycling, will generally perform better and have lower rates of
sta®absenteeism. Lessland is required by companiesencouragingpublic or
non motorized transport, as they do not needto provide spacefor sta®car
parking. Widespreadadoption of non motorized or pulbic transport reduces
tra±c congestionwhich canprovide signi¯cant bene¯ts to organisations,par-
ticularly those involved in the transport industry. Companiesthat actively
encouragesta®to usetransport other than private cars to get to work can
bene¯t from an improved image. The provision of bicyclefacilities and public
transport tickets can be part of a wider `green'corporate image.

At a societal level the energye±ciency, reductions in oil imports, noise
and air pollution and increasedutilisation of public transport infrastructure
can be a signi¯cant advantage of increasinglevels on non-motorized trans-
port. (Mathieson, Groves& Weatherstone1984,p122-123)

3.2.1 Energy E±ciency

Bicycle travel is exceptionally energye±cient. It has the least energycon-
sumption per passengermile of any form of transport, including walking.
\Cycling consumes35 calories per passengermile, comparedwith 100 for
walking, and 1,860 for a car with one occupant" (McClintock 1992b, p6).
However, the bicycle is generallyonly practical for short trips. While a trip
of 50kmsis no problem in a car, undertaking such a trip by bicycle is outside
the realmsof possibility for most people.

Dual-mode trips can expand this e±cient travel beyond the rangeof bi-
cycle travel alone. (Bouwman 2002) found that for trips longer than 10
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kilometres, combining rail and bicycle travel provides the most energye±-
cient journey. For trips of lessthan 10 kilometresusing a bicycle is the most
e±cient option.

3.2.2 Pollution and Land Consumption

The pollution problems causedby private motor vehicles are well docu-
mented. \In an environmentally ideal world, we would live within walk-
ing/cycling distanceof our workplace(and) wewould shoplocally" (Carruthers
& Lawson1995). However, with the advent of the private car, we now seek
greater choiceas to wherewe live, shop, work and play. The increasedmo-
bilit y o®eredby the automobile comesat a cost of increasednoiseand air
pollution.

Many cities have tried to reduceprivate car usageby encouragingpark-
and-ridetrips (seealsosection3.4.2). Consistingof a driveto the transit stop,
and then a transfer to public transport, thesetrips are a way of increasing
public transport ridership and reducingtra±c congestionwithin central buis-
nessdistricts. However, the predominantly short automobile trips involved
in park-and-ride trips have little e®ecton reducingpollution and greenhouse
gases.\Automobile park-and-ride trips involve cold start vehicleoperation,
with associated pollution emissionand fuel use rates several times higher
than the average for all automobile travel, resulting in almost negligible
emissionsreductions from park-and-ride, when all factors are considered"
(Replogle 1993). Likewise,the (?, p1) suggeststhat short trips contribute
much of the pollution causedby cars in Australian cities.

Air pollution is oneobvious consequenceof high levelsof automobileuse,
but noisepollution from tra±c canalsobea signi¯cant problemin residential
areasof cities. Bicycle transport doesnot createsuch problems.

In addition, car parking facilities take up considerableamounts of space,
usually in the heart of cities where land valuesare high. Bicycle parking is
much more spacee±cient. A singlecar parking spot takesup enoughspace
to provide parking for 10 bicycles(McClintock 2002).

3.2.3 Congestion

Tra±c congestionis becomingmoreandmoreof a problemfor transport plan-
nersascar usageincreases.\The greatestcongestionfrom the Australian car
°eet is causedby the increasein the total resident population and its ongoing
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concentration in large urban areaswheremost peoplehave to commute long
distancesand have poor accessto public transport" (Parker 2003,p6).

In areas with high tra±c congestion, using a bicycle, particularly for
short trips, is very competitiv e in terms of journey time (McClintock 2002).
While not able to reach the samespeedsasan automobileon the open road,
a bicycle is a relatively fast mode of transport in congestedurban centres.
Averagespeedson most car journeysto work \are often lessthan 20km/h. It
is thereforeoften the case,especially for journeysof lessthan 3km (2 miles),
that the bicycle can be the fastestmeansof transport in busy urban tra±c."
(McClintock 1992b,p6)

McClintock (1992a,p69) also suggeststhat park-and-ride may actually
increasecar usage,and hencecongestionproblems. \Although park-and-
ride is promoted as a very important way of luring drivers from their cars
experienceshows that it may even attract peoplewho previously made the
whole of their journey by public transport."

Park-and-ride stations alsodo little to reducetra±c congestion.Instead
of congestionon the major arterial roads, (Herman, Komano®, Orcutt &
Perry 1999)suggestthat the park-and-ride approach movesthe tra±c jams
to local stations and local streets. Similarly, car parking capacity problems
are moved out of the city centres, and into areasaround railway stations.

3.2.4 Making Better Use of Public Transp ort Facilities

Many citieshaveextensiveamounts of public transport infrastructure, partic-
ularly in the form of railway stations and lines. However, with the movement
of \p opulation and employment growth from denseurban centres to suburbs
and small cities"(Replogle1984)this infrastructure hasbecomelesse®ective.
It is moredi±cult for public transport to operateservicesin spread-outsub-
urban areas.This is a particular problemwhenthe infrastructure is designed
primarily for accessinga densecentral area.

The Melbourne train network is characteristic of this design,with many
radial routes centering on the CBD. It is relatively easyand quick to travel
towards or away from the CBD. Using public transport, on the other hand,
to travel around the city and acrosssuburbs is primarily by bus, and is
neither as quick or convenient. Low-density areascan be more easily served
by public transport operators if bicycle accessis encouragedto expand the
catchment area of stations and stops. Bicycles can also help to ¯ll in the
gapsbetweenroutes or assist in cross-town travel. In the Netherlands, the
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railway authority views the combination of train and bicycle as ideal. \In
order to increaseridership, subsidisedbicycleparking and rentals areo®ered,
and getting to and from the train by bicycle is encouraged"(Brog, Erl, Otto
& Sammer1984)

3.2.5 Economics

Riding a bicycle, as well as being environmentally friendly, is inexpensive.
(Rwebangira 2001) ¯nds that bicycling costs only US$0.02per passenger
kilometre, comparedto US$0.30per passengerkilometre for car transport.
Similarly, (The US Department of Transportation 1992)¯nds that the costs
are US$0.03per km for cycling and US$0.35per km for driving a car.

It is not just in running costs that automobiles are more expensive.
(RACV 2003) shows that the new car with the cheapest running costs, a
2 door Hyundai Getz (AU 35.36cents per kilometre), has a purchaseprice
of $AU13,990. This comparesto the $AU200-$AU500 that cyclists pay for
an entry level bicycle in Melbourne stores.

(Moriart y & Beed 1985) suggestthat \the structure of car travel costs,
with high ¯xed costsand relatively low out-of-pocket operating costs" tends
to encouragecar usefor existing car owners. If you have already made the
signi¯cant investment in a car, the additional cost of using it for a singletrip
seemsquite low. Hence,a car will get used for trips that could easily be
madeby a di®erent mode, simply becauseit is there.

The high costsof providing car parking spacesfor park-and-rideaccessto
public transport is mentioned by a number of publications. To construct a car
parking spacecostsbetween$US2,000and $US20,000(Hook 1994). While
park-and-ridesystemsfor carsarebeingdeveloped in the Netherlands,\they
are accordedthe lowest priorit y of all transit accessmodes becauseof low
cost-e®ectiveness."(Replogle1993)(p76)

The high costsassociated with car dominated transport have a distinct
e®ecton the cost of living and doing business.(Hook 1994)suggeststhat in
America $US5000is paid directly by each employeeto own and maintain a
car for the trip to and from work. A further $US2,400is paid indirectly in
taxesto maintain the road infrastructure necessaryfor car commuting. \This
$7,400/worker is re°ected in the costsof all goods produced in the United
States, albeit indirectly" (p110). In comparison, \Japaneseworkers...need
only to be paid about $600.00/year to cover their commuting costs" due to
the well developed bicycle and train systems.
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The reducedlevels of commuter vehicleson Japaneseroadshas had sig-
ni¯cant bene¯ts for the transport of freight. \With passengertransportation
relying on bicycles and mass transit, Japan has been able to dedicate its
available road infrastructure primarily to trucking"(Hook 1994).

The high levelsof bicycleand public transport usein Japanhasfar reach-
ing economice®ects.In 1990the US spent 17.9%of its GNP on transporta-
tion, with 9.5%consumedby private transportation. Japanspent just 10.79%
of its GNP on transportation in 1985.

\It is in its role of minimizing the costsof the entire transportation system
and increasingthe catchment area and hencethe viabilit y of the rail-based
masstransit systemthat non-motorizedtransportation hasplayed a critical
role in the competitiv enessof the Japaneseeconomy." (Hook 1994)
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3.3 A ttracting Comm uters

A British Automobile Association survey found that while 93%of motorists
had at somepoint in their lives learnt how to ride a bicycle, only 30% of
have cycledwithin the last two years(Lawson,Snelson& Morris 1993,page
555). A similar situation exists in Melbourne. The averagerate of bicycle
ownershipis 0.4bicycles/person,but bicyclesareonly usedfor 2%of all trips
madein Melbourne (VicRoads 1999).

So,given the large proportions of peoplewho have accessto and can use
a bicycle, why are bicyclesnot usedmore widely? Subsequently, why is the
combination of bicycle and public transport not more widely used?

3.3.1 Factors A®ecting Bicycle Use

The literature identi¯es a very wide range of factors that a®ectthe use of
bicyclesasa modeof transportation. (The USDepartment of Transportation
1992) identi¯es three broad categoriesthat a®ecta person'swillingness to
usea bicycle:

² Personaland Subjective factors

² Objective factors

² Infrastructure factors

These categoriesare very wide ranging, and (The US Department of
Transportation 1992)goeson to further identify the individual factors:
Personal and Sub jectiv e factors

² Distance

² Tra±c Safety

² Convenience

² Cost

² Valuation of Time

² Valuation of Exercise

² Physical condition
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² Family circumstances

² Habits

² Attitudes and Values

² PeerGroup acceptance

Ob jectiv e factors

² Climate

² Topography

Infrastructure factors

² Presenceof Bicycle Facilities and Tra±c conditions

² Accessand Linkage

² Transport Alternativ es

A similar listing of the various factors a®ectingbicycle usehasalsobeen
produced by (McClintock 1992b), who adapted the earlier work done by
(Bracher, Luda & Thiemann 1991).

Taking a quantitativ e approach, (Ashley & Banister 1988) used travel
data to model the journey to work. The research arrived at seven factors
that had signi¯cancein whether journeys are madeby bicycle:

² journey distance

² car ownership

² bus availabilit y

² rainfall

² tra±c

² hilliness

² social classof headof household
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Figure 1: DecisionMaking Model for Bicycle Use(Lawsonet al. 1993)
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Figure 2: DecisionMaking Model for Bicycle Trips (The US Department of
Transportation 1992)

(Lawson et al. 1993) identi¯ed a full decisionmaking model (¯gure 1),
suggestingthat bicycle ownership and maintenanceare the ¯rst steps of a
decisionto cycle.

(The US Department of Transportation 1992)also identi¯es a model for
the decisionto make a cycle trip (¯gure 2).

(Loder and Bayly (Planning, Engineering and Landscape Consultants)
1981,p56) seekto give us a snapshot of the typical personlikely to convert
from car travel to dual-mode services:

² The trip the individual is taking must be of somelength, where fuel
costsbecomea factor

² The trip will involve severe tra±c congestiongiving rise to unpre-
dictable delays, perceivable dangersand considerableirritation

² There are seriousparking problemsat the end of the trip

² The family is, ideally a single car family living in an area with poor
local public transport, leading to pressurefor the car to be available
for others in the household
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² The individual already owns a bicycle or is consideringpurchasingone
for recreationaluse

² The individual livesmorethan a six or sevenminute walk from a railway
station, but no more than a seven minute bike ride

² There are no steephills on the way to and from the station

It seemsclear that a large number of factors a®ecta person'sdecision
whether or not to cycle for everyday trips. As with any choice making,
the relevanceof each factor will depend very much on the attitudes of, and
in°uencese®ecting,each individual.

It is hard to identify exactly which of these genericbicycle use factors
a®ectdual-modebicycletrips in particular. However, the factorsdescribedin
the following sectionsappearto bethe most relevant. Theseparticular factors
appear regularly in the literature, arearguedasbeingparticularly important
by some researchers, and appear the most applicable to the situation in
Melbourne.

3.3.2 The Fear of Theft

(McClintock 1992b,pages11-12)makesnote of the link betweenbicycletheft
ratesand the level of bicycleuse. Similarly (Parker 1979a)notesthat \F earof
theft is a major deterrent to bicycleusersand hasto be combatted otherwise
the potential of bicycle transportation will never be realised".

Another paper by the sameauthor shows the dramatic e®ectthat theft
can have on the number of bicycles parked at railway stations (see¯gure
3). While the theft rates where very low the numbers of parked bicycles
continued to grow. However, as soon as theft levels increasedsigni¯cantly
(in 1981) the number of parked bicycles declined rapidly. (Parker 1992)
arguesthat the fear of theft is enoughdeter many peoplefrom bike-and-ride
transport and \usually results in the purchaseof a secondor third household
car". In Melbourne,while \other typesof bicycleusehave greatly increased"
(Parker 1992), the risk of bicycle theft from railway stations has been the
major impediment to an increasein bike-and-ridetrips.

A survey by the State Bicycle Committee of Victoria in 1979also con-
cluded that the risk of theft and damageto bicyclesis of major concernto
dual modetravellersin Melbourne(Glasson1984). \F or most rail patronsthe
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Figure 3: The e®ectof bicycle theft on bicycle usageat Melbourne stations
(Parker 1992)
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theft of one bicycle is enoughto destroy their commitment to train travel"
(Parker 1992).

Basedon a stated preferencesurvey, (Taylor & Mahmasasani1996)con-
clude that one of the best incentiv es to promote bike and ride is the pro-
vision of bicycle lockers or similar options to reduce the theft of bicycles.
(Feldman 1981, page 66) supports this conclusion, ¯nding that the provi-
sion of securebicycle storagefacilities is that one improvement that would
encourage40.8%of passengersto cycle to the station.

The negative e®ectthat bicycle theft has had on dual-mode bicycle use
in many countries is not apparent in Japan. \Lo w rates of bicycle theft and
crime made it possiblefor Japanesebicyclists to leave their bicyclesin any
open area near station entrances without securingthe bicycle to to a ¯xed
object, relying on nothing more for theft protection than a small metal lock
that prevents someonefrom casuallywheelingthe bikeaway." (Replogle1993,
page77). This lack of theft helpsto explain why dual mode bicycle trips are
more prevelant in Japan than much of the rest of the world.

In stark contrast, in their study of 1000British motorists which examined
why they do or do not use a bicycle for sometrips, (Lawson et al. 1993)
disagreewith the rest of the literature on the signi¯cance of bicycle theft:
\Although cycle theft is a great concern,it doesnot seemto act as a major
deterrent to cycle use" (p558). Similarly in their modelling of journey to
work data (Ashley & Banister 1988) do not ¯nd theft or the availabilit y of
parking to have much e®ecton the level of cycling.

However, (Lawson et al. 1993) do mention the increasingrates of cycle
theft and that \Cyclists believe that there are insu±cient facilities to secure
bicycle". It may bethat the high number of motorists who do not cycle(some
seventy percent) included in Snelsonand Morris' study do not recognise
bicycle theft as a particular obstacle to cycling. More than a quarter of
motorists surveyed were not cycling becausethey own a car and signi¯cant
numbers believed cycling to be too dangerousor requiring too much e®ort.
It may be that the threat of bicycle theft is not particularly important to
thesemotorists, comparedto the other perceived negativesof travelling by
bicycle.

This di®erencein the conclusionsof (Lawson et al. 1993) and (Ashley
& Banister 1988) about bicycle theft to other researchers may be due to
the di®erencecharacteristics of single mode bicycle trips and bike-and-ride
trips. Both (Lawson et al. 1993) and (Ashley & Banister 1988) investigate
bicycle trips in general, rather than speci¯cally dual mode trips. Many of
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the studiessupporting the view that bicycle theft rates and the availabilit y
of secureparking facilities a®ectbicycle usage((Feldman 1981), (The US
Department of Transportation 1993)and (Parker 1979a))areconcernedwith
bike-and-ridetrips in particular. Bicycle parking at a transit stop or station
may be particularly risky compared to bicycle parking at other locations
such asplacesof employment. The large concentration of bicyclesat transit
stops and stations could make these locations more of a target for thieves.
(Holladay 2002,page116) notesthat in many Europeancountries bike-and-
ride cyclists often usean older bike for trips to the station, using their better
bike for trips that don't involve parking, or to locations with more secure
parking.

3.3.3 Danger on the Road

Safety on the road is alsoan important factor a®ectingcycleuse. Dual-mode
bicycle trips are possibleonly in areaswith public transport. Such systems
generallyexist only in major cities, which are usually heavily congestedwith
cars. The perceived safety, or lack thereof, for cyclists using roadsand other
facilities to reach public transport is a signi¯cant factor in the decisionto
cycle.

(The US Department of Transportation 1993)identi¯es dangerfrom auto
tra±c and lack of bike lanesor trails assigni¯cant impediments to widespread
cycle use. (Lawsonet al. 1993) found the attitudes of drivers and pollution
from carsare the main disincentiv esto cycling. The threat of accidents was
a signi¯cant disincentiv e for leisure cyclists (peoplewho do cycle, but as a
leisureactivit y only) to usetheir bicycle for non-leisuretrips.

In their study of factors a®ectingmassbicycle commuting (Everett &
Spencer1983) found that con°ict high speedtra±c is a signi¯cant obstacle
to high levels of bicycle use.\The overwhelming majorit y of schools with
massbicycle commuting....have bicycle accessseparatedfrom HSHVT (High
SpeedHigh Volume Tra±c)". However, other researchersdo not agreewith
theseconclusions.(Faust 1983)suggeststhat (Everett & Spencer1983)have
generalisedfrom that high-speed,high-vehicletra±c is a seriousbarrier, and
that the criteria for such a condition is not well de¯ned or designedby their
study.

Regardlessof the merits of the study by (Everett & Spencer 1983), it
appears from the literature that the danger of collisions with automobiles
and other road tra±c is a signi¯cant concernfor many potential and current
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cyclists.

3.3.4 Distance

Oneof the major limitations of a bicycle is that of distance. While cycling is
competitiv e with car travel over short distances,the slower speedof a bicycle
limits its attractivness for longer journeys,particularly in areaswheretra±c
speedsare not limited by congesion.The physical e®ort required by cycling
also limits the rangeof bicycle travel. While a trip of lessthan 5kms is not
particularly tiring for most people,a longer trip is likely to leave a person
tired and sweaty. (Robinson, Edwards & Ohrn 1980) report that \... more
than 90 percent of non-automobile trips were 3.2km or less in length". A
similar situation is apparent in Melbourne, with 72 percent of all bicycle
trips being lessthan 3km (VicRoads 1999,page4)

Combining the bicycle with public transport can distance limitation of
bicycle travel. By using a bicycle to travel a short distanceto a transit stop,
and then boarding an expresspassengersystem, travellers can cover much
greater distancesthan by bicycle alone(Forester1994,page283).

3.3.5 Signi¯cance of Other Factors

Three other factors seemparticularly relevant to the choice to cycle: cargo,
accessto a suitable bicycle and the weather.

(Taylor & Mahmasasani1996) identify that only 44 percent of people
would be easily able to carry the equipment neededfor work if they com-
muted by bicycle. Likewise,(Lawson1998)cites the British Automobile As-
sociation's cycling motorists research, (as examinedin (Lawsonet al. 1993)),
that found the inabilit y to carry anything substantial as one of the three
main reasonsthat motorists will not considerusing a bicycle.

This lack of cargo capacity is an impediment to increasedutilisation of
bicycles. However, the availabilit y of a®ordablepanniers and bicycle trail-
ers, and provision for userswith such equipment at public transport facili-
ties, could go a long way to reducing this impediment to cycling use. The
widespreaduse of bicycles and tricycles speci¯cally designedfor carrying
cargo in someAsian countries suggeststhat problemsof cargo capacity are
relatively easyto solve (Bank 1995). The continued improvement of small
freight delivery servicesfor items that are large enoughto require vehicu-
lar transport (eg grocery shopping,furniture etc) would help to make living
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without a private car more of a realistic possibility.
(Lawson 1998) also identi¯es the current market trend of predominatly

mountain and sports bikessalesashaving a detrimental e®ecton non-leisure
bicycle travel. \T raditional town bikes sold with accessoriessuch as mud-
guards,carrying racks and lights have several advantagesover other designs
....they o®ermost protection for clothing against wheel-spray, they can be
usedfor shoppingjourneysand at night". A British Automobile Association
study of bicycle salesin shopsfound that two in three bicycleson salein the
UK are mountain bikes. This comparesto only about one in three bikes in
Denmark and the Netherlands. The strong culture of using bicyclesfor util-
it y journeysin Denmark and the Netherlandscould be related to the greater
number of utilit y bicycles in useand on sale in thesecountries (Lawson &
Morris 1999). From observation, a lack of utilit y bikes similar to the UK
seemsto be prevalent in Melbourne.

Both (The US Department of Transportation 1993)and
(Taylor & Mahmasasani1996) mention the e®ectsthat inclement weather
have on people's willingness to use a bicycle. A survey in Montgomery
County, Maryland, found that winter months reducethe use of bicycles to
reach the station by half (The US Department of Transportation 1993,page
40). This would seemparticularly relevant to many northern hemisphere
cities, where temperatures in winter can be very low. The comparatively
temperate climate of Melbourne and other Australian cities would seemto
lessenthe e®ectof weather. However, the fear of inclement weather, in par-
ticularly the suddenarrival of a cold front and associated rain, may still prove
a signi¯cant disincentiv e to cycle use.

3.3.6 Conclusions on Factors A®ecting Bicycle Usage

It appears from most of the literature that bicycle theft is one of the ma-
jor hurdles to widespreadbike-and-ride trips in a transportation network.
Encouragingdaily computers to bike-and-ride would require particular at-
tention to theft prevention, ascommuters are likely to leave bicyclesfor long
periods on a regular basis.

The literature also indicates that interaction with , and dangersof, road
tra±c are signi¯cant disincentiv esto cycling, and by extensionto bike-and-
ride trips.

It is di±cult to identify from the literature which of the other identi¯ed
factors are particularly important for bike-and-ridetrips. (The US Depart-
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ment of Transportation 1992)suggests\no single improvement will be su±-
cient to attract all potential bicycle commuters to cycle,and that somesort
of integrated approach is the best bet for stimulating mode shifts. Moreover,
the relative importanceof various improvements will dependheavily on local
conditions and variables." The neccessity of taking a wholesystemapproach
and examining relevant factors in consultation with the local community,
cyclists and transit operators is apparent.
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3.4 Catc hmen t Area of Public Transp ort Stops

Various modes are used by people to accesspublic transport. Passengers
generallyarrive by a di®erent public transport mode, private car (as either
driver or passenger),taxi, bicycle or foot.

Each mode of transit accesshas di®erent characteristics. The distance
that a passengeris willing to travel to accesspublic transport is related to
the type of accessmode used. A public transport stop's catchment areais a
measureof this accessdistance. It describes the area that is served by the
stop, and hencethe region from which passengersare drawn to the station.
A larger catchment areawill increasethe number of potential passengers.

A station will usually have a relatively small catchment areafor walking
accesstrips, and a larger area from which passengersarrive by car or other
faster moving modes.

The total catchment areais determinedby the make up of the surround-
ing area, and its propensity to use by di®erent accessmodes. A country
railway station will have a large catchment area, as peopleare willing and
able to drive long distancesto reach the station. In higher density areas,
walking will be the predominatemode of access,resulting in a much smaller
catchment area. Obviously, a larger catchment area is better, as it attracts
more passengers. However, in high density areas the catchment area for
automobile trips is constrainedby tra±c congestion.

3.4.1 Walking Access

Walking is a typical way for passengersto accesspublic transport. It is
an extremely °exible mode of transport and does not require much other
than safesidewalks and adequatelighting. From ¯gure 4 it can be seenthat
walking accounts for a signi¯cant proportion of the accesstrips acrossmany
public transport services.

\W alking tends to be the predominant meansof accessto bus stopsand,
whereresidential neighbourhoodsare locatedin closeproximit y to downtown
or suburban rail stations (i.e.,within easywalking distance), walking is an
important or dominant meansof accessto rail transit as well." (The US
Department of Transportation 1993,page38)

However, the literature suggeststhat this \easy walking distance", and
by extensionthe walking catchment area, is quite small.

Drawing on work doneby (Lutin, Liotine & Ash 1981),(The US Depart-
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Figure 4: Accessmode share¯gures (The US Department of Transportation
1993,page37)

ment of Transportation 1993,page116) identi¯es that \...t ypically half of all
pedestrianaccesstrips to urban and suburbanlocal busservicesare lessthan
0.09-0.12miles (150-200meters) in length." Rail station walking distances
\are signi¯cantly greater, but rarely exceed0.3 of a mile (480 meters)."

(Parker 1979a)suggeststhat, with a walking speedof 6.12km/hr and a
time of 7.6mins,passengerswill walk up to 810mto reach a public transport
stop.

To make public transport convenient for passengers,the stops need to
be within easy accessdistance. With walking as the predominant access
this meansthat stops needto be frequent and transport routes needto be
quite closetogether. This is di±cult to achieve within limited public trans-
port budgets,particularly in low density areas.The requirement that public
transport be closeto the origin and destination of travellers makes it very
di±cult for a spread-outpopulation to be adequatelyserved. \Irresp ective of
(infrastructure and service)improvements to the rail system...themajor im-
pediment is that the rail servicesdo not gowherepeoplewant to go. In a low
density area such as Melbourne only 15 percent of Melbourne's population
is within convenient walking distanceof a station..." (Parker 1979a).

Similarly, (Replogle1984)statesthat \If public transportation is to serve
a larger market in suburban areaswithout a prohibitiv ely expensive expan-
sionof collectionand distribution routes,opportunities for transit accessand
egressby private modesof transportation must be expanded" (p60).

While walking is an e®ective mode of accessfor passengersliving closeto
stations,a quicker accessalternativeneedsto beavailablefor public transport
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to serve larger areasand more people.

3.4.2 Automobile Access

Many transit operators encouragethe use of cars for accessto transit ser-
vices. This increasesthe catchment areawell beyond that available with only
walking access.Thesetrips are usually divided into two types:

1. Park-and-Ride: The passengerparks their car at or near the station.

2. Kiss-and-Ride: The passengeris dropped o®at the station by car.

It is clear that park-and-ride systemsallow passengersto accesspublic
transport from large distances. However, the literature suggeststhat most
automobile accesstrips are from comparatively closeto the station.

(The USDepartment of Transportation 1993,page116),againdrawing on
models from (Lutin et al. 1981), identi¯es that \t ypical median automobile
driver trip lengths for public transit accessrange from 2.3-2.5miles (3,750-
4,100meters). Auto passengeraccesstrips...(have) median lengths ranging
between1.3-1.6miles (2,075-2,640meters)."(p116)

Practical experiencesupports these¯gures. In Germanit wasfound \that
60per cent of park-andride customerslive lessthan 4km away.." (McClintock
1992a,page69). Similarly, the Northern Virginia Rail Transit Study by the
(Metropolitan WashingtonCouncil of Governments 1988)found 66percent of
the park-and-ridepassengerslive within 4.8kmsof the stations. A conclusion
of the study wasthat the parking spacesat stationscouldbeput to better use
if they werenot usedby nearby residents. Freeingthesespacesfor passengers
travelling from signi¯cant distanceswould be a better use of the available
resourses.

While automobile park-and-ride systemsare an important part of en-
abling public transport access,particularly in regional areas,the literature
suggeststhat it is often usedfor relatively short trips. In section3.2 it was
found that pollution, congestionand ine±cient energyusageare signi¯cant
downsidesto widespreadcar usage.The automobile is a good way to access
public transport when coming from a signi¯cant distance,but it is inappro-
priate for short trips.
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3.4.3 Bicycle Access

With its relatively quick speed, the bicycle can substitute for many of the
short park-and-ride automobile accesstrips. \In many cases,40 percent or
more of auto accesstrips of transit are shorter than typical median bicycle
accessdistances" (The US Department of Transportation 1993,page117).
German experiencesuggeststhat 60 percent of car park-and ride customers
live within cycling range of the park-and-ride facility (McClintock 1992a,
page69).

This alsoseemsto be the casein Melbourne. (Parker 1979a)states that
\85 percent of Melbourne'spopulation is within convenient cycling distance
(of public transit)" (p9). (Moriarit y 1981) supports this view, ¯nding that
65%of trip origins and destinationsarewithin 4km of a train station or tram
stop.

A bicycle can dramatically increasetravel distancecomparedto walking.
\F or the samephysical e®ortaswalking cyclists can get 3.5 times as far and
cover 10 times the area. Using bicyclesto feedthe rail systemincreasesthe
catchment areasof railway corridors 4 to 10 times (comparedto walking)"
(Parker 1979a,page9).

3.4.4 A Comparison of the Bicycle Access Distance Suggestions
in the Literature

We have seenin earlier sectionsthat (Lutin et al. 1981) provide empirical
modelsfor the catchment areasof various typesof transit stations and stops
for accessby automobile and on foot. However, a model for the catchment
areaof a station or stop for accessby bicycle is not developed aspart of their
study. This is probably due to lack of data on bicycle accessand \the low
priorit y a®ordedto cycling until recent times..." (Sach 1984,p108)

Various¯gures for bicycleaccessdistanceto a station havebeenproposed.
(Feldman 1981)suggeststhat trips by bicycle are feasibleup to a range

of 4 miles (6.4km). However, \the e®ective upper limit of potential bicycle
trip makers to rail stations would vary considerablyby station and is due to
factors or conditions particular to each station." (p64)

Using the Japan and Europe systemsas a guide (The US Department
of Transportation 1993) identi¯es acceptablebicycling accessdistancesas
1,700-2,200m.Likewise,(Hook 1994) identi¯es the the catchment areasof
bicyclesas25 squarekilometres. Basedon Germanexperience,(McClintock
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1992a)suggests,\a distanceof 2km is quite acceptablefor a cyclist wishing
to continue by public transport." (p68)

Thesesuggestionsby (The USDepartment of Transportation 1993),(Hook
1994),(Feldman1981)and (McClintock 1992a)appear to be just that: sug-
gestions. It is hard to judge the accuracyof these¯gures as they appear to
be basedon qualitativ e observations.

More quantitativ e approachesfall into three distinct categories:

1. Stated preferencesurveys

2. Calculations basedon possiblebicycle speeds

3. Surveysof operating systems

Stated Preference Surv eys: (Taylor & Mahmasasani1996) suggesta
bicycle accessdistance of only 2.4km is acceptableto transit passengers.
However their study ¯nds are that although distanceis an important factor,
the provision of bike lanes and secureparking are more important. It is
suggestedthat the presenceof bike lanes and parking would increasethe
acceptableaccessdistanceto up to 4.8km.

In a study of Tiruchirapalli, India, (Arasan, Rengaraju & Krishna Rao
1994) found an acceptabledistancefor bicycle trips (for work and business)
to be5.2kms. However, this is probably an overestimateof station catchment
sizeas this ¯gure relatesto singlemode bicycle trips rather than dual mode
trips. It may also be the casethat people in India are willing to walk and
cycle further than peoplein countries with higher levels of motorisation.

Calculation Approac hes Basing calculations on a 7.6 minute trip time
(Parker 1979a) calculates a cycling accessdistance of 1.55miles (2.5km).
(Parker 1979a)alsoincludesthe cycling distancesfor a `racingposition' bike,
being 1.91 miles (3.0km), suggestingthat acceptableaccessdistance is de-
pendant on the type of bicycle used. (Hudson1984)usesa similar approach,
with a speedof 20km/hr and a trip time of 10mins, to identify an acceptable
accessdistanceof 3.2km.

It is unclearas to how (Parker 1979a)and (Hudson 1984)chooseaccept-
able trip times of 7.6 and 10 minutes respectively. Indeed, a bicycle access
survey of Montgomery County, Maryland, Metrorail stations found that \42
percent travel 5-9 minutes by bicycle to reach the station, 33 percent travel
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10-14minutes, and fewer than a quarter travel more than 15 minutes" (The
US Department of Transportation 1993,p40). This would suggestthat the
times usedby (Parker 1979a)and (Hudson1984)arean underestimate.How-
ever, the survey referredto by (The US Department of Transportation 1993)
wasof only 73people,soit is not clearhow well the travel time ¯ndings trans-
late to the wider picture. Regardless,the approach taken by (Parker 1979a)
and (Hudson 1984)could readily be adapted to alternative trip times.

Surv eys of operating systems A small number of surveysundertakenas
part of speci¯c bike-on-busprojects. give someidea of catchment size. (The
USDepartment of Transportation 1993)makesnote of a Phoenix survey that
found the averagedistanceto accessthe bus was 6.97miles (11.2km). This
is similar to the ¯ndings of survey of the San Diego-CoronadoBay Bridge
Bicycle Shuttle Service,which noted an averagetrip of 5.8 miles (9.3km) to
accessthe service(Pound & McCuen 1975,page362).

(The US Department of Transportation 1993, page 40) cites a Mont-
gomeryCounty, Maryland, Metrorail survey of dual modebikepatronswhich
found \four out of ten travel 1/2 to 1 mile to reach the station, one-fourth
travel 1-1.5miles, and oneout of 10 travel farther than 2.5 miles."

Using a method similar to (Seneviratne 1985), (Rastogi & Rao 2003)
calculatedthe acceptabletrip length for commuters to accesstransit stations
in Mumbai, India. It wasfound that acceptablebicycling distancesfor transit
accessrangebetween1.8 and 4.05 kilometres, dependant on housing,social
and economicfactors. The averageaccessdistancefound was just under 3.5
kilometres.

Conclusions on Acceptable Bicycle Access Distances Taken as a
whole, the literature seemsrather confusedasto an actual acceptablebicycle
accessdistance. Figuresfor averageor acceptableaccessdistancesrangefrom
a low of 1.8kmall the way up to 11.2kilometres. While much of the literature
suggestsa ¯gure in the rangeof 5km, there is signi¯cant variancein the values
put forward by various researchersand surveys.

The Montgomery County, Maryland, Metrorail survey, cited by (The US
Department of Transportation 1993,p40), suggeststhat accesstrip lengths
will vary considerablybetweenstations. Di®erencesin land use,the friend-
linessof the bicycling environment, and topography were suggestedas the
chief reasonsfor the variancein medianaccessdistancesfound in that survey.
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Similarly, (Holladay 2002,p112) identi¯es that \T opography, direct ac-
cess,and barriers like major road crossingscan make the prediction of the
catchment rangefor a rail, tram or bus stop vary from 5 to 10 kilometres".

It appears clear from the literature that supplying an accurate single
¯gure for a bicycle accessto transit acrosseven a single transit system is
quite di±cult. Local factors, in particular topography, will have a large
e®ecton the areathat each individual station servesfor bicycle access.

3.4.5 Adv antages to Public Transp ort Op erators

The advantagesof bicycle accessto public transport operatorsappearsquite
clear from the literature. \Bicycle and pedestrianlinkagesto transit have an
important role to play... by helping to adapt transit to its modern nemesis,
the suburb."(The US Department of Transportation 1993, p141). Public
transport is lesse®ective in low density areas,as fewer people live within
walking distance of the transit stops. Increasing the catchment area of a
station, through facilitation of bicycle access,can be of direct bene¯t to
transit operators, as more people are able to accesstheir service.(TheUS
Department of Transportation 1993,page11) statesthat \With the bicycle's
higher speedand private transportation convenience,it has the potential to
dramatically increasethe market areaserved by transit stops".

(Parker 1979a)shows the dramatic e®ectthat bicycle accesscan have on
the areaof a city served by public transit. Maps of variousAustralian cities'
rail networks have beenpreparedcomparingwalking and bicycle catchment
areasacrossthe rail systemsof each city. The map for Melbourne is shown
as ¯gure 5

A high degreeof bicycle accesscould also lead to transit operators being
able to reduce the number of stops necessaryto serve a population. \By
serving a population that has fast and °exible transportation at both ends
of its trips, a rapid transit systemcan keepthe number of stations small and
the distancebetweenthem greater...Stationsmight well be three miles apart
and the lines5 milesapart, sothat the maximum bicycle ride that customers
would have to makewould be2 to 3 milesat each end." (Forester1994). This
would naturally lead to reducedconstruction costs for operators, with the
fewer stations and stopsrequired. Faster transit times for transport vehicles,
due to the reduced number of stops would also reduce operating costs of
transit networks and decreasetrip times for passengers

(Hook 1994) and (Replogle 1993) both suggest that bicycle accessis

31



Figure 5: Catchment areasfor cycling and walking for Melbourne train sta-
tions (Parker 1979a)
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cheaper for public transit operators than automobile access,in terms of the
capital costsof parking facilities. Car parking costsbetween$US3,500and
$US20,000per parking spaceto construct (Hook 1994). This comparesto
$US100per bicycle for bicycle rack parking, or lessthan $US2,000per bike
spacein a fully automated and securebicycle storagefacility such as that
widely used in Japan (Replogle1993). (Parker 2002,p10) suggestsa simi-
lar cost saving for bicycle parking, stating that car parking can cost up to
$AU8,000when the opportunit y cost of the land is taken into account.

It appears from the literature that catering for bicycle accesscan have
a dramatic e®ecton the e±ciency of a public transport system. \Strong
measuresto facilitate and encouragebicycle use for getting to and from
expresstransit in Europeand Japanhelp to explain why thosecountries have
better and lesscostly public transportation than that found in the United
States" (Replogle1985)

3.4.6 Conclusions on Station Access Mo des

The literature suggeststhat walking, cycling and automobileaccessto public
transport are each suited to di®erent functions. Walking is °exible, conve-
nient and does not require very much infrastructure. However, walking is
only suitable for short distances,up to about a kilometre. For public trans-
port to be e®ective, other than in high density regions,the catchment areaof
public transport stopsneedto greater than that available by walking alone.

(Replogle1984,page61) suggeststhat while both bicyclesand automo-
biles have \a role in expanding the serviceareasof transit in low-density
areas,each provides complementary functions". Bicycles are suited for rel-
atively short trips (up to 3-4km). Automobiles are not suitable for trips of
this length due to excessive costsof providing parking facilities, congestion
around stations and pollution problemsfrom cold start engineuse. However,
for longer transit accesstrips, those beyond easycycling distance, the au-
tomobile is the best solution. \The bicycle is the in-betweenmachine, that
providesan alternative to pedestrianisolation on the onehand and motorised
anonymity on the other." (Parker 1979a)

Unfortunately, bicycle and pedestrian accesssystemsare rarely imple-
mented in many transport systems.(The US Department of Transportation
1993) suggeststhat they have not \b een on the minds of American trans-
portation planners and transit system operators, in clear contrast to their
Western European and Japanesecounterparts."(p27). We currently have
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transit systemsthat are gearedtowards accessby car, even for relatively
short trips.
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3.5 Accessing the Station or Stop

Much of the literature on dual-mode transport emphasisesthe importanceof
the interchangebetweenthe bicycle and the public transport mode. \Only
when cycling and walking work almost seamlesslywith public transport can
the journeysbe achieved in competitiv e times." (Holladay 2002,p111). Sim-
ilarly, (The US Department of Transportation 1992,p56) suggeststhat re-
gardlessof the quality of bicycle facilities at a station or stop usagewill be
low if the transit stop is not easily reached by bicycle.

The link betweenthe bicycleand the public transport legscanbe divided
into two sections:

1. Bicycle paths and routes near the station or stop

2. The routes and facilities inside the station or very closeto the stop.

Both (Holladay 2002)and(McClintock 1992a)emphasisethat thereshould
be safe,direct, convenient and comfortablecycleaccessright up to the next
link in the multimodal trip. Similarly (The USDepartment of Transportation
1993,p14)statesthat \E®ectivebicycleandpedestrianaccessto public trans-
portation requiresattention to the passenger'sentire journey, from home-to-
station and station-to-¯nal destination".3.11

(The US Department of Transportation 1993,page52) alsomentions the
importance of connectingfacilities acrossmanagement boundaries. \P oorly
developed inter-jurisdictional and inter-agency cooperation often impedes
considerationof the door-to-door experienceof usingpublic transportation".
A number of di®erent agencieswill operate and maintain the facilities that
a cyclist will use on a trip to a station. Bicycle paths are usually main-
tained by local councils, on-road bicycle routes are by the road authority,
whereasthe station bicycle facilities will likely be managedby the transit
operator. The changeof mode from bicycle to transit will likely include a
change acrossmanagement jurisdictions. Ensuring that facilities are well
planned and run acrossmanagement boundaries is particularly important
for encouragingdual-mode trips

3.5.1 Linking Bicycle Routes and Paths to the Station

The literature surveyed agreesthat linking bicycle route and paths directly
to the station is an important part of making bike and ride systemswork.
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\Without penetrator bicycle paths to connect them to major transit stops,
employment, and shoppingcenters, only a minorit y of cyclists will consider
it attractiv e to bicycle to transit" (Replogle1993,page70). This linkageof
bicycle routes ties in with the `dangerfrom tra±c' factor that a®ectscycle
useasdiscussedin section3.3.3. Peoplewill ¯nd bicycling to transit a much
lessattractiv eoption if they have to contend with di±cult road conditionson
their journey. Wherebicyclepathsand bicyclelanesareprovided they should
be linkeddirectly to transit services.Many stationsareon streetswherelittle
or no thought has beengiven to bicycle safety, which reducesthe easeand
attractiv enessof bicycleaccess(The US Department of Transportation 1993,
page44).

Improvements to accessroutesand linkagesshouldbeconcentrated within
a mile or lessof transit stops. Such improvements would include the removal
of \missing links" in bike paths and between paths and the station, and
alteration of locations where it is hard to crossmajor streets or other such
barriers. The separationof pedestrians,cyclists and motor vehicleson busy
roads leading to stations can be a very e®ective way of encouragingcycle
access,and can be achieved at relatively low cost. (The US Department of
Transportation 1993,p42)suggeststhat \tra±c calmingshouldbeconsidered
not only for residential streets"but alsoin \streets adjacent to transit stations
and major retail and commercialcenters". An approach similar to that used
in the Netherlands is suggested. Dutch \w oonerf" (or home zone) streets
are consideredas a \social space", rather than a spacefor the passageof
motor vehicles.Provision of such spacesgreatly increasesthe attractiv eness
of walking and cycling. (Smith 2002,p72).

This is backedup by practical experience.(Pound & McCuen1975,p338)
note that one of the de¯nite advantagesof a changein loading location for
the CoronadoBay Bridge Bicycle Shuttle Servicewas that the new location
\w as alsocloserto both adoptedand existing SanDiego bicycle routes."

Cyclists are unlikely to be carrying a large street directory with them, so
adequatesignageis vital. \The provision of signsalongthe bicyclepath that
direct cyclists to proximate transit stations ......servesto enhancethe bicycle
transit linkage" (The USDepartment of Transportation 1993,p137). Making
the passengerpickup locations more readily found was also suggestedas a
way that demand could have been increasedfor the CoronadoBay Bridge
Bicycle Shuttle (Pound & McCuen 1975, p347). This seemsa relatively
simple matter, but is obviously a part of linking bicycle facilities that is
easily overlooked.
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The Victorian situation: In Victoria, Australia, there appears to have
beenlittle considerationof linking bicycle paths to stations and other public
transport stops. A map of the Geelongbike plan projects, (GeelongBike
Plan 1979), shows that none of the on or o® road facilities constructed as
part of the project are linked to rail sationsin Geelong.

This situation seemsto be slowly changing. Maps of Geelongshowing
current and proposedbicyclefacilities (see(Vicroads2003)),show an increase
in cycle routes closeto the railway stations. However, the cycle routes do
not connectdirectly to the railway stations nor are railway stations actually
shown on the maps. This absencesuggeststhat connectingthe cycle routes
directly to the stations is not consideredparticularly important by Vicroads.
This may well be a caseof jurisdictional break down between the bicycle
route provider and the public transit operator, asmentioned in section3.11.

A secondexample of poor route connection in Victoria is the link be-
tweenthe Lilydale-Warburton trail and Lilydale station. The \development
of the last kilometer of the trail from the highway to the station has been
stalled becausethe Mount Lilydale Collegeoccupiesa short section of the
alignment." (Railtrails Australia 2000). The majorit y of the rest of the trail
was openedin 1999,but the connectionto the major form of public trans-
port near the trail is still incomplete. Cyclists arriving at the station need
to travel a signi¯cant distanceon a major road to reach the start of the o®
road trail.

An exception to this lack of consideration in Victoria is the Box Hill
Transport Center redevelopment. The report by (Perrott, Lyon, Timlock and
Kesa,John Connell Consulting Engineers& Ministry of Transport, Victoria
1975,p21) notes that \bicycle storageareasare...linked with the peripheral
street network by meansof cycle-ways". While this is a step in the right
direction, the lack of linkagewith an overall bicycle network in the region is
a weaknessin the station redevelopment planning.

3.5.2 Getting In to and Around the Station

Once a cyclist has arrived at the entrance to a station a signi¯cant part of
the journey has been completed.However, the next challengeis to get into
the station, o®the bike and onto a transit service. Whilst this seemsto be
minor part of the overall journey, the literature suggeststhat it is important
to considerthis step in any planning.

Figure 6 showsthe addition of a wheelingramp to allow cyclists to negoti-
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Figure 6: A wheelingramp added to a stairway to facilitate cycle accessat
a station at Winterthur, England (Holladay 2002)
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Figure 7: A cycle accessramp direct to bicycle parking above a station at
Winterthur (Holladay 2002)

ate stairs. Sharingrampswith pedestrianswill generallycausefew problems
(aslong asthe cyclistsarenot mounted), although peakperiodsmay bean is-
sue. Stairsand escalatorscanbemajor obstaclesfor cyclists(Holladay 2002).

(Bracher 1992,page184) makes note of a programmeto install lifts at
all stations in a German transit network. \This programmehad originally
beenset up for the handicapped, but it will now be adaptedfor the carriage
of bicycleson lifts."

Figure 7 shows ride in direct accessto bicycle parking at a station in
Winterthur, England. By enabling cyclists to enter through a dedicated
route, they can park their bicycles without con°icting with pedestrians.
(Holladay 2002,p113-115).

(McClintock 1992a,page64) suggeststhat \facilities provided needto be
clearly signedand well publicised". (Holladay 2002,page113) agreesthat
sign posting and publicit y are important factors but suggeststhat the layout
of the station should be such that the direction to cycle parking, ticketing
and platforms is obvious to cyclists as well as other travellers.

(Doolittle & Porter 1994, page24) agreewith the other literature that
\gaining physical accessto platforms, ... stairs and elevators", accessand
egressturnstiles and other fare barriers, and maneuvering amongst large
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numbers of other passengersare signi¯cant impediments to negotiating a
station with a bicycle.

From the literature it appearsthat accessinto and within railway stations
is another item that requiresattention when designingfor dual mode bike
users. Many of the provisions required are similar to those necessaryfor
wheelchair access.However, careshouldbe taken in consideringthe siting of
bicycle facilities and cycle accessroutes as part of the overall station access
and pedestriancirculation plans.
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3.6 Bicycle Parking for Dual-Mo de Trips

Section5.2.1of this literature survey found that fear of theft is a signi¯cant
impediment to dual-mode bicycle use, particularly in locations with high
bicycle theft rates. Many bicycles parked at a railway stations or transit
stopsare left on a regular basisfor extendedperiods of time. Unlesssuitable
facilities exist to securethese bicycles they are quite easily vandalised or
stolen. To encouragebicycle usefor dual-mode trips, reducingthe likelihood
of bicycle theft at railway stations and transit stops is necessary.

Theft and vandalismdo not play such a largerole in automobilepark-and-
ride systems.Modern cars have a large number of built-in security features
that maketheft a lesslikely occurrencefor motorists (Parker 1979a).Carsare
alsomoreexpensive, sothe level of theft reporting and subsequent recovery is
higher than for bicycles. (Gardiner 1993)notesthat the level of noti¯cation
of bicycle theft or vandalism is low, \with many people only bothering to
register a complaint on the theft of their third or fourth bicycle." Basedon
Australian Institute of Criminology ¯gures, (Parker 1994)suggeststhat only
65%of bicycle thefts are reported in large cities.

Policing of public transport cando a lot to curb the theft ratesof bicycles,
but the police can not be everywhereat once. (Parker 1994)quotesa letter
from the Chief Superintendent of the Transit Police District which states
\...the answer to bicycle theft lies in the method of storageof the bicycle,
and not in policing. Securestoragefacilities within the vicinit y of stations,
would seemto be the best answer to the problem".

(Loder and Bayly (Planning, Engineering and Landscape Consultants)
1981,p28) note that the provision of secureparking is an important part of
reducingbicycle theft. Situations wheresecureparking is necessaryare:

² Locations with a high incidenceof theft and vandalism

² A station layout wherebikescannot be stored in a public location

² A station unmanned in the evening and/or patronised by passengers
who return after dark

² Special situations wherea demandmay exist for overnight storage

(Forester1994,p285) suggeststhat bicycle parking is not worthwhile for
somepublic transport routes. Secureparking facilities arenot neededat local
bus stops \b ecausecyclists can ride as fast as local busesmove". Much of
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the literature takesa similar view, suggestingthat the bicycle can substitute
for unpopular and slow bus feederroutes, and it is at the railway stations
and expressbus stops that securefacilities are particularly important.

(Holladay 2002)statesthat both long term parking, for daily commuters,
and short term parking, for casualusers,are necessary. Likewise(Austroads
1999b) identi¯es the needfor facilities for both long (all day) and medium
(a few hours) term users.

(Holladay 2002,p116) also suggeststhat provision needsto be madefor
momentary parking within a station. A rail or wheel grip to hold a bike
while tickets are purchased\within sight of the booking counter makes the
processfast and convenient, asthe bike doesnot needto be lockedor secured
against unwanted attention". Similar facilities on platforms and at station
kiosksand shopscan make the trip easierfor cyclists.

3.6.1 Level of Securit y Pro vision

The Australian standard on bicycle parking, (Standards Australia 1993),
divides facilities into three classes.Theseclassesare basedon the level of
security provided, with classoneo®eringhigh security and classthreeo®ering
low security.

The de¯nitions are:

² Class1: Fully enclosedindividual lockers

² Class2: Lockedcompoundswith communal accessusingduplicate keys

² Class3: Facilities to which the bicycle frame and wheelscan be locked

\Unless the frameand both wheelsof a bicyclecanbe locked to a facility,
it cannot be regardedas secure"(StandardsAustralia 1993).

It is noted that class3 parking is only suitable for short term parking.
\If to be used as a long-term parking facility, direct surveillance will be
required" (Standards Australia 1993). Similarly, class 2 parking facilities
may require somesurveillance where used by the general public. Class 1
parking is the only classnot requiring someform of surveillance for use in
a dual-mode situation, but the standard states that \the lockers should be
located in a reasonablywell lit public place to deter vandalism" (Standards
Australia 1993)

(Gardiner 1993) likewisefound that U racks (a class3 facility) are only
suitable for occasionalusersat sta®edstations. (Loder and Bayly (Planning,
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Engineering and Landscape Consultants) 1981, p5) comment that \Man y
cyclists clearly value easeof use of a stand more highly than the level of
security provided". It is likely that for casualusersthe e®ort of arranging
a higher level of security (ie a locker) for a small number of uses is not
worthwhile. However, wherecyclists are regular usersThe \knowledgethat
the bike is safely stored" provides the cyclists with con¯dence about their
travel arrangements. \The freedomprovided by a bike locker......(enablesthe
cyclist to) travel homelater in the eveningor evenleavethe bikeat the station
overnight or over the weekend"(Loder and Bayly (Planning, Engineeringand
Landscape Consultants) 1981,p3).

(Holladay 2002) suggeststhat class2 facilities, with swipe card access
may be suitable for dual-mode parking use. Such a facility would have a
higher parking density than class1 parking, but still have a full audit trial of
access.Linking such facilities to a smart card usedfor ticketing haspotential
in Melbourne (Woodru® 2004).

(Taylor & Mahmasasani1996)concludethat \one of the best incentiv esto
promotebikeandride is the provisionof bicyclelockersor ... guarded/covered
parking" (p94). (Loder and Bayly (Planning, Engineering and Landscape
Consultants) 1981) suggestthat lockers also provide the advantage of stor-
agefor other equipment such aswet weathergear,making bike and ride trips
more convenient.

Both (Parker 2002) and (The US Department of Transportation 1993)
suggestthat investment in high security parking facilities, while more ex-
pensive, is lesscostly in the long term. \Exp eriencehas shown that lower
quality facilities are moresubject to vandalismand theft and can undermine
bicycle-transit programgoalsby bringing about lower levelsof usethan would
be the casewith better quality parking facilities" (The US Department of
Transportation 1993,page138).

(Holladay 2002)notesthat \Lo ckersrequirea higher level of management
than open parking stands,but wherethe user is committed to regular travel
from that station the investment can be justi¯ed" (p118). (Parker 2002)
suggeststhat the management of the locker systemin Brisbane is straight-
forward and problem free. Lockers are allocated on a three monthly basis,
with a $50 key deposit required from users. Every three months usersare
requestedto con¯rm their continued useof the locker or return the key. In
caseswherethere is no responseto the requestfor con¯rmation the locker is
assumedto be unoccupiedand the $50 deposit covers the cost of replacing
the lock. Management of such a system requires little work from station
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sta®. This systemcould well be a model for other systemsin Australia
Unfortunately, there is only onerail systemin Australia that suppliessig-

ni¯cant amounts of securebicycleparking. The Citytrain systemin Brisbane
suppliesa classone bicycle spaceper 22 commuters (Parker 2002). Mean-
while in Melbourne there is only oneclassonespaceper 155commuters.

In generalAustralia has a long way to go in providing secureparking at
stations.\For every securebicycleparking spaceat Australian urban stations
there (are) 36 securespacesin the Netherlands" (Parker 2002,page12).

3.6.2 Automated and Guarded Facilities

Facilities to securelystore large numbers of bicycleshave beendeveloped in
Japan, Germany and the Netherlands in a responseto \bicycle pollution".
(McClintock 1992a,page67) notesthe extremeexampleof Munster in Ger-
many where\the proliferation of parkedbikesbecamesogreat, with well over
3,000being left in and around the station area,that the City Council...built
a special multi-storey cycle parking facility."
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Figure 8: A multi-story bicycle parking near Tokyo, Japan. The inset shows
a computer controlled crane that automatically lifts bicycles into storage
(Replogle1985) 45



Multi-storey facilities are common in Japan, due to the lack of space
and high level of bicycle use. Fully automated systemshave cranesto lift
bicyclesinto storagespacesfrom ground level (see¯gure 8). Thesesystems
o®ercommuters a very high level of security and convenience. While such
high-tech facilities may seemlike an expensive way to park bicycles,they are
signi¯cantly cheaper than providing automobile parking (Replogle1993).

A more modest system is the guarded bicycle parking garage. These
facilities arepopular in Europe and Japan,and o®era high degreeof security
for both casualand regular users. Similar to guarded car parking garages,
thesefacilities have a sta®of security guardspresent to protect againsttheft.
Such dedicatedfacilities may seemwell beyond the budgetsof many bike and
ride programs. However, (The US Department of Transportation 1993,p99-
100) suggeststhat they are relatively inexpensive to run. The averagecost
of guardedbicycle parking in the Netherlandsis $US63per spaceper year,
while a relatively small facility in Germany, whereeconomicsof scaleare less
apparent, only costsa total of $US335per spaceper year. Such costscan be
o®setby charging usersa feeto park bicycles.

For most situations in Australia it would be hard to justify this expense,
given the low levelsof current dual-mode bike travel. However, (The US De-
partment of Transportation 1993)suggeststhat making bicycleparking areas
part of the areassupervisedby station personnelor car parking attendants
provides a similar type of security. Linking parking facilities with retail or
kiosk serviceswithin the station may also be a possibleway of improving
security.

A number of papersdescribe the `CycleStation' concept. A cyclestation
combinesa guardedcycleparking guaragewith bike repair servicesand sales.
This systemcould be implemented in larger stations, particularly those at-
tached to retail complexes.A partnership betweena private contractor and
government is mentioned in (The US Department of Transportation 1993,
p100) with revenues from parking feesand bike salesand repairs partially
covering the cost of providing the parking facilities.

3.6.3 Lo cation

The literature suggeststhat location is an important factor in the provision of
bicycle parking. (McClintock 1992a,page70) states that \badly sited cycle
parking and indeedpoorly designedcycle parking facilities in general...give
a messageto cyclists that their needsare not being taken seriouslyand that

46



they are just second-classtransport users". Placing bicycle parking closerto
station entrances than car parking is important in reinforcing the message
that bicycle accessis taken seriouslyby the transit operator.

Much of the literature emphasisesthe importanceof having bicyclepark-
ing ascloseaspossibleto the platform. (The USDepartment of Transportation
1993,page107)notesthat the DanishState Railway \considersthe ideal dis-
tance of bicycle parking from station platforms to be within 30 meters,and
considersany parking which is more than 60 metersfrom the platform to be
completely undesirable".

The majorit y of the literature alsomentions the importanceof cyclepark-
ing beinghighly visible to passingmembersof the public and station o±cials.
(McClintock 1992a)suggeststhe useof translucent materialsfor bicyclecages
to enhancevisibilit y and safety. High levelsof lighting at bicycle parking fa-
cilities is alsosuggestedby much of the literature.

(Loder and Bayly (Planning, Engineering and Landscape Consultants)
1981) and (The US Department of Transportation 1993) both mention the
importance of providing facilities, where possible,on both sidesof railway
lines. This reducesthe need for cyclists to crossthe railway. If it is only
possibleto placeequipment on onesideof the line (McClintock 1992a)sug-
geststhat it shouldbe on the `up-side',the direction of peakmorning travel.
Preferably the equipment should alsobe closeto the crossingof the tracks.

Obviously, the location of bicycle parking is going to be limited by the
station design. Placing bicycle parking at existing stations will be limited
by the characteristicsof the station. However, in the designof new stations,
providing a suitable location for bicycle can be incorporated into the overall
design.

3.6.4 Pro vision for Egress from Transit

Often overlooked are userswho wish to usea bicycle for egressrather than
access.Secureovernight parking for the bicycle at the destination station
allows \tra vellersto get from transit stopsto nearby workplacesand schools
that would otherwisebe unreachable by transit"(Replogle 1993,p75).

The number of peopleusing bikes for the egresssectionof their journey
rather than the accesssection can be quite high. (The US Department of
Transportation 1993,p126) mentions the exampleof Silicon Valley in Cali-
fornia, where40 percent of bicycle locker usersstore their bicyclesovernight
and use them for the trip from the station to the o±ce. (Holladay 2002,
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p118) givesthe exampleof Caltrain in California that has o®ereduserstwo
lockers for the price of one to reducedemandfor on-train bicycle spaces.

The key to providing parking for egresstrips is to ensurethat the parking
is highly secure.

3.6.5 The Costs of Bicycle Parking

A major impediment to the provision of securebicycle parking is obtaining
funding to install suitable facilities. This seemsquite an odd situation, when
comparedto the cost of providing automobile facilities.

(Feldman 1981) suggeststhat the cost of bicycle lockers is in the order
of $US250per bicycle space. Likewise(Replogle 1984) suggeststhat bicy-
cle parking costs between $US50and $US500per space. Top of the line
automatic parking lots, such as used in Japan, cost $US1,000per space
(Hook 1994). This comparesto automobile parking, which ranges from
$US1,200(Feldman1981)per spaceall the way up to $US20,000for a spacein
a parking garage(Hook 1994).(Replogle1984) suggeststhat operating and
maintenance costs for unattended automobile parking spacesare at least
twice as expensive for fully guardedbicycle parking spaces.

While someof these ¯gures are probably quite dated, it appears clear
that the cost of a single car parking spaceis much higher than that for a
single bicycle space. Given that many cars only contain one occupant, it
would seemeconomicallysensibleto be encouragingbicycle trips.

(Replogle1985)quotesthe words of Gleichman: \F or many electric util-
ities it is cheaper to encouragepeopleto save energythan it is to build new
power plants. This is the samesituation our transit agenciesare in. We may
be better o®spending our money on bicycle accesspromotion than on new
parking structures"

It may be that transit operators simply seecar parking as something
that a station has to have. Building a car parking lot is seenas one of the
¯xed costsof building a station, just like building the ticket o±ce and the
toilets. Bicycle parking, however, may be seenas an additional expense.As
bicycleparking is not seenassomethingthat a station hasto have, it appears
expensive when not included in a station's overall construction budget.
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3.6.6 Charges

The provision of bicycle parking is quite regularly subject to a user-pays
system. (Replogle1993) ¯nds that over one third of Japanesebike-and-ride
travellerspay someamount to park their bicycleat the station. This amount
can rangeup to $US32per month, but the majorit y of chargesare between
$US8and $US16per month.

However, user-pays systemscan have a signi¯cant e®ecton the demand
for bicycle parking demand,particularly in the presenceof free car parking.
(Farragut 1976, p447) identi¯es the main reasonsfor lockers in Baltimore
City receivingminimal usage:

² a lack of publicit y

² the availabilit y of free auto parking

² the cost of locker rental (25 cents per day or $3.00per month)

² and the proximit y to the CBD (six miles).

The relationship betweenautomobile and bicycle parking prices is noted
by (Bullock & Fletcher 1976). They arguethat bicycle parking facility users
should not be subject to a parking chargewhereautomobile parking is pro-
vided free. Where an automobile parking charge applies, it is argued that
cyclists should be charged less,due to the comparatively high costsof pro-
viding car parking.

A similar approach is taken by the Brisbane transit system: \It was
noted that there was no chargelevied for car parking spacesand the cost of
provision of a car parking spacewasconsiderablygreater than the provision
of securebicycle facilities. After due consideration of these issues,it was
agreedthat no charge would be levied for the useof securebicycle storage
facilities" (Gardiner 1993,page3).

From a survey of trial locker installations, (Loder and Bayly (Planning,
Engineering and Landscape Consultants) 1981, page 4) found that an in-
creaseof $10 in the price of locker hire had a signi¯cant e®ecton locker
demand. Dependant on the theft rates at the location and the characteris-
tics of the existing cyclists, between5 and 15 percent of locker userswould
no longer want a locker if the price of hire rosefrom $5 to $15per quarter.
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3.6.7 Various Parking T yp es in use at Australian Stations

From (Vincett 2002) it can be seenthat the majorit y of the bicycle parking
spacesat Melbourne stations are \rabbit ear" racks. Theseracks, consisting
of a small loop of metal embeddedin the ground, do not meet the Australian
Standard, as they only allow the front wheelof the bicycle to be securedto
the stand. (Parker 2002)identi¯es only 630bicycle locker currently available
at Melbourne stations.

Designsto increasethe security of these\rabbit ears" have beentrialled,
but with little apparent success(Loder andBayly (Planning, Engineeringand
Landscape Consultants) 1981). The increasedcomplexity of the upgraded
rabbit earsmakesthem di±cult for cyclists to usewithout instruction, and
hencethey have donelittle to reducetheft.

Locker designshave beendeveloped and published in (Loder and Bayly
(Planning, Engineering and Landscape Consultants) 1981) and (Gardiner
1993). (LoderandBayly (Planning, EngineeringandLandscapeConsultants)
1981, page 50) note that \Lo cker manufacturers have not been willing to
develop and market bike lockers becauseof the unknown market". Public
transport authorities have beenhesitant to order lockers,and hencesuitable
designsfor lockers are not widely developed. (Parker 1993) suggeststhat
bicycle lockers in the Netherlands are cheaper to build and install than in
Australia due to the economiesof scale. They are produced to a modular
designand in large quantities, reducing the cost of each locker.

(Parker 2002)reports that the lockersdesigndevelopedand manufactured
in Brisbane (see(Gardiner 1993)) is relatively successful.So far there have
beenno recordedbreak-insto this locker design.

3.6.8 Securit y of Station

Unfortunately, in the modern world, the threat of terrorism and war a®ects
eventhe humble bicycle. Transportation systemsareseenasa possibletarget
for bombings and other terrorist activities. John Anderson, minister for
transport in Australia, commented that bike lockerscreatea weaknessin the
security of railway stations and other transport facilities (Anderson 2004).
It is argued that bicycle lockers could be used to hide explosives or other
threats to public safety within closeproximit y to travellers.

However, (Holladay 2002,p118-9)suggeststwo ways of dealingwith this
security problem. Firstly, \every locker should be allocated to a known and
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traceableuser. The useof a locker rental agreement hasenabledsomeloca-
tions in the UK to remain operational under conditions of security alert".

Secondly, lockerswith seethrough doors can allow inspectionsfrom out-
side, without compromising the secuirty of a bicycle parked inside. Such
designsare currently in usein the UK.

It appearsthat with appropriate facility designand management of users,
the threat of terrorists using bicycle lockers for attacks can be greatly re-
duced.
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3.7 Bicycles on Board

Rather than parking their bicycles, an alternative available to many dual-
mode cyclists around the world is the `piggy-back' mode. In this trip type,
the cyclist takes their bicycle on board the public transport vehicle with
them. This enablesthe bicycle to be used for both the accessand egress
sectionsof the journey.

(Replogle1984)suggeststhat the abilit y to carry a bicycleon boardpublic
transport makesit possibleto travel almost anywherethrough metropolitan
and somerural areas. Such °exibilit y and range is usually only available to
automobile users.

Bicycle on board systemscan alsomake hilly cities more bicycle friendly.
\In Germany it is common in some very hilly places for cyclists to ride
their bikes downhill and, when going uphill, to take their bikes by taxi!"
(McClintock 1992a,page72).

(Glasson1984)observesthat a `piggy-back' trip requireseither:

² a bicycle that can be folded down and readily carried on board the
transit vehicle

² a transit vehiclethat, without modi¯cation, can carry bicycles

² a vehiclethat is speci¯cally equipped to carry bicycles

(Glasson1984)suggeststhat the majorit y of piggyback travel in Australia
is of the secondvariety, with cyclistsusingsparespaceon trains to transport
bicycles. However, combining bicycles with a private car, either using a
specialbicyclecarrier or putting a partially disassembled bicyclein the trunk,
is becomingmore widespreadin Australia.

Folding bicycles are yet to make a signi¯cant impact in the Australian
bike market. Thesebicyclesarevery usefulfor dual-mode trips. They reduce
the problemsof maneuvering through crowds in stations, and take up little
spacein the public transport vehicle. However, the small wheel diameter
typical of a folding bike reducesthe energye±ciency, and hencethey are not
well suited to long cycling trips.

(McClintock 1992a)suggeststhat providing facilities for bicycleson board
trains is quite di±cult comparedto providing cycleparking at stations. Many
trains and busesdo not havespacesuitable for bicycles,having beendesigned
for passengersonly (The US Department of Transportation 1993,page75).
(Holladay 2002, p125) suggeststhat many of the new designsfor transit
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vehiclesmake \the carriage of bikes impossibleor extremely di±cult, even
outside peak hours".

Many transit operators also charge high fares for bicyclesto discourage
passengersfrom bringing them on board. Restrictions are often imposed
which ban bicyclesduring peak times due to congestionand lack of space.
(The USDepartment of Transportation 1993,p75) suggeststhat such restric-
tions are unnecessaryas \cyclists, using their own common sense,tend to
naturally avoid bringing bicyclesinto rail carsduring crowded rush hours".

Transit operators often fear delays causedby the loading and unloading
of bicycles. Such fearsare gradually being dispelled in Europe, as the useof
bicycleson trains becomesmore widespreadand transport operators realise
that such fearsare unfounded(Holladay 2002).

The use of °exible spacewithin transit vehiclesis a way to provide for
bicycles,without reducing peak hour capacity (Holladay 2002). Bicycle ar-
easwith folding seatscan allow for both o®-peak bicycle storage,and peak
time passengeruse. Similarly, areasset asidefor disabledpassengerscan be
equipped for bicycle usewhen not otherwiserequired.

Accessinto the transit vehiclehasa signi¯cance in°uence on using bicy-
cle storageinside transit vehicles. Automatic-doors can causeproblemsfor
cyclists,particularly in vehiclessuch astrains wherethe passengerand driver
have little direct contact. Getting bicycles in and out of trains if the train
and platform are not at the samelevel can be di±cult for cyclists (Doolittle
& Porter 1994). (Holladay 2002)identi¯es small entry/exit ways in busesas
the limiting factor in allowing bicyclesinside the vehicle. Where the bus has
an entry wide enoughfor only onepersonto passat a time, it is very di±cult
to get a bicycle inside.

Many transit operatorsintroducea permit systemfor the carriageof bikes
on board transit vehicles. Such permits, usually costing a nominal amount,
allow transit operatorsto assessthe number of dual-modecyclistsand ensure
that usersare familiar with the rulesand regulationsfor carrying bicycleson
board. However, (The US Department of Transportation 1993)suggeststhat
information postedin vehiclesandat stationsis enoughto ensurethat cyclists
are aware of how the systemworks, and avoids the cost of administrating a
permit system. Permit requirements can also have an e®ecton demand,as
tourists and occasionaluserswill be lesslikely to use the system (The US
Department of Transportation 1993). No Europeansystemrequiresa permit
for having a bicycle on board, although someoperators chargea fare.

However, a permit system is a useful way of contacting users to in-
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form them about changesto the system,or to gain feedback on the service
(Holladay 2002). This can be particularly useful during the trial of new
systems.

(Holladay 2002)identi¯es clearconditionsof carriageasimportant in the
implementation of bicycle on board systems.\Clear and simple information
on how and when you can travel...will generateuse."

3.7.1 Bicycles on Buses

The integration of bicycles and busesis an area that has received a lot of
attention in America. With a large amount of road infrastructure already
available, the combination of bicyclesand busesis an e®ective way to service
a spread-outpopulation.

There arefour main ways to transport bicyclesaswell aspassengersusing
a bus. The ¯rst is to placethe bicyclesinsidethe bus,either in the passenger
cabin or in the luggagearea. (The US Department of Transportation 1993)
identi¯es bicycle carrying racks attached to either the front or rear of the
bus as two other methods. Using a specially built trailer to carry bicyclesis
identi¯ed by a number of other writers. Notable amongsttheseis (Pound &
McCuen 1975),in which the development and operation of a van and trailer
systemto transport bicyclists is detailed.

The useof trailers is thought to be inappropriate for urban bus routes.
They \are di±cult to manage... and take time to load. They also require
extra spaceand driver skills, especially when used in the restricted space
of city streets" (Holladay 2002,page137). The San Diego - CoronadoBay
Bridge Shuttle Service,(Pound& McCuen1975),while operating in an urban
environment, made use of two loading zonesto manageand supervise the
loading of the bicycle trailer. Such loading zoneswould probably not be
feasiblefor a bus making frequent stops along a long route. The possible
needfor a secondpersonto managethe trailer loading at stops would also
be a disadvantage to such a system.

Rear mounted bicycle racks su®erfrom someof the samemanagement
problems on urban bus routes. It was found during the operation of the
Humboldt County bike-on-bussystemthat the location of the rack at the rear
of the bus causedsigni¯cant management problems. The driver was unable
to observe the loading and unloading process,nor able to guard against
potential bike theft at stops. After two years,six bicycleshad beenreported
missing. Interferencewith accessto the bus engine is also mentioned as a
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problem with rear mounted racks, particularly for emergancymaitainence
out in the ¯eld(The US Department of Transportation 1993,p86).

Front mounted racks are proving popular with many transit operators.
As the racks are on the front of the bus, the driver can observe the useof the
rack and guard againsttheft at busstops. Such racks areonly able to accom-
modate two bicyclesat a time, which could easily lead to demandproblems
on popular routes. A number of di®erent commercialracks are available on
the market. Commercialdesignshave now alsoovercomethe incompatibilit y
with automatic bus washers(similar to automatic car washers,only bigger)
that was a drawback of earlier models (Sportsworks 2003).

The Brisbane City Council is currently running a trial of front mounted
bicycle racks on 4 bus routes. So far the racks seemto be successful,with
almost 1,800usesin the ¯rst 12 months. The racks are a commercial rack
manufactured by Sportsworks, which have been modi¯ed to meet the re-
quirements of the Council and QueenslandTransport. The racks cost $5000
to purchase,modify and install on each bus. The buseswith racks operate
under an over-length permit, due to the increasein bus length causedby the
addition of the racks (Savage2004).

The permit requirement for the operation of the Brisbane system is an
issuethat will have to be looked at by any bike carrying project (other than
internal carriage). The addition of bikecarrying facilities alters the character-
istics of the bus. Ensuring that the bus remainswithin designspeci¯cations
for roadways and busstop facilities is important. This may requirealteration
of the bicycle carriage facilities, as in Brisbane, or alteration of roads and
stopson the bus routes being necessary.

3.7.2 The Express Bicycle Bus

(Eggleston 1973) describes an expressbus designedspeci¯cally for bicycle
use. Unfortunately for this study, a copy of the paper hasnot beenavailable,
however (Parker 1979b)givesus a synopsis(seealso ¯gure 9).

The expressbus would tow a bicycle trailer, and only stop every 3 miles,
with commuters covering the last 2 miles or soof their journey on a bicycle.
As this systemis speci¯cally designedwith bicycleaccessand egressin mind,
the bus doesnot have to stop asoften asa regular passengerbus. Although
time would be taken with loading and unloading bicycles, the reduction of
the number of stopswould result in an averagespeedof up to two times that
of a regular bus.
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Figure 9: Expressbus designedspeci¯cally for bicycle access(Parker 1979b)
and (Eggleston1973)
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This total system has the advantages of a local bus service, as far as
getting travellers directly to their destinations. However the use of an in-
dividual bicycle to cover the `last mile', rather than the entire bus, would
signi¯cantly decreasetotal travel times for passengers.This system would
be most e®ective along a freeway, wheretra±c speedsare relatively high.

(Parker 1979b)alsosuggestssomeother travel systemsinvolving bicycles
on board. These systemsaim to solve the problem of getting passengers
directly to their destinations. The di±cult y of covering the `last-mile' signif-
icantly reducethe e®ectivenessof sharedminibus and car pooling. If passen-
gersaccessthe sharedvehicleon foot they needto bepickedup comparatively
closeto their homes. Using a bicycle for accessexpandsthe catchment of
the sharedvehicle `stop'. The sharedvehicle doesnot needto pick passen-
gersup directly from their homes.Instead, passengerswho live closeto each
other can all cycle to a nearby central location, and be picked up together
in one stop. Bicycle accesscould allow sharedvehiclesto collect passengers
from acrossa greater land area,and more quickly than is possiblewith only
walking access.

3.7.3 Bicycles on Trains and Trams

Trams and trains do not o®er the samepossibility of external carriage of
bicycles as buses. However, there is generally a greater amount of space
inside thesevehicles,and hencebicycle storageinside is much morepractical
than on buses.Trains alsoo®erthe possibility of bicycle carriagein luggage
wagonsor other such facilities.

(McClintock 1992a,page70-1) mentions two examplesof external bike
systemslinked to trams. Basle, in Switzerland, has a special bicycle tram
trailer that can be rented by groups at weekends. Stuttgart in Germany
likewisehasa bicycle trailer in the hilly suburb of Degerloch (see¯gure 10).

The exact details of how thesetram systemswork are not apparent from
the descriptionof (McClintock 1992a).However, translation of thesesystems
to the extensive tram systemin Melbourne could be a possibility.

3.8 Bicycle Hire Systems

A bicycle hire servicewas introduced in the 1950sat Swissstations, as a
servicefor travelling salesmen.Acrossmany European and Japanesetrans-
port systemscycle hire at stations is widespread(McClintock 1992a). Such
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Figure 10: Carriageof bikeson the rack and pinion railway servingthe hilly
suburb of Degerloch, Stuttgart, Germany (McClintock 1992a,page72)

systemsallow commuters, casual usersand tourists to use a bicycle when
they needone, without the hassleof bring their own bicycleswith them on
the transit service.

Cycle hire facilities are often linked with guarded bicycle garages. In
Germany, the fee for hiring a bicycle is the sameas the fee for parking a
bicycle. A hired bicycle can be returned to a di®erent station to the one
from which it was hired (Bohle 2002). Such systemsallow a great level of
°exibilit y for travellers.

Japaneserental systemsallow customersto purchaserental privilegeson
a monthly basis. \They are then entitled to take a bicycle from the system
whenever they wish, although it will often be a di®erent bicycle than they
usedbefore" (Replogle1993). The bicyclesavailablearea standard type that
is easilyadjusted to suit each rider. Several advantagesto such a systemare
noted:

² Since all the bicycles are the same, provision to accessa particular
bicycle is not necessary. The storage density can be greater than is
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possiblein standard bicycle parking facilities.

² Bicyclesusedby clients commuting in the peakdirection canbe rented
to clients travelling in the opposite direction throughout the day, lead-
ing to a high level of vehicleutilisation.

With bicycle hire facilities using a standard, massproduced bicycle the
cost of each bicycle can be quite low. \Go od quality machines can be im-
ported for as low as $70each..." (Parker 1979a)

However, e®ective management of the system is important for success.
(Holladay 2002) points to the history of failure of free bicycle systems. \A
schemethrough which the bikescan be maintained and usersmaderesponsi-
ble for their return" would seemthe major stumbling block of a free bicycle
system. Ensuring that such problemsdo not alsoe®ectbicycle hire systems
would seeman important point for success.

While widespreadbicyclehire facilities arepopular acrosstransit systems
overseas,they would appear to be di±cult to implement in Australia at
this time. The large expenditure on a stock of bicycles, and the risks of
maintenance and return systemsnot working properly, appear the major
disincentiv e. Implementing cycle hire systemsin addition to guardedcycle
parking would appear the most sensiblecourse. Once a widespreadsecure
parking system exists, and cycling to railway stations becomespart of the
transport culture, the addition of cyclehire facilities would appear relatively
straight forward.

3.9 Promotion of Facilities

The Geelongbicycle plan introducedthe conceptof the 4E's to bicycle plan-
ning in Australia. Engineering,Education, Encouragement and Enforcement
wereseenas the four areasthat required attention to increasebicycle usage
(Sach 1984).

Encouragement is the processof promoting the use of bicycle facilities.
A perfectly engineeredbicycle facility is uselessunlesspeopleare encouraged
to make useof it.

This appliesdirectly to dual-mode facilities. Combining the bicycle with
public transport is not always an obvious way to travel, particularly in car
dominated societies. \Man y peopleare unaware of how to usea bicycle as
part of a travel itinerary other than by cycling the whole journey"(Holladay
2002,p 138).
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(Parker 2002) identi¯es the e®ectthat the \bush telegraph" has on the
level of useof bicyclefacilities. \In Brisbane,cyclistsusingthe lockersspread
the word about how secureand convenient they are". However, relying on
promotion by word of mouth will do little to spreadthe word beyond people
who are regular cyclists.

(Holladay 2002)and (The US Department of Transportation 1993)both
identify that simple information and signagearound transit facilities can
do much to promote dual-mode transport to current transit users.However,
\while this may freeup capacity in overcrowdedpark-and-ridelots, it will not
attract many new riders to transit" (The US Department of Transportation
1993,p138).

Promotion through local newspapers as well as at transit facilities is
identi¯ed an important part of encouragingdual-mode travel by (Austroads
1999b). (Parker 1979a) suggeststhat an even greater level of promotion
is required to \sell the idea" to the community. (Parker 1979a)points to
large government campaignssuch as the `Life Be In It' program, and pri-
vate sectormarketing strategies,as a model for dual-mode promotion. The
Geelongbike plan recognisedthat \the successof public relations and mar-
keting. . . is dependent upon the enthusiasmand quality of thoseworking on
the programs"(Sach 1984). Possibly recognisingthat engineersare proba-
bly best left to do the engineeringrather than the encouragement, a public
relations consultant was employed by the Geelongbike plan to develop a
program of promotion.

It appearsfrom the literature that promotion is a key component of the
successof a dual-mode transport system. In placeswhere the combination
of the bicycle and transit is not already part of the culture of transport,
promoting these alternatives is a vitally important part of any program.
Concentrating e®ortsacrossall of the 4 Es, rather than just the engineering,
is an important part of implementating a dual-mode system. Promotion
shouldalsoencompassall membersof the community, not just current public
transport users.

3.10 Managemen t of Facilities

An appropriate method of managment is mentioned asimportant for the suc-
cessof dual-mode transportation. The needfor two levelsof management is
identi¯ed by (Hemmings,Barnes,Favier & Johnston1995). \The ¯rst is the
day to day running of the lockers,mainly issuingkeys,collectionany monies,
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and visually checking for signsof vandalismor disturbance. The secondlevel
requiresstrategic planning that oversees,advertisesand promotesfacilities,
monitors demandat the variousstations, providesadditional facilities if nec-
essaryand organisesand major repairs".

The management systemof the Brisbane locker program is identi¯ed as
an important part of its successby (Parker 2002). Simple hire and renewal
proceduresmeansthat station sta®do not needto do much work to manage
the lockers.

(Parker 2001)mentions two examplesof poorly managedbicycle facilities
at Melbournestations. At Balaclava station the key to the bicycle cage\has
to be picked up at the newsagents on Balaclava Road. The cyclist then has
to walk approximately 60-70m...to the cage...(After locking the bike in the
cage)The cyclist then must return the key". Meanwhile, at Footscray \if a
cyclist wants to hire a locker, sta®tell them to phonethe council and when
the council is phonedthe contact is somepersonwho only works there two
days a week and is di±cult to contact"(P arker 2001). It is clear that such
poor management of facilities reducesthe conveniencefor cyclists, and is a
severeobstacleto increasingusage.

Designersof such systemsneedto recognisethat no matter how well en-
gineeredthe facilities are, if the management is poorly implemented they will
get little use. A whole system approach needsto be taken, with attention
given to the entire systemrather than just the engineering.It seemspartic-
ularly important to have locker hire servicesavailable from local sta®, but
using a simple systemthat is consistent acrossthe whole transit system.

3.11 Factors A®ecting the Implemen tation of Dual-
Mo de Bicycle Programs

One is left to wonder why the implementation of Bicycle and Ride facilities
is so advancedin Japan and parts of Europe, yet still relatively unknown in
Australia and many other parts of the world.

(Parker 1979b)points us towardsthe wordsof (Eggleston1973): \When I
beganwork on this project about four yearsago,I thought that the engineer-
ing and construction of the trailer would be the most di±cult problems in
getting the systemgoing. It turned out that the political and ¯nancial prob-
lemsweremuch harder and took much longer to solve". Likewise(Doolittle
& Porter 1994)suggestthat complicateddecisionmaking processesand wor-
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ries about systemcostsdeter implementation, particularly in larger transit
organisations.

(The US Department of Transportation 1993) suggeststhat thesedeci-
sion making problemsare exacerbatedby the fragmentation of planning for
bicycleson transit acrossvarious authorities. While running a transit sys-
tem is the domain of the transit operator, and managingroadsthe domain of
the road authority, the management of dual-mode bicycle systemsfalls into
the gapsbetweenorganisations. \P oorly developed inter-jurisdictional and
inter-agencycooperation often impedesconsiderationof the door-to-door ex-
perienceof usingpublic transportation. It is not unusual for several di®erent
agenciesto maintain independent and poorly coordinated control over the
various facilities that are usedby someonewalking or cycling to and from a
singletransit stop."

A view of bicycle facilities asbeingan add on to transit projects is alsoan
signi¯cant impediment to dual-mode transport. Rather than being integral
part of the designof a facility, alongwith automobileparking and pedestrian
access,bicycle parking and servicesare usually added on later as a special
project. ((The US Department of Transportation 1993);(Parker 2004a)).

Modern planners also seemto seethe bicycle as an antique of a less
developed time. (Replogle 1991) notes the attitude of planners in China
that the bicycle does not have a place in modern transport:\As has been
shown in the developed countries, the tra±c role of bicycleswill gradually
phaseout when urban transportation becomesmodernised...Such examples
shouldserveasour referencein the planning of our future urban development
(Fengkui 1986).

Likewise(Hoda 1987) suggeststhat modern research is focusedon high
tech solutionsto transport problems. \Research on Indian modesof transport
like bullock carts, horsecarts, and rickshaws is consideredsubstandardand
below dignity". The study of low cost solutions to transport, such as the
bicycle,is ignoredby researchersfocusingon high tech andexpensivesystems.

The political and attitudinal problemsa®ectingthe implementation bicy-
cle programsare not contained just within transit organisations. This may
be a re°ection of a wider political view of the bicycle. Referring to the In-
dian situation (Replogle1991)says \The wholesaleassaulton trishaws and
bicycleson safety grounds is simply an expressionof the political power of
automobileusersand motorisedpublic transport interestswho resent sharing
road spacewith slow non-motorizedmodesusedby the poor"

A signi¯cant number of papers mention that successfuldual-mode bicy-
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cle programs are often due to `insiders' within transit organisations. Such
peopleare identi¯ed as the catalysts and supporters of dual-mode systems,
and are usually keen cyclists themselves. However, upper level policy and
management support are important for the programs success(Doolittle &
Porter 1994). A lack of interest and support from the management and
operations sta® is the reasonthat Melbourne has few dual-mode usersor
facilities (Parker 2004a).

Thesepolitical problems, and the subsequent lack of ¯nancial support,
appear to be the major factor impeding dual-mode travel development in
many countries, including Australia. Engineeringsolutions for bicycle com-
binatitions transit are relatively simple and inexpensive. However, convinc-
ing key policy makers that thesesystemsare worthwhile, and then gaining
management support to implement them, seemsto be the major obstacles
to widespreadadoption.
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4 Discussion

The importance of taking an entire systemapproach to implementing dual-
modefacilities hasbeenemphasisedby the literature surveyedin this project.
Facilities needto be connectedtogether to form a completenetwork for bi-
cycle users. The e®ectivenessof individual projects, such as secureparking
provision, will be low unlessconsiderationis given to the whole of the dual-
mode journey. The connectionof bicyclepaths directly to stations and stops,
the designof facilities to help cyclistsget into and around and the implemen-
tation of bicycle-on-board programsare all components that can encourage
dual-mode bicycle travel. Just providing bicycle parking is not enough. De-
signersneedto considerthe entire door-to-door experienceof usinga bicycle
with public transport.

A dual-mode bicycle trip will involve the useof facilities constructedand
managedby a number of di®erent groups. Local councils, road authorities,
transit operatorsand state governments needto ensurethat bicycle facilities
do not su®erfrom connectionproblemsacrossmanagement boundaries.The
development and running of facilities needsto be well integratedacrossjuris-
dictional boundaries.This is of particular importancein dual-modeplanning,
as the transfer from bicycle to transit will always involve a changeof facility
management as well.

Like any multi-modal trip, dual-mode bicycle trips are only as strong
as their weakest link. A single poor bicycle path connection approaching
a station can have a dramatic e®ecton the use of secureparking at that
station. Even if the parking is exceptionally well designed,it will not be as
e®ective as it could be due to a weaknesselsewherein the multimodal chain.

Considerationof all the factors a®ectingdual-mode bicycle usageis im-
portant for the successof dual-mode programs. Similar to the e®ectthat a
single weak link has on an entire fual mode trip, a weaknessin just one of
the factors a®ectingbicycle usagecan signi¯cantly reducethe attractiv eness
of bicycle travel. Theft rates, the dangersof automobile tra±c and lack of
cargocapacity are all concernsthat can be overcomewith improvements to
the education, engineering,enforcement or encouragement associated with
the dual-mode system. However, even a single unaddressedweaknesswill
have a signi¯cant a®ecton a potential cyclists. It may be that a weakness
in one area is the only reasonpreventing a personfrom using a bicycle for
short trips and dual-mode transportation.

While there has been a large amount of research into the successesof
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Europeanand Japaneseprograms,there is not much research on Australian
or American projects. Likewise, comparisonsbetween the e®ectivenessof
di®erent types of bike and ride systemshave not been greatly researched.
This is mainly due to the lack of implementations of dual-mode bicycle sys-
tems. Other than in parts of Europe and Japan, dual-mode systemsare
under developed, or not present at all. Lack of research into this area is a
direct result of the lack of transit systemsaround the world catering for dual
mode travellers. The current gapsin knowledge- particularly about bicycle
catchment areasand the importance of factors a®ectingdual-mode bicycle
use- are symptomatic of the lack of data from real world systems.

As such, much of the literature reviewed in this survey takesa qualitativ e
approach. Many papers describe the systemsthat have been developed in
Europe and Japan and how thesesystemscould possiblybe implemented in
America or Australia. However, such papers lack the quantitativ e ¯gures to
support the suggestedimplementations.

Quantitativ e data in this area is relatively scarce. Other than in Japan
and Europe, samplesizesfor surveysare relatively small. For example,(The
US Department of Transportation 1993)cites a study that surveyed only 73
people. The accuracyof the results of such surveys is questionable. Some
researchers have sought to used stated-preferencesurveying to gain data.
However, such surveys are not necessarilyan accurate assessment of what
will actually happen if dual-mode systemsare put into place. For e®ective
research to be doneon dual-mode systemsin Australia, implementations of
both demonstrationand full systemprojects are necessaryto obtain quanti-
tativ e data.

The lack of implementations of dual-modesystems,in Australia in partic-
ular, alsohasan e®ecton the viewpoint of the literature. Someof the work
by Parker publishedin Australian cycling magazineshasa political comment
feel to it. Audiencesfor such articles comefrom a strong pro- or anti-bicycle
viewpoint, rather than the apolitical audiencestypical in scholarly work.
Researchers in this area have to spend much of their time convincing their
audiences(transport planners and politicians) that dual-mode systemsare
worthwhile. By the time a writer has¯nished convincing their audiencethat
dual-mode systemsare possiblya good idea, there is little spaceleft over for
actual research into the di®erent typesof dual-mode systems.However, with
the current gradual change in attitude towards support bicycle programs,
researchers will be better able to look into the characteristics of di®erent
dual-mode systems,rather than having to always comparedual-mode sys-
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tems as a whole with car travel.
It is interesting to note that this literature survey has found only two

major arguments against supporting dual-mode transport. The ¯rst is the
addedcost of providing bicycle facilities. While the costsof bicycle facilities
on their own can appear quite large, the hidden costsof automobile park-
ing, congestionand pollution are many times as large. The lack of a system
wide view when assessingdual-mode bicycle costsappearsto be the largest
impediment to further expenditure in this area. The costsof providing au-
tomobile parking and new highways are seenas somethingwe have to have,
whereassmallerexpenseson bicycle facilities are consideredextravagant and
unneccessary.

The secondargument againstdual-modesystemsdiscoveredin this review
is a feeling that the bicycle is somehow not `modern' enough for current
transport systems. It is interesting to note that while a bicycle-like vehicle
was ¯rst invented in 1790 by Comte Mede de Sivrac of France it was not
until the 1970sthat the modern derailleur gearsystemwas added. Bicycles
are a modern machine using modern technology and materials in much the
sameway as an automobile. The main di®erenceis that oneruns on petrol,
and the other is human powered.

We needto realiseasa society that usinga oneton pieceof metal, rubber
and plastic is not necessarilythe best way to transport a single commuter
with a small amount of baggage.Automobilesmost de¯nitely will continueto
havea placein most transportation systems.However, in the faceof increased
pollution and congestionthe encouragement of non-motorizedalternatives,
particularly in conjunction with public transport, is becomingan important
alternative for transportation planners. The development of such alternatives
is a crucial part of a modern transportation system.
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5 Recommendations for Future Research

5.1 Australian Research

Australia is signi¯cantly behind much of the world in the development of
dual-mode bicycle systems. Hence, potential future research in Australia
should be aimed at evaluating the systemsin use in Europe, Japan and
other parts of the world, and translating aspectsof them into the Australian
context.

The distinction between pure research and design and implementation
will blur somewhat in this area. With few dual-mode systemscurrently
implemented around Australia it is not yet possibleto fully investigate the
factors particular to Australian dual-mode travel.

5.1.1 Research Material Av ailabilit y

Even with the high levels of development of dual-mode systemsoverseas,
there is a surprisingly limited amount of research material available in Aus-
tralian libraries on this topic. Two particular absenceshave been noticed
during this literature review:

1. (Replogle1983)wasthe ¯rst major English languagework on this topic.
Based on a PhD thesis, this text was possibly the ¯rst instance of
dual-modebicycleresearch beingtakenseriouslyoutsideof Europe and
Japan. The majorit y of the literature reviewed in this report cites this
work as a reference.Unfortunately, it doesnot appear to be available
in Australian libraries. (Parker 2004b) suggeststhat he has the only
copy of this text in Australia. The lack of this text from Australian
libraries is signi¯cant impediment to local research.

2. The Velo-Mondial conferenceseriesseekto examineways of reducing
pollution and tra±c congestionand increasingroad safety, economic
development and accessibility through the useof bicycle initiativ es. A
large number of papers presented at theseconferencesexaminedual-
mode bicycle systemswithin this context. Unfortunately, the proceed-
ings from theseconferencesare not readily available in Australian li-
braries. A number of Velo-Mondial papers are available from overseas
via the internet; however, this doesnot include the bulk of the material
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from theseconferences.This seemsto be another gap in the literature
that could hold back research in this ¯eld in Australia.

In addition to these two major absencesfrom Australian libraries, it is
expectedthat there are many other dual-mode related publications available
from Europe and Japan that are not available here. An examination of the
literature available overseas,particularly non-English-languageliterature, is
an avenue for future research in this area.

5.1.2 A Review of the Brisbane Bik e-on-Bus Program

The Brisbane Bike-on-Busprogram has been run as a trial program since
October 2002(Savage2004). A reviewof the e®ectivenessof this project and
its application to other Australian locations is an avenue for future research.
Research looking into the transport and road usepermits that werenecessary
for the Brisbaneproject, and the limitations of similar permit requirements
in other statescould alsobe performed.

5.1.3 A Review of the Progress Made by the Australian Cycling
Strategy

As part of the Australian Cycling Strategy, (Austroads 1999a)identi¯es the
increaseof multi-mode trips involving bicyclesand public transport asoneof
the strategiesto increasethe level of cycling and cycling facilities, aswell as
\pro vide the community with transport choicesthat improve equity among
transport users". The Cycling Strategy was launched in 1999,and hasa ¯v e
year period. A review of the progressmade to increasedual-mode facilities
and trips, in line with the Cycling Strategy, is an areafor further research.

5.1.4 External Bicycle Carrying Facilities for Trams

The adaptation of the external bicycle carrying facilities attached to trams,
discussedin section 3.7.3, to the Melbourne tram network is an area for
further investigation. While this is possibly more of a designproblem than
pure research, it is an area that doesnot appear to have beeninvestigated.
Bike carrying facilities attached to buseshave beenwell researched and are
commerciallyavailable to Australian transport operators. A similar product
designedfor usewith a tram doesnot appear to be so readily available.
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5.1.5 Comm uter Bicycle Sales in Australia

The Australian bicyclemarket appearsto begearedmostly towardsproviding
of sports and o®-roadbicycles. In comparisonto many Europeancountries,
there seemsto be a lack of commuter style bicycles on sale in Australia.
A similar lack of folding bicyclesalso seemsapparent in Australian bicycle
stores. Research into the market forcesa®ectingthe types of bicycles that
are sold in Australia could be a valuable step towards understanding these
apparent trends.

The development of an `Australian' commuter bicycle, with equipment,
cargocarrying facilities, weather protection and other inclusionsto make it
suitable for the Australian environment and commuter market is a possible
outcomeof such research.

5.1.6 Institutional Imp edimen ts in Australia

It wasdiscussedin section3.11that interjuristictional and interagencycoor-
poration is neccessaryfor dual mode transportation systemsto succeed.A
dual-mode cyclist will use facilities managedby a number of di®erent or-
ganisationsduring a door-to-door trip. The education, encouragement and
enforcement components of bicyclingm, both generallyand for speci¯c dual
mode systems,will likewisebe managedby further di®erent organisations.
It is not surprising that dual mode cycling can fall into the gaps between
organisations.

THis appearsto be the casein Victoria with the following organisations
involved:

² Bicycle Victoria: Education and Encouragement

² Victoria Police: Enforcement

² VicRoads: Engineering

² Private Transport Operators (Tram, Bus and Train): Engineeringand
serviceprovision

² Local Governments: Engineering

² Department of Infrastructure and State Government: Engineeringand
Transport policy
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² Critical Massand similar organisations:Encouragement (political)

Further research in this area could involve a study of the relationships
between theseorganisationsand the ways in which they work together (or
againsteach other) on bicycling policy and projects. Victoria hasa good his-
tory of inter-agencycoorporation. The GeelongBike Plan Committee drew
membersfrom a largenumber of organisations,with quite variedpro®essional
backgrounds. Wether this samecoorpoation exists without the formality of
a Bike Plan committee is an areafor investigation.

5.1.7 Station Securit y

Section3.6.8discussedthe implications of bicycle parking, particularly lock-
ers,on station security. While other countries (in particular Britain) appear
to have delt with this problem, Australia is only now starting to addressthe
issue.

The investigation of locker designsand locker management systemsthat
reduceor eliminate the potential of bicyclefacilities to beusedto hide bombs
or other weapons is an avenue for futher river.

5.2 Wider Research

Outside of the implementation and research of dual-mode systemsin the
Australia, a needfor research in a number of areashasbeenidenti¯ed during
this literature survey. Such research could be of a wider use to dual mode
systemmanagersand plannersaround the world.

5.2.1 Factors A®ecting Cycle Use

The speci¯c factors a®ectingthe usagelevelsof bicyclesfor dual-mode trips
are asyet not fully understood. A very large rangeof factors appear to have
an in°uence on the likelihood of peoplechoosing to use dual-mode bicycle
transport, the the relative importance of each factor is not yet clear.

Research to determine the important factors for dual-mode trips and
to quantify the relative importance of each factor is a direction for future
research. While the governing factor will vary considerably from location
to location, it may be possibleto develop a general importance ranking of
factors a®ectingdual mode transport.

70



5.2.2 Catc hmen t Area for Bicycle Trips

It was found in section 3.4.4 that the literature does not agreeon bicycle
accessdistancesfor a station or stop. Research to de¯ne this catchment
area,possiblysimilar to that donefor walking and car accessby (Lutin et al.
1981),couldbevery usefulfor the planning and implementation of dual-mode
systems. With an accurate catchment area ¯gure transit operators could
also usedirect marketing and promotion techniquesto potential passengers
around each individual station or stop. Identi¯cation of the e®ectsthat
topography, theft rates, provision of facilities and other factors have on the
bicycle catchment areacould alsobe included in such a study.

5.2.3 Bicycle Access Transp ort Solutions

With new methods of transport, from demand responsive transit systems
to magnetic rail technology, currently being widely researched the bicycle
seemsto be getting left behind. The development of new methods of trans-
port basedaround bicycle accessand egress,such as the expressbicycle bus
and bicycle linked car-pooling proposalsput forward by (Eggleston 1973)
and (Parker 1979b), could help to include the many bene¯ts of dual-mode
transport in future transport systems.

The expressbike-bus proposal put forward by (Eggleston 1973) would
seemto have potential for use in the home to school transport of school
children. Time savings for bus travel to and from school could dramatically
increasethe catchment area of schools. The implementation of such a pro-
gram amongstyoungerpassengers,who generally tend to be more likely to
own bicyclesand already ride for recreation, would appear to have greater
chanceof suceedingthan amongst the adult population. Children are also
lesslikely to be e®ectedby many of the factors that discouragecycling use,
such asthe physical energyrequiredto travel by bicycle. Ensuring the safety
of school children while on the bicycle leg of a such a journey would be an
areaof concern.However, a complimentary safety educationprogramsimilar
to the model usedin the GeelongBike Plan's could be usedto addressthe
safety problems. As with all bicycle programs, such a program should not
be enactedin isolation, but as part of an area-wideprogram of engineering,
education,enforcement and encouragement.

High tech, pie in the sky, solutions to modern transport problemsdraws
a lot of research and development funding. Such new systemsare popular
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with the public (as lampooned to great e®ectin the Simpsons"Mono-Rail"
episode (O'Brien & Moore 1993)). (Hoda 1987), ¯ttingly from the Indian
Appropriate Technology Development Association, advocates a more real-
istic and inexpensive approach by developing new systemsaround existing
technology. The research of bicyclespeci¯c accesssolutionswould seemto be
an appropriate and economicallysound approach to developing new trans-
portation systems.
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