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FOREWORD

In 1979 Delft Municipality developed a bicycle network scheme for
the entire town. The Ministry of Transport and Publlc Works gave
a subsidy for this plan. At this moment the bicycle network plan
has been implemented to a large extent. The implementation weas
monitored by an extensive evaluation study. Specific studies were
carried out into two new large—-scale facilities, Plantage Bridge
and Station Tunnel.

The majority of the evaluation studies refer to the part of the
bicycle network within districts 13 and 14 (Delft North-West).
The district Wippolder was chosen as the control area. The bi-
cycle route between Tanthof and Delft city centre was selected as
a representative major corridor between a residential district
and the city centre.

The before-study, carried out in 1983 and 1984, was reported on
extensively in individual reports. In addition, a summary report
contains the results in a brief and coherent manner. Spring 1987
all after-studies were completed, except the investigation into
safety aspects. Again, several extensive reports on these studies
were published. This report presents an integral evaluation of
the Delft bicycle network plan.

From the evaluation study extensive new insights were gained with
respect to the performance of urban bicycle networks. The effects
measured in districts 13 and 14 (Delft North-West) give indica-
tions about the effect of & complete network. Furthermore, this
research showed that the circumstances in Delft are such that the
findings of this evaluation may be transferred to other Dutch
medium-sized towns (population 50,000 - 200,000). The findings
and recommendations therefore provide many useful elements and
ideas with respect to the role of the bicycle for a comprehensive
transport policy of medium-sized cities.

This integral final report offers a condensed description of the
objectives and set up of the evaluation study and summarizes
briefly the main results of the various investigations.
Conclusions are drawn with respect to the effects of the Delft
bicycle network and the significance of the findings to urban
transport policy concerning the slow modes.

Chairman of the research team, Project leader,
ir A. Wilmink ing J.B. Hartman
(Ministry of Transport (Ministry of Transport

and Public Works) and Public Works)



BUBMARY

The implementation of the Delft bicycle network plan, consisting
of a variety of measures, has been evaluated. This evaluation was

carried out as & before-and-after study into the effects of the
plan on bicycle use, traffic safety and perceived cycling con-
ditions. Separate investigations were made into general mobility,
modal choice, origin and destination pattern, route choice and
traffic flows. In eddition to cyclists’ travel behaviour, other
modes of travel, in particular cer drivers, were analysed. This
integral summary report summarizes the findings of the various
investigations and gives consistent estimates of the plan’s ef-

fects. It integrates the findings wusing a common theoretical
framework that enables an explanation of the behavioural res-
ponses.

It was found that the bicycle network plan resulted in a sig-
nificant increase in bicycle use and 1in improved cycling con-
ditions. Car use did not increase in the study period.
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1 INTRODUCTION

In Dutch transport policy, as formulated in the ’‘Structuur-
schema’s Verkeer en Vervoer’ and the Multi-Year Programmes for
Personal Transport, high priority is given to the encouragement

of bicycle use and to the improvement of traffic safety by means
of providing facilities for cyclists. It was thought that thus
car traffic and its negative impacts could be reduced.

To this end, the second Multi-Year Programme for Personal Trans-
port 1980-1984 included several actions such as 'constructing ur-
ban bicycle networks. The Ministry of Transport and Public Works
has several instruments to realize the abovementioned goel. In
addition to its subsidy schemes for financing specific projects,
giving information is an important task teo. In the view of the
Ministry it is its task to gather the necessary insights and to
develop instruments that may be used by local authorities for
their transport planning.

In 1980 the Minister of Traffic and Public Works chose the plan
put forward by Delft Municipality as the project for evaluation.
The before—study was started in 1982. All the component studies
have been carried out and the reports completed.

The study should provide answers to the following guestions:

- does the implementation of a comprehensive bicycle network
lead to an increase in bicycle traffic?

- does the implementation of a bicycle network increase traffic
safety?

- in which way do cyclists use a comprehensive and integral bi-
cycle network which is perceived as such, and what are their
behavioural responses?

The essential assumption of this plan is that a comprehensive bi-
cycle network in an urban environment affects bicycle use and its
quality much more than a number of individual bicycle routes.This
hypothesis is based on the findings obtained from the earlier
‘demonstration projects’ in Tilburg, The Hegue, BRijswijk and
Eindhoven.

The evaluation study consists of a before-study held in 1982 and
an after-study that was carried out in 1985, after a large number
of measures were taken. At this moment all parts of the evalua-
tion study have been completed, except the investigation into
safety effects (See the list of publications in the back of this
report) .



This summary report briefly discusses the main results and con-

clusions of the evaluation study. The next chapter outlines the
principles of the bicycle network plan. Chapter three offers a

unified theoretical framework for the explanation of the observed
changes in travel behaviour. Then the set-up of the investigae-
tions is presented, followed by condensed summaries of the indi-
vidual parts of the evaluation.

Chapter six integrates the results of these separate studies into
coherent and consistent estimates of the plan‘s effects. Using
the theoretical framework these effects will be explained as re-
sults of changes in behaviour. The final chapter eight summarizes
the findings and conclusions.



2 THE DELFT BICYCLE NETWORK PLAN

The objective of the Delft bicycle network plan is to encourage
the use of the bicycle and to make cycling safer, quicker and

more comfortable, especially for those who rely on the bicycle,
such as pupils and students. It is hoped that cartraeffic is re-
duced.

Characteristic of this network, of which 75% existed already, is
its hierarchy. It consists of three sub-networks, each having its
own functional and design characteristics: the city level, the
district level and the subdistrict level network (for details see
appendix 1).

The city level network consists of a grid of corridors at ca.500m
apart, which traverse the entire town and connect to the regional

bicycle system. This sub-network with its main purpose to serve
heavy traffic volumes links important urban activities in the
city: the centre, secondary schools, universitx, railway ste-

tions, work areas, sports centres and recreational areas.

This sub-network serves external and through bicycle trips in ad-
dition to internal trips within Delft. Most gaps at this level
are caused by physical barriers like canals, railways and main
roads. In order to avoid detours and at-grede crossings expensive
large—scale improvements have been made (bridges, tunnels etc.).

The district level network has two major functions. It connects
various facilities within the district like schools, =shops etc.
and collects and distributes bicycle traffic to and from the ur-
ban network. The 1links at this level are spaced 200 to 300 m
apart. It is assumed that the bicycle traffic flows on this sub-
network are less heavy and that bicycle trips will wuse it only
for shorter distances. Unlike at the city level, capacity is less
important at the district level compared to well-chosen location
and its fine grain. Its main purpose is to provide access.

The necessary facilities at this level are relatively simple and
of a varied nature: separated bicycle paths, bicycle lanes, small
bridges, improved junction lay-out, etc.

The subdistrict level network provides access to premises and
serves bicycle trips within the neighbourhood. In most cases
these trips are short and often made by children. The subdistrict
level network is a fine-grained system with links at 100 m inter-
vals. The provisiong are very simple and consists of little paths
and small bridges, woonerfs, short-cuts etc.. Facilities may
often be used by pedestrians as well.




The entire bicycle network plan includes a multitude and diversi-

ty of measures, not only referring to the infrastructure but also
regarding traffic control and traffic regulations. The implemen-

tation of the plan started 1982 and will take approx. 10 years.
The measures already implemented 1982 - 1985 are listed in ap-
pendix 2.

In the study period the following main provisions have been made:

- two large bicycle underpasses (Tanthof)

- three bicycle bridges (Delft North-West)

- new bicycle paths totalling 3.3 km

- exemption of cyclist from one-way traffic on 2.6 km

- new bicycle tracks or segregated bicycle paths along 8.5 km of
road

- resurfacing 10km of bicycle path.

As will be shown later, the main effect of these measures is not
a distance reduction, except to very short trips, but rather a
coherent and functionally designed system offering many new route
alternatives.



3 THEORETICAL FRAMEWORK

3.1 Approach

Aggregate changes in travel patterns result from changes at the
micro-level of individual travel behaviour on the one hand, and
from changes in the size of various classes of travellers, due to
external factors like demography, labour market etc.. Aggregate
or macro-level indicators of travel are traffic volumes, modal
shares, etc., whereas micro-level behaviour refers to modal
choice, route cholce, etc..

Individual travel behaviour may be affected by measures of the
bicycle network plan, as well as by other factors like car owner-
ship decisions. The diagrem below illustrates the interrelation-
ship between these elements.

BICYCLE other
NETWORK PLAN factors
_‘,———"—.‘_'
le_-—-""——_ J/
micro - level macro - level

travel behaviour =======> travel pattern

travel choices  —-=——-- > traffic flows

Changes in individual trevel behaviour to be investigated refer to:
- trip frequency

-~ modal transfer (to and from the bicycle)

- destination choice

- route choice

-~ perceived cycling conditions.

It is necessary to determine the alterstions in the bicycle sys-
tem that made people to travel differently and why they did so.
Understanding this causal relstionship is necessary to formulate
adequate traffic policies for the unmotorized transport modes.
This insight indicates measures that have to be taken in order to
achieve certain modifications in travel behaviour.

In this section only direct short term reactions of individuals
are dealt with: choice of a different time of departure, of a
different mode, of a different route, etec.. In view of the eval-
uation study design the outcomes of the investigations only en-
able these reactions to be determined. It should be realized,
however, that these changes constitute only a part of the total
behavioural response to the plan. Long-term responses are diffi-
cult to estimate at this moment. The importance of the long-term
effects should not be underestimated, given the rapid change in
the area’s population characteristics and its activity pattern
(on average every seven year a person changes address, Jjob or
school) .



3.2 Choice theory

Activity and travel choices
The travel pattern is a derivative of the individual’s activity

pattern. This means that if the activity pattern changes, e.g.in
terms of frequencies, points of times, duration, sequence and
location, the individual’s travel choices will necessarily be
adapted. The choice of activities may be affected by the bicycle
network plan. :

A modification of the activity pattern thus results in a differ-
ent trip frequency, different mode, different distance travelled,
etc.. Changes in the activity pattern can be derived from the
distribution of trips by trip purpose.

Travel behaviour encompasses all choices related to trip timing
and mode used. Four dimensions of individual travel behaviour
will be dealt with in view of possible effects of the bicycle
network plan:

- choice to make a trip (trip frequency)

-~ destination choilce

- mode choice and

-~ route choice.

It is asssumed that trip fregquency and destination choice are in-
direct decisions which depend upon the activity pattern, whereas
mode and route decisions are made directly and enable an imme-
diate response to improvements of the bicycle network. The dia-
gram below illustrates the way these four choice dimensions af-
fect total distance travelled by bicycle.

tix(l ~
trip modal destination route
frequency choice choice choice
number of bicycle bicycle trip
trips length

total distance
travelled by bike



Elements of the choice process

Activities carried out and trips made can be viewed as outcomes
of choice processes. Individuals choose more or less rationally
from various options available to them, based on their personal
taste and preferences.

A traveller has available a number of alternatives (e.g. modes,
routes), each having a variety of attributes. It is on the basis
on these attributes that the individual traveller evaluates the
attractiveness of the alternatives. Examples of such attributes
are travel time, comfort, safety. Both these elements define the
objective choice situation.

On the other hand personal and subjective characteristics of the
traveller play an important role in travel choice processes. Due
to his personal circumstances not all existing alternatives are
feasible to him for the trip to be made. These constraints are
both of a more objective nature (e.g. bicycle ownership, car
availability, physical handicaps) and of a subjective type (e.g.
persaonal perception of travel times and distances, lack of know-
ledge about existing aslternatives).

Choice restraints result in a much more limited subjective choice

situation, having less alternatives and attributes perceived dif-
ferently. The traveller will evaluate the advantages and disad-
vantages of these alternatives. Given his personal preferences
and taste with respect to travel time, gsafety, convenience etc.,
he will trade off the relevant attributes. It is assumed that he
tries to maximize his utility which means that he selects the al-
ternative that is most attractive to him. Utility or attrasctive-
ness is a weighted combination of all relevant attributes.

The next scheme illustrates the essential elements of the choice
process. The bicycle network plan may in principle affect objec-
tive (impersonal) as well as subjective (personal) aspects. The
way these choice elements (alternatives, attributes, constraints,
perceptions, and preferences) might have been affected by this
plan will be discussed later.



BICYCLE NETWORK other
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Certain effects, in particular those on the perception of alter-
natives and attributes, grow to their full extent only after a
longer period, during which travellers get acquainted with the

enhanced bicycle network.



4 GSET-UP OF THE EVALUATION STUDY

The objectives of the investigations, initiated by the Centrel
Bouvernement (Ministry of Transport and Public Works), are:
to determine the effectiveness of the bicycle network scheme
with respect to the encouragement of the bicycle use and the
improvement of the comfort and safety of bicycle trips;
to test tne underlying traffic-related hypotheses of the
scheme;
to measure the changes in travel behaviour of cyclists and
non-cyclists induced by the plan in order to gain an under-
standing of this behaviour that is generally applicable in
planning.

The evaluation study consists of a main study desaling with the
entire bicycle network plan and a number of project evaluations.
The latter monitor the effects of some large and expensive infra-
structural projects that were built. Examples are the Plantage
Bridge and the Station Tunnel. This summary report confines it-
gelf to the main study.

The evaluation study has been designed as & before-and-after
study with a study area and a control area. The before-study was
carried out in Beptember and October 1982 prior to the implemen-
tation of the plan. The after-study took place in September and
ODctober 1985 after a large part of the improvements were carried
out.

Districts 13 and 14 (North-West Delft) were selected as the study
area, where sll planned improvements were made within the study
period. District Wippolder is the control area, where no improve-
ments were made. In addition to the study srea that was monitored
by almost all investigations, some of these also deal with the
Tanthof district, since some special facilities were built to im-
prove the connection of this new residential area to the town
centre. Figure 1 shows the three subareas (for details see appen-
dix 3).

The next chapter describes the design and results of the various
evaluation parts which make up the main study. Subsequently, the
findings are integrated into coherent answers to the policy
guestions mentioned above.



Figure 1:

The city of Delft and three sub-areas
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5

5.1

RESULTS AND CONCLUSIONE OF THE STUDY PARTE

Overview of the individual studies

The entire evaluation study into the plan’s effects consists of a
number of study parts which were carried out more-or-less inde-
pendently:

a.

Analysis of changes in mobility of Delft inhabitants with em-
phasis on mode-choice and the mode-choice situstion. This in-
vegstigation 1is based on home interviews and in-depth inter-
views. It was carried out by the Institute of Applied Socio-
logy (ITS) at Nijmegen University.

Analysis of changes in the origin-destination pattern of bi-
cycle trips. This investigation was based on malil back road-
side surveys among cyclists. It was carried out by the Traffic
and Transport Group of TNO (VVG-TNO) in Delft.

Analysis of changes in c¢cyclists’ route choice and network
use. This analysis is based on observations of routes followed
by cyclists 1in the Delft network. This investigation has
been done by the Research Insititute of Urban Planning and
Architecture at Delft University of Technology (0OSPA-TU
Delft).

Analysis of changes in car and bicycle traffic volumes. This
investigation compares counts held during the before and the
after study. It was performend by the Stichting voor Mobili-
teits- en Transportresearch in Delft (SMT).

Analysis of changes in traffic safety. This analysis uses
traffic accident datea of the period 1980-1988 as recorded in a
centralized manner by Dutch Government. The investigsetion is
being carried out by 0OS5PA- TU Delft and will be completed in
1988.

Analysis of the effects of the newly built Plantage Bridge.
Two seperate evaluations of this project have been made. The
first one, carried out by ITS, deals with the effects on the
travel pattern of inhabitants of an adjacent residential dis-
trict. The second investigation, by OSPA-TU Delft, determines
the effects on bicycle traffic crossing the canal.

Analysis of the effects of the Station Tunnel on bicycle traf-
fic and train use. This investigation by OSPA-TU Delft will be
completed in 1988.

Comparison of the Delft travel pattern with that of other
Dutch medium-sized towns. The objective of this study is to
determine whether the findings of the evaluation study are
transferable to other towns. It 1s carried out by 0SPA-TU
Delft, wusing existing data (National Mobility Survey, Survey
on Labour Force).

To a certain extent these investigetions are linked through the
common use of observations and data. All investigations, except

h.

were before—and-after studies.

In this report only the investigations mentioned at a. through d.
are dealt with.



Table i: Overview of investigations

CONTRACTOR

PRIHARY OBJECTIVE

OBSERVATIONS

PUBLICATIONS
Before Final

study report

a. IT5/H1jmegen

general sobility;

hose interviews

{11

sode cheice; 91 [12]
choice constraints; in-depth (3]
perceptions intervieus

b. VVB/TND bicycle trip road side [8] [131
pattern SUrveys

c. OSPA/TU Delft  route choice and route surveys {21 {101
network use of {111
cyclists

d. SHT/Delft tratfic voluses counts -- [14]

. ITS/Hi jeegen Plantage Bridge in-depth {71 [16]
travel pattern interviews

f. DSPA/TU Deift  Plantage Bridge road side (61  [1H
crossing bicycle trips surveys

g. OSPA/TU Delft  Station Tunnel platforas surveys  [3] to
bicycle use appear

h. OSPA/TU Delft  transferrability statistics -- [171

e. OSPA/TU Delft  tratfic satety accident data -- to

appear



5.2 Travel behaviour and choice constraints
5.2.1 Objectives and set-up of the study

This study part evaluates the Delft bicycle network plan from the
perspective of actual and potential use of the bicycle. By in-
vestigating actual bicycle wuse the achieved increase in cycling

will be determined in a quantitative sense, also in relation to
other modes of transport. Encouragement of bicycle use is also
assessed from a more qualitative point of view, e.g. removing

choice constraints, improving the conditions for cycling as per-
ceived by people.

In keeping with the distinction made above, the study has been

divided into two parts:

- a descriptive study of the population’s work-day travel beha-
viour; emphasis is on the proportion of trips made by bicycle,
before and after implementation of the bicycle network;

- a subsequent in-depth study, offering an explanation for the
level of bicycle use found, and furthermore providing insight
into changes which occured in the perception of conditions for
cycling.

Date for the descriptive study were collected by means of & post-
al home interview survey. The more qualitative information was
gathered by in-depth interviews.

Both approaches were used both before (1982/1983) and after
{1985/1986) the actual dimplementation of the infrastructural
measures. The study investigates the population of Delft. The
survey was limited to two study areas and one control area. The
main study area was North-West, where a large mumber of measures
varying in scale and type were made at numerous locations. The
minor study area was Tanthof, a new peripheral residential dis-
trict which was linked to the city centre by major new bicycle
links.

The Wippolder district is a control area where no measures were
implemented during the study period.

The in-depth interviews and relsted analyses were done saccording
to the situational approach model, developed by the German re-
search institute Sozialforschung Broeg. This method especially
provides good insight into existing choice <constraints. Gaining
experience with this approach was one of the objectives of this
study.

5.2.2 BResults

Mobility in general

The residents of Delft showed a stable level of mobility between
1982 and 1985. The number of mobile people remained the same (88
per cent of the total), as did the number of trips made by the
mobile group. This stability can be explained in view of the al-
ready high 1level of mobility in Delft; data from the National
Mobility Survey shows that it is higher than in other comparable
medium—sized towns in the Netherlands [ 17].




Modal split

The modal split has changed between the two moments of measure-
ment. The change in the control area is different from that in

both ’‘experimental’ districts.

In the control area an increase in car mobility was found. In
terms of absolute numbers of car trips per person per day, as
well as in terms of the proportion of trips made by car, car mo-
bility increased by more than 10 per cent. The increase refers to
both driver and paessenger trips. This coincided with a reduction
of public transport mobility. This reduction is an expression of
the falling trend in public transport mobility since 1979, obser-
ved in all medium-sized Dutch towns [17].

The modal choice of the residents of Tanthof changed in a comple-
tely different sense. Although they also made less use of public
transport, though to a limited degree, no increase was found in
car mobility. On the contrary, car mobillity clearly dropped and
was compensated by an increase in bicycle mobility. The propor-
tion of bicycles in the total number of trips grew from 38 per
cent to 39 per cent.

In North-West a similar shift was observed, but somewhat less
pronounced with respect to cycling. There the proportion of bi-
cycle trips grew from 40 per cent to 43 per cent. In contrast to
the control area, car use did not increase.

The increase found in bicycle mobility cannot be ascribed to a
growth of travel mobility: there was no change in total mobility
between 1982 and 1985. The increase observed is consistent with
comparisons based on volume counts: in the study area and even
more so in Tanthof bicycle volumes increased [ 14].

Sources of increased bicycle use

The growth of the bicycle share does not originate from one other
mode of transport in particular, but from former trips on foot as
well as former car-trips and, though to a lesser eatent, former
public-transport-trips. The contribution of former trips-on foot
and former motorized privat-trips is more or less equal. In gene-
ral, a rather limited degree of mode change was found, insofar as
a person’s activity pattern remsined the same. For both bicycle
and car trips, a stability level of approximately 95 per cent.
wasg found.

The increase of bicycle mobility cannot be ascribed to & larger
number of people using the bicycle, but is the result of a larger
number of bicycle trips per cyclist per day. This finding is con-
sistent with the finding from the before-study, based on the si-
tuational approach, that many non-cyclists are captive users of
other modes {car, public transport) and do not have freedom of
choice [3]. ,

Bicycle use by men increased more than that by women. This fin-
ding is also consistent with that of the other studies in Delft.
Moreover, the increase in the test areas is concentrated especi-
ally in work and school trips.



The average bicycle trip length has increased, in contrast to the
average trip duration. This means that cycling has become faster
compared to 1982. To illustrate: in 1985 bicycle trips by Tanthof
residents were approx. 6 per cent longer, while the average dura-
tion of a trip even decreased. In general, this suggests a posi-
tive effect of the improved continuity of the bicycle network,
which extends its influence throughout Delft.

Choice constraints partly removed

Various constraints may limit the use of the bicycle. Compsred to
1982, some constraints appear to occur less often. Particularly,
the amount of time needed for travelling by bicycle is raised as
an objection less often; this reduction may have to do with the
improved accessibility. In figures, in 1982 for 27 per cent of
trips by car and public transport, too much time was argued to be
an objection to using the bicycle; in 1985 this objection was re-
ported for-18 per cent of the non-bicycle-trips. General conside-
rations of safety and comfort also form less frequently a res-
triction: previously for 17 per cent, now 8 per cent of the non-
bicycle~trips. Specific road and traffic situations do not pre-
vent people from cycling, neither in 1985 nor in 1982. This in
itgself indicates that improving only 1individual Junctions and
links hardly encourages the use of the bicycle. In other words:
isolated infrastructural measures clearly offer less prospacts
for increased bicycle use than systematic, mutually interdepen-
dent measures, as were implemented within the framework of the
Delft bicycle network plan.

The measures taken near Tanthof proved to be effective, as indi-
cated by the growth in cycling observed for Tanthof residents;
the increase here is larger than in the district North-West. The
new bicycle tunnels and routes not only improved comfort and sa-
fety, the improved connection with the town centre also implies a
shorter route and a reduction in travel time. The importance of
these improvements in the corridor inveolved has been clearly de-
monstrated by the reported perceptions of Tanthof residents.

The perception of cycling

The bicycle climate has evidently improved in Delft. The condi-
tions for cycling are now perceived clearly more positively in
comparison with three years ago. In Tanthof this improvement was
found to apply to slightly more than half of the respondents,
with respect to comfort, continuity and safety. It applies to
less people in North-West, and involved more frequently comfort
and continuity (less detours, shorter waiting times) than safety.

On balance, a small minority of less than 10 per cent still per-
ceives the bicycle system in Delft as negative in terms of com-
fort and continuity. The conditions for driving a car are expe-
rienced as being notably worse.

A wide range of effects can be ascribed to the bicycle plan: pos-
itive effects are noticable for a considerable part of bicycle
trips being made now. This is the case for over a quarter of



these trips made by residents of the district North-West and fur-
thermore for approx. 45 per cent of the bicycle trips by Tanthof

residents.
The positive effect of the bicycle plan can also be derived from

the notaeble reduction of the number of bicycle ¢trips which expe-
rience problems en route. The proportion of ‘problem trips’ fell
fraom one half to one third. All this 1is the combined result of
removed bottlenecks as well as route shifts which have become
possible.

Transfer potentials

Besides the use of transport modes actually found, an assessment
was made of the extent to which the market position of the bicyc~-
le, relative to the other modes, had improved. The position of
the bicycle was not very strong in 1882; the potential losses
were bigger than the potential increase.

The study has determined changes in transfer potentials between
different modes of transport. A transfer potential to a certain
mode is assumed to exist if there are no constraints that prevent
that mode from being chosen. After the measures were implemented,
the potential use of the bicycle grew considerably. This increase
is largest for people who travel by car or on foot; the increase
is much smaller for travellers using public transport. Tanthof
residents show the largest increase. Although causality cannot be
demonstrated, the conclusion is that the measures for encourage-
ing cycling to a certain degree have increased the cycling poten-
tial by removing constraints. Besides the measures taken, other
factors related to objective constraints have also extended this
potential.

Besides the increased number of trips by car, public transport or
on foot that could be made by bicycle without any difficulty,
there is also a reversed transfer potential from the bicycle to

the car, to public transport or to walking. The potential which
could shift from the bicycle to the other modes has also grown
since 1982 , but less than the possible inflowing potential. In

other words: the possible gain of the bicycle has grown more than
the potential loss.

In absolute numbers of trips the mutual tranfer potentials bet-
ween the bicycle and the car are balanced. This 1s not the case
between the bicycle and walking, since «cycling may loose more
than gain (see figure 2).



Figure 2: Choice potentials regarding the bike, and of cyclists

regarding other modes (after situation)
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shift to mode Y (transfer
potential)

size of transfer potential

as a percentage of all trips
E.g.: 34 percent of car trips
implies 10 percent of all
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This cleerly shows the competitiveness of the bicycle compared to

the other modes of transport. It is interesting to conclude that
its competitiveness has improved since 1982, especially because

of the improved position relative to the car. Nevertheless the
bicycle still remains somewhat at & disadvantage.

Assessment of the results

The foregoing indicates that quantitative as well as qualitative

improvements were made to the bicycle mode between 1982 and 198S§.

In view of the transfers found in the use of modes of transport,

it is likely that the implementation of the bicycle network has

prevented a further growth of c¢ar use and has strengthened the
position of the bicycle.

The question 1is how to assess this result. It could be argued

that the observed growth of bicycle use is only marginal. In

evaluating these figures, the following should be taken into ac-
count:

— The increase in bicycle use occurred in a situation in which
the chances of a reduction were greater than the chances of
growth [3]. In wview of the existing choice restrictions, in
1882 more trips by bicycle could have been made by any other
mode without any difficulty than the number of non-bicycle
trips which could have been made by bicycle without problems.

- The bicycle is not & feasible transport mode for a large number
of trips in view of existing constraints, either of a more ob-
jective nature, or of a more subjective one. The situational
analysis has shown that only a limited proportion ef people
have real freedom of choice.

- Generating new bicycle traffic is certainly not the only aim of
bicycle stimulating measures. Another objective is to improve
the conditions for cycling in terms of comfort, safety etc;
furthermore it should be realized that such & policy is neces-
sary in order to prevent a reduction of bicycle wuse in the
long run.

- In 1982, the proportion of trips made by bicycle was already
quite high in Delft (approx. 40 per cent), although in some
Dutch towns it is even higher. Therefore,a higher proportion is

difficult to obtain. In this respect it is relevant to note
that an increase in car use —as was the case in the control
area—- did not occur in North-West and that car use even was

reduced in Tanthof.

-~ The dincrease in bicycle use can not be completely ascribed to
the bicycle network. For years now, bicycle use is growing in
most medium sized Dutch towns [17].

The effect of the bicycle plan can be traced even more clearly in

a8 qualitetive sense than in & quantitative one. The nature of the

qualitative changes found are directly linked to the implemented
measures:

- to the extent that the bicycle is not used (yet), certain types
of constraeints (trip time needed and considerations of comfort)
apply less frequently than before; this partly results in more
freedom of choice;



- & considerable improvement in the conditions for cycling was
reported; first, less concrete problems during a cycling trip
were reported. Second, people who experience cycling as being
positive have increased in number.

Another qualitative result is a better balance between the car

and the bicycle with respect to mutual transfer potentials.

The results obtained lead to the conclusion that the bicycle net-
work has had a positive influence on actual bicycle use as well
as on the modal choice situation. Especially the last, more qual-
itative result is important in the long run.

5.2.3 Conclusions of this study

From this study the following conclusions can be drawn:

a. The Delft bicycle plan has succeeded in realizing an increase,
though be it limited, in bicycle use of the inhabiltants of
Delft. Even more important is the fact that the measures for
stimulating bicycle use prevented a growth of car use. In
Tanthof the measures even coincided with a reduction 1in car
travel.

b. The bicycle plan also has merits in a qualitative sense in the
form of clearly improved perceived conditions for cycling with

respect to safety, comfort and continuity. This improves the
stability of the bicycle system in the long term.
c. Moreover, a qualitative result was obtained by establishing &

balance between the position of the bicycle and other modes of
transport, although at the moment the chances of a reduction
in the use of bicycle are still slightly larger than the chan-
ces of an increase. In particular, the position of the bicycle
compared to that of the car has become stronger.

d. The design philosophy of the bicycle network proves to provide
solutions to the problems perceived in reality by cyclists and
to their preferences. Since bicycle trips have a widely dis-
tributed pattern in a spatial sense and since the problems en-
countered en route (detours, unsafe and uncomfortable loca-
tions) are scattered, a policy accounting for these character-
istics has favourable prospects.

e. Measures aimed at improving continuity in a corridor have a
positive effect if heavy flows are involved; an example is the
relationship between Tanthof and the town centre of Delft.

£. The situational approach proved to be a valuable method to in-
vestigate the bicycle potential and mutual transfer likelihood
of modes. The method takes objectve and subjective choice con-
straints into account which results in & realistic estimate of
the existing freedom of choice and probability of behavioral
changes. Through this, the method possesses predictive value.



5.3 oprigin-destination pattern of bicycle trips

5.3.1 Goal and set-up of the investigation

The aim of this investigation part was to answer the following
guestions:
- What changes occured in the origin-destination pattern and in
the bicycle flows?
- Do these changes differ for certain categories of cyclists?
- To what extent do the changes result from the measures
taken as part of the bicycle network plan?
Changes in the origin-destination pattern were studied by compar-
ing the situation before and after. For this purpose information
was gathered, both in September 1982, just before the implementa-
tion of the measures started, and in September 1985 after most of
the measures had been implemented.
The investigation focused on work-day bicycle trips which make
use of the (bicycle) infrastructure of North-West Delft (the stu-
dy area). This therefore involved trips of the area’s inhabit-
ants, as was the case in the home interview survey, but also
trips of inhabitants from other parts of Delft or other munici-
palities. For the purpose of analysing the origin-destination
pattern, the results of the investigation were mainly drawn from
the following sources:
- verbal and mail-back self-completed roadside interviews among
cyclists who left the study ares;
~ complete count of cyclists who passed the cordon 1line around
the study area (continous counts);
- partial count of cyclists at & large number of locations inside
the study area (short-duration counts).

In the origin-destination study changes in bicycle use were ex-
pressed in numbers of trips or bicycle flows.

5.3.2 Results

Changes in the origin-destination pattern.
During the period investigated the number of bicycle trips in and
through the study area (approx. 50,000 per day) clearly increased
by approx. 1800 trips, or nearly 4 per cent. The increase mainly
concerns trips with origin and destination outside the study
area. These through cyclists have a share of over 17 per cent in
the total bicycle travel in the study area. The number of through
trips increased by 1700 (20 per cent) compared with 1982. The to-
tal number of other trips has barely altered (internal, incoming
and outgoing cycle traffic). There are small differences in the
gsituation before and after as regards the type of trip (fig. 3).
The increase in through trips can be seen on virtually all inter-
changes. The increase is the largest between the areas:
- South-West Delft - Delft Centre (in both directions)
- Spouth-West Delft - municipaelities outside Delft (in both
directions).




Figure 3: Number of trips in and through the study area in 1982

and 19885
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Purpose and time

The growth in bicycle travel partly concerns trips which are made
according to a fixed daily pattern at more or less Fixed times

(purpose work, about 26 per cent of all trips) and partly con-
cerns trips which are made less regularly and are less time re-
lated (purpose shopping, about 16 per cent of all trips). The
increase in shopping travel (28 per cent) is higher than in work
travel (9 per cent). The increase in the number of trips is
therefore fairly evenly distributed over the day.

Residence

More bicycle trips (through the study area) are mainly made by
inhabitants of the districts in South-West Delft and inhabitants
of municipalities outside Delft. The total number of trips by
inhabitants of the study area barely altered. However, if this
figure is corrected for the downward trend in the population of
the study area, there i¢ @ small increase. This closely matches
the results of the home interview survey. Even after correcting
for the population trend in South-West Delft and the municipali-
ties outside Delft, the increase for these areas remains consi-
derable (13 - 19 per cent).

Bicycle flow pattern

The flows at the cordon line of cyclists leaving or entering the
study area (about S4,000) rose by about 7 per cent. The increase
in bicycle traffic can be found at all parts of the cordon line
around the study erea. However, the increase is largest at the
cordon section between the,study area and the municipsl boundary
between Delft and Rijswijk (northern side) and Delft and Den
Hoorn (western side).

Within the study area the increase in bicycle flows is highest in
the southern part of the study area.

As regards the cordon 1line around the study area, the through
traffic mainly increased at locations which were already busy in
the before situation. Cyclists departing within the study areea
are the main beneficliaries of the new connections (bicycle cros-
sing at Molen de Roos, Locomotiefpad and the Buitenwatersloot-
Westlandseweg bicycle bridge). These connections, therefore, are
particularly importent for trips beginning or ending in the vici-
nity of these facilities.

Effect of the bicycle network plan

In addition to & possible effect of the bicycle plan, the differ-
ences between the before and after investigations may also be
caused by several other factors. The main general factors in-
clude:

- the population trend;

- the general mobility trend;

- the weather conditions;

- methodological factors.




Several factors related to the specific situation in Delft (and
the surrounding area) may also be important in explaining the
differences:

-~ the number of jobs and the size of the working population;

-~ the number of secondary school pupils and students at the
University of Technology; the relocation of a secondary school
to a location within the study area plays a major role here;

- the extent and nature of shopping facilities and sports
centres;

- the number of travellers arriving at and departing from Delft
Railway Station.

Using a predictive model, an estimation was made of the effects
of the above factors on the cycle trips leaving the study sarea.
It was found that 40 per cent of the increase in the number of
trips may be due to the measures of the bicycle plan. Considering
the calculation method used, this estimate of the effect can be
regarded as a lower limit for the effect of the bicycle network.
In other words, a minimum of 40 per cent of the differences found
can be attributed to the enhancements of the bicycle network
(figure 5).

Figure §5: The effects of the main background factors

mobility
trend

methodological ;
factors

general
factors

cycle route
network

- 23 -



The measures mainly aimed at offering e comprehensive network
structure and at 1increasing the possibilities of travelling

through the study area. This is thought to explain the sharp in-
crease in the through traeffic. Part of this increase is probably

due to trips which in the before situation made no use of the bi-
cycle infrastructure inside the study area. This emerges amongst
other things from the fall in the volume of traffic on stretches
of road just outside the study ares (Westvest,Zuidwal), which was
noted in the investigation on route choice behaviour and network
use [ 10].

The small changes in the number of trips originating inside the
study area and ending outside it are mainly due to the relocation
of a secondary school and the increase in the number of students
at the Technical University. The starting and end time of lessons
at the relocated secondary school also affects the spread of the
increase in traffic over the day.

5.3.3 Conclusions of this study

The main conclusions are as follows:

-~ bicycle travel in North- West Delft has increased as a result
of the measures taken as part of the bicycle network;

- these measures, which were mainly aimed at offering a compre-
hensive network structure and dimproving the possibilities of
crossing through North-West Delft, have led, as expected, to
inhabitants from mainly outside the area making more use of the
bicycle infrastructure in North-West Delft.

- the age categories between 18 and S50 are the main beneficiaries
of the measures. As far as the purpose for the journey is con-
cerned, the increase was highest among shopping traffic.
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5.4 PRoute choice and network use
5.4.1 Objectives and method

This part of the evaluation study, carried out by the Research
Institute for Urban Planning and Architecture (0SPA) of the Delft
University of Technology deals with changes in cyclists route
choice and network use between the before and after situation.

The aim of this partial evaluation is:

- to determine whether the measures taken have had the intended
effect on cyclists’ route choice;

- to test the appropriateness of the bicycle network’s design
principles, e.g. hierarchy, spacings;

-~ to gain a better understanding of cyclists’ route choice
behaviour.

This study part analyses the route characteristics of the bicycle
trips crossing the cordon around the study area in the outward
direction, irrespective of the traveller’s place of residence:
trips made by inhabitants of Delft (all districts) and those made
by others are included.

Among these cyclists roadside-mailback surveys were held with
respect to trip and route information. The analysis deals with
the information on the routes followed obtained from both sur-
veys, whereas the other trip data were used by VVG-TNO to deter-
mine changes in origin-destination patterns.

The observed routes help in detecting changes in route choice,
trip length and network use with respect to road types between
the before and after situation.

5.4.2 Findings

Network changes

In the study period (1982-1985) & large number of measures have
been taken in the study area: new bridges, bicycle paths or lanes
and short-cuts were built. Furthermore, many one-way streets were
opened to bicycle traffic in both directions. A number of exis-
ting bicycle paths and lanes were resurfaced.

In total the bicycle network length increased by 3.3 km (+1.4 per
cent). It is not so much the additional system length that mat-

ters, but rather the degree to which these additions transform
the existing network into & comprehensive and interconnected sys-
tem. GBGiven the high density of the existing network, it is not

surprising that on average in Delft a decrease of bicycle distan-
ces of only -1 per cent results from the additions. Only for very
short bicycle trips of less than 1 km length a larger decrease of
-3 per cent is found.



It should be emphasised that in & more gqualitative way the bi-
cycle network has been improved substentisally by building sepa-

rate bicycle paths and bicycle lanes on existing connections.
Also replacing brick and tile paving with asphalt added much to

improvement of the comfort.

Changes in the trip pattern

The number of bicycle trips leaving the cordon around the study
area increased sharply from 25,000 to 28,000 (+10 per cent).
Partly, this increase can be explained by changes in the demogra-
phic composition of the Delft population. After correcting for
this factor an increase of about +8 per cent remains. More than
90 per cent of this increase stems from the growth of the number
of through trips. About 65 per cent of the growth is accounted
far by inhabitants of Delft living outside the study area. Inha-
bitants of the study area on the other hand make less bicycle
trips.

In the after~situation clearly less short trips and more long
bicycle trips were made. As a result the average trip length
increased by 6.5 per cent from 3.7 to 3.9 km. This implies a
clear improvement of the cyclist’s mobility.

The larger number of tripé and the larger average trip length re-
sulted in a sharply increased total distance travelled, which
went up by 1?7 per cent (if corrected for demographic changes the
increase is +15 per cent). The growth of total distance travelled
can be seen with all trip purposes, especially with shopping
trips.

From this study, as well as from the other investigations, it caen
be concluded that demographic changes as well as general national
mobility developments only explain & part of the observed incres-
se of bicycle travel. We therefore conclude that the measures
taken as part of the bicycle network clearly stimulated the use
of the bicycle in Delft.

Changes in route choice

Cyclists’ route choice appears to be very sensitive to distance
and travel time. More than 20 per cent uses @ route with a travel
time equal to the shortest possible time. Half of the cyclists
succeeds in finding a path that 1is, on average, only half-a-
minute longer than the shortest time. Apart from travel time and
distance, also surface quality matters as a route choice factor,
whereas facility type appears to be less important.

The route pattern of the cyclists in the after-situation differs
significantly from that in the before-situation. This change re-
sulted directly from the measures of the bicycle network plan

carried out. In particular, newly built bicycle faecilities ast-
tract much bicycle traffic, that is diverted from existing rou-
tes. In this way, heavily loaded links and intersections have

been relieved according to the planners’ intentions. Examples
are: Westvest, Zuidwal.



Figure 6: Distribution of bicycle trips among mein route alter-
natives between Westerkwartier, Railway Station, and

Hambridge (1982-1985)
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As an example figure 6 shows the Barbararoad. After opening of
this footpath to cyclists in both directions, this lane attracts
28 per cent of all travel between the Westerkwartier-area and the
University campus, thereby largely relieving the overloaded
Westvest-Zuidwal-street (decrease in flowshare from 83 to 48 per
cent)

Exempting cyclists from one-way traffic only led to local changes
in routes followed. Dependent upon the exact 1location of these
measures, they stimulated the use of new connections.

It was found that the main cause of the changes in route choice
is not so much the reduction of travel distance or time due to
new or improved bicycle facilities. New facilities are used be-
cause they constitute a new and additional route alternative,
which 1is not necessarily shorter than the existing facilities.
Moreover, other characteristics like comfort, surface quality,
protection from the wind, visual quality, safety etc. determine
the choice among equally long routes.

Changes in network use

The Delft bicycle network provides facilities at three functional
levels: urban, digtrict and connections. This functional
hierarchy proved to be a successful concept. The network is used
as designed: facilities at different levels appear to be used
differently in terms of number and type of bicycle trips.

Almost 60 per cent of the total distance travelled by cyclists is
performed on urban level facilities which comprise less than
one-third of the network length (see table 2). Measures taken as
part of the network plan have increased this concentration. The
largest increase of average flow was observed at this urban
level. This is not surprising given the faect that most network
improvements were at this level. The objective of the plan to
enhance the traffic function of the high-order 1links and the
access function of the low-order ones has been achieved.




This study showed that cyclists travel less on streets where they
mix with car tratffic. Nevertheless, still 40 per cent of the to-
tal distance travelled takes place on these roads after imple-
mentation of the plan in the study area.

The newly built separate bicycle paths attract a disproportion-
ately larger amount of traffic, resulting in 35 per cent shaere of
total distance travelled. As a consequence bicycle traffic volu-
mes on streets with mixed traffic and on bicycle lanes went down.
These shifts suggest a positive effect on subjective and objec-
tive safety of cyclists.

Table 2: Changes in cyclists’ network use

road growth distance growth kilosmetrage/ growth

functional length B82-85 travelled B82-85 ke road 82-85
class [kal {11 {kal ¥4 index index
subdistrict level 73.8 -7 3794 241 26 + b
district level B4.7 1.91 24241 131 143 +18
city level 74.7 2.9 35245 181 236 +35
total network 233.2 1.4l 63300 7% 136 +21

facility type

sixed traffic . 139.6 -5.3% 283712 41 89 +9
bicycle lane 18.6 17.7% 16165 171 44 -5
separate path 27.5  10.9% 13706 341 249 +39
independent path 23.5 23.81 4790 481 99 +23



5.4.3 Conclusions of this study part

This study on route choice and network use shows that, despite
the high quality of the existing bicycle system, it was possible
to improve the structure and connectivity of the network by means
of various projects of varying scale. In Delft, small-scale im-
provements proved to induce significant changes in route choice,
thereby relieving busy and dangerous situations.

It is recommended to design bicycle networks according to the
principle of a functional nierarchy. By expressing the functional
level into the design of the facilities the cyclist will perceive
and recognize the network structure as a clear and logical sys-
tem. Better cognition and perception of this structure will ena-
ble the cyclist to estimate distances and travel times more cor-
rectly, which will stimulate bicycle use. It was found that
cyclists increased their trip length, which may be considered as
an improvement of mobility.

New bicycle paths will always be used. A heavy use, however, will
only be obtained if such facilities offer a gain in travel time
to the cyclists. Expensive separate bicycle paths are of no use
for attracting bicycle traffic if they offer no shorter alterna-
tive to existing routes. Compared to travel time and directness,

the type of faecility as such is an unimportant route choice
factor.



5.5 gChanges in traffic volume patterns

5.5.1 Objective and set-up

In addition to the studies on individual travel behaviour repor-
ted on earlier, the collective result of these individual choices
were investigated too. This study, which was carried out by
Stichting voor Mobiliteits— en Transport Research (SMT)} in Delft,
deals with changes in bicycle and car traffic wvolumes in the
Delft bicycle network. Furthermore, it establishes the contri-
bution of the Delft bicycle network to these changes.

For this purpose, many counts of bicycle and car traffic were
held both in the before and in the after situation. Counts of bi-
cycle traffic were carried out on ca. 250 road sections in both
directions: they were located in various districts of Delft and
distributed among various functional classes and facility types.
Within and around the study area North-West the density of counts
was much higher in order to adequately trace possible changes in
network use by cyclists.

Car treffic was counted bidirectionally on ca. 130 road sections
throughout Delft. This number of counts does not allow area-spe-
cific conclusions on car traffic volume changes to be made.

5.85.2 Findings

Between 19B2 and 1985 bicycle traffic volumes in Delft increased
on average by ca. 18 per cent. Car volumes remained stable. The
increase 1in bicycle traffic varies considerably between aresas,
locations and types of facility.

In the study ares Delft North-West, bicycle traffic volumes in-
creased by ca. 14 per cent, whereas they remained constant in the
control area Wippolder. It is plausible that this difference is
to a considerable degree caused by the new provisions made as
part of the bicycle network plan.

Bicycle traffic showed a large increase of about 24 per cent in
Delft-South too. Partly this growth stems from the population

increase in the district Tanthof, although a large contribution
is due to the new bicycle 1links connecting this district to the
rest of Delft. For example, two tunnels for cyclists have been
built.

Detailed analyses of bicycle traffic volumes within and around
the study area showed that growth varies strongly between direc-
tions (see Figure ?). Traffic to and from the city centre only
increases marginally (+3 per cent), whereas the flows to and from
Delft-South (+12 per cent) and in particular to and from adjacent
communities (Rijswijk +23 per cent, Den Hoorn +17 per cent) rose
significantly. Put differently: external bicycle traffic increa-
sed much more than the internal traffic within Delft.
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Within the study area, north-south bicycle traffic growed with

almost 25 per cent, whereas that in east-west direction increased

by only 8 per cent. Partly this difference can be explained by
the specific measures taken which enable the study area to be

traversed in particular from south to north and vice versa more

‘easily. Examples of these measures are the new bridges on the
Buitenwatersloot, and the conversion of one-way cycle paths into
two-way ones along the Provincial road.

Apart from the general increase in bicycle traffic volumes, large
local <changes in flows were found. The underlying pattern of
these variations suggests that cyclists transferred their routes
as a8 result of the attractiveness of the new links.

Rather large shifts occured within the bicycle network: urban
level links showed & volume increase above average (41 per cent),
whereas the district network links even carry less bicycle vol-
umes (-3 per cent). 8ince most urban level 1links are separated
cycle paths, bicycle traffic volume on this type of facility
showed the largest increase of 41 per cent. Transfer of bicycle
traffic from the district level facilities to the «city level
links is caused by the fact that most of the new provisions were
made at the latter level, resulting in & larger coherence of the
city level network.

Since separated cycle paths are considered more safe, these
shifts imply an improvement of the cyclists’ safety.

Table 3: Changes in bicycle voluaes by functional class and roadway type

functional BEFORE {(1982) AFTER (19835) 1982 - 1985 sage per
class counts voluse counts voluse difference I-growth location
tity level 81 71184 93 B9440 18456 261 101
district level 39 3805 61 J4BAY -1198 -3 -61
subdistrict level 49 9293 51 10840 1567 171 121
facility type

aixed traffic 111 41493 113 40838 -437 -2 -3
bicycle lane 26 26939 28 25640 -129%  -51 -12%
independent path 52 50108 &4 70889 20781 411 151
total network 189 118542 205 137347 18825 161 71

Largest bicycle volume changes were found in the vicinity of the
new provisions 1like the Tanthof underpasses, the Barbarasteeg,
the Polderpad B8ridge, etc. On the other hand, exemption of
cyclists from one-way traffic appeared to result in clear volume
changes; generally a more even distribution of traffic 1load was
obtaeined.

Car traffic volumes remained more-or-less stable in the period
investigated (1982-1985). An explanation can not be given since
data did not ellow for detailed analysis.




The increase in bicycle traffic volume may have many causes, in-
cluding ones not related with the bicycle network plan. In addi-
tion to the comparison between the development in the study and
the control area, another method for estimating the effect of
these other factors was developed and applied. It indicates that
more than half of the average growth stems from demographic and
general mobility trends among the Delft inhabitants. It can also
be shown that 50 to 60 percent of the local bicycle volume shifts
can be attributed to the implementation of the Delft bicycle net-
work plan in the study aresas.

This totsl effect can be roughly divided into the following par-

tial effects of the measures:

- general increase in average volume: 7 per cent;

- ghifts of travelled routes towards new facilities: 36 per cent;
- shifts in routes between existing facilities: 15 per cent.

§.5.3 Conclusions

From this it can be concluded that the measures taken between
1982 and 1985 had a clear effect on the bicycle volume pattern.
They resulted in a clear growth of bicycle traffic and in even
larger shifts of these volumes due to changes in route choice.
Car traffic remained constant in this period.

These conclusions based on the analysis of bicycle and car traf-

fic volumes are similar to those from the other evaluation stud-
ies such as the one dealing with changes in modal choice (ITS).
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6 EFFECTS OF THE DELFT BICYCLE NETWORK PLAN

6.1 Introduction

Approach
In the sequel, the results about effects found in the various
study parts will be integrated: scattered results about the same

issue will be brought together; quantitative figures wilill be
standardized; and results not reported elsewhere will be added if
neccessary. Starting point is the objective of the Delft bicycle
network plan, being the encouragement of the bicycle use thereby
reducing car use in Delft; in addition the plen has to improve
the cyclist’s comfort, convenienence and safety.

By comparing changes in bicycle use in the study aree with those
in the control area the existence of other factors not related to
the bicyce network plan can be determined. 1In addition to this
interarea comparison the contribution of these factors to the
overall changes in bicycle use 1is established, wusing national
data on travel elasticities to changes in various factors like
public trensport fares, etc..

From this the incresse in bicycle use that would have occurred if
no bicycle network plan were implemented, can be assessed.

I¥ the modal shifts in the study sreae are larger than may be ex-
pected from these other factors, it may be assumed that the bi-
cycle network plan has a positive effect. This net increase is
the true and unconfounded effect of the bicycle improvements made
in the study area.

Definitions

The effect will be mainly measured by means of the total distance
travelled by bike or car, sometimes called total kilometers trav-
elled. This total distance equsals the product of the number of
trips and the average trip length. A change in the total distance
travelled may be caused by a change in both these factors.

Effects are expressed as percentage changes in the level of bi-
cycle or car use, measured by total distance travelled, volumes,
number of trips, etc. between 1982 and 1985.

Changes in bicycle or caer use between 1982 and 1985 can be mea-
sured correctly only 1if demographic chenges are accounted for.
Therefore bicycle or car use per capita 1is wused a variable in
most cases, e.g. trips per day per capita, total distance trev-
elled per day per capita.

The components of the bicycle network plan, the effects of which
are to be determined, are located in the study area (Delft North-
West). Both residents of this area and other travellers may bene-
fit from these improvements. When determining the plan’s affect
both bicycle use by residents of the study area and total distan-



ce travelled by bicycle in this ares are relevent indicetors. The
latter distance stems from internal, external and through trips
of the study area, made by residents and non-residents as well.

6.2 Effects of bicycle plan on level of bicycle use

Central issue of the evaluation study is whether the measures
teken result in an increased bicycle use. This idintended effect
can be determined by comparing the development of bicycle use in
the study ares and the control area. Table 4 summarizes the
changes in trip frequencies, total distance travelled by bike per
day per capitse and total distance travelled in the two areas.

For details see [ 19].

Table 4: Changes in bicycle use in study and control area between
1982 and 1985

| study area | control area |
indicator | North-West | Wippolder |
no. of bicycle trips by | + 4 % | 0 % ]

inhabitants, per capita/day | | |

total distance travelled by | J |
bicycle by inhabitants | + 8 % | 0 % |
per capita per day | | |

total distance travelled by | + 11 % | -1 % j
bicycle, all trips ] | |

The results show that bicycle use clearly increased- in the study
area. Per capita total distance travelled by bike by inhabitants
in the after-situation was 8 per cent higher. Bicycle trip fre-
guencies of inhabitants increased by 4 per cent.The increase in
bicycle wuse differs between trip categories (see sec. 5.3 and
[10,13]). No increase was found in the control area.

The observed bicycle traffic volumes show a similar difference in
change in both areas. After seasonal edjustment volumes rose by
11 per cent in the study earea and fell by 1 per cent in the con-
trol area.

The differences found between study ares and control area suggest

a clear effect of the bicycle network plan. To further corrobo-
rate this finding a different way of estimating effects has been
applied. The part of the measured changes is due to background

factors not related to the cycle plan has been calculated. This
splitting up of effects has been done for the trips leaving the
study area using the so c¢elled "Mobility Explorer’, which is a
model designed to make short term predictions [ 13].



Total growth in number of bicycle trips leaving the study ares
(consisting of trips of both inhabitants and non-inhabitants of
the area) amounts to B.6 per cent.

The analysis shows that background factors cause an increase in
bicycle use of about 2.7 per cent in the same period. Decomposed
by specific factors partial effects are:

- public transport fares +2.1 %
- employment +0.5 %
- demography -1.1 %
- other factors +0.8 %

total effect +2.7 %

Changes in public transport fares and employment appear to have a
large positive effect and demographic changes affect bicycle use
negatively.

The true effect of the bicycle network plan can be established
after measurement errors and daily variations are accounted for.
The analysis by TNO indicates that the 90 per cent confidence
limits of the measured bicycle travel increase are 2.4 per cent.
This figure may be used to establish minimum and maximum values
(90 per cent confidence limit) for measured and calculated ef-
fects.

Table 5 shows the components of total growth in number of trips.
The expected value of the true effect of the bicycle network on
bicycle travel is therefore about + 6 per cent (i.e. 8.6 - 2.7
per cent), which is about two thirds of the total incresase.
Taking account of measurement errors and daily variations the
estimated effect ranges between 3 and 9 per cent.

Table 5: The estimates of the bicycle network plan’s true effect
on bicycle travel

COMPONENT average | minimum | maximum
vorer mrewin w0 TR TR
background effect 3 % : 2 % : 3 %
::::-::;a:t of plan 6 % i o 3 % : 9 %

These figures indicate that this category of trips shows & signi-
ficant increase of 6 per cent caused by the bicycle plan measu-
res. The contribution of background factors to measured growth is
relatively small. It can be concluded that the bicycle network
scheme has succesfully attained the objective of encourageing bi-
cycle usage or at least of stopping a decrease in use.



6.3 Effects of bicycle plan on level of car use

An objective of the bicycle network plan is to reduce car travel
by encouraging bicycle use. In the evaluation study, only limited

attention has been paid to car travel. The investigation by ITS
has established car mobility per capitsa by residents of both the
study and the control area in the before and in the after situ-
ation. Furthermore SMT compared car traffic counts throughout
Delft at both points of time. The effect of the bicycle network
scheme can therefore only be established by comparing car travel
per capita of the two aress.

Table 6 indicates thet the study area inhabitants had a constant
per capita c¢ar trip frequency,  whereas the totael kilometrage
driven by car rose. It can be seen that the stability of car trip
frequency is the net result of an increase in external trips and
a decrease in internal trips. This shift results in a growth in
total distance trsvelled by car since, on average, external trips
are longer than internal trips.

Car use did not increase in the study period, despite an increase
in cer ownership.

Table 6: Changes in per capita car travel (passenger trips
included) between 1982 and 1985 in percentages [ 12].

inhabitants inhabitants

|

mobility indicator | study area | control aresa 1

car trip frequency | 0 % | +15 % 1

| I |

internal trips Delft | -6 % j +25 % ]

| | |

external trips | +9 % | -1 % |

———————————————————————————— R e e

total distance travelled ] +10 % | +13 % l

by car | | |
In the control area on the other hand, both car trip frequency
and car kilometrage of the inhabitants rose. In particular, in-
ternal car trips in Delft increased. Even when statistical un-

certainties are taken into account, largely different changes in
car travel can be noticed between the study and control area.
Below it will be shown that mode transfers from car to bicycle
mainly stem from car passengers, as a result of which the reduc-
tion of car traffic in terms of vehicle volumes, due to the in-
creased bicycle use, will be limited.

Counts showed a constant 1level of car traffic as far as entire
Delft is concerned.

The differences between study and control area, combined with
stagnating car traffic volumes, indicate that the bicycle en-
hancement plan has contributed to restraining (an increase in)
car travel.



6.4 Modal transfers of study area residents

The effect of the bicycle network plan on travel behaviour has
also been determined by comparing the mode choice of the same
individuals before and after the plan was implemented. This ana-
lysis was limited to individuals whose personal circumstances
were unchanged during the study period ( the so-called panel)
[12). Model transfer is said to occur if for a similar trip at
both points of time different modes were used.

Stability in mode use

Table 7 shows for each mode the proportion of trips that changed
mode. The first column presents for each mode the share of trips
using the same mode in 1985 as in 1982 (’'stayers’). These figures
indicate the choice stability of each mode. Column two containes
the reciproke values, being the proportion lost to other modes
(’switchers’).

In the third coldmn for each mode the share of the 1985 trips
that used the same mode in 1982, is given. The complement mea-
gsures the attractive force of each mode (column four).

Table 7: Stability, gains and losses of the mode choices of the
panel trips in 1985 compared to 1982

transport mode 1985 (1982=100%) 1982 (1985=100%)
kept lost kept gained
walking 89, 0% 11,0% 97,5% 2,5%
BICYCLE 97,5% 2,5% 91,2% 8,8%
car {driver or
passenger) 92,0% 8,0% 94, 8% 5,2%
public transport 83,0% 17,0% 80,0% 20, 0%
all modes g92,8% 7,2% 92,8% 7,2%

From this table it can be seen that:

- on average 93 per cent of the trips included in the panel did
not change mode. Modal transfers appear to occur very in-
frequently. Partly, this finding has to do with the bias of
the panel, i.e. it is a selected group of individuals and
trips having the same characteristics in 1985 compared to 1982.

- the bicycle mode looses only a very limited proportion of users
(2.5 per cent). Despite changes in personal circumstances
(ageing, car ownership, income etc.) cyclists adhere to their
mode. This may be due to the bicycle network plan.

- the bicycle mode succeeds to increase its share by 9 per cent
by attracting trips from other modes.

- public transport users appear to be a rather changeable group.
It looses 17 per cent of its 1982 ridership and at the same
time attract 20 per cent of new trips from other modes. It
should be remembered that because of its small modal share (6
per cent) only small flows are involved.

- the car and walking mode attract only limited numbers of
switchers.




Modal transfers

To which modes does the bicycle mode loose trips and from which

modes does it gain travellers? Table B illustrates the loss of
the bicycle mode specified by ‘destination’ mode as well as its

gain by ‘origin’ mode; only study erea residents were involved in
this analysis.(The diagonal cells of the table show the percent-
ages of trips with the same mode; the row and column totals com-
prise the modal split in 1985 and 1982 respectively).

following can be derived form this table:

~ Losses from the bike to other modes are insignificant; they
can not be interpreted as structural. Half of this loss is
to ‘walking’
~ The bicycle mode gained 8.8 per cent new trips:
¥ half of this gain (4.4%) originates from ‘walking’
# nearly a gquarter (1.9%) from ‘car passenger’
# a fifth (1.4%) ere former car drivers
Apparently an important mutual transition exists between
cycling and walking.

- About 20 per cent of car passenger trips switched to the
bicycle mode; the slight reduction in car driver trips may
be due to a related decline of escort trips. This means that
although the number of person trips made by car declined,
the number of car trips remained nearly constant. Only car
occupancy decreased as a result.

- The transfer of trips between cycling and public transport
is rather limited.

The net gain of the bicycle mode (+6 %) mainly comes form walking
and the car, both drivers and passengers. The size of this figure
also implies that the increase in bicycle use by study area res-

idents largely results from modal transfers. Other analyses dem-
onstrated that the increased use mainly stems from travellers
that used the bike for certain trips previously. Travellers not

using the bike at all in 1982 were not attracted [12].

Table 8: Modal transfers (in percentages) of all panel member trips

TRANSPORT MODE in 1982

(study area) car car public all

in 19885 walking BICYCLE driver pass.transp. modes
walking 23.1 .5 .1 23.7

BICYCLE 1.9 39.3 .6 8 .3 43 .1

car driver 1 .2 20.0 .5 20.9

car passenger . 1 3.5 .2 3.9

public transport .4 .2 .2 .3 5.2 6.5

all modes 25.9 40.3 21.0 4.6 6.3 100.0

{incl.other)



6.5 Effects on mode choice constraints

Choice of mode decision by a traveller for a specific trip hsas
been analysed in the evaluation study in terms of so called
choice constraints, which prevent travellers from choosing cer-
tain modes. These choice constraints may be very different and
vary from objective restrictions, e.g. no bicycle is available,
to very subjective reasons, e.g. traveller hates cycling. The bi-
cycle traffic infrastructure may also cause choice constraints.

It is important to know to what extent the bicycle network plan
succeeded in removing constraints that prevent travellers from
choosing the bike and thereby enlarging the class of travellers
having a choice (unconstrained travellers). The class of trips
for which the bicycle might be chosen is called ’‘cycling poten-
tial’. Three questions were dealt with in this respect:

a) Did the constraints with respect to bicycle use diminish
between 1982 and 1985 7

b) How did the bicycle network plan remove constraints?

c) Did competition between bicycle and the other modes change?

a. Decrease in constraints

Figure 8 (a,b) shows the proportions of unconstrained non-bicycle
trips in 1982 and 1985 for both the study and the control area.
The shares of non-bicycle trips having objective and subjective
choice constraints respectively are indicated too. From the fig-
ure it can be seen that in both areas constraints ageinst cycling
clearly diminished. The group of unconstrained trips with respect
to bicycle use, i.e. the bike could have been used for these
trips, almost doubled 1its size to ca. 32 per cent.

A striking result is that this large increase is mainly caused by
a reduction in the objective restrictions. This type includes two
specific constraints. The first one is "no objective possibility

of choosing the bike", referring to reasons like ‘do not own a
bike’ or ’‘can not cycle’. The second constreint is called ‘com-
pelling reasons’, including luggage, health reasons, car needed
during work, etc.. The occurrence of the second type of con-

straint fell most from 30 per cent to 22 per cent.
This finding applies equally to both caer and waelking trips, al-
though these modes serve rather distinct travel market segments.

b. Effect of bicycle network plan on choice constraints
The contribution of the bicycle network plan on the increase of
the unconstrained travellers with respect to bicycle use has been
established by: 1. compering the study area and control area
results,
2. analysing in detail the occurrence of specific
constraints.
Figure 8(a,b) indicates that the proportion of choice travellers

among non-bicycle trips (‘cycling potential‘) is almost identical
in the study and control area. This similarity was found both for
1982 as for 1985, implying equal changes in both areas.
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Figure 8: Changes in choice constraints in study and control ares
between 1982 and 1985
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As was mentioned earlier the removal of objective constraints was
the main cause of the growth of
No measures taken
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as part of
to these changes,

deal with bicycle ownership,
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For both areas and both
sibility of choosing the bicycle for non-bicycle
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starts with

[12].
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as well
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subtracts the percentage of trips that is bound to the

because of a particular constraint.
(first

area inhabitants in

bicycle.
cent have

1982

against bike use.

column),
non-bike trips do not have an objective possibility
Of the remaining 87.6 per cent of these trips,

compelling reasons

per cent remains unconstrained at that stage;

The striking resemblance of the contributions of

between study and control area is meintained
tation of the plan.
parison of both areas with respect to frequencies and

Thig leads to

the conclusion

nificant effect of the bicycle network plan.

Table 9: Choice restraints of non-bicycle trips, all eodes [3,12]

BEFORE - SITUATION

AFTER - SITUATION

study area control area  study area  control area
DIMENGION {N=1948) {N=386) N=1101) {H=398)
bicycle is 1001 100% 100% 1001
an objective no i no : no : no '
choice alternative  12,41----i 16,0%----1 b=} 10%----1
87,61 84,01 941 90%
cospelling reasons  yes H yes i yes i yes H OBJECTIVE
against bicycle use  31,5%----} 29,9%----1 224~~~ 234----i  CONSTRAINTS
36,14 34,11 721 671
perception of i i H i
travel time 28,7%----1 28,4%----1 281----i 30%----1
27,41 25,71 443 37
perception of road H i : ;
and traffic condition 0,4%1--—1i 0%--~-- i 0%----1 07----}
27,01 25,71 443 N
perception of H i i i BUBJECTIVE
cosfort 4, b%-—--i 3,0%----1 §1----1 4%----1  CONSTRAINTS
22,41 22,71 401 331
subjective ; i i i
attitude 5,6%----1 2,5%----1 Ti----i 2=
1] i i i
LINCONSTRAINED TRIPS: 16,81 20,2% 331 31
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e. Changed competition between the bicycle and other modes

This conclusion is also supported by the occurrence of the sub-
jective constraints which would have been affected by the plan.

The ‘perceived road and traffic conditions’ appears to be an in-
significant restriction. 'Perceived travel time’ is an important
subjective constraint but its occurrence remains unchanged.

The final conclusion of this analysis is therefore that the group
of travellers that mey choose the bicycle has increased, but that
the bicycle network measures did not have any influence.

The previous section showed that’ the proportion of non-bicycle
trips that may choose the bike nearly doubled. This large in-
crease in bicycle potential stems from the car and walking modes,
because of their large modal shares.

Conversely, an important question is whether bicycle trips may
choose other modes to a larger extent. It is assumed that the bi-
cycle network plan does not affect this choice possibility.
Therefore, ITS has investigated this aspect for all areas com-
bined.

Figure 8(C) shows that the share of unconstrained bicycle trips
also increased between 1982 and 1985. This class of cyclists, who
may choose other modes, increased from 41 to 56 per cent. It is
remarkable that this growth is ceused by an increased possibility
of cyclistes to choose walking. This may be explained by the fact
that a number of travellers that walked in 1982, cycled in 1985.
These cyclists may easily switch back to the walk mode.

The general finding is that all categories of travellers have got
more choice options. This enlargement of the choice set means an
advantage and at the same time a disadvantage to the bicycle
mode. Competition has become tougher. It offers the possibility
of attracting more travellers to the bicycle mode by improving
this mode substantially.
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6.6 Effects on bicycle travel experience

An objective of the bicycle network plan is to enhance perceived
comfort and safety of cycling. Panel members were asked therefore
about their subjective experience with cycling after the measures
were taken. PRespondents’ answers were classified into three as-
pects; comfort en route, continuity and safety.

Generally it is found that cyclists’ opinion on the measures in-
troduced does not differ between those living in the study area
and control are respectively. Only 20 per cent of the cyclists
perceived a marked improvement between 1982 and 1985. The remain-
ing 80 per cent experienced & slight ar no improvement to cy-
cling conditions. Aspects like ‘surface quality’ and ‘directness’
proved to improve most as perceived by the cyclists: 30 per cent
of them noticed a significant improvement. These appeared to be
the most dimportant factors of cyclists’ route choice as well
[10}! Traffic safety on the other hand was hardly perceived as
being improved.

From the equal and stable scores in both areas, it is concluded
that the measures taken affected the experienced conditions only
marginally.

In contrast with these results 40 per cent of the people living
in Tanthof perceived a significant improvement in cycling com-
fort. This is to be understood in view of the large-scale faci-
lities that were built there, i.e. two bicycle tunnels, long se-
parate bicycle routes with asphalt paving, new direct links to
the town centre, etc.

The conclusion from these findings is that only significant im-
provements in the cyclists’ perception of comfort and safety will
be schieved if radicael and large-scale measures are taken.



6.7 Effects on route choice and network use of cyclists

Route shifts

The analysis of route choices showed clear changes in routes fol-
lowed by cyclists in the study erea. This analysis was carried
put by comparing routes chosen 1in choice situations where the
measures taken have changed choice alternatives. The route shifts
found were supported by the investigation of wvolume changes on
screenlines and on links near new facilities [ 14].

The observed route shifts were mainly caused by newly built links
like Barbara Street, Molen de Roos, and Polderpad Bridge. These
new links attract bicycle trips from existing facilities mainly
because they constitute an additional route alternative and not
in the first place because they result in significently shorter
routes [ 10].

Exemption of c¢cyclists from one-way traffic also results in no-
ticeable route shifts [10,14]; these shifts are smaller however
and confined to the immedlate vicinity of the streets involved.

A clear finding is that the implementation of the bicycle network
plan did not result in significant reductions in travel distance
and travel time at the level of the total network. The total dis-
tance travelled by bike on all trips was reduced by less than 1
per cent. Significant distance reduction was only obtained at the
shorter trip distances, but few bicycle trips take advantage of
this improvements

Network use

An important objective of the bicycle network plan is to improve
comfort and safety of cycling . The analysis of network use by
OSPA shows significant changes in this respect.

Table 10 indicates a shift from cycling in mixed traffic to the
use of separate or independent bicycle paths which are safer and
more comfortable. The proportion of mixed traffic links in total
distance travelled by bicycle fell from 45 to 40 per cent, where-
as the share of separate and independent bilcycle paths rose from
30 to 35 per cent. New facilities prove to be very effective
since the total distance cycled on them increased twice as much
as their link length, 38 per cent versus 17 per cent. Almost
three-quarter of the additional total distance cycled in 1985
compared with 1982 1is accounted for by these new high-quality
facilities [10].

It may therefore be concluded that the shifts induced made cy-
cling more comfortable and presumably safer. This improvement is
a clear and direct consequence of the bicycle network plan.

It is interesting to note that the ITS-investigation into cycling
experiences showed about 20 per cent of the cyclists perceived a
marked increase in cycling comfort [12].



Table 10: Total distence travelled by bicycle by fecility type [ 10]

type of total distance travelled by bicycle
facility BEFORE-SITUATION AFTER-SITUATION
[ kmx 1000] % [ kmx 1000] %

mixed traffic link 28,4 45 29,5 40
bicycle lane 16,2 26 19,0 26
separate/independant

bicycle path 18,5 30 25,5 35
other 0,3 o] 0,3 0
total network 63,3 100 74,2 100

True effect of bicycle network plan on volume changes

Changes in bicycle traffic volumes may be caused by various fac-
tors, including ones not related to the bicycle network plan.
From an analyses of these influences it was deduced that some S50
to 60 per cent of the observed volume changes between 1982 and
1985 stem from the measures taken as part of this plan [ 14].
Partial effects of these measures may be decomposed according to
type of volume shift as follows:

- overall increase of volumes 7%

- route shifts to new links 36%

- route shifts between existing links 15%



7 EXPLANATION OF CHANGES IN TRAVEL BEHAVIDUR

7.1 Introduction

The investigations have shown that the implementation of the bi-
cycle network plan has resulted in various effects, both at the
level of individual decisions (e.g. mode choice) and at the macro
level (e.g. bicycle traffic volumes}. In view of future transport
policies it is worthwile to understand the mechanisms how the
network changes may have caused & changed travel behaviour. On
the basis of the theoretical framework given in <chapter three

some attention will be given to this gquestion. To this end, we
will first examine how the measures taken may have affected the
major choice elements; these insights are used subsequently to

examine the most important travel choices.

7.2 Effects of measures on choice elements

a. Objective alternatives

A direct change of objective choice options due to the bicycle
network plan only occurs in the case of route choice. The con-
struction of new links like bridges and underpasses offer route
alternatives that did not exist formerly. An analysis of exten-
sions of route choice sets can be found elsewhere [ 10,11].

Newly added route slternatives will always attract trips from
existing alternatives, even when they do not constitute better
options in terms of the relevant attributes like travel time,
comfort, etc..

b. Dbjective attributes of alternatives
It is clear that the measures introduced generally resulted in an
improvement of the objective characteristics of the bicycle net-

work: resurfacing and separate bicycle paths lead to better com-
fort, bridging gaps cause distances to be reduced, safety may be
enhanced through separate bicycle paths and improved traffic con-
trol at Junctions, etc.. The effect of the bicycle network on

such network sattributes like distance, travel time, surface type,
facility type, may be found elsewhere [ 10].

It may be concluded that the impedance to trsvel by bicycle has
been reduced. It has become easier to get to many destinations by
bike, also compared to other means of transport. As & result
travellers, whose only feasible mode is using the bicycle, will
make more trips; individuals having a real choice will opt for
the bike more often.

¢. Subjective choice constraints

The distance reductions realized are in general insufficient to
remove constraints with respect to activity and mode choice, ex-
cept perhaps in the case of Tanthof district.

The analysis of changes in subjective mode choice constraints
showed that the bicycle network plan hardly affected this choice
element (cf¥. section 6.5). The reason for this 1is that con=




straints related to road infrestructure hardly existed before the
plan was implemented. Conseguently, it was not possible to fur-
ther reduce these choice restrictions.

d. Perceptions

Individual travel choices are not made on the baesis of the ob-
jective choice situation, but on perceived alternatives and at-
tributes. Did the bicycle network plan encourage bicycle use
through improved perceptions?

The Delft bicycle network is designed as a hierarchical network
with three levels, each having its own spacing and design charac-
teristics. From urban geography it is known thet such a network
leads to a better ‘mental map’, at least if the differences in
structure and design are clearly recognizable to the users.
Cyclists are able to estimate distances and travel times more
precizely. They have a better understanding of the network struc-
ture and thereby a better sense of direction. Available links and
routes are better known (see [ 10] for a detailed discussion).

All this may encourage people to travel by bicycle more frequent-
ly. Route choice will be clearly affected: the cyclist is in-
clined to use high-order facilities more since he knows them bet-
ter and they help him to navigate in the network.

The analysis of routes followed by cyclists showed that the net-
work is used according to the built-in functional hierarchy [10].

e. Prefarences

The importance the traveller attaches to various attributes plays
a substantial role in the evaluation of alternatives. It is as-
sumed that these preferences are very personal and that they are
related to his character and social context. Therefore, preferen-
ces are very stable and will not be affected by implementation of
the bicycle network plan in the short run.

7.3 HModal transfers

To change modal choice 1is the central objective of the bicycle
network plan. The analyses of effects showed that the bicycle
share in the modal split actually rose from 40 to 43 per cent.

In order to determine to what extent this change is due to modal
transfers a panel of persons making similar trips in 1982 and
1985 was surveyed. In this group modal transfers occurred: 8 per
cent of the 1985 bicycle trips were made by a different mode in
1982. In the same period the bicycle lost 2 per cent of its trips
to other modes. As was discussed in section 6.4 the bicycle mode
attracts trips from all other modes, but predominantly from
‘walking’ and ‘car passenger’.

In order to explain the observed transfers all choice elements
are checked on potential changes due to the plan:



- an extension of the objective choice set (new modes) is very
unlikely;

- the improvement of the objective accessibility of destinations
by bicycle, relative to other modes was an important factor.
Although distance and travel time reductions were limited, com-
fort and safety have been improved substantially. This enhance-
ment stems from the amelioration of existing routes {(resurfac-
ing, separate cycle paths) as well as from the construction of
new routes.

- choice constraints on bicycle use have diminished strongly be-
tween the before and after situation. As was explained in sec-
tion 6.5 only a small part of this reduction can be ascribed
to the measures taken. It implies however that the group of
unconstrained trips, i.e. trips that could be made by bike,
grew considerably. If the bicycle mode is made more attractive
than the competing modes, it will be effectively used for these
trips.

- it is plausible that the perception of the bicycle travel al-
ternatives and its related attributes has been improved because
of the implementation of the plan.

Modal transfers are the chief cause of the increase in the number
of bicycle trips per capita. As total trip frequency per capita
remained constant [112], the transfers also result in a8 larger
modal share of the bicycle.

These modal transfers to the bicycle are partly the result of the
growth of the class of unconstrained trips, and partly due to the
increased attractiveness of the bicycle mode. In the latter case
travellers with a choice will more often opt for the bike.

It should be realized thaet the panel trips for which modal trans-—
fers could be analysed, relate only to half of the totael trips
made in 1985. The other half are ’‘new’ trips, made e.g. by resi-
dents that moved into the study area during the study period.
From the aggregate figures it may be concluded that new residents
choose more often the bike than residents who left the area in
the same period.

7.4 Trip frequency

It is relevant to determine whether bicycle trip frequencies also
increased through an increased number of activities carried out.
It is very unlikely that the bicycle network plan caused an auto-
nomous growth of bicycle mobility. Total trip frequency, irre-
spective of mode, remained constant in the study period. The dis-
tributions of trips by purpose at both points of time do not sug-
gest any change in activity pattern. Expectedly, the improvements
to the bicycle network are not large enough to induce such
changes in the short term.



7.5 Destination choice

Impedance to distance was reduced for the bicycle mode. Cognition
and perception of travel alternatives by bicycle improved. This

may lead cyclists to choose destinations at larger distances, es-
pecially for discretionary trips like shopping and leisure jour-
neys.

Indirectly, the investigations suggest shifts of thie kind. A
large increase in the number of shopping trips from Delft-5South
to the centre of Delft was observed. These trips traverse the
study area. The increase of the average length of bicycle trips
(+6 per cent) may also be due to this sffect.

7.6 Cyclists’ route choice

The most direct and presumably the largest effect of the bicycle
network plan occurred through cyclists’ route choice. Attributes
gouverning cyclists’ route choice have been affected most by the
measures taken. They frequently use different routes than before
due to many new links and improved facilities. At some locations
massive route shifts took place (e.g. Barbara Street).

Aoute shifts are mainly the result of the extension of the choice
set with new but not necessarely superior alternatives.
Improvements of existing 1links doe not induce different route
choice that much, since distance reduction and comfort enhance-
ment are relatively limited.

It was shown that about 58 per cent of the observed changes in
bicycle volumes are caused by route shifts [14].
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8 SUMMARY AND CONCLUSIONS

8.1 The Delft Bicycle Network Plan

In Delft a bicycle network enhancement plan has been launched
aimed at encouraging bicycle wuse and dimproving cycling condi-
tions.

As part of this plan new 1links for bicycle traffic have been
built in Delft in order to bridge existing gaps. These new facil-
ities are high-quality and large-scale provisions 1like bridges,
tunnels and separate bicycle paths, as well as small-scale mea-
sures. The result is @ coherent fine-grained network of bicycle
links.

Other measures taken have enhanced existing facilities in many
ways aimed at increasing convenience, comfort and safety. Exam-
ples are resurfacing, cycle lanes, improved Junction lay-out,
etc.

The improvements and provisions are located and designed in such
a way that a hierarchical bicycle network was created consisting
of a coarse subnetwork of high guality city-level routes and a
fine system of local provisions.

8.2 Evaluation study

Implementation of the provisions made in the period 1982 - 1985
has been monitored by means of a before-and after-study in a
study and a control area. In both years home interview and
road-side surveys have been conducted and traffic volumes were
counted.

Effects of the plan have been determined by eliminating the ef-
fects of other factors causing changes in bicycle wuse like demo-
graphic shifts, public transport fares, etc. as far as possible.
National trends in mobility have been taken into account too.

B.3 Effects observed

With respect to the effects that are related to important ob-
jectives of the bicycle network plan, the main findings are:

a. Bicycle use

The primary goal of the plan 1s to encourage cycling. It was
found that due to the measures taken bicycle use per capita in-
creased in terms of number of trips as well as in average trip
length. As a result, the network plan caused total distance trav-
elled by bicycle to increase by about 6 to 8 per cent depending
on the type of trip. This figure does not include growth caused
by other factors not related to the bicycle network plan. Various

- 53 -



separate investigations that used different types of information
like home interview survey results, traffic volume counts and
simulation outcomes, came up with similar results on this point.

This increase in bicycle use can be explained by two changes that
took place simultaneously. First, the proportion of travellers
for whom the bike is a feasible alternative grew substantially.
This reduction of constraints to bicycle use is not related to
the bicycle network plan. Second, the attractiveness of cycling
relative to competing modes was improved as & result of the plan.
This means that the enlarged group of travellers having & real
choice to use the bike will use the bicycle more often.

The increased bicycle use is caused by modal changes, especially
by transfers from former walk and car passenger trips. There is
no significant loss of public transport trips to the bicycle
mode .

b. Route choice and network use

The bicycle network plan had a large effect on cyclists’ route
choice in that they shifted their routes to & large extent to new
and improved facilities. This shift to high-quality links caused
at the same time a reduction of bicycle traffic at minor links of
less comfort. As a consequence, some previously overloaded loca-
tions have been clearly relieved.

The proportion of the separate and independent bicycle paths in
total distance travelled by bicycle rose form 30 to 35 per cent,
whereas cycling in mixed traffic fell form 45 to 40 per cent. It
may be expected therefore that safety has been improved. This has
to be shown by future investigsetions.

c. comfort and safety

Cycling comfort and safety clearly improved as a result of the
implementation of the bicycle network plan. Analysis of the
network use by cyclists showed that the distance travelled by
bike on separate and independent cycle paths increased twice as
much as the total distance cycled in the network.

Bicycle volumes on links with mixed traffic decreased. This im-
provement was also reflected by the results of the interviews
into the perception of cycling conditions.

d. Car use

A secondary objective of the bicycle network plan 1is to reduce
car traffic by encouraging cycling. In the study area, where the
provisions were made in the study period, the number of car trips
did not increase. A striking finding is that in internal travel
within Delft the number of car trips even fell. This dis the
segment of the travel market in which the bicycle is the most
competitive compared to the car.



Although the evaluation study does not allow to determine the
true effect of the bicycle network plan, part of this decline may
be attributed to the measures taken with certainty.

e. Competition between modes

All these changes taken together resulted in a shift of the modal
split: the share of the bicycle rose from 40 per cent to 43 per
cent. The car and walking mode both remained stable at 26 per
cent. Public transport share declined form 6 to 4 per cent. It
should be noted, however, that these figures refer to trips made
by residents of the study area. The total ridership of local
public transport may et the same time increase due to trips by
other travellers living outside Delft.

The market position the bike compared to the competing modes
clearly improved also in & more qualitative sense. Cycling con-
ditions were enhanced. In addition, choice constraints preventing
travellers from choosing the bicycle, diminished in such a way
that a balence was achieved between potential loss to and poten-
tial gain from other modes. In particular, competitiveness of the
bicycle relative to the car was improved.

f. Long-term effects

The effects measured in 1985 by means of the after-study must for
various reasons be regarded as underestimates of the effects that
are expected to occur in the long-term. By the end of 1985 the
bicycle network scheme was not fully implemented; &8 number of
ma jor projects, essential to the coherence of the network, were
not completed. Examples are: Plantage 8Bridge, Railway Station
Tunnel. Furthermore, it is well known that travellers need some
time to get informed about new routes and their properties.
Learning processes take place before a new equilibrium in the

transport system is reached. In view of the design of the eval-
vation study, only direct and short-term responses related to
travel decisions can be established. Individuals modify their

behaviour also in an indirect manner on the long-term, but only
after certain changes in their personal circumstances took place.
Expectations are therefore that in the long term effects of the
bicycle network plan will be larger than those that were found in
this study.

8.4 Tranaferability of results

Bicycle use appeared to vary markedly between Dutch medium-sized
towns (population 50,000 - 200,000). The proportion of trips made
by bicycle varies from 20 to S0 per cent. Assuming 55 per cent to
be its maximum attainable share of the internal trips, in many
cities there are a lot of possibilities to increase bicycle use.

Comparison of Delft with other Dutch medium-sized towns with res-
pect to demographic, socio-economic and mobility characteristics
justifies the assumption that the findings of the evaluation



study are transferrable to other cities. 8imilar effects on bi-
cycle use may be expected if similar measures were taken. No

reasons could be found that would restrict transferrability of
the Delft findings.

'8.5 Recommendations

The evaluation study leads to a number of recommendations with
respect to policy measures that encourage bicycle use and improve
cycling conditions.

The implementation of a dense, consistent and coherent network of
bicycle facilities promotes cycling. A dense structure and conti-
nuity is necessary for a number of reasons. Relative to the size
of the city the bicycle is used fo a variety of trips as to their
length: both very short and long trips are make by bike. In ad-
dition, bicycle trips have a widely scattered pattern of origins
and destinaetions that is better served by & fine network.
Finally, it has been shown that cyclists do not use circuitous
routes even 1if they are much safer and more comfortable. A
fine-grained network largely avoids such detours.

It is further recommended to apply a clear <functional hierarchy
to the network by means of different design features and spacings
at each of the functional levels. By providing the most expensive
high-quality fecilities only at wider spacing costs can be res-
tricted and traffic flows concentrated in such a way that a
maximum number of cyclists will benefit from the investments
made. Maximum comfort and safety 1is offered where most of the
distance is travelled.

A hierarchical functional design also encourages the use of the

bicycle network. A logical structure visualized by means of a
clear design improves cognition and perception of bicycle travel
possibilities, distances, etc. and enables easy navigation. As a
result the bicyle will be preferred to other modes more
frequently.
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THE NETWORK PRINCIPLE AT THREE
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The effect of gaps on trip
length.
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