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1. INTRODUCTION AND OBJECTIVES

The research reported here was undertakepasatsof an Economic and Social Research
Council Project (R000237103) entitléycling and Urban Mode Choice. The scope of the
study is entirely commuting within an urban context.

The objectives of the study were:

e to better understand the intetians between car, bus, cycle and walk in an urban
context and to explain observed vaoas in cycle trip rates across towns.

e to be able to forecast the effect of aga of improvements toycling facilities on
mode choice

e to use the estimated models to evaluate some actual schemes

e to provide end users (eg caoftsnts, local authorities, cycling organisations) with a
tool to determine the effedf policy measures. In parti@r, to create models which
will enhance the performance of strategic, integrated transport studies.

The objectives of this paper are:

e to describe the methodology that was useaxamine cycling within an urban
mode choice context

e to outline the collectionf data required to estimate behavioural models
e to report the results of the estited mode and route choice models

e to provide illustrations of how the modsn be used to appraise improvements to
cycle facilities and cycling conditions.

The structure of this paper is as followsct8m 2 gives a briebverview of the policy
context of work on cycling in the UK and preus work in the area. Section 3 describes the
methodology used to collect the Revealed Pesieg (RP) and Statdeteference (SP) data
necessary for the model. Section 4 describesdata that was collected. Section 5 gives
details of the development of the model anche@mpirical results from the model that was
developed. Section 6 illustrates how the madeild be used to appraise improvements in
cycle facilities and cyclinganditions. Section 7 draws somenclusions from the work.



2. BACKGROUND

In the UK, the Government has endorsed tiational Cycling Strategy (NCS) and the
National Cycle Network (DETR, 1998; DoT, 199€onsideration for cycling is expected to
form a key part of the Local Transport Ranhich UK local authorities are now preparing
(DETR, 1999). The NCS targets specify ambitiousaases in cycle use and it is clear that it
is hoped that these increases will come abowt eesult of people choosing to cycle rather
than drive. With this increased interest, thex likely to be incresing demands for rigorous
evaluation of proposed schemes in terms ofeiases in levels of cling, modal shift and,
ultimately, the quantified benefits to existing and potential cyclists. Local authorities and
others need to be able to assess cycle tiasilto enable them to make decisions about
whether to invest in provision and to decloktween different schemes in a situation where
funds are not unlimited. It is anticipated that thodels derived frorthe research described
in this paper will be used to help appraisiedent cycle facilitiesand proposed schemes, to
predict the modal share consequences aeddate the benefits of investment.

In contrast with the vast amount of reseanttich has been conducted into understanding the
demand for motorised modes of transport, reddyidittle attention has been paid to the
slower modes of walking and cycling. In aiolh, what work theréhas been on possible
demand for cycling has been qudlita in nature, indicating thgeneral concerns of cyclists
and non-cyclists, rather than agyantitative evaluation of the igaitude of different factors.

This work has built on previousork in this area which has applied SP techniques to both
cycle route and mode choice to generateemionited quantitative models. Hopkinson and
Wardman (1996) showed, with a study of eydkcility provisionin Bradford, West
Yorkshire, that different values were placed difiedent attributes of alternative cycle routes.
They found that, for a commuter journey tbat 5 km, a bus and cycle lane on a busy road
was valued at 7 pence, a widdrlane on a less busy alternatiwas valued at 18 pence, a
segregated path alongside the less busyerm#s valued at 30 pence and a completely
segregated cycleway was valued at 71 peAoeimportant conclusion from this work was
that it showed that some new cycle faciitiean be economically gtified on the basis of
benefits to current cyclists, even imatimstances of relatively low cycle use.

Wardman et al. (1997) managed to derive estinafteslues of time for cycling in different
weather conditions and using diffat facilities. It was foundhat the value of time for
cycling varied from 2.87 pence per minute forip in fine weather on a segregated cycling
facility to 21.28 p/min for cycling in rainyral windy weather where there were no facilities.
Based upon fine weather conditions a fullygregated and continuous cycle path was
estimated to reduce the value of cycle time6b¥ p/min, which implied tht such a facility
would be worth about 201 pence for a cyderpey of 30 minutes, or the same as a 21
minute journey time reduction. In the same studyuhlue of car/bus time was estimated to
be 1.54 p/min. The value of some cycle facilitie=re also valued as part of this study and it
was found that a considerable premium ofp@fice was attached to the provision of secure
cycle parking.

Wardman et al. (1997) also forecasted theg@aiages of car users and bus users who would
cycle, given certain changesdagcle facilities, these rangéem 4.4% of car users and 4.6%
of bus users cycling (compardo a base of 3.0%) if annsegregated cycle lane were
available for their whole jourye to 12.9% of car wss and 16.7% of bus users cycling if a



segregated path with a 208fe saving, secure cycle pangi and shower facilities were
available.

This research project has logkat the factors which mighhduce more people to cycle in

the urban context, with theiprary aim of estimating the potea for reducing car traffic.
Models are discussed in thigper which can be ed to explain people’s choices between
car, getting a lift, bus, cycle and walk foretkommuting trip. These models are based on
detailed surveys of people’s actual mode choices and the facilities available to them, the
surveys also included hypothetical questipased about people’sade choice if various
aspects of their journey wereastged, in particular, if specificycle facilities were made
available.

3. METHODOLOGY

The study adopted a joint Revealeceference (RP) and StatBedeference (SP) approach to
the analysis of cycling within a mode choientext. In addition, # SP approach was also
used to examine cyclists’ route choices.

The main reasons for developin@dels on both RP and SP data are:

e RP data provides a firm basis in actbahaviour, and in particular provides the
forecasting model with appropriate mosiegecific constants and the appropriate
scale.

e SP methods provide additional data whallows more precise estimates to be
obtained.

e SP methods can examine factors which docootently exist, such as being paid
to cycle to work and, for most peoplanproved cycle facilities, particularly
cycleways and segregated on-road facilities.

e SP methods are more suited to the analysimctors which have what might be
termed a secondary influence on mode chaueh as the provision of facilities at
work.

Given the absence of suitable route choice ceésitexBritain, an RP approach to cyclists’
route choice is not feasible and hence thadyasis of these issues relies on SP data.

We set out the RP approach in section 3.4,3R mode choice appabain section 3.2 and
the SP route choice approach in section 3.3.

3.1 Revealed Preference Mode Choice

The intention had always been to use the RP approach to provide a firm analytical basis in
commuters’ actual mode choices. Howeverthasstudy progressed, it emerged that National
Travel Survey (NTS) data calibe used to enhance the mitidg opportunities based solely

on the data we had proposedctilect. The discussn below therefore dtinguishes between

the NTS data that can be uded modelling commuters’ modehoices and the RP data we
have ourselves collected.



3.1.1 National Travel Survey Data

The National Travel Survey (’\6) is a government funded sagof personal travel, and
yields information on weekly travel behaur along with socio-economic and demographic
details relating to the individijathe household and the tripging made. The first NTS was
undertaken in 1965/66, with further periodic surveys up to 1985/86. In 1988, the NTS has
been conducted on an annual basis, involajmgroximately 8000 individuals per year.

This study has made use of data for 198586 for the annual skeys between 1988 and
1997, and was obtained from the ESRC dathiee at the University of Essex.

The advantages of NTS data are that:

e it contains a very large amount of infation on mode choice for the journey to
work

e itis based on individuals’ actual choices
e it can be taken to be broadly representative of travel behaviour

e it can examine temporal variations asllwas cross-sectional variations in
behaviour

It therefore provides a valuable source ioformation which can be used to enhance
considerably models based on the much monited sample size obtained in our data
collection. Moreover, our RP sample turned be unrepresentative, with oversampling of
cyclists, whereas NTS provides a much monerasentative picture. Inded, Freeth et al.
(1999) state that, “The NTS the only source of national imimation on subjects such as
cycling and walking which prode a context for the results of more local studies”.

NTS indicates the usual means of travel to waikh the key modes of interest to this study
being car, passenger, bus, train, walk and cycle.

The travel variables contained in NTS which are of use in modelling commuting mode choice
are travel distance to work, bus serviceqfrency, walk time to bus stop, walk time to
railway station and bus time to railway sbati Whilst the individuals asked for times and
costs involved in travelling to work by the chosande, a deficiency as far as mode choice
modelling is concerned is thdétails of the rejecteshodes are not included.

We have therefore engineered the times and costs for all modes on the basis of the evidence
that is supplied for each of the chosen modéss is converted intoosts and times specific

to an individual by relating costs per mile aspkeds for each mode derived from the survey
evidence to the distance travelled. As a ltestithis, our initial modelling of this data
proceeded with caution, exploring the extenivuch this has introdwxd a source of error

into our modelling.

3.1.2 Purpose Collected Revealed Preference Data




By the use of a screening quesnaire, it was ensured thatl respondents to the main
survey were regular commuters, with a relativaiprt journey to work and that they felt that
cycle facilities could be madeffigiently attractive for them te@onsider cycling to work. All
those who passed the screen were also adb@at their age and their gender and house type
was also recorded.

Table 3.1 The Alternative Modes

Usual Mode
Alternative Car Driver Car Bus Cycle Walk
modes Passenger
Car Driver n/a no yesif can yesifcar | yesifcar
available | available | available
Car Passenger no n/a yady if | yesonlyif | yesonly if
car not car not car not
available | available | available
but lift is but lift is but lift is
available | available | available
Bus yes if bus| yes if bus n/a yes if bus| yes if bus
available | available available | available
Cycle yes yes yes n/a yes
Walk yes yes yes yes n/a

As part of the main survey a range of daere collected about respondents’ current mode
and possible alternative modes. Respondents inéially asked theiraddress, and various
guestions designed to elicit which alternatived®s were feasible for them. All respondents
were asked about their journey by theuwrrent mode, Table 3.8hows the range of
alternative modes that respondemtere asked about. Since thegd already said that they
might cycle if conditions were improved (as paithe screening survey), they were always
asked about cycling to work and they waiteays asked how long it would take them to
walk to work, but they were only asked abous bear driver and car passenger modes if they
were available to them.

The respondent was alwaysked about their current modest and then the range of

alternatives. The basic questions asked abatit geode are given in the following sections.
While the wording varied aceoding to whether the questiongere being asked about the
current mode or a possible alternative, moshefbasic information requested was the same.



Questions for current or potential car drivers

door to door travel time

time spent in congested conditions

walk to work time after parking the car

fuel costs

parking costs

details of any othesccupants of the car

what the car driver might do the car journey became muclsdeattractive, in terms of
alternative modes, changing job or movihguse (this question waonly asked if car
driver was the current mode)

Questions for current or potential car passengers

door to door travel time

time spent in congested conditions

walking and waiting times asso@atwith the lift to work

contributions to fuel and parking costs

what the car passenger might do if the carjeurbecame much less atttive, in terms of
alternative modes, changing job or movihguse (this question waonly asked if car
passenger was the current mode)

Questions for current or potential bus users

walk time to bus stop

wait time

bus frequency

bus journey time

time spent in congested conditions

walking time from the bus stop

whether a change of buses was required

ticket price

what the bus user might do if the bus joyrtecame much less attractive, in terms of
alternative modes, changingbj or moving house (this questi was only asked if bus was
the current mode)

Questions for current or potential walkers
e walk time
Questions for current or potential cyclists

The questions concerning cycling as the resparglenain mode or as an alternative were
more detailed and covered:

e Travel time, broken down according to time spemffive different types of road or cycle
provision, these were:



a) Completely segregated cycleway with no nnisted traffic on it, an example of this
type of provision might be the routesve®ped by Sustrans on converted railway
trackbeds.

b) Segregated on road cycle lanes, tharravision which follows the line of the road
but is segregated from it.

c) Non segregated on road cycle lanes on magads, these could be bus lanes or
cycle lanes on the road segregdigda broken white line only.

d) Major roads with no fadties for cyclists.

e) Minor roads.

e Time to walk to work after parking the bicycle.

e Facilities available at work, such as seceycle parking, changing rooms, lockers and
shower facilities.

e How the respondent rated various aspectsheir actual or possible cycle journey,
including hilliness, traffic danger, air polloti and their own cycling ability. Non cyclists
were also asked about why theégn’t currently cycle to work.

3.2 Stated Preference Mode Choice

Non cyclists (those whose current mode was cyaling) were presented with scenarios
which gave them a choice between their curmeode and a cycling alternative (a mode
choice scenario).

Each respondent was presented with a single bf SP exercise, but the contents of these
exercises were varied fromsgondent to respondent, basgmbn certain answers to the RP
survey. Table 3.2 gives details of the SFereises presented to non cyclists. SP1 was
presented to those non cyclistaasuggested there were no cyfeellities available for their

use if they were to cycle to work (all theiurney time reported in the RP survey consisted of
time spent on d) and e) above), SP2 was ptedeio those who said there were facilities
available. Different versions of the different SPs were presented in equal proportions to
respondents. The times and costs suggested for the current mode were based upon the times
and costs supplied as part ot tRP survey. Most respondentsrevpresented with 9 different
scenarios randomly selected from 16, where theldeof the different attributes were varied

in a systematic manner. Respondents werethatlall other aspects their journey by the
current mode and the journey by cycle were dame as now. They were asked to make a
choice between current mode, making the joyroe cycle, using another mode and simply
not making the journey at all.



Table 3.2 SP Exercises Presented to Non Cyclists

SP numbet| Current mode Cycle alternative
SPla Time Cost Timeon Time on major | Time on minor
segregated roads without roads
cycleway facilities
SP1b Time Cost Timeon Time on major | Time on minor
segregated on roads without roads
road cycle lane facilities
SPlc Time Cost Time onnon| Time on major | Time on minor
segregated on roads without roads
road cycle lane facilities
SP2a Time Cost Level of local | Level of cycle trip
population end facilities
cycling
SP2b Time Cost Level of work | Level of cycle trip
colleagues end facilities
cycling
SP2c Time Cost Level of local | Level of cycle trip
population end facilities
cycling
SP2d Time Cost Paymenteceived| Level of cycle trip
for cycling end facilities

The SP1 exercises were designed to assessncksqts’ preferencesv@rds different types

of on and off road cycle route facilities. Thenount of time spent on the new facility was
varied, but the total travel time by cycle wagptkeonstant (and the same as the respondent
had reported in the RP survey) by also vagythe amount of time on fjea and minor roads.

SP2a to ¢ were designed to assess whdtherlevel of cycling (either in the general
population or in the place of work of thespmndent) would influence propensity to cycle
(SP2c was the same as SP2a except that lergeases in the time and cost of the current
mode were used). The percentages cygmgented were based upon the known percentages
of people cycling to work in the survey are8®2d was designed to incorporate cost into the
valuation of different cycle facilities, respars were asked to imagine that they would
receive an allowance to cycle to work, gk as a result of a government project to
encourage cycling. All of SP2a to d weresaldesigned to assefise attractiveness of
different levels of trip end facilities for cyclists.

As an example, SP2d asked about what the respondent would do if they were paid to cycle to
work and there were changes to the trip enditias offered at their place of work. Each of
the 9 questions posed were of the form:

Time on current mode: One of a range dides based upon the journey time given in
the RP questionnaire.



Cost by current mode: One of a rangedafosts based upon the cost calculated from
the responses to the RP questionnaire.

Payment received: A daily payment of either 50, 100, 150 or 200 pence.

Facilities at work: Eitherno facilities’, ‘outdoor cyle parking’, ‘indoor cycle
parking’ or ‘shower/changingfacilities and indoor cycle
parking'.

The respondent was had to choose one of fleviog options for eah of the questions:

current mode
cycle

another mode
not make journey

3.3 Stated Preference Route Choice

Cyclists (those who had said that their cotrenode was cycling) were asked to choose
between their current routand a cycleway alternati{a route choice scenario).

Table 3.3 gives details of the SP exercises pteddn cyclists. SP3 was presented to those
cyclists who said that their cycle journey torwbad a hilliness ratingf greater than 50 (out

of 100), SP4 was presented to the remainingistg. The time associated with the current
route were based upon the é@nsupplied as part of thRP survey. Respondents were
presented with 9 different scenarios randorséfected from 16, where the levels of the
different attributes were varied in a systemat@nner. There was a cost associated with the
new cycleway and it was stated that it couldubed for ‘all your journey to work except for
about 1 minute getting to and from it".

Table 3.3 SP Exercises Presented to Cyclists

SP numbell  Curren Cycleway alternative
route
SP3 Time Time Cost
SP4 Time Time Cost Cyclewagurface

The description of the new cycleway presenteaibdabetween the two SP exercises, in SP3 it
was described as taking theattest possible gradient between your home and work’ (but
other aspects of the new cycleway were sptifis being similar to the current route)
whereas in SP4 it was described as ‘fremmfrboth the air pollution and noise caused by
traffic’. SP4 was also designdad try and derive estimatdsr the value cyclists put on
different types of surface, the 4 possible different types of surface were:

e road quality tarmac - a surface egplent to that found on a good road

o footway quality tarmac - a less smooth surface such as might be found on the footway

e cinder - the type of crushestone surface often found on segegl cycle tracks outside
built up areas



e bridleway - a surface not specifically prepafedcycle use and which could be muddy in
wet weather

4. DATA COLLECTION

The main questionnaire was computerised administered as a door to door household
survey. Once respondent had passed an initiaesg¢ the interviewer éred their responses
on a laptop computer.

The initial screening survey ensured that othlgse respondents saisfg certain criteria
were questioned in detail. The criteria were:

e The respondent travelled to work or collegdeatst twice a week, using one of the five
modes to be modelled (car as drivear as passenger, bus, walk, cycle)

e The journey from home to work/college was 7.5 miles (12 km) or less

e The respondent would be prepatectycle to work/college ifycle facilities and provision
were made sufficiently attractive

This meant that only those prepatedycle to work were questied in detail about their trip
making behaviour. In addition existing cyclistio passed the screen were asked about their
trip making behaviour and their route choice.

Over 1000 questionnaires were completedfdar different locations across the UK in
Autumn 1998. Table 4.1 gives details of thogassing the screeg questionnaire by

location. Results drawn from the screening tjoasaire and from a fther, wider survey

along similar lines are covetén Siu et al. (2000).

Table 4.1: Number of Respondents Passing the Screening Questionnaire by Location

Site Number who passed
screen
non cyclists
cyclists
Leicester 220 23
Norwich 333 955
York 172 90
Hull 119 47

The actual questionnaire was broken into threen sections. The first two sections asked
guestions about the responderd&tual journey to workral possible alternative and was
designed to elicit revealed preference (RRadm the choices the respondent was actually
making in real life between diffent modes. The third (SP) sen posed a range of different
sets of hypothetical questionsaut mode choice under specaifiehanges in certain aspects
of the respondent’s journey which might influence them to change mode.



Table 4.2 shows a breakdown oéthumber of SP exercises adistered by SP type. Note
that these numbers are for e cleaned data and therefd@n’t match up exactly with the
dataset used for modelling.

Table 4.2 SP Exercises Administered

SP Number
SPla 100
SP1b 99
SP1c 96
SP2a 110
SP2b 115
SP2c 117
SP2d 113
SP3 24
SP4 297




5. EMPIRICAL RESULTS

We here present the findings of the behavioural modelling that has been conducted in this
study. An accompanying paperiit al., 2000) reports on tlamalysis conducted on choice

set composition and specifically whether noycling commuters auld even consider
making the journey to work by cycle.

Prior to discussing the result$ the mode choice modelling and the route choice modelling,
we consider a number of issues relgtio the modelling approach adopted.

5.1 Modelling Approach

Where there are variables which are commoulitferent data sets, it makes sense where
possible to undertake a joimstimation on the combined tda There are two principal
reasons for this:

e To obtain more precise coefficient estimates than would be the case if the data sets
were analysed separately

e To allow for what is termed the scale factor problem, whereby SP models have a
different scale to RP models which has implications for forecasting.

The discrete choice data is analysed usimglalgit model. This idy far the most common
means of analysing disaggregate choices. A prppéguch models is that, unlike regression
models, the coefficients are estimated intsuof residual variation. This accounts for the
effect of unobserved influences on choicathwhe result that # greater the amount of
random error underlying the choices thea libwer the coefficient estimates will be.

Since different data sets may have a diffeembunt of random errofor example, because
of errors in SP responses over and abovedhabuntered in real world choices or because
the specification of the SP exercise and resulting modellingeotlata does not account for
all the key influences onhoice, then they should not be combined without allowing for the
difference in scale.

A procedure has been developedolving a hierarchical logit specification which allows for
different scales across datets (Bradley and Daly, 1991). If we have, say, RP and SP mode
choice data and wish to estimate a single spaodmeters to variables which are common to
each, we could simply enter the data into alsithggit model. Given tht there is a choice
associated with both the RP and the SP ateres, rather than a single choice across all
alternatives, the unavailability command is useanodel the RP choices given that the SP
alternatives are unavailaband the SP choices given that the RP alternatives are unavailable.

It is a straightforward matter to constrain the parameter estimates for each variable to be the
same across the RP and SP choices. Howeveddksnot allow for the different scales that

may be implicit in each, and the resulting coefficients will therefore be scaled relative to
some average of the residual variation in the RP and SP choices. A simple solution to this
problem is to specify separate coefficients fariables according to whether they relate to

the RP or SP data set. However, this defda whole objective of estimating a single model
since we have effectively estated two separate models.



The joint estimation procedure that we hadopted which allows two data sets to be
combined assumes that the two data gets/ide the same information up to a scale
transformation of the parameters. It uses erdnchical logit spediation where the SP
choices are entered within a lower nest aredRP choices are entered into the upper nest.
The non-availability feature esgain invoked so that the RP choice is modelled from amongst
the RP alternatives alone and the SP ch@amodelled from amongst the SP alternatives
alone. The difference compared to standareranchical logit models is that each SP
alternative has its own nest, and hence thexaamany dummy alternatives as there are SP
alternatives.

The result of this artificial construct is thaetltogsum variable in each nest collapses to the
utility of the alternative in that nest, and berthe parameter estimated to the logsum variable
reflects the different scale of the SP data wiencoefficients of the RP and SP models are
constrained to have the same ¢oednts. It is typical to constrain the scale factor to be the
same across alternatives.

The coefficient on the logsum variable) (s interpreted as the ratio of the error standard
deviations in the RP and the SP models.ddeihthe SP model contes more random error
than the RP modef will be less than one. Unlike the standard hierarchical logit médel,
can logically exceed one.

The coefficients which are common to the Rl &P data are scaled relative to the residual
deviation in the RP model, with tfieparameter allowing for the different scale implicit in
the SP coefficients. Variables which are wotmmon but specific to the SP data remain
estimated relative to the stamdaleviation of the eors in the SP choiseand hence must be
rescaled for comparability with the other ffa@ents and for use in forecasting. Variables
which are not common but specific to the RRadare estimated relative to the standard
deviation of the errors relevant to RP dawes. Further details on this procedure for joint
estimation of RP and SP data are aored in Ortuzar and Willumsen (1994).

Quite apart from the use of hierarchical lofgit joint estimation across different data sets
whilst allowing for different scales, there issalthe issue of usinthe hierarchical logit
model regardless of data tyge overcome the independencoé irrelevant alternatives
property of multinomial logit. Té latter property implies thahe cross elasticity of, say,
mode z with respect tmode x is the same as the crosssttity of mode y with respect to
mode X yet this may not be empirically justified.

5.2 Mode Choice Results

There was a concern that the use of time and cost data ‘engineered’ on the basis of the times
and costs reported for chosemade rather than each individsaperceived times and cost,

the necessity of which was outlined in setti®l1.1, would lead to deficiencies in a model
estimated to NTS data. In early versions @& jbint model, we therefore distinguished the

time and cost parameters between the NTS data and our RP data, as well as allowing the
latter to have a different scale to the former.

The time coefficients obtained from the NTS and our RP data were remarkably similar,
which was an encouraging finding. However, tlost coefficient estimated to NTS data was
wrong sign and significant. This may bechase journey time can be estimated more
accurately than costs, particularly given ttis perception of cosisan very considerably



across individuals, whilst publitransport costs differ accang to whether some kind of
travelcard or season ticket is used and whedheonal or graduated fare system is in place
whilst the fare per mile can variesnsiderably across distances.

Our solution was to constrain the cost coefficient relating to NTS data to be the same as that
in our RP data, where thr latter was based oogption and related to the amount that was or
would actually be paid by the individual. Thepasition of this constraint had a negligible
impact on the other coefficient estimates.

The mode choice results estimated to the combined NTS data and the RP and SP data
collected in this studgre reported in Table 5.1.

After removing journeys of over 7.5 mileadhcases where there was missing information,
we are left with a total datset of 30116 discrete choices. Thgsa very large data set for
modelling purposes and is made up of:

23926 choices in the NTS data
969 choices in our RP data set
2115 choices in the SP1 data set
3106 choices in the SP2 data set

The model is hierarchical logit for the purposésombining different sources of data. It was

found that the scale of the NTS and RP data was almost the 8gnie0p) when the RP

data was entered into a lowershand hence no distifion is made between the two. This is

an encouraging finding, since weuld ideally expect differerRP data sets addressing the

same choice context to have the same scale. However, the two SP mode choice data sets were
found to have different scales.

The variables which are common to both RP and SP are denotedewitiTable 5.1. Those
which are specific to SP, and hence need to be rescaled, are denotgd the remainder
specific to the RP data.

With regard to the degree of competition between modes, the model takes the multinomial
logit form. We examined various hierarchlicstructures but could find no convincing
evidence to depart from the multinomial speegifion. This was so when we examined the
our RP data on its own minus the NTS anddaR, since the approximations involved in
creating the time and cost data in NTS mightehanilitated against being able to detect a
hierarchical structure wist the SP data only evearvolve binary choices.

The p? goodness of fit measure, specified with Egpto a constants only model, of 0.28 is
very respectable, and a large number of sizai$y significant and correct sign coefficients
have been estimated. Mdagy variables are specified inme, in quarter 1 1999 prices, with
the exception of income wdth is specified in pounds. Timeariables are specified in
minutes.

Different constants have beestimated for n-1 of the n modes for the NTS, RP, SP1 and SP2
data sets. This is because the NTS data seiken to be representati of mode choice,
whereas our RP sample contains too many dgcléad the constants in SP models must be
treated with caution since theyrcdiscern effects, such as SBpense bias or the effect of
attributes not contained in the SP exerxisat which nonetheless influence choice.



The constants are denoted CAR, PASS, BUSAIN and WALK, for eachof the four data
sets, and the omitted category against which tmstants are interpreted is cycle. Train only
enters in the NTS data set, since rail was$ an option for urban commuting trips in the
locations where the surveys were conducted.

As might be expected, there is a preferendegrothings equal, afmost of the modes over
cycling. The SP2 constants indicate a strong peefas over cycle, and this is in part due to

the absence of cycle time in the SP2 cycle@dtiive on the grounds thétwas not varied in

this SP experiment. The SP coefficients also need to be rescaled, and we return to the scaling
issue below.

The key findings of this mode choice model are:

e The value of travel time (Time) for urban commuters is 6.5 pence per minute. This
is highly plausible.

e Time spent cycling (Time-Y) is valued 2.9 times more highly than in-vehicle time.
The latter can be generally taken to es@mt cycling where éne are few or no
facilities. Hence the high valuation oycle time, amongst the general population
of commuters, seems reasonable.

e Walking time (Walk) to access or egresmain mode is valued 1.9 times more
highly than in-vehicle time. This is castent with the conventional wisdom of
valuing such time at twice the rate ofuahicle time, althogh a little higher the
value of 1.6 obtained by Wardman (1998) a large scale review of British
empirical evidence.

e Walking time where walk is the main mo¢&alk-W) is valued 41% higher than
where it is spent accengi or egressing a main mode. There may be a non-
linearity effect at work here, wherebyalking time incurs increasingly high
marginal disutility as walking time increases and is therefore highly valued for the
distances involved in this study.

e Headway is valued at 69% of in-vehicle time. This seems reasonable, and is little
different to the value of 78% for oonuters in the review by Wardman (1999).

The plausibility of these relis, along with the sttistical significane of the estimated
parameters, indicates that theael provides a firm basis fordhanalysis of mode choice and
for the joint estimation with the SP data whrelates to the cycling specific attributes.
The SP1 exercise examined cycle timergpn different conditions. These were:

e Time spent on a completely segregated cycleway (Time-YA)

e Time spent in a segregated on-road cycle lane (Time-YB)

e Time spent in a non-segregat@uroad cycle lane (Time-YC)

e Time spent on major roads witto cycle facilities (Time-YD)



e Time spent on minor roads witto cycle facilities (Time-YE)

Since the cycle coefficients for Time-YA throughme-YE are specific t&P data, they need

to be rescaled using the scale dactelating to the SP1 exercisésd;) in order to be
comparable with the coefficients, such as time, cost, headway and walk time, which are
common across the RP and SP data.

When this is done, Time-YD and Tin¥E are 0.096 and 0.095 respectively. These
correspond remarkably well witthe Time-Y coefficient, wich is comparable with the
former since it will reflect bradly the same travelling conditions.

The provision of non-segregatedcty lanes, as expected, reduties value of time, and this
reduction is quite appreciable. After reling, Time-YC becomes —0.035 which is similar to
the time coefficient of —0.0391e¢ing to vehicular travel.

As expected, the provision ofggegated cycle lanes and a coetply segregated cycleway
both lead to further reductions tine disutility of travelling by cycle, with the latter facilities
slightly preferred to the former. The value ayficling time is now around a third of that of
vehicular travel, but aaditions are remarkably safe, and in the case of the cycleway much
more pleasant, whilst it must be borne in mthdt the SP exercise relates to non-cyclists
who would consider cycling facilities were improved.

One of the issues examined by the second SP sgena@s that of the facilities available at
work. Relative to a base of no facilities, the SP exercise offered:

e Outdoor cycle parking facilities (O-Park)
e Indoor cycle parking facilities (I-Park)
e Shower/changing facilities anddoor cycle parking (Shi-Park)

The value of Shi-Park should logically exceed thalue of I-Park and this was indeed the
case. We would also expect I-Park to be preteto O-Park and this turned out to be so.
Since these coefficient estimates are specific to variables in the SP2 exercise, it is necessary
to rescale them for comparability with the coefficients which are estimated in RP units. These
coefficients are therefore multiplied By

After rescaling the parameterd using the Time-Y coefficieno convert into time units,
O-Park, I-Park and Shi-Park are respectivelyed at equivalent t@8.5, 4.3 and 6.0 minutes
of cycle time. Again, we concludeahthese values seem reasonable.

The SP2 exercise somewhat speculatively misluded the proportion ¢jing to work as a
variable in order to examine whether such facts social norms, peer pressure and what is
deemed to be ‘normal’ influence the propensit cycle to work.. Whilst SP exercises are not
particularly well suited to the analysis ofckueffects, given thenherent high levels of
uncertainty and unfamiliarity, other methods also have deficiencies especially since the
proportion cycling is clearly noindependent of the factomshich influence the level of
cycling yet in an SP exercise it can be exogenously determined.

Some respondents were offeribe proportion of the populatioim general who cycled to
work (PropGen) whilst others were offertb@ proportion of their dieagues who cycled to



work (PropCol). Increases on both these propns would increasehe probability of
cycling to work, although the fmer was found to have a muldrger effectthan the latter
and indeed PropCol was not statisticalignificant at the usual 5% level.

We do not find it surprising that PropGen hasrgda effect, although a levant issue is that
varying the proportion of colleagsieycling to work is not asealistic as offering different
proportions of the totglopulation, whilst the absolute figuresthe proportion of colleagues
cycling might not have been realistic foms® respondents but care was taken to vary the
proportion of the population in general whgcle around the proportion for the sampled
location.

The coefficients again need to be rescaléd RP units, and once this is done we find that a
10% increase in the proportion of the popwlaticycling is equivalent to a one minute
reduction in cycle time in terms dé expected impact on demand.

The remaining issue which is addressed in the&dcises is that of being paid to cycle to
work. The relevant coefficient (Reward) is positiae expected, with a respectable t statistic.
After rescaling withdsp, the Reward coefficient implies thatich a monetary gain is valued

2.2 times more highly than aguivalent monetary outlay.

There is the possibility that strategic resp®nbias has influenced the results, with
respondents sending message thateases the likelihood amdagnitude of a payment for
cycling. However, we do not finthis to be entirely plausible, given that the sample is made
up of non-cyclists who can hardbe expected to be so concerned with a mode that is not
currently used. The monetary outlay does not relate to cycle, and its effect will have been
deflated to the extent that some of thesescast not directly bornky travellers or indeed

are disregarded as with petiadsts by some motorists, whereupon the outlay will have less
effect than the reward.

Three variables in the model remain which specific to cycling anavhose inclusion stems
from our survey work. Each relates to the RP exercise and hence their coefficients do not
need to be rescaled.

The RP exercise asked for details about a rmurobaspects of cycling, each on a 100 point
scale from what would be a very good positio what would be a very bad position. The

variables related to lhiness, air pollution, noise, danger from traffic, personal security,
tiredness and cyiag ability.

Of these, three variables have been retainethe model reported in Table 5.1 and two of
them have statistically significant coefficientstla¢ 5% level. The three coefficients related
to danger, tiredness and cycling ability. Althoubk danger element will be included in the
valuation of cycle lanes and cgelays, this is here an indement effect since it stems from
the RP data rather than the SP exercise.

Given that the upper point on the scale is |éagburable to cycling, the coefficients are of
the correct sign. Tiredness andcliyg ability havesimilar effects on the probability of
cycling. An increase in 10 points in the scaf tiredness would be equal to around a minute
of cycling time.



We had expected the hilliness variable to turn out to have a significant influence on cycle
demand, since it is well testified in censtata that the proportion cycling to work is
influenced strongly by the topagwhy. However, the likely reas why we have failed to
discern any effect is that the sureeilocations were all reasonably flat.

The remaining coefficients relate to sm&conomic variables which can influence the
probability of cycling. With the exception dime trend and income, which relates to
household income, the variables are dummyaldes. The effects afach are interpreted
relative to the arbitrarily omitted category. The included categories of the age, socio-
economic group and gender and two relating to car use:

Male

Age Group 30-39 (Agel)

Age Group 40-49 (Age2)

Age Group 50+ (Age3)

Skilled Worker (Skill)

Semi and Unskilled Worker (Semi)

Clerical Worker (Cler)

e The probability that the responttchas a company car (Comp)
e Whether the car is used in the course of work (Used)

The results indicate that males are more likelw#tk and to cycle but that there will be, as
expected, a lesser propensity dgcle or walk as age increasencreases in income will
increase the numbers travelling to work bgirir and there may also be a positive income
effect on cycle use and the numbers thdawglas passengers depending on whether the
positive income coefficient can compensate tfase who would be attracted to train and
passenger as income increases.

Two time trends were statistically significant, relating to bus and train. The bus trend was, as
expected. negative whilst the train trend was positive. Given that cycle does not generally
compete with train, because of the limitediklity of the latter outside London for short
distance trips, the absence of any trend sigetf cycle would mean that at least in the
public transport market cycle share haslmxn experiencing trend decline.

However, we must bear in mind when discussimpme and trend effects that there will be
increasing car availability over time. In mddalibration, car is madeon-available for those
who do not have access to car for the journewadok, but as car ownership increases this
will lead to an increase in the proportions tthet model would forecasb travel by car with
implications for cycle use.

We also examine whether gender, age grand socio-economic group influenced how
sensitive commuters’ were to the cycling attributes as well as exploring whether income had
an impact on how individuals responded to a@stations. This is in addition to the effects
relating to these variables that are reporteddhle 5.1 and which modify the constants and
thereby influence the overallgpensity to travel by each mode.

An income effect was apparent on the costfooehts of the expected form but it was very
minor and it is not included in the reported mo¢towever, we could not obtain statistically
significant and theoreticallyonsistent effects from age, rger or socio-economic group on
the coefficients relating to the cycling specific variables.



Table 5.1: Multinomial Logit Mode Choice Results

Variable Coeff (1) Variable Coeff () Variable Coeff ()
Car-NTS 3.04%31.4) | O-Parke 1.120 (3.9) | Age3-Pas9e -0.334 (3.7)
Pass-NTS -0.21@.1) | I-Park ¢ 1.921 (4.9) | Agel-Buse -0.601 (8.2)
Bus-NTS 1.76313.6) | Shi-Parke 2.690 (5.2) | Age2-Buse -0.569 (6.6)
Train-NTS 0.6013.2) | Time-YA o -0.039 (2.0) | Age3-Buse -0.376 (4.3)
Walk-NTS 3.35830.9) | Time-YB ¢ -0.049 (2.4) | Agel-Traine -0.392 (3.7)
Car-RP 0.3261.3) | Time-YC ¢ -0.107 (4.0) | Age23-Traine -0.794 (7.8)
Pass-RP -1.88%.9) | Time-YD ¢ -0.292 (5.4) | Agel-Walke -0.315 (4.2)
Bus-RP -0.2171.4) | Time-YE o -0.287 (4.6) | Age2-Walke -0.366 (4.1)
Walk-RP 1.3136.0) | PropGene 0.051 (3.0) | Age3-Walke -0.562 (6.1)
Car-SP1le -1.301 (2.5) | PropCole 0.015 (1.3) | Age2-Cyclee -0.217 (2.4)
Pass-SP» 0.941 (1.3) | Rewarde 0.050 (4.9) | Age3-Cyclee -0.338 (3.7)
Bus-SP1e -1.736 (2.2) Danger -0.004 (1.3)| Semi-Buse -0.189 (2.1)
Walk-SP1e 1.325 (4.2) Tired -0.013 (3.4) | Skill-Bus e -0.315 (3.4)
Car-SP2e¢ 7.646 (6.3) Ability -0.011 (2.9) | Cler-Buse 0.399 (4.9)
Pass-SP2 8.598 (5.7) Trend-Bus -0.014 (2.6)| Semi-Traine -1.926 (12.3)
Bus-SP2e 6.512 (6.5) Trend-Train 0.030 (3.3)| Skill-Train e -1.579 (11.7)
Walk-SP2+e 7.246 (6.8) Comp 0.663 (8.9) | Cler-Traine -0.596 (6.0)
Timee -0.039 (23.0) | Used 0.518 (6.2) | Semi-Walke -0.335 (5.2)
Time-Y o -0.116 (35.6) | Male-Pas® -0.384 (6.9) | Skill-walk e -0.678 (9.0)
Walk o -0.075 (22.8) | Male-Traine 0.613 (7.0) | Inc-Pas® 0.000013 (7.5)
Walk-W e -0.106 (50.5) | Male-Walke 0.789 (13.1) | Inc-Traine 0.000028 (11.2)
Headwaye -0.0268 (17.7)| Male-Cyclee | 1.296 (20.0) | Inc-Cyclee 0.000007 (3.4)
Cost-NTS -0.006 Agel-Pas9 -0.496 (5.9) | 0gp1 0.33 (5.6)
Coste -0.006 (4.3) | Age-2-Pas® -0.413 (5.3) | 042 0.26 (5.6)

5.3 Route Choice Results

The route choice results are presenin Table 5.2. Both data setere analysed in a single
model since there proved to be not juséfion for separating them. The SP3 exercise
provided 189 choice observationsilst the SP4 exercise quided 2259, making a total of
2448 upon which the model is calibrated.

The reason why SP3 forms so little of the overall sample is because we had originally

specified that those cyclistgho provided a ‘hilliness’ ratingh excess of 50 would be given

SP3 but in the event the surveys were conducted in relatively flat locations and we

overlooked to amend the criterioratng to the distribution of SP3.

The route choice results are presented ihl@®&.2. The goodness of fit of 0.16 is, in our
experience, quite respectable for SP choice exstaiddlst the coefficients are of the correct
sign and statistically significant.

There are many fewer variables than thede choice model since the socio-economic
variables relevant to ekaining the pattern aihode choices are notlegant here. However,

we did examine whether gender and age inftednthe sensitivity to the various types of
cycle time but no significant and sistent effects were apparent.




Time-Y denotes the time in minutes spent imreat conditions and cost is the charge in
pence to use the cycleway. Time-CW1 is tgpent on the cycleway wdh is so designed to

be as flat as possible. Time-CW?2 represénts spent on a tarmac segregated cycleway. The
two types of tarmac surface considered in the SP exercise were found to have very similar
coefficients and hence a single term wascs#ped. Similarly, the bridleway and cinder
surfaces were found to have very similar coefficients and these have been constrained to be
the same and are represented by Time-CW3.

As expected, time spent on the flat and tarmygdeways has a lessdisutulity than time
spent in typical road conditions. Howevermty be that respondents have had difficulties
appreciating the admittedly highly artificial concept of a cycleway which has the minimum
possible gradient between the amignd destination, particularifto achieve this the journey
time relative to the current route is not realisticcan also be seen that cyclists actually
prefer to cycle in current conditions than on aleway with a less sataftory surface than is
currently experienced. This is a surprising iingdand one which requires validation either
with other comparable quantitative evidence or else with quaétadisearch findings.

Table 5.2: Route Choice Results

Variable Coeff(t)

Time-Y -0.127(9.1)
Time-CW1 -0.1047.4)
Time-CW?2 -0.0766.1)
Time-CW3 -0.13711.0)
Cost -0.04317.3)

The value of time for a tarmac cycleway is7lpence per minute. Even though this relates
solely to cyclists, it seems to be on the low sate it might be concluded that there has been

a bias toward paying to use the cycleway wthels resulted in an inflated cost coefficient.
However, when we translate the cost coefficient into the same units as the mode choice
model, through comparison ofetirime-CW2 coefficient estimad here with the Time-YA
coefficient estimated in the mode choice model, the implied cost coefficient is —0.007 which
is very similar to the cost coefficient of —0.086timated in the mode choice model. Such a
degree of similarity is encouraging.



6. APPLICATIONS

The mode choice model can be applied to faenat only the effect on cycling of a number
of improvements but, at a less detailed levetan forecast the impact of a wide range of
other attributes on the demand for a number lo¢romodes. Of particular importance in this
context is the inclusion of waliks a mode in the choice model.

Similarly, the route choice models can be ugedppraise significant improvements in cycle
facilities and the benefisf such measures to cyclists as well as the

We illustrate the potential uses of the motleice model by providing some forecasts of the
effects of various improvements to cycle conditions.

We have obtained forecasts incrementally from the base market share positions for car,
passenger, bus, walk and cycle indicated in the most recent NTS data for 1997 and for
journeys of 10 miles or less.

The incremental form of the logit model was used to obtain forecasts. This takes the form:
b AUy
L Pe
AUY c UP b w
y Pybe _|_ F)CbeAU _|_ PpbeA + F)bbeAu + F)WbeAU

where the subscripts denotes the modes of gapdéssenger (p), bus (b), walk (w) and cycle
(y) and the superscripts denote either the flaser forecast situation. The revised market
share for cycle P ") is therefore based on the base market shgPé} &nd the changes in

utility (AU) for each mode. The calculation is penfi@d for each person in the RP data set

and the revised market share for cycle is the average of the revised shares across each
individual.

We also recognised that some commuters wowemswitch to cycleand another aspect of

this research examined the extent to whicmmwiters would be prepared to consider cycling

(Siu et al., 2000). The figure used herethat 50% of commuters would not consider
switching to cycle and the forecasts have been adjusted accordingly.

Table 7.1 sets out forecasts for a range girowements for cycling tavork. Time can be
spent in any one of the following conditions:

e On acompletely segregated cycleway (A)
¢ In a segregated on-road cycle lane (B)

e In a non-segregated on-road cycle lane (C)
e On major roads with noycle facilities (D)

e On minor roads with noycle facilities (E)



Our survey indicates that in the current sitatihe average cycle time to work would be 15
minutes, and on average the proportion of time spent in the each type route is 6% for
cycleway, 4% for segregated on-road cycle lane, 19% for non-segregated on-road cycle lane,
53% for time spent on major roads with no eyfdcilities and 18%or time spent on minor

roads with no cycle facilities.

Table 7.1: Forecast Impact of Improved Cycling Conditions

Scenario P Py Py Py Py

Base 65.9 9.9 10.9 8.8 4.5

Half of Dand Eto C 65.5 9.8 10.8 8.7 5.2 (+15.5%)
Half of D and E to B 65.2 9.8 10.8 8.7 5.5 (+22.2%)
Half of Dand Eto A 65.2 9.8 10.8 8.7 5.6 (+24.4%)
AllofDand Eto C 64.7 9.7 10.7 8.6 6.3 (+40.0%)
Allof Dand Eto B 64.3 9.6 10.6 8.6 6.9 (+53.3%)
AllofDand Eto A 64.1 9.6 10.6 8.6 7.1 (+57.8%)
All of D and E to C plus 5 mins 65.1 9.8 10.8 ¥ 5.6 (+24.4%)
All of D and E to B plus 5 mins 64.4 9.7 10.Y 8.6 6.6(+46.7%)
All of D and E to A plus 5 mins 64.1 9.6 10.6 8.6 7.1(+57.8%)
AllIC,DandEto B 64.1 9.6 10.6 8.6 7.1 (+57.8%)
All to A 64.0 9.6 10.6 8.5 7.3 (+62.2%

The first scenario therefore evaluates theaotf introducing non-segregated cycle lanes
which replace half of the time spent on majoads with no facilities and half of the time

spent on minor roads with no facilities.

It can be seen that althougjfere are sizeable forecast ince=ag the proportion cycling to
work, the impact on the other modes is miorthe most favourablpossible case, where all
time would be spent on a completely segted cycleway, only 7.3% of commuters are
forecast to cycle to work, an increase of 62% over the base situation.

Table 7.2 considers the impact of rewardingiowuters for cycling to work, and reports the
forecasts effect of different daily payments to cycle to work.

Table 7.2: Effect of Daily Payments to Cycle to Work

Scenario P Py Py Py Py

Base 65.9 9.9 10.9 8.8 4.5

£0.50 per day payment 65.4 9.8 1048 8.7 5.3 (+17.7%)
£1.00 per day payment 64.8 9.7 107 8.7 6.1 (+35.5%)
£1.50 per day payment 64.1 9.6 1016 8.6 7.1 (+57.8%)
£2.00 per day payment 63.3 9.5 10/5 8.4 8.3 (+84.4%)
£3.00 per day payment 61.3 9.2 10/1 8.2 11.2 (+148.9%)
£4.00 per day payment 58.8 8.9 9.7 7.9 14.8 (+228.9%)
£5.00 per day payment 55.7 8.4 9.2 7.4 19.3 (+328.8%)




In contrast to the impact afnproved cycle lanes, payment for cycling to work does have a
big impact on the demand for cycling. A paymeh£2 per day is rtdar from doubling the
amount of cycling and has a larger impact thanideal scenario of cycling to work being
spent entirely on completely segregated cycleways.

Analysis of the impact of improving facilitieat work is hampered because the data we
collected in the RP surveybaut currently available facilgs did not match up with the
improvements offered in the SP exercise. We have therefore assumed that in the base
situation no facilities are praded and evaluate the impaet introducing outdoor cycle
parking, indoor cycle parkingnd showers and indoor parking.

Table 7.3: Effect of Facilities at Work

Scenario P Po Po Pw Py

Base 65.9 9.9 10.9 8.8 4.5
Outdoor parking provided 65.5 9.8 10.8 8.7 5.2 (+15.5%)
Indoor parking provided 65.1 9.8 10.8 8.7 5.6 (+24.4%)
Showers and indoor parking 64.7 9.7 10{7 8/6 6.3 (+40.0p0)

It can be seen that quite appreciable impnoaets in cycle market share result from the
provision of facilities at work, particularlthe provision of showers and indoor parking.

However, these figures provide an upper bountthéoeffect of these improvements since we
have here assumed that there are no facilitigké@rbase case whereas in fact there will be
some. Indeed, the survey indicated that 2686 access to shower facilities at work and
secure cycle parking wasovided in 35% of cases.

Table 7.4 provides forecasts tltan be made with the parameters we have estimated in our
model. It reports on the impaat increases in the proportiaf the population and colleagues
cycling, departing from the base share of 4.5&lso examines what would happen if the
danger, tired and ability ratings were hady which form improvements as far as the
attractivness of cycling is concerned, wher ¢hrrent average ratings for danger, tiredeness
and ability and 57, 25 and 31.

As expected, given the relative magnitude of their coefficient estimates, increases in the
population cycling is forecast to have a muaigdést encouragement to cycling than increases

in the number of colleagues cycling to workvéh that we did not examine the two issues
together, we cannot establish to what exteas¢hare entirely independent effects. However,
the proportion of the population cycling wouléesn to be a more usable variable and,
although we must bear in mind the uncertaintiegounding this aspect our analysis, it

does seem that what might be regarded tsbeal norms’ can have an impact, albeit not
large, on cycle commuting.

Table 7.4: Other Effects

| Scenario . Pl P [ P [ Py Py




Base 65.9 9.9 10.9 8.8 4.5

10% Population Cycle 65.8 9.9 10.9 8.8 4.6 (+2.2%)
20% Population Cycle 65.6 9.9 10.8 8.8 4.9 (+8.9%)
30% Population Cycle 65.4 9.8 10.8 8.7 5.3 (+17.8%)
10% Colleagues Cycle 65.9 9.9 10.9 8.8 4.5 (+0.0%)
20% Colleagues Cycle 65.8 9.9 10.9 8.8 4.6 (+2.2%)
30% Colleagues Cycle 65.7 9.9 10.9 8.8 4.7 (+4.4%)
Danger Rating Halved 65.7 9.9 10.9 8.8 4.7 (+4.4%)
Tiredness Rating Halved 65.5 9.9 109 8.8 4.9 (+8.9%)
Ability Rating Halved 65.5 9.9 10.9 8.8 4.9 (+8.9%)

Although the danger rating is far less favourablecyole than either the tiredness or the
ability ratings, the latter two variables haeelarger bearing on thatility of cycling.
However, even if it were possible to have a sigant impact on cyclingbility or the degree

to which cycling is regarded to be tiring, sucleasures are forecast to have only a minor
effect on cycle demand. The small forecasedfffrom changing the danger rating is not
entirely consistent with the forecast effeaf introducing improwe cycle conditions, as
outlined in Table 7.1. However, improved cycle conditions can offer other improvements,

such as less exposure to noise, air pollutiaffitr conflicts and delays, over and above the
safety issue.

Table 7.5 considers the impact of providing aleway for the whole journey but charging

for its use. The charge coefficient is obtaifiein the route choice model, rescaled using the
value of time for a cycleway to have the appropriate scale for the mode choice model. This
yields a cost coefficient of —0.0@vhich, as we discussed in seati®.3, is very similar to the
mode choice estimated coefficient of —0.006.

Table 7.5: Charging for Improvements

Scenario P Py Py Pw Py

Base 65.9 9.9 10.9 8.8 4.5

All Cycleway 64.0 9.6 10.6 8.5 7(862.2%)
All Cycleway +20p 64.3 9.7 10.6 8.6 6.8 (+51.1%
All Cycleway +50p 64.7 9.7 10.7 8.6 6.3 (+40.0%
All Cycleway +£1.00 65.4 9.8 10.8 8.7 5.3 (+17.8%)

Even after a £1 charge to use the cycleway, assuming that the alternative options are to
switch modes and not routes, themdad for cycling is higher than the base situation. This
would seem to suggest that there is scope fpromed cycling facilities to be either paid for
by direct charging or else jusétl through cost benefit analysis.

Finally, we examine some route choice limgtions of providing high quality cycling
conditions. The route choice model can be used to forecast the proportions of cyclists
choosing between their current route and a neslemyay in a variety of scenarios. Table 7.6

presents the forecast proportiooisexisting cyclists who wuld choose the cycleway (}
under various scenarios.



Given cyclists’ existing times to be the saime the cycleway as thercurrent route, the
introduction of the cycleway is forecast to captG686 of cyclists. Everf the cycleway is
somewhat longer than the current route, it manages to retain a reasonable share. However,
even relatively small charges to use the ewey have a large inapt on forecast use such

that only a very small proportion would chodbe cycleway if it was only a few minutes
longer and cost around 50 pengéé¢.current journey times, even a small charge of 25 pence

per journey is forecast to have a large immactlemand. The apparently greater sensitivity to

cost in this route choice contakan in the mode choice contex because the two routes are
closer substitutes for eadther than are the cycle and the competing modes.

Table 7.6: Cyclists’ Route Choices

Scenario By
Cycleway 65.8
Cycleway +5 mins 57.0
Cycleway +10 mins 47.7
Cycleway +15 mins 38.6
Cycleway + 5mins + 25p 31.6
Cycleway + 5mins + 50p 13.8
Cycleway + 5mins + 75p 5.2
Cycleway + 5mins + £1 1.9

The models we have estimated could also lsel ig examine the effect on mode shares of
changes in the costs and seeviqualities of the other modesnd to evaluate the social
benefits of such changes. They could be ugeainsportation models to forecast, at either a
strategic or more detailed level, urban marwice under a variety of scenarios, with
particular emphasis on cycling.



7. CONCLUSIONS
7.1  Summary of Research

As far as we are aware, this is the first stthtit has jointly estimated mode choice models to
NTS data and to purpose collected survey d@atalving both RP and SP information. It is
also the first study in the British context tcaexine in detail cyclingilongside other modes
using data based on actual choices.

The mode choice model that has been develdpeas extensive as any that have been
developed in the British context, and certaiobntains far more choicgbservations than is
typically the case where RP data is dominant. dfdy can it be used tappraise the demand
and social welfare consequences of a rangenefisures to improve cycling, it can also be
used more widely in the examination oban mode choice involving car, passenger, bus,
train, walk and cycling for the journey to work.

The mode choice model contains a number dirdble features in terms of the relative
importance of a range of different attributese Maluations of in-vehicle time, walking time,
cycling time and frequency ail highly plausible,as are the valuations of a number of
cycling specific attributes. The forecasts obtained from the mode choice model tend to be
highly plausible, and indicate that increasing cycle demand appreciably in the British context
would be difficult to achieve.

The route choice model demonstrates the inapae of improved cycle conditions, even for
existing cyclists, and provides evidence on thetikgdamportance of dierent surface types,
route choice behaviour, and the willingnésgay for improved cycling conditions.

Another novel feature of thegearch, reported in an accompanying paper (Siu et al., 2000),
was the development of a choice set model whigilains the probability of individuals even
considering cycling to work as a furmti of gender, current mode and topography.

It is hoped that the results presshin this paper can be usedhe evaluation of investment
schemes and policies which impact on cyclingparticular or indeed which have broader
mode choice implications.

7.2 Recommendations for Further Research

We have developed what we believe is in the British context the most comprehensive and
largest model which handles diygy within mode choice. The model has produced a range of
plausible results and demand forecasts. However, a number of areas for further research
remain:

e Where improvements have been made to cyaudities, there is a need to monitor their
impact on cycling levels and mode choicegeneral and to compare the outcome with
what models of the form developed here would predict.

¢ the study has not addressed the impacbpbdgraphy to the extent that we would have
wished. Further research is needed taaiobt better understamdj of the impact of



hilliness on cycling trip rates and how ittenacts with the efféiveness of new cycle
facilities in induéng modal switch

e although we have exploited the informatiprovided in the National Travel Survey,
which has allowed analysis to a very large data set, the census contains much information
which could be used to further enhance carting mode choice models containing cycle.

e the study has focussed on commuting and shbel extended to wer other journey
purposes.

e A number of cycle attributebave been covered in thigudy. However, we have not
examined very specific cycling improvements, such as advanced stop lines, toucan
crossings, innovative roundabout designs adlifies shared with pedestrians. These
issues warrant further quantitative attention.

¢ In locations where there areaty facilities, it may be possiblto examine cyclists’ route
choice using the RP approach. This will provide a firmer behavioural basis, provided
suitable trade-off situations can be idendfi@and the development of such an approach
should be considered.

e the health implications of the slowerodes warrants further attention.

e This study, unlike most mode choice modals addressed walkirag a mode. However,
the study was not specifically concerned withkivey and further quantitative research in
this area, particularly regarding the benefitsmproved facilities for pedestrians, would
be worthwhile.
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