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Chapter 1: Overview

1.1 Policy context and research objectives

During recent years, developments in transport policy have often focused on the need for reductions
in traffic growth, reductions to the level of traffic in specific locations, improvements to the
attractiveness of public transport, and better facilities for walkers and cyclists. Such changes are seen
as potentially able to help improve economic efficiency, air quality, and social cohesion.

The impacts of reductions in road capacity, or reallocations of road capacity from cars to other
classes of traffic such as buses, pedestrians and cyclists, are therefore of major policy interest. The
role and context for such measures will always require careful consideration, in order to ensure that
benefits are maximised relative to costs, in both the short and long term. In situations where this
condition is fulfilled, these measures could constitute useful tools for achieving a more efficient use
of road space, improving the attractiveness of non-car modes, increasing accessibility to specific
locations, bringing about environmental improvements, enhancing street attractiveness and improving
safety.

Clearly, the public relations, political and social dimensions of such measures need careful
assessment. But underlying these considerations is a practical issue: such changes can only be made
if they are technically feasible.

The feasibility of a measure to reduce capacity has often been calculated on the assumption that all
motor vehicle traffic displaced from one street will simply divert to another. Sometimes this has been
assumed because the analyst judges it to be true. Sometimes it is thought that, even if not strictly
true, any other changes in behaviour will be negligible. Forecasts made using this assumption
sometimes result in predictions of such unacceptable levels of congestion on other roads, that they
have been caricatured as ‘traffic chaos’. On occasion, this expectation has been so strong that it has
prevented a scheme going ahead.

At the same time, there is also a growing body of experience that such fears may be exaggerated.

At the practical level, there are examples of cities who decided to ignore forecasts of traffic chaos,
went ahead with implementing a scheme, and found that the resulting traffic conditions were better
than those predicted. A recurrent theme in informal reports of such experience has been the
suggestion of ‘disappearing traffic’.

At the technical level, the possibility that the total volume of traffic can be influenced by network
conditions was always allowed for in principle in the Department of Transport’s cost-benefit
guidance, and estimated in some cases such as estuary crossings and assessment of major urban
transport strategies. However, when appraising specific local schemes, such effects were often
omitted, on the expectation that this would not significantly influence the net balance of costs and
benefits. SACTRA (1994) re-examined this issue for the case of new or widened roads, and
concluded that increases in road capacity in congested conditions were likely to generate (or, more
precisely,‘induce’) extra traffic to an extent that did materially affect appraisal. Therefore, by
symmetry, it might be expected that a reduction in capacity could lead to some overall reduction in
traffic volume, so that the traffic impacts of capacity reductions would be less severe than expected.



However, the evidence about the impacts of highway capacity reductions remained scattered and
unassessed. Therefore, London Transport, together with the Department of Transport (now
Department of the Environment, Transport and the Regions), commissioned research to establish “a
practical and authoritative means of estimating the likely effect on traffic flows of selective
reduction of highway capacity for certain classes of vehicles”. It was intended that the work would
“review existing knowledge including both practical experience and theoretical principles, and
should provide a convincing and defensible means to estimate the effects of capacity withdrawal”.

This volume addresses the theoretical and empirical evidence coliected and analysed as part of this
rescarch. A separate volume, by MVA, concerns the theoretical and practical issues for modelling.

The main question tackled here is: what really happens to traffic conditions when road capacity is
reduced or reallocated? In pursuing the answer, interpretation of the evidence required consideration
of a second question which had not featured so strongly in the original work-plan: what are the
underlying changes in travel choices and behaviour that cause these effects?

This report does not address the wider political, cultural, social, economic and environmental issues
of capacity reduction in any detail. These are obviously very important in the debate, and have been
mentioned by many of those submitting evidence about local schemes. However, they fall outside
the scope of the rescarch commissioned.

1.2 The research approach: synthesis and caveats

The prime objective of this part of the research project has been to find real world experience where
capacity reduction or reallocation has occurred, and has been accompanied by reliable monitoring
and surveys. Evidence is not included from modelling exercises forecasting the effects of such
measures, unless it could be compared with subsequent actual experience. To understand the effects
of capacity reductions further, wherever possible, the results have been underpinned with in-depth
information about the mechanisms and influences on travel choice when network conditions change.

It is reasonable to expect that the effects would be influenced by the prevailing conditions and the
specific nature of the measures introduced. In discussions during the project, suggestions were made
that crucial influences might include:

. the scope, scale and timing of the capacity reductions;

. the prevailing traffic conditions (including the amount of ‘spare’ road capacity available);
. whether reductions were planned as part of policy, or occurred due to accidents or events;
. the degree and type of advance publicity and/or marketing;

. the nature of the location, including the size and characteristics of the town or place;

. the geographical and topological features of the network;

. the time period when the impacts were observed (with a distinction between short and long

run effects);



. the social, economic and cultural characteristics of the local population;
. other accompanying policy measures that have been introduced at the same time.

As discussed later, not all of these suggestions were clearly supported by the available evidence, but
as far as possible, such hypotheses were kept in mind when examining it.

The evidence collected includes both theoretical and empirical studies, based on published and
unpublished information that was originally collected for & wide range of different purposes. It relates
to a broad range of capacity reductions which vary widely in scale, duration and stimulus. The project
itself has not involved new surveys or data collection, but has included access to such work being
carried out by other agencies in the UK and abroad.

The net has been deliberately cast as wide as possible, by literature search, direct contact with local
authorities and individual experts in the field, advertisement in Local Transport Today supported by-
comment in the technical press, and general enquiries. Details of the approaches made are shown in
Appendix B. As acknowledged there, the authors are indebted to the immense amount of help
received from many people, and to their original work.

The two defining policy situations motivating the study were those where (a) road space has been
aliocated to priority vehicles like buses and/or cycles, and (b) road space has been converted to other
uses, as during town centre pedestrianisation. Wherever possible, therefore, information has been
sought on the real-world effects of these two sorts of measures. However, appropriate information
can also be gleaned from other situations entirely, since it is the fact of capacity reduction that is
relevant to the research, not its motivation. Therefore, information has also been collected about
reductions in capacity due to road maintenance, bridge collapses, and natural disasters. Clearly, the
political and public relations aspects, and in some cases consequential other changes (like disruption
to employment), are quite different for unexpected emergencies compared with carefully planned
capacity reductions. However, emergency cases do provide relevant information about what drivers
actually do in response to changes in availability of road space, and are often quite informative about
how behaviour changes over time, particularly when road capacity, and all other facilities, are
subsequently restored.

. Case studies

The core of the empirical evidence is drawn from case studies of particular locations. Altogether,
evidence from about 150 sources relating to nearly 100 locations has been used, including over 60
case studies which have contributed directly to the main research question. These are listed after the
contents list and are summarised individually on the coloured pages of this report. Another 30 or so
give narrower indications or insights into some specific associated questions, and are reported, as
appropriate, in the main text.

The report on the Hanshin-Awaji earthquake, carried out by Kitamura et al. from Kyoto University,
invoived original research for this study, and is given in full as an Annex, as well as in summary.

It is unclear whether some cases qualify as examples of capacity reduction. For example, traffic
zones, restricted access to residential areas, or the closure of through routes, may not reduce road
capacity overall, but do reduce capacity for particular movermnents. In other cases, certain policies are
commonly discussed as examples of capacity reduction, although they do not necessarily have that
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effect. For example, some argue that introducing speed limits is likely to have similar effects to
reducing road capacity, since journey times increase. However, in some circumstances, lower speed
limits can provide for greater traffic flows. It was expected that the American experience of High
Occupancy Vehicle lanes would provide relevant information, but this was not the case, as Vuchic
(1997) points out, because of:

“a court decision [in California] that a lane cannot be taken from general traffic. The highway
lobby has happily used this case to claim that due to ‘realities’, High Occupancy Vehicle lanes can
only be additional, rather than converted lanes...Thus, we have virtually no cases of closing general
lanes for conversion to HOV facility”.

. (reneral caveats

As far as possible, bias, incompleteness, technical difficulties and ambiguities in the original sources
have been considered. A summary of specific relevant known caveats is included with each case
study summary, (though for a full assessment, the reader is referred to the original sources, as
always). A discussion of more general sources of potential systematic bias 1s included in Chapter
Three. The most important caveats identified are random variation, which leads to an exaggeration
of extreme effects (producing both very high and very low results); traffic counts which do not fully
reflect increased distance travelled on some journeys; and trend effects in which traffic growth due
to income, car ownership or land-use changes is not separated from the consequences of the
measures introduced. The net effects of these sources of bias can go either way, and not all of them
are relevant to every study. Attention is drawn to these problems in discussion of each case study,
and in the general section, but ‘adjusting’ any figures has been deliberately avoided, to avoid blurring
the distinction between the figures collected and the interpretation of them made here.

The recurrent experience during the analysis was that the reports available did not easily reveal the
information sought. Partly this is due to their original purpose. Typically, they have been written for
a local audience, who would understand the short-hand names for streets, local policies and
background. They are also usually geared to answer specific, controversial local questions, rather
than make a more comprehensive contribution to research. Such studies are normally subject to very
constrained budgets, both in terms of time and money.

However, a bigger reason became more apparent as the project developed. The further the analysis
proceeded, the more it became clear that the results only make sense if it is accepted that behavioural
responses must be more complex, and cover a wider geographical area, and take place over a longer
time period, than can be revealed from simple before-and-after aggregate traffic counts, separated
by a few months. The ‘perfect study’ (which would have to include traffic counts in a very large area,
watertight screenlines, longitudinal monitoring of the changes in behaviour for specific individuals
in a very large catchment area, all continued for five years or more) has never been carried out, (or,
at least, was not revealed in the search for evidence). Collecting such data would cost more than
many of the schemes for which the data would be used. Even specially designed research projects
are unlikely to produce absolutely certain results, due to the complex range of other changes that are
likely to be occurring at the time.

Finally, there are two important overall limitations on the scope of case study evidence available.
First. there are many schemes which have never received serious consideration, because forecasts
of unfavourabtle traffic effects led the authority concerned to abandon the idea - thereby destroying
the opportunity to see whether the forecasts were well founded or not. Second, there are schemes
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which have been carried out with such confidence that no great problems would arise, that there was
no motivation to carry out a research study into the effects. Again, data are therefore not available.

. Supporting research

On many important issues, particularly those relating to the way in which behaviour alters after
changes in network conditions, only a few of the case studies included direct evidence. However, this
has been a fruitful area of transport research generally, and it was possible to find survey and
analytical evidence from other studies, carried out with a different focus, that enabled the differences
between the case studies to be explored in more detail and the time scale of the implied behavioural
changes to be clarified.

The result is that the overall analysis is a synthesis of many pieces of partial information, and the
study has sought to judge the overall balance of evidence taken as a whole, rather than rely on clear-
cut scientific proof drawn from any one analysis. This is somewhat similar to the SACTRA (1994)
approach from which this project is, in part, derived.

1.3 Initial review of the evidence

A first broad review of the evidence looked particularly for any cases where reductions in traffic
capacity resulted in the expected ‘traffic chaos’, which lasted longer than a relatively short adjustment
period.

It proved to be very difficult to find such cases. Indeed, there have not so far been any references to
long-term traffic chaos or prolonged gridiock resulting from taking space away from cars, even in
the event of major catastrophic breakdowns due to earthquakes. This is surprising. There are
certainly reports of initial chaos, and there are also very numerous descriptions of endemic, barely
tolerable, congestion. These refer to situations where large parts of a network are operating at traffic
levels fairly close to their maximum capacity, but these situations occur independently of whether
capacity has been increased, reduced, or remains unchanged.

In consequence, no capacity reduction schemes have been identified which have got as far as
mmplementation and then been withdrawn because they caused an unacceptable worsening of traffic
congestion. However, a few schemes, (such as the Nottingham Zones-&-Collar experiment and
Orpington High Street closure) have been halted or substantially modified because they did not
deliver a hoped-for traffic improvement, or switch to public transport, or other intended benefit. It
is important to establish why this is so in some circumstances and not in others.

The prevailing views on schemes which got as far as implementation may be summed up by the
sample of quotations in Table 1A. These have been extracted from commentaries on a wide variety
of road closures, narrowing, restrictions etc. Whilst none of the quotations should be taken at face
value before more detailed examination, together they establish 2 movement in professional and
political opinion away from the notion of a fixed total volume of traffic.

These comments reflect a body of opinion. The remainder of this report pursues the detailed figures
that underlie this opinion, and seeks to test, interpret and explain the results, by detailed case-by-case
examination of the circumstances from which such guotations were derived, and a consideration of
their consistency, or otherwise, with other empirical research and theoretical explanations.
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Table I1A: Reported impacts of reducing highway capacity

Place and date | Quote Reference
Washington, ‘None of the surrounding roads experienced an increase Jacobs 1964
1964 in traffic, and most experienced some decrease. Nor was
there any sign that the traffic had chosen more distant
routes in other parts of the city; it simply disappeared’
Niirnberg, ‘Nearly 80% of the car traffic simply disappeared and Hass-Klau
1972 could not be accounted for in parallel streets’ 1996b
Milan, ‘Generally, people perceived little change in traffic levels’ | Gorla 1992
1985
Munich, “The only jam which occurred was among the masses of | Hupfer 1991
1988 reporters, camera teams and photographers who were all
waiting for the traffic jam which never took place’
Athens, “It was far better than expected, considering the Daily
1995 considerable changes imposed to central traffic routes and | Telegraph
public habits” 12/4/95
Los Angeles, | ‘Road transport experts are still trying to figure out UITP Express
1996 where the 80,000 or so cars a day have gone’ 1996
Leicester, ‘...concern that the main roads networks may not be able | Leicester
1995 to cope with the extra traffic. To date, we have not Council 1995
observed such an effect’
Leeds, “We put some bus Janes in yesterday. Today it’s murder personal
1997 on the streets - the drivers didn’t believe any of our comrmunication
publicity, and there are long tailbacks. But we’re not
panicking. It’ll be all right by Friday.’
London:
Grove Lane, ‘traffic flow was reduced...and there was no significant GLC 1985
1985 extra traffic in any other road’
Peckham, ‘despite the fears of much extra congestion, there seem to | GLC 1985
1985 have been relatively few complaints’
South ‘there has been an increase in congestion but it has not GLC 1985
Wimbledon, been as serious as suggested on three of the four
1985 approaches’
Hammersmith | ‘AA Roadwatch breathed a sigh of relief as the predicted | Evening
1997 traffic chaos failed 1o materialise. "It's not as bad as we Standard
feared”, a spokesman said’. 3/2/97




Chapter 2: Theoretical Considerations and Evidence

Although this report is primarily concerned with empirical evidence, assessment of theoretical
evidence was also part of the brief, both in its own right and because interpretation of empirical
evidence cannot be carried out without some theoretical underpinning. Therefore, five theoretical
structures are now considered, in brief, which are relevant to the issue of reducing or reallocating
road space. These are (i) the theory of traffic flow and assignment; (ii) analytical approaches
exploring the conditions in which there could be provision of road capacity in excess of that
warranted by strict economic appraisal; (iii) behavioural theory about travel choices and adaptation:
(iv) theory about the evaluation of transport projects and policies; and (v) inference from the theory
(and associated empirical evidence) developed for the opposite issue, the effects of road capacity
increases.

2.1 Traffic flow and assignment theory

The theoretical basis for identifying circumstances in which it is appropriate to reallocate capacity
from cars to buses derives from a seminal paper by Smeed and Wardrop (1964). This demonstrated
the counter-intuitive result that, in spite of the fact that buses are almost universally slower than cars,
overall journey times could be reduced if enough people travelled by bus instead of car. This is
because buses make a contribution to congestion equivalent to about three cars, but can carry as
many people as twenty to fifty cars.

The work did not explicitly consider the behavioural mechanisms that could bring about such a
change, but implicitly demonstrated the difficulty of doing so, because for each individual making a
choice there would be a personal disadvantage from switching modes unless enough other people
also did so at the same time.

Other work by Wardrop (1952), later known as ‘Wardrop’s Principles’, provided an apparent
behavioural basis for much of the subsequent fears that unacceptable levels of congestion could result
from policies like reallocating road capacity to bus lanes.

These principles suggested rules by which drivers would choose among alternative routes to minimise
their journey time or, alternatively, everybody’s joumney time. The rules are at their simplest and most
elegant if it may be assumed that the total number of journeys, and their distribution among available
origins and destinations, are fixed, so that the only dimension of choice open to the driver is which
route to take. The economy, efficiency, mathematical rigour and intellectual magnetism of traffic
models using this simplifying assumption gave them an overwhelming advantage as a practical (albeit
possibly misleading) tool which could be applied quickly and cheaply to assess traffic measures on
a street or a small part of the network.

When this is done, all traffic displaced from its favoured route is assumed to take some other,
previously rejected, route or routes, reducing the speed on each of them. If the other routes are
operating close to capacity already, very substantial difficulties of congestion are predicted, even to
the extent of finding it difficult to “fit in’ all the displaced traffic. In such circumstances, chaotic or
gridlocked conditions may be predicted as a result of a significant reduction of capacity, with no
apparent mechanism for resolving them.



Treating route choice as the only significant behavioural response to small changes in network
conditions was originally only done as a temporary stage in a mathematical argument, during the
theoretical development of tratfic equilibrium analysis. The possibility of more complex reactions was
always allowed for in principle in, for example, DETR guidelines on COBA cost-benefit procedures.
However, in specific applications (particularly small schemes), it was often judged that changes in
trip rates, destination choice, mode choice and other behavioural dimensions were likely to be
negligible, or of insufficient magnitude to affect the appraisal.

Now, the currently prevailing view, in both the DETR and elsewhere, is that changes to other
behavioural choices are of poteniial significance, including changes to the ‘classical’ choices of trip
frequency, destination and mode, the choice of time of day for a trip (whose importance in
increasingly acknowledged), and other responses which are discussed later in this report. A widely
used theoretical framework and a number of implemented model structures exist for considering the
equilibrium conditions which might result after many of these responses have settled down. These
are discussed in the companion MV A report for this project. As research tools, these approaches all
lead to a theoretical expectation that the volume of traffic could, to some extent, go up or down as
capacity increases or reduces. This expectation, acknowledged but not implemented in the
Department of Transport’s 1989 National Road Traffic Forecasts, is now formally included in the
DETR’s 1997 National Road Traffic Forecasts, where forecast traffic levels are reduced (in a
procedure called “fitting on’) by a proportion which is dependent on the elasticities used and the
extent to which road capacity does not provide for predicted traffic.

In summary, the simplifying assumption that only the choice of route will change when road capacity
alters had a particular theoretical importance, and practical advantage, in the development of an
influential branch of modelling. There is no presumption that it is necessarily true.

2.2 Theoretical justifications for a reduction in overall road capacity

It should be emphasised that the Smeed/Wardrop argument on cars and buses is not essentially about
a reduction in road capacity for motorised traffic, but a more effective use of it. Indeed, if capacity
is considered in terms of potential for people flow rather than vehicle flow, then even quite drastic
reallocation to public transport may be seen as an increase in capacity.

However, this question of definition does not alter the underlying problem since it is vehicles whose
displacement could cause congestion elsewhere. From this point of view, it is right to consider the
wider question - are there circumstances in which reductions in road capacity for motorised traffic
in general might be theoretically warranted? These considerations are only briefly summarised here,
acknowledging the obvious relevance of identifying circumstances in which road capacity reductions
might be justified, but not delving more deeply into questions of economic evaluation in general.

The issue has some background, and five particular strands of theoretical work may be mentioned.

(i) Possibility of excessive road provision. The current level of road provision was constructed on
the basis of assumptions built into separate scheme appraisals, which in most cases did not take
account of induced traffic because (a) it was often thought to be of negligible size, or (b) the
additional costs it might causc (for example, in eroding time savings) were not thought to outweigh
the additional benefits from the extra mobility. In most cases, it was also not thought that traffic
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growth would be constrained, either by mounting congestion or by policy. If one were to rework
such appraisals on the basis of present thinking on these matters, it is possible that some roads may
have been approved that a more correct assessment would have rejected - which implies that people
would now be better off if they had never been built. However, it does not necessarily follow that
such a road should now be closed, and for practical purposes, the direct benefits from road closures,
(like improvernents for bus passengers or pedestrians), may be more important than the more abstract
economic benefits described in this case.

(1) Braess’s paradox. There is a mathematical anomaly in the science of traffic flow, known as
‘Braess’s Paradox’, (Braess, 1968). This states that there are certain properties of the links in a road
network where provision of an extra road results in increased overall journey time. Removal of the
offending road would then make everybody better off. It is not clear that any real-world road has
ever been closed for these reasons, but the theoretical possibility has been established, on the basis
of assumptions entirely consistent with traffic theory, so it is possible that there are real cases. If so,
then a symptom would be an unexpected improvement in flow following a road closure which was
implemented, perhaps, for other reasons.

(iii) Positive feedback. Mogridge et al (1987) observe that, as well as there being a conflict between
individual and social priorities for mobility, there is a dynamic balance between car use and public
transport over time. In equilibrium, car and public transport must be about equally attractive for the
marginal traveller choosing between them. If a new road increases speeds this will attract some
people to car from public transport. This reaction will reduce the speeds somewhat, but may also
prompt the public transport operator, faced by falling demand, to reduce the frequency of the public
transport or ncrease the fares. This encourages more people to use a car. A new equilibrium will not
be reached until the increased traffic congestion has once again made the two modes equally
aftractive (or unattractive) for the marginal chooser. Since public transport must end up in a worse
state than it was initially, so will traffic. The logic may be reversed. Suppose road capacity for cars
is reduced. If this persuades some people to transfer from car to public transport, and if public
transport operators then improve services, the new equilibrium will be one in which the attractiveness
of public transport is greater and so are the conditions for car use. A necessary condition for the
argument is that the dynamic process is, to some extent, reversible. This theoretical approach may
be particularly significant for understanding the longer-term effects of capacity reductions on traffic
and public transport use.

(iv) Market distortion. There is an economic argument made by Solow (1973), which highlights that
the market price for urban land purchased for road construction does not represent the full economic
resource costs, and that no charges are subsequently made for the congestion and environmental
costs resulting from the road. Solow speculated theoretically that this means that too much road
space could be provided near town centres. This argument does not relate to how people respond
to a particular level of capacity, however it does implicitly underlie some of the motivation for
pedestrianisation policies in town centres, where improvements to the economic operation of the
centre (and making ‘best use of the space’) are recurrent themes of policy discussion.

(V) Non-transport functions of streets. There is now a greater understanding that streets have
important functions other than movement, and act as locations for social interaction, commercial
activity and utilities. As these factors are increasingly recognised as important contributors to
individual and social welfare, it may be justifiable to allocate more space to them.

These theoretical arguments address a common theme. There may be cases where, in some sense,



there is ‘too much’ road capacity, even though there is still a substantial degree of congestion
occurring. These arguments are all of substance, and are taken seriously in the literature on traffic
analysis and transport economics.

The most important contribution of this theoretical discussion to this research is to clarify that
‘capacity reductions’ may have three quite different results - first, reallocation of space from cars to
buses may not actually reduce overall capacity at all; second, such reallocation may reduce private
traffic capacity but increase total capacity, providing an overall benefit in terms of accessibility
(‘better use of road space'); third, it may trigger behavioural or system changes whose benefits are
not in terms of faster travel, but more attractive conditions or different activity patterns, ('better use
of space’). These distinctions prove to be helpful in understanding the evidence from the case studies.

2.3 Travel choice and behavioural response

The confidence with which theories of travel choice are often asserted is strangely out of key with
the general level of understanding about the complexities of human motivation, and the
methodological difficulties of investigating them. Those aspects of travel behaviour theory which are
directly relevant to the evidence are reviewed in Chapter 4. At this point, the current state of the art
of behavioural theory (as reviewed, for example, by Garling et af, 1998), can be simply defined by
a number of negatives:

. It does not support the idea that route choice is the only, or necessarily even the main,
response actually made by drivers to a reduction in the capacity facing them.

. It does not establish that models of trip generation, distribution, mode choice and assignment
represent the universe of all the choices that can be made by travellers. Other choices can
include time of day changes, trip consolidation, trip chaining, trip-swopping, life-style
changes, car occupancy changes, car ownership changes and a list of other dimensions which
may comprise some twenty or more responses, and is no doubt still incomplete. There is no
theoretical case for establishing a universal hierarchy of the relative importance of all these
choices, this being an empirical question which may vary from case to case.

. It does not support convenient assumptions that responses are instantaneous, in equilibrium
at the time when they are observed, or based only on decision rules which can be fully
encompassed in a generalised cost of travel or utility maximisation, as usually defined.

These assertions are not intended to determine a behavioural platform conditioning subsequent
analysis. They serve only to allow for the possibility that behavioural responses to reductions in road
capacity may be complex, wide-ranging, and take time to be revealed. In the normal way, it will be
desirable to focus analysis and forecasts on the simplest possible set of responses consistent with the
facts, but theory suggests that cven that ‘simplest possible’ picture may be quite complex.

2.4 Evaluation of schemes

There is a reasonably well established body of practice for the evaluation of projects intended to
increase road capacity. This is based on a cost-benefit evaluation designed to balance net economic
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welfare for both users and non-users against real resource costs. Environmental, social, equity and
strategic policy objectives are also recognised, where they are not included in direct calculations.

The default position for assessment of projects which reallocate or reduce road capacity should be
based on the same principles of evaluation as schemes which increase capacity, and both should
include the most realistic assessment of the behavioural responses which is practical, If this is not
done, there is a danger that evaluation may be biased between different sorts of schemes, to the
sacrifice of overall benefit. (For example, if induced and suppressed traffic are both omitted, in
congested conditions this is likely to overestimate the net benefits of increasing capacity and
underestimate the net benefits of reducing it. If they are omitted in one case and included in the other,
then fair comparison of measures is impossible). However, this defanit position would be
inappropriate if there was strong evidence that responses to capacity decreases are smaller in scale,
simpler, or different from responses to increases. There would, in that case, be far-reaching other
consequences because of the abandonment of many axioms of economic evaluation that would
follow.

Starting from the presumption that the criteria applied to capacity increase should be broadly
comparable to those applies to decreases, it follows that account needs to be taken both of the
travellers and non-travellers who benefit in each case, and those who lose. Drivers who change their
route, time of day of journey, mode, trip frequency or destination as a result of a reduction in
capacity will (in general) have some personal disadvantage from doing so, and this has to be balanced
against the advantages to those who gain. Sometimes such calculations are fairly complex. For
example, drivers who change mode may not be disadvantaged if the reallocation of road capacity has
resulted in significantly better public transport, and the people who benefit from an improved town
centre environment will be the same people as those making different arrangements to travel there.
(The theoretical conventions of scheme appraisal also contain guidance on other complications. For
example, individual benefits which from come from breaking the law are usually excluded, and a
scheme which prevented people exceeding the speed limit would not be counted as a ‘disbenefit’ to
the offenders).

Although such evaluation procedures are never perfect, they act as a useful framework for identifying
the different categories of costs and benefits which one would want to take into account in appraisal,
and relate to various categories of behavioural response of interest in the empirical case studies.
Where evaluations of individual case studies were carried out, the available results are summarised.

2.5 Inference from the evidence on expanding road capacity

SACTRA (1994) gathered a very substantial body of knowledge and concluded that expanding road
capacity can induce additional traffic at a level which, especially in congested conditions, can have
a significant effect on appraisal. This conclusion is generally accepted in both policy and practice.

The starting point for the brief of this research project was the observation that - by simple reversal
of the SACTRA argument - reduced road capacity could lead to the suppression, degeneration or
deduction of some traffic, by individual or system responses that are similar to those producing
induced traffic.

This reversal, though treated as axiomatic in the underlying logic of most forecasting and evaluation
practice, could not be treated as axiomatic for this project. The first question was whether evidence
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about the effects of increasing capacity was truly relevant to the issue of reducing capacity. This
depends on whether behavioural responses in the two cases are equal and opposite, ie. reversible.

Therefore, the SACTRA evidence (both as published, and in the background papers and subsequent
follow-up research) was revisited, and reconsidered to assess what it might imply about the effects
of reducing capacity. A report of this reconsideration is given in Appendix A to this report. The
conclusions, in summary, were as follows.

(i) Some classes of evidence used by SACTRA were based on comparisons of simultaneously more
and less congested conditions. These included observations of differential rates of traffic growth on
more and less congested roads, inferences from demand elasticities and values of time estimated in
the research literature, and calculations on data from cross-section surveys and models based on
them. In these analyses, conclusions may be drawn about the implications for reduced capacity with
the same degree of confidence (and the same caveats) as about the implications for increased
capacity.

(ii) Other classes of evidence, based on changes over time, nearly all relate to the experience of
increasing capacity. These included before-and-after case studies of particular road schemes, and time
series analysis of aggregate statistics. The empirical results using such evidence tended to support
the idea of time-dependent responses, notably that longer term demand responses were generally
larger in size, and more complex in character, than shorter term responses. Such results are not
compatible with a simple idea of reversibility, because they imply that responses to reductions in road
capacity are unlikely to be immediately symmetrical with responses to increasing road capacity.
However, this does not prevent a longer term symmetry, allowing the equilibrium effects of capacity
reductions to be equivalent to the equilibrium effects of capacity increases.

(iii) ‘Thus, all the evidence cited by SACTRA, and related studies, is consistent with, although does
not prove, the propositions that (a) the effects of increased and reduced capacity may be broadly
symmetrical and reversible in the long run, but (b) are unlikely to appear so if comparing, for
example, the equilibrium effect of a capacity increase with the short term effect of a capacity
reduction.

Current (post-SACTRA) official policy is shown in Figure 2A, which is taken from the latest Design
Manual for Highways and Bridges (1997) vol.12a, section 2, appendix A.

The device used in this diagram of relating both induced and suppressed traffic to a notional (but
unobservable) norm in the middle has problems, but that issue is not pursued here.

The central conclusion given in the manual is that “The mechanisms underlying suppression of
traffic are the same as, but in the opposite direction to, those resulting in induced traffic... However,
since the cause of suppression - increasing congestion as traffic grows - is cumulative and more
diffuse than the cause of induction, the relative importance and timing of each response may be
different.”
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Figure 2A: The (official) relationship between suppressed and induced traffic
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This may be taken as a useful summary of the current ‘official’ guidelines. It is notable that the
possibility of a non-symmetrical response to changes in generalised cost is attributed to the difference
between the immediate effects of a new road, compared with the slow effects of mounting
congestion, By contrast, in the case of reduced or reallocated capacity, the time scale of effects on
the network may be rather similar to those of a new road, and this particular reason for expecting a
different response does not apply.

2.6 Conclusion

The theory of traffic flow and assignment reveals circumstances in which the reallocation of capacity
to specific users might give overall improvements in mobility and accessibility. Consideration of
previous appraisal methodologies, network topology, market distortion, feedback effects, and the
non-transport functions of streets also identify conditions where there may be the over-provision of
road capacity, even in the presence of congestion. Emerging theory and practice related to travel
behaviour suggests that people’s responses to capacity reduction may be quite complex. Evaluation
criteria for road building schemes also highlight the complex elements which probably need to be
considered during capacity reductions. Re-examination of the SACTRA investigation of induced
traffic suggests that people’s responses to capacity reductions could be similar to their responses to
capacity increases in general terms, but may not be exactly symmetrical, especially in the short term.

Hence, theoretical approaches, and their development in wider practice, give no a priori reason to

rule out the potential usefulness of capacity reduction and reallocation, or to dismiss the possibility
that such measures may reduce the volume of traffic
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Chapter 3: Case Study Results and Analysis

3.1 Initial results

This chapter gives an overview of the case-study results, and is derived from more detailed
summaries of individual places which are given on the coloured pages of this report. These
summaries demonstrate that on the roads where capacity has been reduced, there have usually been,
as expected, substantial reductions in traffic. The unweighted average traffic reduction on the
affected roads is 41%, and extends to a maximum of 100% where roads have been closed
completely. Observed increases in traffic on available alternative routes have then been considered,
to calculate how much traffic reduction, if any, seems to have occurred overall. These calculations
are described below. After presenting the results at face value, the remainder of this chapter discusses
their interpretation, robustness, caveats of the data, sources of potential error and bias, and the
influences of context and the specific circumstances of the studies.

Figure 3A and Tables 3A and 3B give the data for all those case studies where traffic counts were
available for both the roads where capacity was reduced, and a set of other roads judged by the local
investigators to be relevant alternative routes. The net change in overall traffic has been calculated
as a percentage of the initial traffic on the road where capacity was reduced (column E) and as a
percentage of the overall traffic on the ‘corridor’ of alternative routes (column F). As an indicator
of overall traffic reduction, column E has been used to create Figure 3A, since the change in traffic
recorded makes most sense in relation to the size of the prior traffic flow on the road where capacity
was reduced. Moreover, the value of column F is very dependent on how wide an area has been
judged to be the potential area of diversion'. '

As Figure 3A illustrates, the case studies produce a very wide range of results. As stated previously,
the sample of case studies for which complete traffic information could be obtained shows an
unweighted average reduction in traffic on the treated road or area of 41%. On average, less than
half of this traffic then reappears on alternative roads, at the same or different times of the day. Thus,
the average overall reduction in traffic is approximately 25% of that which originally used the treated
road.

These averages are influenced by a few extreme results. In two cases the overall reduction in traffic
was greater than all of the traffic originally travelling on the treated roads, and in seven cases there
was an overal] traffic increase, despite the capacity reduction.

The median traffic reduction (which is less affected by outlying results) indicates that in 50% of the
places studied, overall traffic reductions of more than 14% were recorded. If the 9 exceptional cases
mentioned are excluded, then in 50% of the remaining locations, there were overall traffic reductions
of more than 16%. (For both results, traffic reductions refer to the proportion of the traffic which
originally used the affected road).

!je. If a very broad area has been defined to ensurc that all long-distance diversions have been recorded, the overall
percentage change in traffic becomes much less, nor because such diversions are commonplace, but because the base traffic
flow becomes so much greater.
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Figure 3A: Changes in traffle flows after capacity reductions,
as a % of the previous traffic in the affected area
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Table 3A: Changes in traffic flows after reductions in road capacity

A B c D E | F
Traffic change, | Overall change | Overall change as % of flows on:
affected area Alterad location |Entire area
(J-I),;IG 100 L) <+K) (Dﬂl/, 100 DI(I+:2 100
#% [Nurnberg Rathausplatz 1988-1993 (5 years) -100 236,044 -146.6 -39.2
Wiesbaden city centre + boundary 1990-92 -718 -1,414 -108.5 -14.5
## [Nurnberg Rathausplatz 1988-89 (1 year) -100 -21,176 -86.1 -23.1
## | Tower Bridge closure 1993 (1 month) -100 -35,505 -80.3 -24.1
## | Partingdale Lane local area 1997 (6 months) -98.2 ~754 -76.3 -21.5
## |Hobart: Tasman Bridge collapse (14 months) -100 -26,930 -61.3 -61.3
Qrpington High Street closure 1996 (3 months) -31.2 -582 -52.7 -7
#it |Bologna city centre 1981-1989 -50.8 -90,000 -50.8 -50.8
Hanshin-Awaiji ‘quake (after highways restored) -59.2 -121,800 -48.2 -26.6
## | Gothenburg CBD 1970-1980 -46.0 -69,000 -46.0 -46.0
New York highway closure 1973 (2 years) -54.5 -50,000 -45.5 -7.7
Edmonton - Kinnaird Bridge closure 1879 (3 weeks) -100 -545 -41.9 -15.9
New York highway closure 1973 ( 1 year) -54.5 -40,000 -36.4 -6.2
## |Hammersmith Bridge - local area only (1 menth) -90.2 -10,290 -33.5 -7.6
A13 closure 8th June 1996 (same day) -59.3 -18,487 -33.0 -17.3
## |Partingdale Lane local area 1997 (3 months) -97.9 -296 -30.0 -8.4
A13 closure 1st June 1996 (same day) -64.8 -15,615 -27.9 -14.8
Oxford Street 1972 -1st phase -47.2 -500 -27.8 -8.5
Ring of Steel ‘central core' 1992-1994 -25.0 -40,000 -25.0 -25.0
A13 closure 15th June 1996 (same day) -50.5 -12,249 -22.6 -11.5
Aarau 1988-54 (evening peak traffic) -21.6 -286 -19.8 7.7
## |Hamm 1991 -16.3 -3,500 -16.3 -16.3
York: Lendal Bridge closure - 1978-9 (1 month) -100 -2,590 -15.9 -4.0
Luneburg 19911994 -14.5 -15,405 -14.5 -14.5
Wolverhampton 1990-1996 (within ring road) -14.4 -11,750 -14.4 -144
## |Hobart: Tasman Bridge restored 5 months * 6150 -14.0 -14.0
##|Bologna city centre1972-1974 -13.0 -27,700 -13.0 -13.0
#it | Cambridge - city cenire 1997 (5 months) -10.6 -2,480 -10.6 -10.6
Oxford city centre 1974 - 75 (1 year) 9.7 -5,864 8.7 -9.7
## |Loma Prieta earthquake 1989 (after restoration) * -18375 -7.5 -7.5
A104 Lea Bridge Road 1994 {1 year) -8.7 -2,456 7.2 -2.1
## | Freiburg ring road 1996-1997 (10 months) -33.9 -2,400 -7.0 2.4
Oxford city centre 1974 -1984 (10 years) -6.7 -4,085 -6.7 6.7
Cardiff city centre 1993-96 -4.3 -6,703 -4.3 -4.3
## | Gothenburg central urban area 1975-1980 -4.0 -12,800 -4.0 -4.0
Edinburgh - New Town cordon {3 months) -3.41 -6,942 -3.1 -3.1
## { Northridge earthquake (after restoration) -4.0 -12000 1.7 -1.7
Nottingham traffic collar 1975/6 (9 months) -1.7 -230 -17 1.7
Wolverhampton 1990-1996 (outside ring road) -1.2 -2,600 -1.2 -1.2
Ring of Steel 'Square Mile' 1992-1994 (1 year) -0.2 -579 -0.2 -0.2
Edinburgh - New Town cordon (1 year) -0.1 -119 -0.1 -0.1
Munich bridge closure 1988 -100 0] 0.0 0.0
Orpington High Street closure 1996 (1 year) -32.7 16 +1.4 +0.2
Frankfurt am Main bridge closure 1988 =100 500 +1.7 +0.3
Westminster Bridge 1994-95 1.1 895 +2.1 +0.7
## |Cambridge - River Camn screenline {2 months) 97 264 +3.0 +1.3
## |Norway - Street Enhancement 1991-1995 3.3 500 +3.3 +3.3
Aarau 1988-94 (24 hr traffic) -5.7 2,533 +13.8 +5.7
## | Six Towns Bypass Project (1992-95) -19.0 7,867 +20.8 +8.7

## - please refer to comment or caveat given overleaf
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Table 3B: Traffic counts before and after reductions in road capacity

G . H | | J K | L
Vehicle flows on Vehicle flows on parallel /
altered route/area: altemative routes
Before After Before After
## |Numberg Rathausplatz 1985-1983 (5 years) 24,584 0 67,264 55,824
Wiesbaden city centre + boundary 1990-92 1,303 366 8,445 7,968
## |Numberg Rathausplatz 1988-88 (1 year) 24,584 0 67,284 70,692
## | Tower Bridge closure 1993 (1 month) 44,242 0 103,262 111,999
## |Partingdale Lane local area 1997 (6 months) 088 18 2,519 2,735
## |Hobart: Tasman Bridge collapse (14 months) 43,930 0 * *
Ompington High Street closure 1996 (3 months) 1,105 760 7,084 6,847
## |Bologna city centre 1981-1989 177,000 87,000
Hanshin-Awaiji '‘quake (after highways restored) 252,900 103,300 205,900 233,600
## |Gothenburg CBD 1970-1980 150,000 81,000
New York highway closure 1973 (2 years) 110,000 50,000 540,000 550,000
Edmonton - Kinnaird Bridge closure 1979 (3 weeks) 1,300 0 2,130 2,885
New York highway closure 1973 ( 1 year) 110,000 50,000 540,000 560,000
## |Hammersmith Bridge - local area only (1 month) 30,698 3,000 104,698 122,106
A13 closure 8th June 1996 (same day) 56,000 22,800 50,800 85,513
## |Partingdale Lane local area 1997 (3 months) 988 21 2,519 3,190
A13 closure 1st June 1996 (same day) 56,000 19,722 50,800 71,463
Oxford Street 1972 -1st phase 1,800 950 4,050 4,400
Ring of Steel 'central core' 1992-1994 160,000 120,000 _
A13 closure 15th June 1996 (same day) 54,200 26,804 52,200 67,347
Aarau 1988-94 (evening peak traffic) 1,444 1,132 2,275 2,301
## |Hamm 1991 21,500 18,000 * *
York: Lendal Bridge closure - 1978-9 (1 month) 16,290 0 49,100 62,800
Luneburg 1991-1984 106,002 90,597 '
Wolverhampton 1990-1996 (within ring road) 81,500 68,750
## |Hobart: Tasman Bridge restored 5 months 43,930 v * *
#i# |Bologna city centre1972-1974 213,200 185,500
## |Cambridge - city centre 1997 (5 months) 23411 20,831
Oxford city centre 1974 - 75 (1 year) 60,684 54,820
## |Loma Prieta earthquake 1989 {after restoration) 245,000 * * b
A104 Lea Bridge Road 1994 (1 year) 34,070 31,102 81,609 82,121
## |Freiburg ring road 1996-1997 (10 months) 34,200 22,600 64,500 73,700
Oxtord city centre 1974 -1984 (10 years) 60,684 56,599
Cardiff city centre 1993-96 156,299 149,596
## |Gothenburg central urban area 1975-1980 320,000 307,200
Edinburgh - New Town cordon (3 months) 221,953 215,011
## |Northridge earthquake (after restoration) 698,000 670,000 . *
Nottingham traffic collar 1975/6 (9 months) 13,380 13,150
Wolverhampton 1990-1996 (outside ring road) 222,900 220,300
Ring of Steel ‘Square Mile' 1992-1994 (1 year) 254,192 253,613
Edinburgh - New Town cordon (1 year) 221,953 221,834
Munich bridge closure 1988 32,000 0 71,000 103,000
Orpington High Street closure 1996 (1 year) 1,105 744 7,084 7,461
Frankfurt am Main bridge closure 1989 29,500 0 162,500 192,500
Westminster Bridge 1994-95 41,739 41,284 90,276 91,626
## |Cambridge - River Cam screenline (2 months) 31,869 28,781 44,286 48,338
## |Norway - Street Enhancement 1991-1995 15,300 15,800
Aarau 1988-94 (24 hr traffic) 18,292 17,244 26,512 30,093
## | Six Towns Bypass Project (1992-95) 38,212 30,968 51,697 66,808

Where ™ are given in columns K and L, sources did not provide counts on alternative routes, but did quote the overall traffic changes.

Whers columns K and L are shaded, fraffic has usually been countad crossing a cordon around an area-wide scheme, (typically a
town centre) so that there are no ‘altemative routes’ into the affected area.
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ADDITIONAL INFORMATION FOR TABLES 3A & 3B
. Understanding the table

For many case studies, a wide range of traffic counts were quoted, relating to different streets, areas
or time periods. To avoid overloading the table, only the most representative one or two results are
shown here. Where possible, those highlighted by the original authors were selected, and relate to
full day counts, include all motor traffic, and help to distinguish between short and long term effects.
Where a time-period is shown {eg 3 months), this refers to the time after the capacity reduction
occurred, not the intervals between before and after studies, which also vary.

. Additional relevant case studies

Other examples reported in the case study pages could not be inserted in the summary table, due
to incomplete information. These include Portsmouth 1995, where a potential traffic reduction of
14% was implied, Lucerne 1993-94, where a traffic reduction of 10.5% took place on the treated
road but none overall, and Bern 1980, where no overall traffic reductions were observed. In
Toronto 1990 (Bay Street) , Belfast 1994 {Ormeau Road) and Zurich 1991-92 (Europa Bridge),
measurements were only made on the treated routes, and showed reductions of approximately 21%,
18% and 5% respectively. In Bristol 1991-95, traffic levels on particular corridors were reported as
“static”, or “increasing by only 2.4%, which is less than overall traffic growth”. Other relevant
evidence is also reported from Coventry, Dutch railway strikes, London: Grove Lane/Champion
Park, Lowestoit, Manchester, Oslo and Sheffield.

. Caveats and comments

When considering the summary data given here, the reader is referred to the case study pages, and
section 3.2, for a more detailed discussion of potential caveats and sources of bias that may have
affected the results. Specific caveats or comments for the data in the table are as follows:

Bologna 1972-89 - over the 17-year period between 1972 to 1989, traffic reductions were becoming
greater. From 1989 to 1992 this seemed to reverse, possibly due to weak enforcement of the traffic
restrictions and a large number of exemption orders.

Cambridge 1997- In general, all counts support a city centre traffic reduction of about 10%. The
traffic changes across Cambridge as a whole are less clear.

Freiburg 1996-97 - Data given relate to traffic flows on the ring-road, resuiting from narrowing one
section from four lanes to two as part of a longer term series of changes in which the ring road
capacity first provided for traffic diverted by pedestrianisation of the town centre, and subsequently
was itself partly reallocated from car traffic to buses and cycles. (Further reduction of capacity of
the ring road is planned for the future). There have been traffic reductions of much greater
magnitude in the centre of Freiburg, as the city has undertaken one of the most ambitious
programmes of pedestrianisation in Europe.

Gothenburg 1970-84 - although the two statistics chosen are representative about changes in traffic
flows entering the areas specified, it is notable that a survey of through traffic in Gothenburg showed
an increase of 6% over a ten year period.

Hamm 1991 - traffic levels on different sections of the affected road have been added together and
averaged. Local changes are of the same proportion as overall changes.

Hobart: Tasman Bridge collapse 1975 - the vehicle flows 14 months after the bridge collapse are
quoted in the original source. Longer term change is inferred from the reduction in the number of
person trips made. It is notable that five months after the bridge restoration constitutes 39 months
after the bridge originally collapsed.
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London: Hammersmith Bridge 1997 - At the time of writing, the data consistently suggest traffic
reductions in the local area, as evident from the three bridges screenline data given here. Traffic
increases have been reported on more distant streets and bridges. However, these increases add
up to much more traffic than ever used Hammersmith, so they must be due, at least in part, to other
factors. Some evidence suggesting longer-term reductions in traffic over a wider area is still being
analysed. Both London Transport Buses and a monitoring group set up by the Traffic Director for
London are looking more deeply into the survey results, to enable more robust, overall conclusions
to be drawn.

London: Partingdale Lane 1997 - Data from three one-hour time periods have been added together
to give a crude measure of the overall average traffic reduction in the local area. It was not possible
to analyse changes in traffic over a wider area.

London: Tower Bridge closure 1993 - the traffic reduction quoted refers to traffic flows over the
four Thames bridges leading to the City of London. Data for a broader area were unavailable.

London: Westminster Bridge 1994-1995 - data refer to a 3 bridges screenline. A 10 bridges
screenline showed an increase of 8,170 vehicles, or 2% of the total screenline.

Los Angeles: Northridge earthquake 1994 - data from the four corridors have been summed
together, to produce an ‘average’ value (weighted by the flows). For individual corridors, traffic
reductions ranged from -4% to <-1% after the damaged highways were reopened.

Norway: Street Enhancement Programme 1991-5 - traffic counts given are the totais for the 4
towns - Rakkestad, Os, Stryn and Batnfjordsora, so that percentages quoted are equivalent to an
average weighted by the flows, Hokkesund has been excluded, because of the complexity of its road
structure. For the individual towns, changes in counted traffic ranged from -12% to +17%.

Nurnberg 1988-93 - data quoted here refer to the impacts of the closure of the last major traffic
route through Nurnberg central area, following a phased implementation of very large scale
pedestrianisation (one of the largest in Germany) over 20 years. They are based on a town centre
cordon. Counts on a screenline of 12 bridges across the city region showed a decline in traffic of
4.8 % in the first year, and 6.2% over the first five years. At an outer cordon round the city, traffic
fluctuated from year to year, with an average increase of about 4% per year from 1984 to 1988,
whilst pedestrianisation was still being implemented. This growth reduced to an average of less than
2% per year from 1988 to 1993, when pedestrianisation was nearly complete. Car ownership
continued to increase over the period. The figures quoted here are more narrowly defined than the
very much larger reductions in town centre traffic that resulted from pedestrianisation as a whole,
but are undoubtedly influenced by it.

San Francisco: Loma Prieta earthquake 1989 - the change in traffic flows has been inferred from
a ‘before’ bridge count, and information about the number of BART passengers retained when full
road capacity was restored. Actual ‘after’ traffic counts were not available.

Six Towns Bypass Project 1992-5 - traffic counts given are the combined totals for Whitchurch,
Wadebridge, Berkhamstead and Dalton, making the quoted percentage changes equivalent to an
average change weighted by the size of the flows. For the individual towns, changes in traffic ranged
from -5% to +25%. The 'before’ and ‘after’ surveys related to a period of capacity reductions on the
old trunk roads through the town centres, which occurred after new bypasses had been consiructed
to relieve them. These bypasses had aiready resulted in induced traffic, and it seems that continuing
induced traffic outweighed any traffic reduction in most cases.

York: Lendal Bridge closure 1978/9 - data on ‘before’ traffic flows has been combined with the
reported percentage changes. ‘After’ traffic counts are not quoted in the original source.

19




3.2 Assessing the robustness of these results

The figures given in the table have usually been taken from reports written by local experts, who used
their expertise to define the most appropriate routes and measurement techniques required to assess
the impacts of each specific capacity reduction. They are therefore based on the general standard of
professional practice on these matters. Careful consideration has been made as to which of the many
statistics available for each case may be treated as the most representative at the level of an overview.
Where possible, all of the case study summaries have been checked with those originally providing
the information.

Nonetheless, as explained in Chapter One, there are caveats and problems in obtaining absolutely
definitive results for practically every example. Problems arise because monitoring is usually done
for a different purpose. Screenlines for traffic counts are rarely completely reliable, sometime cover
a rather small area and often exclude minor rat-runs. Moreover, however large the area, there is
always the possibility that some changes to even more distant routes are missed. Some counting
methods are proportional to the number of trips, and others proportional to the mileage travelled,
and these are not always reconciled. Surveys of behaviour often do not cover a long enough period
of time, are not always carried out at the most appropriate intervals, and rarely use techniques which
can identify the underlying changes in individual behaviour behind the net changes in aggregate
quantities. Available reports, written for specific local purposes, often omit some pieces of
information which would be relevant to this study, and require a certain amount of interpretation. In
addition, in many cases, other transport changes have also been implemented in the same period as
the capacity reduction, such as opening a new bypass, or improving public transport services. There
is also a certain amount of ‘natural’ change in travel behaviour anyway.

Tn examination of the case studies, and discussion of their interpretation with collaborators and
sponsors, four main relevant potential sources of error or systematic bias were identified, which are
associated with particular methodologies. These are described below.

|. ‘Natural’ variability in traffic is not allowed for in one-day traffic counts.

As discussed in more detail in Chapter Four, traffic flows can vary significantly from day-to-day in
their aggregate magnitude, and even more in their components. Where traffic counts have been used
which were not the average of numerous daily readings, both before and after counts are subject to
random variation, and the changes recorded could be unrepresentatively high or low. Hence, studies
which have relied on one day traffic counts are likely to produce a range of results which is wider
than if many days’ records had been available for the same locations. However, over-estimates and
under-estimates of changes in traffic flows are equally likely, and so this source of bias does not, in
itself, alter expected mean values of traffic changes. Therefore, the highest and lowest case study
results reported in this study, based on one-day traffic counts, are statistically likely to be less reliable
than those in the central range. (This is not a criticism of the competence of these studies. It arises
inevitably from statistical variation that there will be such cases, and underlines the importance of
reporting all results, not just the ‘believed’ ones).

2. Longer distance detours may not always be sufficiently considered.
Detours taken by some drivers may be of such long distance that they occur outside the area studied.

Any omission of these detours would result in an overestimate of traffic reduction, and since any
boundary, however large, always leaves open the logical possibility of even longer detours, it is never
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possible, using traffic counts, to take account of this effect completely. The important issue then
becomes to assess whether the size of this effect is likely to be significant, and to gauge the
propensity for effects to ‘ripple outwards’. This will be influenced by the availability of alternative
routes outside the studied area, the advantage to be gained from using them, and the proportion of
trips whose origin or destination is sufficiently far away from the affected roads that longer-distance
detours are realistically more attractive than any other behavioural response.

There does not appear to be a general literature on the prevalence of long-distance diversion.

Intuitively, the longest detours from the study area are likely to be those journeys whose origins
and/or destinations are a long way outside the study area, such that the diversion is likely to be a
‘wobble’, which may not significantly add to the mileage of the overall trip, and indeed in some cases
(eg where a rat-run was being used in preference to a main road for reasons of speed) the distance
travelled might actually reduce

Some of the case studies, as reported below, did use survey methods in which people were asked
how they changed their behaviour following capacity reductions. In these surveys, long-distance
detours were reported, but were few in number.

In general, selection of counting locations in most studies was decided by local professionals, who
considered that they had caught the routes and roads where the traffic impacts were likely to be
significant.

Therefore, there has been no evidence to suggest that non-counted long distance detours are likely
to account for a very substantial proportion of apparently ‘disappeared’ trips or mileage. However,
to the extent that they do exist, there will be some tendency to overestimate the reduction in traffic.

A related question of journey distance applies to studies which rely solely on screen-line data.
Screen-lines will count the number of vehicles passing, hence capturing, for example, changes in the
number of trips or mode choice. But this does not necessarily equate to the mileage travelled, which
could be increased by short distance detours within the neighbourhood of the change (or, as above,
reduced in the case of fast but circuitous rat runs). Again, there does not appear to be any direct
evidence on the size of this effect, but it is notable that the range and magnitude of traffic reductions
found does not seem to be systematically greater for those studies using screen lines than those using
traffic counts taken at points spread across a network (which produce results proportional to vehicle
mileage travelled), which might be the case if this effect was large and one-directional. Also, some
cases have used a number of different methodologies to provide different insights into the traffic
impacts, with no obvious pattern of results relating to this issue.

In summary, there is a logical possibility that some longer-distance and shorter distance diversions
have not been recorded appropriately in the traffic data given for many case studies. However, there
is no evidence that omitting such diversions has had a large effect on the majority of the results or
the median average, and there is some tentative evidence suggesting that the impact may have been
small. Where such error exists, it seems, on balance, more likely to cause an overestimate of traffic
reduction, though in some cases it might cause an underestimate.

3. Traffic growth occurs due to other factors like increased income and car ownership.

Most studies do not make any allowance for the ‘natural’ change in traffic that would usually be
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occurring over the period of the study, due to factors such as income, car ownership, changes in land
usc, demographic effects and so on. In current conditions, it is usually assumed that these factors
almost invariably lead to traffic growth, rather than decline. Consequently, studies of capacity
reductions should observe an increase due to these factors, offset by a decline, perhaps, due to the
road capacity reduction. If the overall effect recorded is solely attributed to the capacity change, the
figure recorded is an underestimate of the impact of the road reduction, since any recorded change
in traffic should be compared to the traffic level that would have occurred if no change had been
made to the network. The degree of underestimation increases as the period of the study lengthens.

In broad terms, it is possible to say more about the size of this effect than the effect of longer-
distance detours discussed above, since the extent to which traffic reduction is underestimated
depends on the magnitude of the traffic growth that would be expected without the network change.
This is a very well-researched area. In many circumstances, traffic growth due to factors other than
network changes is likely to be in the range of 1%-4% per year®.

An adjustment could, if desired, be made to the ‘after’ figures to take account of this effect, reducing
them by say 2% per year. This has not been done. However, it is notable that for changes over a five
to ten year period this would double the estimated traffic reduction for some studies.

4. Partial sampling via repeated panel surveys.

A few studies are based on repeated panel surveys, where the sample has been selected from people
who were using the road before the capacity reduction and those same individuals were then
surveyed at a later date. Such surveys are particularly useful for discovering the real changes that
people make in their own behaviour, as distinct from average changes in the population as a whole.
However, there is a problem if only people who were users of the road before the change are
interviewed, since the survey will identify people who reduce their use of the car, but will not observe
offsetting changes by former non-users who may increase their car use. The problem here does not
arise from the changes actually due to the capacity reduction (since changes to road conditions that
deter existing drivers are unlikely to attract a substantial number of new ones). Rather there is a
problem because some people will be changing their amount of car use in both directions due to other
factors entirely, and these changes should not be attributed to the network change alone. Hence,
relying solely on such information is likely to result in an overestimate of the reduction in travel,
although this is complicated by the interaction between changes in behaviour whose timing is
triggered by (for example) life-cycle effects, but whose content is then influenced by travelling
conditions.

In general, such interactions are an important feature of the interpretation of the evidence, and are
discussed further in Chapter Four.

Conclusions about the robustness of the results

The sources of bias described above need to be considered in conjunction with the summary results
given in the table. Adjustments could have been made to compensate for some of their potential

2 If road capacity has also been increased elsewhere on the network, this will similarly tend to result in some induced
traffic, masking the effects of the capacity reduction. SACTRA (1994) found that inclusion of income and other effects
made a very substantial difference to caiculation of the size of induced traffic (where, in that case, omission leads to an
overestimate rather than an underestimate).
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effects. However, this was considered undesirable as new sources of error would be introduced,
particularly as not all adjustments could be made with the same degree of confidence. Instead, an
overall judgement is suggested on the role of each source of bias separately, and together.

As explained above, source 1 (‘natural’ variability of traffic counts) will not have affected the likely
mean values recorded, although it may be responsible for an exaggeration of the range of results.
Source 4 (partial sampling via repeated panel surveys) is also likely to have relatively little effect on
resuits, because it has been used as a measurement technique in very few of the cases, and in those
cases, it has invariably been backed up with other data, which prevent any error dominating the
overall results.

The second and third effects mentioned (long distance diversions and traffic growth) are those cited
most frequently in discussions on interpretation, and can apply to many of the case studies. They pull
in opposite directions, and the crucial question is the net balance between them. For any given
relative magnitude of the two effects, the net effect will be progressively more influenced by general
traffic growth as the time period of a study gets longer. There is therefore more potential danger of
overestimating the traffic reduction effect in the short term studies, and underestimating it in the
longer term studies. This interpretation is reinforced by substantial empirical evidence on aggregate
demand elasticities, and is consistent with pervasive evidence on the importance of other behavioural
responses in addition to route change. Moreover, it is judged that both effects are likely to be
relatively small, by comparison with the size of ‘disappearing traffic’ that has been recorded in the
central range of the case studies.

In conclusion, these caveats need to be taken seriously, but reinforce rather than overturn the initial
important observation: the results of the studies, taken as a whole, do not simply show random
variation and uncertainty, and central values are certainly not clustered randomly around zero, as
might be expected given so many potential, and conflicting sources of bias. Instead, the majority
show a reduction in counted traffic, Whilst each individual example falls short of being a ‘perfect’
case study, (and will inevitably always do so, given the complexity of other things that will be going
on at the same time as any transport change), to find so many cases of reductions in traffic, at a time
when increasing car ownership and general traffic growth create prevailing expectations of increases,
shows a balance of evidence that a proportion of traffic can indeed ‘disappear’ when capacity is
reduced.

The other key observation is that the calculated reductions in traffic vary over a remarkably wide
range, even if the extreme values are discounted. Hence it would clearly be difficult to justify using
a standard rule-of-thumb, for example, that 16%, or 25%, of traffic will disappear as a matter of
course whenever road capacity is reallocated. It would be even more difficult to justify the
assumption that no traffic will disappear, particularly in situations where this would imply significant
changes to traffic speeds.

Given the range of results, it becomes important to try to assess what specific reasons underlie and
explain them. The rest of this Chapter therefore considers the size of the change in capacity, the
context in which the capacity reductions were implemented, and the prevailing conditions in the study
area.
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3.3 Relationships between the extent of capacity reduction and the effect on traffic

The most obvious first question to ask, when seeking to explain the variations found, is whether the
capacity reduction was large or small. This can only be done in broad terms, since few of the case
studies produced measurements of the amount by which capacity was reduced, in terms of pcu/hr
or ‘percentage reduction in road capacity’, from which it would be possible to calculate elasticities.
Provision of such quantities has not been a major part of the analytical tradition of network
management.

A set of three hypotheses® was developed during the early stages of the project to address the issue.
They appear robust following subsequent examination of the evidence.

Hypothesis 1: No real reduction in effective capacity:
No reduction in traffic.

In many cases, close examination shows that a reported ‘reduction’ in road capacity is an illusion,
since it has been offset by an increase in available capacity elsewhere. Sometimes this is a deliberate
part of the implementation strategy, notably with ring roads or improved network management, and
sometimes it happens spontaneously as people adapt their driving styles in a way that increases the
effective capacity of the network. A related case is the situation where there is a reduction in
capacity, but traffic flows are not actually very close to the capacity level. In these cases, little or no
reductions in overall traffic levels occur, or would be expected.

Hypothesis 2: A reduction in capacity, but alternative capacity exists:
Traffic re-routes or re-times.

There are also many cases where road space is reduced in a way which does bear on, say, peak
period trips on major roads, but altemative routes are not so congested, and even if they are,
reasonably acceptable alternative times of day are not. In this case, reductions in traffic are expected
at those times and places where congestion is worst, but there is not an overall reduction in the 24-
hour traffic levels.

Hypothesis 3: A reduction in capacity, and no suitable alternative capacity available:
Traffic ‘disappears’.

There comes a point where traffic diverted from its initial choice of route and time of day cannot find
an acceptable alternative route or time - either because of the general traffic levels, or because of the
design and coverage of the measures. This is the major case where real reductions in overall traffic
levels might be expected, although what people choose to do instead will depend on other factors,
like the availability of public transport. These are the circumstances thought to be most relevant to
future policy development in London, and to other congested urban areas, especially as there is
interest in the effects of extensive programmes of road space reallocation.

* The authors thought these hypotheses original. However, it emerged that the approach was very similar to that suggested
by WS Atkins (1996) for a study in Cambridge, and by Berg & Bartsch (1993), following a study of capacity reductions
in Switzerland. Berg & Bartsch argued that ‘If there is a reduction of capacity the local efficiency of junctions is put to
the test first, After that, when congestion frequently occurs then other routes are chosen until the capacity reserves of
the network is exhausted. Only then, other types of behaviour are considered, such as different mode, time of day, other
destination or another job'. Their results are discussed further later, and in some of the case studies.

24



The case study evidence is now examined in the light of the above hypotheses.

. Hypothesis 1: No real reduction in effective capacity:
No reduction in traffic.

In a number of cases which have been publicly discussed as examples of highway capacity reduction,
in reality, overall capacity has been maintained. Indeed, in many of these cases, sophisticated traffic
management procedures have been specifically used to cushion or offset road closures.

In such cases, space may well have been reallocated to buses, or bikes, or pedestrians. Traffic may
have been entirely excluded from some parts of the network, bringing numerous improvements in
environmental and social conditions to those areas, and enhancing the ‘people access’ to a place.
However, this can happen without any real effects on either traffic flows or speeds.

Examples of cases where road capacity has been reduced or reallocated without much effect on
overall traffic flows include the Street Enhancement Programme in Norway, the Nottingham Zones-
and-Collar experiment, the City of London’s ‘Ring of Steel’, and Bern in Switzerland. These studies
suggest that if there is still enough spare capacity left, there is no need for behavioural change.

More detailed consideration of the case studies enabled the identification of three general mechanisms
by which reallocation has taken place in various locations with little loss of effective capacity for cars.

a) Driving behaviour may change and increase effective capacity

First, driving behaviour may alter, releasing some hidden ‘reserve’ capacity, since road capacity is
not a strictly determined engineering characteristic, but arises from the interaction between drivers
and roads. This was particularly apparent in the Nottingham Zones-and-Collar experiment, where
Vincent and Layfield (1977) noted that “driver behaviour changed when faced with the imposed
delays to the extent that, despite shorter green times, the traffic discharged over the stop line at a
higher rate”. A recent study by Machuca, Jeffrey, Avaria & Ingenieria (1996) on the interaction of
buses and cars also found that car drivers can adopt more efficient driving styles to ‘preserve’
capacity. They studied the time gaps between vehicles on 34 roads in Santiago. Their results
demonstrated that, whilst the expectation is that gaps between buses and other vehicles should be
larger than the gaps between two cars, in reality, when buses form less than 15% of the vehicle flow,
people adjusted their driving so that there was no statistically significant difference in the gaps
between vehicles compared with the gaps in vehicle flows where there were no buses.

More negative changes in driving behaviour may also occur if road space is taken away from cars,
especially in short term emergency situations, with cars driving closer together, straying onto hard
shoulders and restricted lanes, and displaying standards of courtesy that would usually be
unacceptable. Correspondence received from Newman (1997) describes a proposed road closure near
Tunbridge Wells, where currently restricted space for cars is causing “speed, aggression, reckless
driving and a total disregard for others™. She also notes that the recent introduction of traffic calming
“has, in fact, achieved the opposite effect of that desired, with traffic speeds increasing where drivers
try to ‘beat’ the oncoming traffic across the restricted section”,

b) Network efficiency can be improved by closing minor roads or separating vehicle flows
The closure of minor roads, particularly where they feed onto a bigger road, may actually improve
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the efficiency and capacity of a network, since the number of turning movements and delays at
junctions are reduced. Perhaps this is best illustrated by some results from the London's Red Route
network, where journey times fell by up to 36%, according to a study by TecnEcon in 1995 (TEC,
1997). (This result becomes more complex for later developments, as the Red Route strategy has
placed less emphasis on speed than its original formulation).

The ‘Ring of Steel’ in London also demonstrates this, as the Embankment route through the Ring
of Steel is now carrying 20% greater flows with shorter overall journey times, following the closure
of 17 minor roads and 23 junctions, (Weiss, 1996). A similar principle has been used in Gothenburg,
whose traffic calming policy used restrictions to reduce traffic in certain residential zones, and
transfer it onto more efficient main routes.

In addition, when network capacity for cars is reduced by transferring the space to other modes like
buses or bikes, it may sometimes be more efficient for all categories of vehicle. Caimns (1996) notes
that for bus lanes in Bristol “the travel times of all vehicles, not just buses, can decrease”, and the
recorded changes in peak journey times for non-priority vehicles included reductions of 16%, 17%
and 50%, on three stretches of road.

¢} Associated policies may compensate for capacity reductions

In several cases, highway capacity reductions are associated with, or preceded by, opening a new ring
road, expanding alternative routes, or more efficient traffic management procedures, like the removal
of parked cars. Reports of such changes to offset specific capacity reductions are frequently referred
to as commonplace, as mentioned for example, in the case of Manchester. Similarly, in Erlangen, the
local highway authority stated (3.6.1997), "Erlangen has reduced road capacity on several roads
by introducing bus lanes but also by pedestrianising. Whenever this was planned, both the police
and the ADAC [similar to RAC in Britain] forecast that there would be a traffic chaos. This has
never been the case because we - {the Office of Traffic Engineering] - carry out an analysis of the
traffic situation and provide extra road capacity if necessary”.

Specifically, building a ring road was often thought to be justified by, and a necessary condition for,
taking traffic out of the town centre. However, building a new road may then induce extra traffic,
as well as taking diverted traffic. The most obvious example of this situation is the Six Towns Bypass
Project, where reductions in traffic resulting from capacity reductions of the old trunk routes through
the town have been masked, and in several cases overwhelmed, by traffic generated by the bypasses®.

Adjustments to signals are also common, and can increase traffic flows substantially. For example,
in Coventry, Hunt and Holland (1985) describe how the use of SCOOT to reallocate green traffic
light times between junctions was estimated to reduce queues from 200 to 25 vehicles in the off-
peak, and 500 to 150 vehicles in the peak, during the temporary closure of the A4114 in 1983.

It should also be remembered that whilst measures to restrict speed may result in (usually rather

* The evolution of plans in Freiburg is a very instructive counter-example to the common assumption that expanded traffic
capacity on ring roads is a necessary condition for traffic restrictions in town centres. The ring road there first provided
capacity for traffic diverted by pedestrianisation of the town centre, but subsequently was itself partly reallocated from car
traflic to buses and cycles, and further reduction of capacity of the ring road is planned for the future. Luncburg was also
advised that expansion of ring road capacity was necessary in order to allow their planned pedestrianisation to go ahead:
they declined to do so, and successfully proceeded without.
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small) increases in journey time, they do not necessarily reduce capacity and may actually increase
it, in effect because the space needed between vehicles is less. For example, in the Nottingham
Zones-and-Collar experiment, Vincent and Layfield (1977) report that delays were not as great as
expected because “a vehicle in a stationary queue normally takes up an average of 6m along the lane,
but vehicles moving up in the queue will require about twice this space”.

Conclusion

Although road space for cars may be reduced, highway capacity may not, as there are various
mechanisms by which such reductions are counteracted, and the true maximum capacity of a network
may often be underestimated. In these cases, predicted ‘traffic chaos’ from reallocations of highway
capacity may not materialise, but the reason is nothing to do with disappearing traffic. The same
amount of traffic can still flow through the system, at reasonably close to the same speeds, with little
incentive for people to adapt their behaviour.

It is received wisdom that there is now little remaining opportunity for making significant capacity
allocations to buses or pedestrians without reducing capacity for other traffic, but the results hint that
such opportunities may still exist, even in such intensively used networks as the City of London.

. Hypothesis 2: A reduction in capacity, but alternative capacity exists:
Traffic re-routes or re-times.

There is much evidence in the case studies that trip re-routing and re-timing occur substantially, so
that congestion spreads out over time and space, rather than becoming significantly worse on the
treated road itself. This can happen in a range of contexts. At one extreme, relatively minor
adjustments in route and time may occur even in the ‘Hypothesis 1' simation, and at the other
extreme, route and time changes are invariably included in the responses discussed in Hypothesis 3.

Changes in routes are discussed in most of the case studies, and are evident, for example, in
Edinburgh, Sheffield, Edmonton, Lucerne, Zurich and the Nottingham Zones-and-Collar experiment,
where Vincent & Layfield report on “a redistribution of traffic between the main radial roads leading
into the City” as drivers attempted to counteract any delays imposed by the system. Similarly, Berg
and Bartsch (1995) studied eight Swiss examples of capacity reduction, and concluded that if there
is a temporary capacity reduction, then “the majority of car drivers accept the additional time delay
and do not change their behaviour. A minority change the route and thereby reduce the capacity
problem and also the time delays for others on the original route” (Berg, W. & Biirtsch, D. 1995,
p- 28). They report that more severe time delays are accepted for leisure and long distance driving,
especially during holidays. (With the latter group of travellers it is difficult to establish their reaction
and route choice mainly because their change of plan may have occurred a long distance away).

Changes in travel time are also commonly reported. Specifically measured changes in the time at
which people make journeys are available for Edmonton, York and A104 Lea Bridge Road, whilst
“changing journey time” was mentioned as part of a list of responses people had made to capacity
reductions in cases like Hammersmith Bridge, Portsmouth and Frankfurt. In the studies of Edinburgh
and Hobart, the time period during which ‘peak’ traffic flows were measured was extended, with the
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AM peak recorded from an earlier start time>.

Hence, overall, the two responses - changing route and changing journey time - seern to be the most
universal, often accounting for the majority of changes people report. For example, Kuhn (1991)
studied temporary road capacity reductions in Vienna, such as bottlenecks due to building works,
and reported that 44% of drivers did not change their behaviour, 35% used a different route, 17%
changed the time of day of their journey and 4% used public transport.

However, although it is clear that both changing route and changing time of journeys may occur
substantially, it does not seem to be the case that one is always preferred to the other. Somebody
making a local journey on a well-known network may prefer to change route rather than time,
particularly if their trip has specific time constraints. Many also highlight the desire to ‘keep moving’.
This emerges in the case of Portsmouth, and in Sheffield, where a typical comment was “rather than
actually sit in the car and crawl, if we had to go in at peak periods then I would choose another
route... It might take a bit longer...but at least I would be travelling”. Some drivers are also reported
as deriving a certain amount of satisfaction from being able to ‘beat’ the congestion by finding
complex back routes. Moreover, discussions with a traffic engineer in Innsbruck revealed that, where
journeys are very long distance, even minor ‘wobbles’ in route may take a driver completely outside
the local traffic system studied. (He suggested that this may have occurred during the closure of the
A12 Inntal motorway in Austria in 1990).

However, in other cases, changing the fime of journey may be more popular than confronting a more
complex, and less well known, set of alternative routes. During the closure of the Lendal Bridge in
York, trip retiming emerged as an important alternative response to route changing. Moreover,
survey work into the flexibility of journey times, which was carried out during the Lendal Bridge
closure, showed that most are very flexible, except for school trips. Many studies of how drivers
respond to motorway congestion also confirm that leaving at a different time (usually earlier) is a
common solution. Black, Hyde & Towriss report that from a survey of approximately 300 motorway
users, 44% make an early start to allow for traffic, and allocate 24% of their anticipated journey time
as a cushion against uncertainty. In other circumstances, changing journey time may be the only
option. Ramsey & Hayden (1995) investigated the impacts of congestion on travel behaviour over
the River Tyne, where all alternative crossings are busy, and found “clear evidence” of peak
spreading, with a significant increase in the proportion of traffic using the river crossings before 7am.

Conclusion

There is evidence supporting the hypothesis that in circumstances where capacity is reduced on one
road, but there is still available capacity on other routes or at other times of the day, there are two
major reactions to highway capacity reductions for cars. These are:

. diversion onto a close parallel route which still has available capacity

. a marginal change in the time of day at which the journey is made, to a time at which
sufficient capacity is stil] available.

i People altering the time period when they make journeys partly explains the differences in changes to traffic flows in
different time periods. For example, about 3 months after the closure of Princes St in Edinburgh, overall traffic levels had

reduced by about 3%, whiist traffic in the PM peak had declined by 22%.
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As described here, neither response is likely to require major re-planning or drastic alteration to any
chosen pattern of activity or travel. Both mean that tofal traffic patterns will be broadly preserved,
despite capacity reduction on particular roads, since such adaptive changes in driver behaviour ensure
that little or no change is noticed in the overall traffic flows over a larger area or longer time period.

Since reductions or reallocations of capacity are mainly controversial when it is thought that they
are likely to significantly worsen congestion, it is relevant that these ways exist in which drivers
can, by avoiding congestion, also avoid (to some extent) causing it. It is notable that so many
opportunities still seem to exist for drivers to avoid the effects of capacity reduction by changing
the route or time of their journey, and this highlights that congestion, even when very severe, is
often quite localised in time and space.

However, making such adjustments becomes problematic as the alternative available route becomes
less ‘close’, or the required time change less ‘marginal’. There may then be more substantial
implications for other activities and associated costs. At this point, other responses will come into
play as discussed below. It is notable that there has been no evidence of a sharply defined threshold
between acceptable and unacceptable degrees of change in route and journey time.

. Hypothesis 3: A reduction in capacity& no suitable alternative capacity available:
Traffic ‘disappears’.

It is evident that, in some cases, modest trip retiming or choice of obvious alternative routes may be
unattractive because conditions are already congested there as well, or quickly become so if all of
the traffic using the original route diverts. Yet in every case studied, even quite drastic reductions
in road capacity have not been followed by prolonged gridlock, and major increases in existing levels
of congestion are typically only temporary.

Instead, there is a fairly substantial body of evidence to suggest that some proportion of traffic
effectively ‘disappears’ as a planning consideration for a particular route or a particular place. This
conclusion is borne out in a number of studies for which reasonably comprehensive traffic counts
were received, including examples like Cambridge, Cardiff, Hamm, Nurnberg and Wiesbaden. In
addition, there were some studies which also collected other survey information that helped to
explain what had caused that reduction. These studies included those for Hammersmith Bridge, the
'Hanshin Awaji earthquake, Hobart (Tasman Bridge collapse), Portsmouth and San Francisco (Loma
Prieta earthquake).

‘Disappearing traffic’ clearly requires more explanation in behavioural terms. Available evidence
suggests that:

. traffic seems to‘disappear’ because of a wide variety of travel adaptions that people make,
going far beyond the three already cited (changes in driving style, change of route, change
of time of journey)

. within this longer list of responses, the evidence does not show any clear or obvious
hierarchy, such that, for example, changing destination choice or mode choice always
dominates. Rather, the relative importance of the different responses seems to be influenced
by specific personal or contextual factors.

Not all of the same responses are mentioned in each study. In some instances, this may be because
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such adaptations were not made. In others, it may be because the survey was simply not designed
to record certain types of adjustment, and was only carried out over a certain time period. However,
taken together, each of the following responses were identified in at least one study.

-~ more drastic changes of the time of the journey

- much Jonger diversions

- making a journey to a different destination,

~ changing frequency of journeys

- changing mode of journey

- car sharing®

- consolidating trips so that several different purposes are fulfilled in the same round trip
- changing the allocation of different tasks within a household (errand-swopping)
- actual elimination / suppression of trips

- changes in job location

- changes in housing location

- changes in developer choices for locating new developments

- many combinations of these.

The diversity of these responses requires further consideration, as discussed in Chapter 4 below.
However, it may be noted that they share one common feature with the route and time changes
mentioned above: they enable a proportion of traffic to ‘disappear’ from those times and places
where it would cause a planning problem. The activities which were served by the affected journeys
may still be undertaken (by reorganisation of travel and activity patterns, or by another mode, or by
incorporation into another trip, or to another place), such that there is not necessarily any
diminishment in activity space or individual mobility, but they no longer appear when and where they
would cause, or meet, unacceptable levels of traffic, long queues and delays.

Although the group of responses described are likely to be triggered by stronger stimuli than the
earlier changes mentioned, such changes will not always be of net disadvantage to the individuals
concerned. The relative costs and benefits of a capacity reduction will depend on the combined
effects of the capacity reduction, the associated impacts on transport operation and the attractiveness
of the area, and the other opportunities available. Transport changes may also (just) become a
decisive factor in more complex decisions primarily being made for other reasons. For example, in
the case of the Tasman Bridge collapse, Sharples (1997) (a resident on the eastern shore of Hobart
at the time) reports that “the collapse wasn’t a major problem for me. It was, however, part of the
reason for me going into a residential college in my first year at university”. Meanwhile the
relocation of services and industry to the eastern shore strengthened that area of Hobart in the long
term. Similarly, the retention of 30,000 new underground train passengers, after the earthquake
damage in San Francisco had been repaired, suggests that travellers considered that their journey was
improved by changing mode. However, in other cases, there are obvious disadvantages. For example,
one resident in Portsmouth comments that major changes in journey time “leave us with precious
litile evening by the time we get home and have dinner”. Hence, although ‘disappearing traffic’ may
involve relatively substantial changes in behaviour, the implications on utility and disutility cannot
be directly inferred. Considerations for evaluating schemes are discussed further in Chapter 5.

8 Car sharing, whilst sometimes mentioned, appears to be a relatively rare response, and often does not increase. Vehicle
oceupancy is recorded as static or declining in the cases of York, Toronto, Hobart and Hammersmith Bridge. With the
Tasman Bridge collapse in Hobart, the decline in vehicle occupancy is attributed to the loss of trips in the category ‘drove
passenger’, which may represent a reduction in discretionary travel due to the increases in journey times.
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. Summary of the three hypotheses

Although there are caveats about the reliability and comprehensiveness of data, nevertheless cases
exist which are consistent with the three main hypotheses mentioned. Traffic levels do appear to
respond to changes in capacity when capacity is reduced, just as they do when capacity is increased.
The nature of the responses is sensibly influenced by the intensity of pressure caused by the capacity
reduction. The common pattern is that, when not to respond would cause levels of congestion that
people find unacceptable, then some find ways of avoiding that congestion. Typically, they make
minor changes if possible, and major ones if necessary.

Hence, all the experience gathered suggests that misleading expectations of ‘traffic chaos’ are
produced by assumptions that the total amount of traffic is insensitive to changes in congestion.

However, it is also clear that there is still a wide range of differences between the places studied. This
will now be considered further.

3.4 The influence of context and prevailing conditions

When road space is reallocated away from cars to other uses, different types of behavioural responses
are prompted by the scale of reduction in capacity. There are three main scenarios, which may be
described simply as:

. traffic intensifies
. traffic spreads out
. traffic disappears

There are a number of factors which appear to play an important role in determining which
responses are triggered. Some of these are ‘situational’ characteristics that are difficult to change
(although they may require consideration when planning capacity reductions). Others are policy
related, and reflect the importance of the planning context in which capacity reductions are made.

Before describing these, it is important to identify some factors which have been suggested as
determining the impacts of a capacity reduction, but which do not appear to be important, based on
the evidence. Notably, at a workshop organised during the project, it was suggested that the
structure of disappearing traffic might be locationally dependent, such that taking road space away
from cars in small towns would cause people to go elsewhere, whilst taking road space away in
large towns would cause people to change mode. There was no clear evidence along these lines. In
the Six Towns Bypass Project, where towns were deliberately selected to be rather similar, the
measures implemented produced as wide a variation of impacts as those that occur between towns
of different sizes, both in terms of the traffic reductions produced, if any, and in the traffic increases
that occurred prior to the reductions’. Similarly, following the Northridge earthquake in Los
Angeles, changes made were markedly different on different corridors, depending on the specific
opportunities for rerouting or changing mode open to drivers.

7 As described in the summary of the Six Towns Bypass Project, this case study differs from many of the others in that
capacity reductions were pre-dated by major capacity increases, and the purpose of the capacity reductions was largely to
displace traffic to the new routes. Nonetheless, within the project, the selected towns were treated in broadly similar ways,
and it is notable that this resulted in such a wide range of effects.
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The factors listed below, however, do seem to be important in determining what happens.
. The nature of the network, existing levels of congestion and tolerance to congestion

As already highlighted, the nature of the network, the existing level of congestion and the existing
tolerance to congestion affect the ability and desire of traffic to change route, vary journey time and
make other responses. As long as there are relatively easy options for people to continue driving,
it s unlikely that they will make more substantial changes to their behaviour. Where such changes
are not possible, other factors become more irnportant. The number and type of alternatives available,
and the density and service characteristics of the network have an effect. Moreover, policies to
change those network characteristics, like restricting turning movements or altering signal timing,
can result in significant increases to the ‘natural’ capacity of the system.

. The type of trip affected, with non-work traffic giving way to work traffic

The type of trip affected is important, as different trips have different types and amounts of flexibility
associated with them, and clearly the amount people change their behaviour is going to depend on
how far they can do so. In general, it appears that peak travel and work trips have less flexibility than
off-peak and non-work trips. Thus, more off-peak and non-work travel is likely to ‘disappear’, and,
as a result, there are opportunities for other traffic to spread into the road space vacated. The
differential impact on different types of trips has been shown during the Hammersmith Bridge
closure, where surveys suggest that 5% of work trips are no longer made, compared with 20% of
non-work trips (Accent Marketing & Research, 1997). Similar differences are also reported from the
closure of the Lendal Bridge in York , the Hanshin-Awaji earthquake and the Tasman Bridge disaster
in Hobart. Peak travel may also include school trips, which tend to have relatively inflexible timing.

. The attractiveness and availability of other modes

Another key determinant of whether people can reduce their car travel is the availability and
attractiveness of alternative modes of travel. In Portsmouth, a substantial proportion of people said
they would have travelled by a different mode, if it had been available locally (including 2% who
were put off walking because of the unpleasantness of their route). Alternatively, in situations
where road space is reallocated to other modes whose journey times and reliability improve as a
resuli, a mode shift does seem to occur.

Luneburg provides interesting evidence. Increases in cycling (+58%) were far greater than increases
in bus patronage, since the improvements to the conditions for cyclists were greater.

The difference between a real and perceived improvement in alternative modes may also be
important. For example, in Toronto bus lanes resulted in increased patronage of about 25%. Shalaby
and Solomon (1994) note that this is largely due to “the perception of an enhanced service”, as buses
now trave! freely through sections of major congestion. However, bus journey times overall did not
improve, mainly due to longer dwell times at bus stops that resulted from more people waiting to
get on,

Mode shifts may not always be particularly pain