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Abstract

The reliability of bus systems is a vital issue on the transport agenda, since urban areas
are yearning for high quality alternatives for the private car. A key indicator of
reliability is a low level of day-to-day travel time variability (TTV). To obtain tunds tor
reducing TTV, it is necessary to give evidence for the benefits from such improvement,
but current tools for estimating the cost of TTV are insufficient. This thesis covers
issues that arise when analysts need to show that improved bus infrastructure brings
benefits from reduced TTV.

The first part of the thesis aims at understanding how the attitudes of travellers to TTV
can be converted into monetary terms. The design of a survey i1s described, where
respondents trade-off between TTV and other attributes. A modelling experiment, based
on the survey responses, finds that the effect of TTV is best explained using variables
that represent trip scheduling considerations. Following 1s a series of experiments that
seek to estimate the willingness-to-pay for reduced TTV 1n a way that 1s sensitive to
taste variation between travellers. Several Mixed Logit models are estimated, but some
doubts about their credibility are raised, and hence the same willingness-to-pay
estimates are also computed using nonparametric techniques. Some conclusions are
drawn regarding the process of estimating heterogeneous willingness-to-pay and the
ability to recognise the willingness-to-pay from survey data.

The starting point for the second part of the thesis 1s the lack of tools for estimating the
level of TTV 1n hypothetical scenarios. We consider the case for using traffic
microsimulation to estimate TTV by running a microsimulation model multiple times,
and looking at the vaniation between runs as an estimate of the variation between
different days. Such concept of estimation requires a special calibration methodology,
which sets the level of simulated inter-run varnability at a similar level to inter-day
variability in the real network. A full calibration methodology 1s developed, tackling
methodological, computational and statistical issues.

Finally, the demand and supply methodologies are combined, and it 1s illustrated how
the savings from improved bus infrastructure can be examined. The contribution of the
entire study includes methodological and technical insights into modelling the attitudes
to TTV, estimating the distribution of the willingness-to-pay and calibrating traffic
microsimulation models; but 1t also brings up policy issues concerning the role of TTV

in transport appraisal.
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Chapter 1

Introduction

1.1. Background

In recent years, the reliability of transport systems has been widely recognised as an
important 1ssue 1n transport planning and evaluation. Many studies have shown that the
users of a transport system rate reliability as a key feature, which affects their views of
the system and their frequency of using it. Reliability issues often come up in the
discussion between transport researchers or practitioners, and seem to be on the agenda
of transport decision makers. For this reason it 1s surprising that the tools available to
analysts today are still in an early stage of development when i1t comes to the dealing
with the sources and the impacts of unreliability.

Unreliability has many faces, and in the transport literature it sometimes appears under a
guise. There are some studies of the unpredictability (e.g. Small et al, 1999) of travel
conditions, namely the tendency of the state of a transport network to vary with no
evident reason. Other works focus on the lack of punctuality (e.g. Bates et al, 1995):
journeys do not take exactly the same time as expected, or when referring to public
transport services, the same time as in the published timetable. There are also papers
about irregularity (e.g. Laidler, 1999) in the traffic conditions or in public transport
performance. Although there are differences between the various terms used to describe
unreliability, a fundamental trait of an unreliable transport system that resides 1n all of
them is a high level of day-to-day travel time variability (TTV).

[f an authority wishes to obtain funds for improving the reliability of a transport system
by reducing the level of TTV, it often needs to give evidence for the expected benefits
from such improvement. This is equivalent to providing evidence of the costs of TTV
before and after the improvement, or evidence of the difference between these costs, at
the least. But the current practice in transport anélysis does not include sufficient tools
for estimating the cost of TTV or of a change 1n the extent of TTV. Not much 1s known
about how to estimate the level of TTV (or differences in this level) in hypothetical
settings, and even 1f such estimates exist, 1t 1s not always clear how to place a monetary

value on them, as often required in scheme appraisal.



It is commonly agreed by planners and policy makers that 1n order to maintain the
vitality and sustainability of urban areas, high quality alternatives to the private car must
be provided. The ability to achieve a high level of reliability is therefore particularly
important in the design of public transport systems. Ot the various public transport
modes available in the UK and other countries, railway services dominate the interurban
travel market, but a large share of journeys in urban and metropolitan areas use bus
services. Hence, the efforts to guarantee good levels of reliability for bus users deserve a
thorough analytical discussion. As there has not been sufficient focus on this 1ssue in
previous studies, this thesis looks 1nto the evaluation and the prediction of bus TTV.
Throughout this thesis, a major role 1s played by the general concept of stochasticity;
namely, by the idea that there 1s an element of randomness in the behaviour of
individuals, the performance of vehicles and the occurrence of phenomena. The focus
on TTV 1s 1n itself a manifestation of this concept. Another expression of it 1s an
analysis of the distribution of the willingness-to-pay, which is based on the
understanding that we cannot truthfully capture the pattern of response to changes in the
transport system 1f we assume that travellers have uniform preferences. The stochastic
approach 1s also apparent in our decision to model the incidence of TTV using traftic
microsimulation, which has the 1deas of randomness and heterogeneity at its core.

At first glance, the different topics discussed in this thesis might not seem strongly
related to each other. One part of the thesis involves demand modelling and analysis ot
consumer behaviour from an econometric perspective, while another part examines the
way we use a supply model of a transport network, from the perspective of a traffic
modeller. Some of the chapters concentrate on the principles ot surveying or modelling,
whereas other chapters investigate very technical 1ssues. The common thread 1n all the
ideas discussed here 1s that they are all needed 1n order to present evidence for the
benefits from reduced variation in bus journey times. A modest attempt to bring these

separate discussions together in an attempt to address a practical problem 1s presented

towards the end of the thesis.
1.2. Definition of travel time variability

There are various ways to define TTV, and 1t 1s important to explain at this stage which

of them is followed throughout this study. Three main types of TTV can be identified in



the transport literature, as described in the following paragraphs. The definition of the
three types is partially based on terminology presented by Bates et al (1987).
Inter-vehicle variability 1s the variability between journey times experienced by
different vehicles making similar journeys at the same time. It is attributed to waiting
times at signals, conflicts with pedestrians, differences in driving style and so on. In the
current context 1t should be noted that inter-vehicle TTV is not a powerful indicator of
the type of reliability that travellers are likely to be concerned about, which has to with
the unpredictable nature of their own travel experience, and not with the difference
between them and other travellers.

Inter-period variability (or within-day variability) is the variability between the travel
times of vehicles making similar journeys at different times on the same day. It is
mainly caused by differences in the level of demand, occurrence of accidents and
incidents, weather conditions, the level of daylight and so on. We find that this type of
TTV 1s most relevant for examining various policy-related measures, such as flexible
working hours or congestion pricing, but not particularly for reliability analysis.

In this thesis we focus on TTV between similar journeys made on different days (inter-
day variability or day-to-day variability). It is caused by fluctuations in travel demand,
variation in driving behaviour, changes in the amount of roadside activity, weather
conditions, accidents and incidents and other reasons. In the case discussed here we
limit the detinition even further: we are not interested in the elements of the day-to-day
variability that rational travellers can anticipate, such as the differences between
summer and winter, weekend and weekdays, or 1irregular travel times experienced due to
special events. The main interest here 1s in TTV that remains unexplained after
variations due to these predictable elements have been subtracted. This variability 1s
random 1n nature; 1ts various causes are too subtle or too complex to be expected by
travellers.

It is important to note that the motivation for focusing on the abovementioned definition
of TTV is not related to whether or not this type of TTV i1s easy to analyse or to model.
Various ways to compromise with technical and computational difficulties are discussed
later in the thesis, but the definition itself is uncompromised. The reason why we
exclude the effects of predictable events 1s the belief that this form of TTV is the most
accurate in the way 1t represents unreliability. A very similar definition of TTV is used,

for similar reasons, by Fowkes and Watson (1989) and Bates et al. (2001).



Both Bates et al (1987) and Noland and Polak (2002) note that most research about
TTV focuses on day-to-day variability. They do not clarity whether or not existing
research investigates only the random element ot day-to-day TTV; this might cause
some confusion, because not all studies clearly mention how they define TTV. It 1s
common to base some of the analysis of TTV on surveys where travellers are asked to
make various choices, responding to different levels of TTV; the actual definition of the
investigated TTV 1s then determined not by what the authors state but by what the
respondents understand. A detailed definition of TTV is not normally presented in these
questionnaires, and 1t 1s therefore likely that respondents refer to TTV in its most
intuitive meaning. Judging by the way TTV 1s commonly presented (see also the review
in chapter 2), we find that most studies, similar to this thesis, tend to focus on random
TTV, whether or not they explicitly mention it.

TTV 1s most commonly measured as the standard deviation of travel times (namely, of
the set of travel time measurements that exhibit TTV as defined 1n the respective study).
This applies to all TTV variables mentioned in the economic review and experiments,
presented 1in the following chapters (unless mentioned otherwise). For the traffic
experiments presented later, we develop another measure that meets the particular needs
of the proposed methodology.

The definition of TTV has implications also for the way we define the daily periods to
be used 1n the forthcoming analysis. As mentioned above, we wish to distinguish
between predictable and random components of TTV. Transport analysts commonly
specify periods not shorter than two hours each; for instance, the morning peak period 1s
typically defined as two or three hours long. However, it 1s clear that the differences
between travel conditions in different parts of the entire morning peak are not
completely unpredictable; this means that we cannot attribute a certain level of TTV to a
whole period because it would contradict our definition of TTV. The analysis 1n this
thesis therefore refers to much shorter periods; we define a period as a time interval
which is short enough to be seen by travellers as having uniform travel conditions.
Fifteen-minute long periods were used in a similar context by May and Montgomery

(1984), and we suggest that any duration up to thirty minutes would be plausible.



1.3. Evidence of travel time variability

Before going further into the analysis of TTV, 1t 1s useful to show evidence of what bus
TTV 1s like in an actual setting. Figures 1.1 and 1.2 present real travel time data from
bus route 4 in the city of York, on various days in October and November 2004. The
horizontal axes represent stops along the route and the vertical axes stand for time from
the scheduled departure. Each of the figures contains three graphs, each of whom
presents trajectories of buses departing at a single time on multiple days. If buses
adhered to their planned schedule, all the trajectories in the same graph would be
identical. The extent of variation between trajectories in each graph manifests our
definition of TTV. Differences between graphs, i.e. between different levels of TTV,
are what we later try to predict and evaluate.

Passenger demand on the buses going eastbound (figure 1.1) 1s relatively high (about
450 passenger boardings per hour, with 8-minute headway), and the general traffic
along parts of the route is relatively congested. The opposite direction (in figure 1.2) has
lower passenger demand (about 150 passengers per hour) and lighter surrounding
trattic. Table 1.1 presents simple analysis of the variation in arrival times at a bus stop,
based on the same data as in the figures. The 'standard deviation of arrival times 1s
averaged between all stops, and there 1s also indication of the stops with the highest and
lowest standard deviation. The location of a stop 1s indicated as its serial number in the

sequence of stops along the route. From the figures and the table we can come to some

basic insights into the nature of bus TTV.

S — | —
Mean Most reliable stop | Most unreliable stop

S.D. l S.D. S.D. Location

07:32 eastbound | 04:33 02:31 | 1%0f23 |06:19 | 2™ of23

08:20 eastbound | 02:58 [ 01:04 | 10f23 |04:05 |19™o0f23
09:08 eastbound | 02:54 | 01:48 [3™0f23 [03:21 | 11" 0f23
07:38 westbound | 01:56 | 01:03 l 35" 0f35 [ 02:59 | 9Mof35 |
08:26 westbound | 02:40 | 01:51 | 14™0f35[03:07 [4%of35 |

09:14 westbound | 03:23 02:15 |13 0f35 | 04:37 g"“ of 35

=l - el == _h

Departure

A el

Table 1.1: Standard deviation of the arrival time at a stop

(as observed on route 4 1n York, 2004)
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The mean TTV varies between departures and between traffic directions. TTV of the
buses going eastbound is generally higher than in the other direction. However, there 1s
considerable TTV in both directions. This relates to a discussion by Noland and Polak
(2002), who point out that TTV 1is independent bf congestion effects. That 1s, 1n some
congested networks travel times can still be consistent, and hence not necessarily harder
to anticipate, while a high level of TTV can occur when there in no significant
congestion.

Another insight 1s that sometimes the level of TTV tends to increase as the bus goes
turther along the route, but in some other cases a high TTV at an early section is
partially recovered towards the end of the journey. Such recovery is mainly experienced
by buses going westbound; but a gradually increasing TTV is apparent in both
directions. This possibly has to do not only with the level of traffic congestion, but with
the cumulative effect of a delay at one point on the number of passengers boarding at
other points downstream. Since in these data the more congested direction is also the
one with higher passenger load, 1t 1s not certain which of these features has stronger
eftects. The irregularities in the extent of TTV, and their secondary consequences on
boarding times downstream, are probably among the main causes of the well-known
bunching phenomenon, 1.¢. the uneven pattern of bus arrival despite an even schedule
(although the presented graphs do not show successive departures and therefore do not

demonstrate how bunching occurs).

As mentioned, the data presented above 1s brought here as evidence for the existence of
TTV. While it does illustrate some essential features of bus TTV, 1t mainly proves that
the occurrence of TTV does not follow simple patterns, and 1s not easy to track. This
thesis does not include extensive analysis of the causes for TTV, but the network used
here for demonstration, and the data collected bn the same bus route, are employed

again for a more systemati\c analysis later in the thesis.

1.4. Scope and objectives of this study

This thesis tries to meet the needs for modelling and analysis of TTV in two different
fields. First, it tackles the lack of sufficient methodology for converting the effects of
bus TTV into monetary terms. Then, it tries to deal with the shortage of tools for

estimating the level of TTV in hypothetical scenarios. These form two separate



discussions; the rationale behind this duality i1s that the two problems are in fact
elements of the broader challenge of revealing the benefits associated with improved

bus reliability. An additional discussion, that follows the two mentioned parts, tries to

combine their findings in a joint experiment.
The objectives of the overall study are as follows:

1. To develop methodology for expressing the impacts of bus TTV in equivalent
monetary units, such that they can be used in the appraisal of bus schemes 1in the
study area; and while doing so, to account for the idea that the population in the
study area 1s heterogeneous, with varying tastes and preferences.

2. To develop ability to estimate the expected level of TTV in the study area in
hypothetical scenarios, in a way that is sensitive to local factors such as the
detailed configuration of the transport network; and while doing so, to account
for the idea that traffic phenomena, as well as the vehicles and their users,
exhibit a high level of heterogeneity and randomness in their performance.

3. To 1llustrate the application of our solutions for the two aforementioned

problems 1n a practical case study.

The study area in all parts of this thesis 1s York, a medium-sized city of 181,000
inhabitants (according to the 2001 census), located in the Northern England county of
North Yorkshire. The entire analysis focuses on the commuter population 1n York and
on the morning commuting journey; this includes any journey for work or education
purposes, as long as it 1s made on most working days during the morning peak. The
traffic analysis is mainly based on data from bus route 4 in York, provided by its
operator. More details of this route and of the network used are given later in the
thesis.

Setting the scope of this study also requires elucidating which related issues are not
covered. During the preparation of this thesis, questions about the reasons why
travellers dislike TTV, and possible differences in this matter between the users of
different transport modes, repeatedly came up. For instance, it was theorised that one
element of the discomfort attributed to TTV has to do with stress from the unsettled
travel experience itself, while a separate element has to do with the late or early arrival
at the destination, which is inevitable if travel times are unpredictable. There were also
doubts about whether to expect greater sensitivity to TTV among bus users, compared

to what is known from other studies about car users, because they are less capable of
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changing their route once the journey has begun, or smaller sensitivity, because much of
the stress caused by TTV would have to do with the task of driving. Such questions
arose in such contexts as choosing survey wording, deciding on model vanables, or
judging whether modelling results are sound. But although the informal discussion ot
these issues was an integral part of the modelling experience presented later, it should
be stressed that seeking proper answers to these questions in the current scope would be
too ambitious. We do not formally attempt to understand the broad psychological
background for the aversion that travellers feel towards TTV, only to model this
aversion. A model 1s unavoidably (and to some extent also desirably) simpler than the
real-world phenomenon 1t describes, and as other researchers do, we find that a model
of the impact of TTV can be adequate even if 1t leaves many questions unanswered.

The same disclaimer applies to the analysis of the reasons why travel times fluctuate at
all. The role of various factors in the evolution of TTV 1s occasionally brought up
throughout the thesis, but in our attempts to create a tool for estimating the level of
TTV, no major attention 1s given to uncovering the full set of causes of TTV.

Another broad area that the thesis is unable to encompass is the variety of indicators of
unreliability of public transport systems. Anaiysis of TTV 1s very central to the
discussion of unreliability, but other important indicators are used too in many studies.
There are also works about TTV that measure it using other statistics but the standard

deviation or the variance of travel times. Alternative measures for TTV are mentioned

in the following chapters, but the whole range was not possible to cover in detail.

1.5. Outline of this thesis

As mentioned earlier, the main body of the thesis comprises two parts. The econometric
part (chapters 2 to 4) describes experiments in modelling the eftect of TTV on bus
users, and the traffic part (chapters 5 to 7) explains issues that relate to the estimation of
TTV using traffic microsimulation. Figure 1.3 depicts the structure ot the thesis.

Chapter 1 describes the background and the scope of the study.

Chapter 2 reviews some relevant topics from the literature in transport economics.

These relate to the appraisal of transport schemes, the role of TTV 1n it, and the design

of surveys that focus on TTV.
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Econometric experiments Traffic experiments

Literature review Literature review

(chapter 2) (chapter 5)
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(chapter 3)
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Scenario analysis
(chapter 8)

Figure 1.3: Outline of the thesis

Chapter 3 describes the design of a survey, where the respondents are asked to trade-off
between TTV and other attributes. Based on the data collected in the survey, this
chapter also presents models that account for the attitudes towards TTV either directly
or indirectly, and suggests uniformly-distributed estimates of the willingness-to-pay for
reduced TTV.

Chapter 4 extends the estimates of the willingness-to-pay obtained in chapter 3 by
allowing for taste variation between travellers. Several Mixed Logit models are
estimated, but due to some doubts about the 'credibility of the distribution of the
willingness-to-pay implied by these models, attempts are made to derive alternative

estimates using two different nonparametric techniques.
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Chapter 5 begins a new section of the thesis with a review of existing approaches for the
estimation of TTV, and as a separate topic, a thorough review of methodologies for
calibration of traffic microsimulation models.

Chapter 6 presents a new approach for the estimation of TTV, based on analysis of the
variation between the outputs of different runs of a traffic microsimulation model, such
that each run represents a single day. The chapter shows that in order to be able to
perform such analysis, the model needs to go through a special calibration process; full
calibration methodology, including a solution algorithm, 1s proposed.

Chapter 7 describes two experiments that implement the approach developed in chapter
6. The first experiment uses artificial data, and 1s aimed at testing the validity of this
approach. The second experiment applies the calibration algorithm with real data and a
full-size network, and results in a model adjusted for the study area.

Chapter 8 combines the demand and supply methodologies developed earlier in the
thesis. Different scenarios of bus infrastructure schemes are specified, and the costs

associated with TTV are compared.

Chapter 9 includes conclusions and suggestions for further research.

1.6. Notation

The following abbreviations are used throughout the thesis:

TTV travel time vanability MTT mean travel time
TMM traffic microsimulation model CBA cost-benefit analysis
WTP willingness-to-pay MXL Mixed Logit

DWP distribution of the willingness-to-pay SUS sub-sampling

DTC departure time choice ppm pence per minute

VOT value of the mean travel time

ME  mean earliness

VOE value of the mean earliness

ML  mean lateness

VOL value of the mean lateness
MTE mean travel time and earliness

VOTE values of the mean travel time and earliness
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Chapter 2

I'ravel time variability in the economic literature

2.1. Introduction

This chapter commences a part of this thesis that seeks to determine how to convert a
given level of bus TTV into monetary terms, which can be used in an appraisal context.
The search for such method includes the design of a survey, followed by a series of
modelling experiments. Other works that share their objectives, or the techniques they
use, with this study have been undertaken in the last decade, and therefore this chapter
precedes the surveying and modelling effort with a review of these previous works.

The review has two main parts. The first part discusses the general idea of appraisal and
the willingness-to-pay (WTP), the role of TTV in the appraisal practice, and different
approaches for estimating of the cost of TTV. The second part presents some basic
features of the type of survey we carry out later, and examines in particular other studies
that tackled the challenge of designing a survey in which TTV 1s a key attribute. The

conclusions from this review are to be applied in chapter 3.

2.2. Appraisal of transport schemes

The construction of new transport infrastructure, or the improvement of existing
infrastructure, has eftects in various fields of modern life. It can cause immediate
changes in the living standards of any individual and in the level of prosperity of any
business. In the longer run, changes in the transport system may have economic, social,
environmental and other consequences, either positive or negative, on parts of the
public. The investment in transport projects may require substantial amounts of money,
and the sources of finance are perpetually limited. Since this nature of transport
investments was recognized, it has been common to carry out a process of appraisal
prior to making investment decisions.

Transport investment appraisal always includes the 1dentification of expected costs and
benefits from different alternatives of a transport scheme. There must be more than one

alternative, since there are always at least the options of “do nothing” and “do
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something”. Frequently there is more than one “do something” option, such as “build a
road” versus ‘“construct a railway”. Since the first attempts to formulate consistent
appraisal methodologies, in the 1960’s and 1970’s, till today, a major trend in the
evolution of appraisal principles has been the expansion of the range of benefits taken
into account. Whereas the main discussion 1n the 1970’s concentrated on benefits from
travel time savings and improved road safety, there 1s today an increasing awareness of
the environmental effects and socio-economic impacts, such as equity or economic
development (Mackie and Nellthorp, 2001; Grant-Muller et al, 2001). Some of the
effects that appraisal techniques are expected to take into account today were
traditionally seen as un-measurable (Hotchkiss, 1977).

The range of appraisal techniques has also expanded in other ways. Transport project
assessment 1s now expected to consider systemwide effects rather than focus on the
vicinity of the investment area; 1t 1s expected to deal with multimodal projects and
1dentify benefits from different transport modes; and 1t also expected to analyse cost-

benefit considerations in projects that are financed by complex mixtures of public and

private sources (Mackie and Nellthorp, 2001; Grant-Muller et al, 2001; Nash, 1993;
Banister and Berechman, 2000). ‘

Probably the most common appraisal method 1s the cost-benefit analysis (CBA). The
main feature of the CBA 1is that all expected costs and benefits are converted into
monetary units and summarized; by doing so, it is possible to ascribe an overall net
benefit to each project alternative. The concept of attaching monetary values to amounts
of time savings or to estimates of safety improvement, and the different ways to compile
all impacts into a single number (such as a discounted net present value ot the proposed
project), have been extensively discussed in literature. Conventionally, CBA 1s based on
the concept of WTP, i.e. the assumption that a more desirable situation 1s one that
people would pay more for. Therefore, the monetary equivalent of a one-minute
reduction in travel time in a CBA 1s simply the expected amount of money that
individuals would be willing to pay for this reduction. However, transport schemes also
have effects that might be undervalued by the concept of WTP, because their
importance is not necessarily appreciated by individual travellers; theretore, this
concept is often extended by monetising environmental impacts, as well as other
externalities, in other ways. The determination of prices per unit can be alternatively

rounded on social considerations; this can be done, for instance, by taking into account
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the different levels of WTP that characterize different income sectors (Mackie and
Nellthorp, 2001; Grant-Muller et al, 2001; Nash, 1993).

It 1s possible to appraise transport projects through a multi-criteria analysis. The multi-
criteria analysis framework is more flexible than the CBA in terms of defining the
appraisal objectives; multiple simultaneous objectives are allowed, which can reflect a
broad range of ideologies or policy perspectives. To form a multi-criteria analysis, a set
of objectives should be defined, and a set of evaluation criteria should be attached to
each objective. Each objective is also given a weight, which represents its relative
importance with respect to the other objectives. Based on the evaluation criteria, each
project alternative 1s given a mark (typically on a 0-100 scale) with respect to each of
the objectives. Subsequently, the marks are multiplied by the weights, and all the
weighted marks of each alternative are summed to form an overall score for that
alternative. Various assessment techniques may be used for marking the alternatives,
either based on purely quantitative calculations or on a partially-qualitative rating.
Using assessment techniques that are based on the expected market reaction, and
converting values into monetary units, as done in CBA, are also possible in a multi-
criteria analysis but they are not common. The freedom to choose a variety of
objectives, assessment criteria and any desired weights 1s both a great advantage of
multi-criteria analysis and a major disadvantage; it enables a wide range of policies to
guide the project judgement, but also gives rise to using improperly calibrated scores
and to 1nconsistency between decisions made bjf different people or at different times
(Grant-Muller et al, 2001).

[t 1s repeatedly found in appraisal studies that travel time savings are by far the most
significant benefit from capital investment 1n transport projects (Georgi, 1973; Harrison,
1974; Hotchkiss, 1977; Glaister, 1981; Pells, 1987b; Polak, 1987a; Nash, 1993; and
others). Senna (1994a) and Polak (1987a) estimate that the share of travel time savings
among other benefits in a CBA framework 1s approximately 80%. Pells (1987b) quotes
references that estimate that benefits from the reduction of travel time in road
improvement projects in Britain are on average 89% ot the total benetit. As mentioned
above, other common sources of benefit are accident prevention and environmental
effects, but in recent years there has also been an increasing interest in socio-economic
impacts, influence on land use and development, and equity considerations (Nash, 1993;
Banister and Berechman, 2000; Grant-Muller et al, 2001; Mackie and Nellthorp, 2001).

The concept of WTP, in particular, has been implemented to estimate numerous sources
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of benefit, such as the benefit from improved safety (e.g. Iraguen and Ortuzar, 2004),
noise reduction (e.g. Galilea and Ortuzar, 2005), fuel efficiency (e.g. Walton et al,
2004), and more. Although the analysis of WTP is clearly not the only way ot
evaluating suggested investment alternatives, the current study accepts the CBA
framework and the idea of WTP as a basis for project appraisal.

From the key role that time reduction benefits often have in appraisal results we can
learn not only about the importance of time savings, but also about the relatively minor
role that other considerations but the travel time have in the appraisal methodology
itself. It should be emphasized that the outputs of any appraisal study strongly depend
on a predetermined list of sought benefits; such list 1s part of the appraisal guidelines,
which vary from place to place and from time to time. The introduction of new potential
sources of benefit to this list i1s a slow process, even 1f the need for this change is widely
accepted. This 1s mainly due to the need to develop techniques for measurement and
assessment, but also because changing appraisal guidelines 1s a political matter that
requires the consent of decision makers and authorities. For this reason, environmental
and soclo-economic impacts of transport schemes took years to become an integral part
in CBA practice, and some of them are still being discussed theoretically without being
practically used. This is also the case for the benefits associated with improved

reliability, which are at the heart of this study.

2.3. Travel time variability considerations in cost-benetit analysis

A factor that still struggles for a place in the list of potential benefits from transport
investment is the reduction of TTV. Statements that these benefits should have a role in
project appraisal have appeared occasionally in the transport literature for a few
decades. Knight (1974) notes that TTV is “a significant component in the generalised
cost of trip-making”. A similar opinion is expressed by Harrison (1974), Polak (1987a,
1987b), Noland and Small (1995), Small et al (1999), Bell and Cassir (2000), Grant-
Muller et al (2001) and others.

The idea that the effects of TTV should be included in project appraisal has evolved
along with the recognition of TTV as a factor that influences choices made by travellers.
Starting from the 1970’s, vanables that represent TTV were introduced in several

behavioural models. These models gave evidence that travellers take account of TTV
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considerations when choosing a mode of transport (e.g. Prashker, 1979) or a departure
time (see detailed review later in this chapter). As stated by Bates et al (1987), it has
been shown that the variability in journey duration, and the uncertainty in arrival time
that directly results froﬁl TTV, are major sources of 1rritation to travellers, and can
therefore be recognized as potential sources of additional travel cost. Several studies
have even concluded that a low level of TTV 1s more important to travellers than travel
time 1tself or the journey cost (Golob et al, 1970; Paine et al, 1976; Bates et al, 2001). It
was mentioned above that a basic feature of CBA is the conversion of insights on the
preterences of travellers into monetary values; it therefore seems clear that the
recognition of the impact of TTV on travel behaviour should in principle result in the
inclusion of the cost of TTV in the CBA practice.

Nevertheless, TTV considerations are absent from almost any discussion of what is
actually included in the appraisal framework. Historical reviews of appraisal
components are brought by Georgi (1973) and Adler (1971); TTV is hardly mentioned.
Pells (1987a) explicitly notes that in existing appraisal framework, “benefit is assumed
to dertve purely from reductions in mean travel duration, and any effect an investment
might have on the distribution of travel time 1is 1gnored”. Nash (1993) reviews common
CBA methodologies in Britain and elsewhere, and although he elaborates on various
1ssues that have been raised and developed since Georgi’s review, TTV 1s not
addressed. A review of the current state-of-the-art in EU countries 1s carried out by
Grant-Muller et al (2001); 1t shows that benefits related to TTV are not taken 1nto
account 1n any of these countries.

The absence of TTV from the traditional appraisal agenda means, first of all, that
investment benefits are underestimated 1n all projects that improve reliability. One may
assume that this will always be 1n favour of “do less” investment alternatives. The
consequences of ignoring TTV might be more complex when reduction otf TTV 1s
expected to be a major outcome of the appraised project, or even more so when several
alternative schemes are compared but only one of them includes measures that reduce
TTV. Appraisal results in projects that directly aim at improving reliability may be
seriously distorted, since a key source of surplus is disregarded, and their likelihood of
being promoted is clearly harmed. Noland and Polak (2002) mention that the projects
whose benefits will be revealed, if TTV considerations are taken into account, are not
the traditional transport projects but investments 1n improved incident removal, better

management of public transport networks, or advanced information systems. There are
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numerous documented CBAs of projects in which TTV reduction seems likely to be a
source for considerable benefit, but this source is 1gnored (e.g. Schweiger and Marks,
1999; and Thijs and Lindveld, 1999).

There is some recent evidence showing an increasing awareness of the benefits from
improved reliability in CBA practice. A set of guidelines for the appraisal of bus
priority measures, presented by Laidler (1999), does state the significance of benefits
from the reduction of TTV, but these benefits are only calculated using rules of thumb:
they are assumed to equal 30% of the benefits from reducing the mean travel time
(MTT) and waiting time in the peak period, and 15% in the off-peak. No attention is
paid to the effects on TTV of potential differences between project alternatives or to the
ettect of any particular traffic conditions. SDG (2001) carried out appraisal of a quality
bus corridor scheme and although benefits from reduced TTV were taken into account,
it 1s not entirely clear what methodology was used for attaching a monetary value to
TTV savings.

[t therefore seems that the CBA of transport schemes today either ignores TTV
considerations or handles them in a simplistic manner. Obviously, the reasons for this
are not as simple as pure negligence; the exclusion of TTV benefits from the appraisal
practice has surely much to do with difficulties 1n defining measures for TTV,
difficulties in generating forecasts of TTV, and difficultie<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>