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Abstract:

Travel-time reliability is an important attributé @ transportation system and has been
studied in many situations. In this paper we stilndyimpact of travel time reliability on

trips made by railway passengers. Unlike most efstludies in this area, which make use of
stated preference survey data, we make use okalegl/preference dataset obtained by
measuring the railway reliability and the numbese&son-ticket holders on the Dutch
railway network. We make use of six travel timeaiaility indicators, including the

standard deviation and the"8@inus the 50 percentile of travel time. Our results indicate
that the 88 minus the 50 percentile indicator best explains the fluctuationthe number

of season-ticket holders. A 10 per cent improvenoétite indicator results in a 1.47 per
cent increase in the number of season-ticket helder
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1 Introduction

The common way to analyse the benefits of transgy@tem improvements is via travel time
savings. More recently, the unreliability of tratehes has become an important element of
research in this domain. A main result of resedating the last decade is that travel time
reliability plays an essential role in travellergute choice behaviour (Bates et al., 2001; Lam
and Small, 2001; Small et al., 1999; Tseng, 2088nce, cost benefit analysis of transport
infrastructure improvements that would ignore tality benefits may miss important
aspects. Most researchers of this subject usalgtatgerence data and are focused on car
transport. The present study differs from thiswo tespects: it is based on revealed
preference, and it addresses the effect of reliploih railway travel demand. According to
the literature in the area of customer satisfacti@vel time reliability is one of the most
important quality aspects of railway passengerstiBiand Rietveld, 2008). The more
unreliable the travel time is, the higher the slbedascheduling costs, and the smaller the
likelihood that the train is chosen as a modearigport. If on a certain route daily
commuters are confronted with decreasing relighitiiey may tend to choose a different

mode of transport, if it is available.

One of the issues is how to measure reliabilityw&swill see, a wide range of definitions of
reliability is available. In the Netherlands, thatEh Railways (NS) measures reliability by
means of arrival punctuality figures on a statiewvel. The Dutch Ministry of Transport
defines a train as ‘punctual’ if it arrives at mtigtee minutes late. Every year the railway
company is held accountable for the actual punityual relation to the target of 87 per cent
of trains that should be punctual (max 3 minutdayjeLack of punctuality of train services
and the delays resulting from that for the totakjeey play an unmistakably negative role in
the evaluation of the service quality by the tréarelOne of the points is that the unreliability
of train services may induce travellers to takeamtearlier to reduce the risk of late arrival.
Most of the research about the impact of unrelighi# on route choice. Little is known about
its impact on travel demand for a certain transpwtie (Savelberg et al., 2008)

This paper aims to estimate the elasticity oftrgol demand with respect to travel time
reliability. The main issue addressed in this papéne question: Does a decrease in the
reliability of travel time lead to a decline in dand for train travel? And if so: Does

improving travel time reliability lead to higherrdand for train travel?

A distinguishing feature of this paper is that @ikas use of revealed preference data (RP),
and thus reflects the actual behaviour that traiveilers show when they are confronted with
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fluctuating travel-time reliability. Bates et a001) have already stated in their article about
the valuation of reliability for personal travebttthere is a general economic tradition to
favour data that is related to observed choicesvaver, there are often problems with
finding real choice situations with sufficient valion to allow statistically reliable estimates
to be obtained at the level of detail that is reegli Good studies based on revealed

preference data are very rare, and often only ntedeslts are obtained.

We will address two main research questions: Hogelés the effect of a change in travel
time variability on the Dutch railways on the numbéseason-ticket holders? And: What is
the most appropriate way of defining travel timkatality? This will be systematically
explored by using a range of unreliability indigatfocusing on their different performance

as predictors of the travel behaviour of seasdtetibolders.

This paper is structured in the following mannarSkction 2 we briefly go into the role
reliability plays in transport and discuss howabliity can be defined and measured. In
Section 3 data issues are examined. Section 4d@®wan analysis of the descriptive statistics,
and then in Section 5 we present the results oftdttestical analysis of the relation between

travel time reliability and season-ticket holde®sction 6 concludes.

2 Travel time reliability

In the literature two distinctions are made concwyithe appreciation of reliability of travel
times: direct appreciation on the basis of traweétvariation, and indirect appreciation on
the basis of rescheduling costs (Noland and P@@#2). The difference here lies in the
monetary valuation of the reliability. Travellerdlinin general, attach a different value to
early and late arrivals and departures, becaugehidnee different consequences. Most of the
research literature makes a distinction betweeseth&o values by using separate terms:
schedule delay early (SDE) and schedule delay(&idd). Travel-time reliability makes the
traveller incur costs in the form of uncertaintytiafvel time and possible trip scheduling
costs. In this paper we focus on the relationskigvben travel-time reliability figures and the
number of season-ticket hold&rand on obtaining estimates that tell us sometabayt the

sensitivity of train travel demand to changes avél time reliability.

We will compare the six travel time reliability ilwdtors. In the Netherlands, travel time
reliability is measured by the Dutch Railways compé\S) in terms of punctuality, i.e. the
proportion of trains that arrive less than threautes late. This study is a revealed preference

! Season-ticket holders for a specific route.



(RP) study, because the actual behaviour of theoseicket holders is taken into account.
Will the season-ticket holders continue to keefrtheason-ticket or not if the travel time
becomes more/less reliable? Qualitative and behealistudies about travel choice
behaviour have concluded that the punctuality afidhility of a transport system are valued
as critical aspects, which can influence the perae@nd level of use of different modes of
transport. In some situations travellers valuedaicgon in travel time variation more than a

decrease in the average travel time of specific(8mall et al., 1999; Bates et al., 2001).

Tseng (2008) surveys the literature on the valuatittrave-time uncertainty, and finds that
different definitions of (un)reliability are giveithe majority of studies surveyed by Tseng
are SP studies that focus on road transport demdril only a few are based on RP data
and focus on rail transport demand (see Appendixmthe selection of studies,
(un)reliability is often measured as the standawdation of the travel-time distribution (7
studies) or as the difference between tH& @@ 90") percentile and the median of the travel
time distribution (20 studies). In this study wdlaiso make use of these two travel time
reliability indicators, four different indicatorsyo of which are used by the Dutch Railways
(NS) (see Section 3). According to the criteridhaf NS, a train is on time when this train
arrives within three minutes of the scheduled atriime. Previous research (Brons and
Rietveld, 2007) has already criticized the usergy the 3-minute indicator and showed that

using multiple punctuality indicators makes a lredtgalysis possible.

3 Data overview

For our analysis we made use of data concerninguher of season-ticket holders on
various origin-destination combinations on the Dutilway network. We included all routes
that (i) do not require a transfer and (ii) thaténat least 11 season-ticket holders. The
decision to drop transfer passengers was baseatkrof data for computing unreliability for
this group. This results in 288 origin-destinatrontes spread over the whole Dutch railway
network.

The data concerning the season-ticket holders eadkected for the period between January
2004 up to and including December 2007. We focuseason-ticket holders who travel on
specific routes because these season-ticket holdiéisdeed travel on the routes for which
their season ticket is valid. This is an attracgiveup for our purposes because they are daily
commuters, and they are well informed about tréived reliability on their route. In addition,
we make use of reliability data. These reliabitibta were collected at the station level and
provide the arrival and departure punctuality btfa train series on the Dutch railway
network. These data concerning travel time religbiVere collected and made available to us
4



by ProRail, the organisation in charge of the managnt of the rail network infrastructure.
The database covers the period from June 2004 apddncluding December 2007, and is
aggregated by month (for 43 months). For eachostaind train series we have the following
information with respect to travel time reliability

- Number of trains with {<3; 3-5; 5-7; 7-9; >9} mireg of delay on arrival (departure)

- Total number of arriving (departing) trains

- Total number of minutes of delay on arrival (depee}

- Total number of minutes of delay on arrival (depig]} for trains that arrive (depart)

with more than three minutes of delay

The data are separately available for differentspafrthe day (morning peak, evening peak
and off-peak hours) and different parts of the wgetekdays and weekends). We only look
at the weekdays and focus on the morning and egeyeaks since commuters mainly travel
during these parts of the day and week. To comyrteliability indicators for the selected
routes, we first determined which train series gmesgvhich routes. For every route, all the
train series delay figures were combined into ageré for every measurement point

mentioned above.

The reliability data were collected for the pertetween June 2004 up and including
December 2004, the whole of 2005, 2006 and 200th®basis of the available data we will
use indicators based on punctuality, indicatoretas the size of the delay, and indicators
based on travel time variation. We will use sixélaime reliability indicators that have
already been used in earlier research about ttemelreliability (Brons and Rietveld, 2007,
2008):

1: Percentage of delayed trains; more than 3 msmilgéay;

2: Percentage of very delayed trains; more tham@tes of delay;

3: Average minutes delay;

4: Average minutes of delay for delayed trains;

5: Standard deviation of the arrival/departure tistribution?

6: The 8@ minus the 59 percentile of the arrival/departure time distribot’

The data concerning the percentage of trains witerthan 3 and 9 minutes of delay, and the
data concerning the average minutes of delay andwarage minutes of delay for delayed
trains can directly be inferred from the combinedgiuality database. The fifth and sixth

2 See Appendix B for calculations of the standandati®n.
% See Appendix B for calculations of the"8@inus the 58 percentile.



indicators are based on the standard deviatioroartde 88 minus the 50 percentile, but
these figures are not directly available, and hauge calculated. The calculations are based
on a number of assumptions about the travel tirsilution of the available data and are

explained more in-depth in Appendix B.

4 Analysis of the descriptive statistics

Table 1 shows the number of trains and the numbsgason-ticket holders for the selected
routes for the years 2004 up to and including 20Bi&. month and year season-ticket holders
are combined in these figures. On average 8.6qu@raf the total number of train travellers
belong to the group of season-ticket holders thatre studying (KTO 2002 - 20)5And
about 10.1 per cent of the train travellers halS#V-year season ticket. These NS/OV-
year season-ticket holders will probably also ttaveone route frequently, but on longer
routes the costs of a season ticket will be higihan the costs of an NS/OV-year season
ticket and thus less attractive to purchase. Gilkierlack of information on the route they
travel, this group cannot be used for our purpdkere is also a group of special season
tickets, which form around 2.0 per cent of thertitaavellers. Altogether the season-ticket
holders group forms around 20.7 per cent of tha travellers. An even larger group (around
24.9 per cent) is formed by the OV student ticlatiars; this group will be less affected by
changing travel-time reliability since most of thelmnot own a car.

4 Customer Satisfaction Research of the Dutch Rg##2002-2005 (Klant tevredenheidonderzoek)



Table 1: Overview of the six travel time reliability indicators for the years 2004 — 2007

Year 2004 2005 2006 200

Variable
Averages of unreliability indicators:
1: Percentage of delayed trains; more than 3 mémiftelelay

(in percentages) 16.38 18.29 17.51 14.6
2: Percentage of very delayed trains; more tham@ites of dela

(in percentages) 291 3.28 3.36 25
3: Average minutes of delay

(in minutes) 1.59 1.77 1.71 1.42
4: Average minutes of delay for delayed tr:
(in minutes) 6.65 6.68 6.81 6.6
5: Standard deviation of the arrival/departure tofigribution
(in minutes) 2.63 2.75 2.78 25
6: 8(" minus 5(" percentile of the arrival/departure tim
distribution (in minutes) 1.81 1.86 1.87 1.7

Figure 1 clearly shows that in 2005, with respe@Q@04, there was a decline in both the

number of trains and in the number of season-tickéders. The years 2006 and 2007 on the

other hand, show an increase in both the numbeaiok and in the number of season-ticket
holders. Concerning the travel time reliability icators it is noticeable that the year 2007
was one with improving figures; all of the indicegdmproved with respect to the previous
year. In that year the Dutch Railways (NS) in dadigation with ProRail introduced a whole

new timetable (officially on the IDecember 2006).

110

== Total number
of annual train-
movements on

100 V selected route
== Total number

105

95 of route-
cardholders on
90 T . T ) selected routes

2004 2005 2006 2007

Figure 1: Graphical display of the number of train-movements and season-ticket holders, with 2004

as the index year



Table 2 shows for each of the six travel time f@lity indicators the average level and the
spread of the distribution over the 288 routes. fHselts in the first column are weighted by
the number of trains that run on each of the rotesnentioned before, the figures for
departure and arrival are combined into one figareach route. The unpunctuality (more
than 3 minutes late), as the NS measures it, mrditg to our calculations 16.7 per cent.

This figure corresponds with previous studies (J@®Bcent Brons and Rietveld, 2007). The
percentage of trains that are more than 9 minatesd 3.03 per cent (3.25 per cent Brons and
Rietveld, 2007). The average delay of all the s&nd all delayed trains is respectively, 1.62
and 6.71 minutes. Concerning the level of seasiketiholders on the selected routes, we can
see that there are on average 78 season-ticketrBplgith a minimum of 11 and a maximum

of 809 season-ticket holders.

Table 2: Descriptive statistics concerning the trael time reliability per route for each of the six
travel time reliability indicators
(Based on 228 routes with a direct connectiontlieryears June-Dec 2004, the whole of 2005, 20062807)

N Mean Range Minimum Maximum 68%Range
Number of trains 1152 13072 81136 547 81683
Season-ticket holders 1152 78.24 798 11 809
1: % Delayed (>3min) 11520.167C 0.44 0.01 0.45 0.104 -0.233
2: % Very delayed (>9min) 1152 0.0302 0.09 0.00 0.09 0.016 —0.044
3: Average delay of all trains in minutes 1152 1.622 3.76 -0.18 3.58 1.040-2.208
4: Average delay of delayed trains in minute: 1152 6.705 6.10 4.69 10.79 5.777 -7.619
5: Standard deviation in minutes 1152 2.672 4.14 0.71 4.85 2.029-3.31P
6: The 88" minus the 58 percentile in minutes 1152 1.828  1.69 1.22 2.91 1.595-2.08D

A comparison with the punctuality figures for theays 2004 — 2007 of NS
(www.prorail.com) is shown in Table 3. The figufesm NS show that the country average
of the percentage of trains delayed by more thaninBites is below the average percentage

on the 288 selected routes.

Table 3: Comparison of the punctuality figures of he selected routes with the overall punctuality
figures published annually by the Dutch Railways (I$)
Year % Delayed (>3min) % Delayed (>3min) % Difference
Our dataset NS*
200¢ 16.3¢ 12.5 4.0¢
2005 18.29 13.9 4.39
2006 17.51 11.8 5.71
2007 14.6: 12.2 2.4z
Average 16.7 12.5¢ 4.1




These are three possible explanations for therdiffee between our figures and those of NS.
First, our set of routes differs from that of NSeWave a selection of routes on which a
minimum of season-ticket holders travels, and welexcluded ‘thinner’ routes from the
analysis. Those ‘thinner’ routes are probably targer degree located in rural/provincial
areas, where the punctuality is likely to be higlsacondly, we only included the punctuality
figures from the morning and evening peak hourg fitmctuality during peak hours is
probably lower than it is during off-peak hours.ddhirdly, NS focuses on arrival

punctuality, while we combined both arrival and a@epre into one punctuality figure.
5 Analysis
5.1 Correlations between reliability indicators.

In Table 4 the correlation coefficients betweendixetravel-time reliability indicators and the

relative change in the number of season-ticketdrsldre shown.

Table 4: Correlation between the six travel time réability indicators

% Delayed % Very Average  Average Standard 80" —50"
(>3min) delayed delay of all delay deviation  percentile
(>9min) trains delayed
trains

0, i .
% Delayed (>3min 1.00C 0.676" 0.939" 0.000 0565  0.640"

0, i "
% Very delayed (>9mir 0.676" 1.0000  0.750" 0.655" 0.937°  0.624"
Average delay of all trair 0.939° 0.750" 1.000 0117 0639 0477
Average delay (ire;?g’s‘ 0.000 0.655" 0.117" 1.000 079"  0.266"
Standard deviatio 0.565" 0.937" 0639  0.790° 1.000 0.551"
The 80" minus the 50 0.640" 0.624" 0.47%" 0.266" 0.551" 1.000

percentile
All correlation coefficients are based on 288 otatons per year for the years June-Dec 2004 amd/ttole of
2005, 2006 and 2007.
* Correlation is significant at the 0.05 level @iléd).
** Correlation is significant at the 0.01 level {@iled).

Table 4 can be used to check the consistency betihessix travel time reliability indicators.
The results are similar to earlier research (B Rietveld, 2007) where both the
indicators “Very delayed” and “Average delay oftaflins” also showed the largest
correlation with the unpunctuality indicator usgdNS. The indicator based on travel time
variation (8¢' — 50" percentile) is derogatory with the results of eantesearch; this indicator
shows a similar correlation with the indicator usgdNS, 0.640, as the indicators very

delayed (0.676) and average minutes of delay (0.939



Table 5: Correlation coefficients of the relative bange in the six travel time reliability indicators and the
dependent variable (relative change in number of sson-ticket holders)

Relative Relative chang Relative changRelative chang Relative chang Relative

changein in in average in average in standard change in
% Delayed % Very delayecdelay of all delay delayed deviation 80" — 5¢"
(>3min) (>9min) trains trains percentile

Relative change in the
number of season-ticket
holders. -0.095" -0.078 -0.083 0.005 -0.058 -0.110

* Correlation is significant at the 0.05 level @#ed).

** Correlation is significant at the 0.01 level {@Hed).

All correlation coefficients are based on 288 obsgons per year for
the years 2005, 2006 and 2007.

When we compare the correlation coefficients ofréiative change of the six travel time
reliability indicators with the relative changethre number of season-ticket holders on each
route in Table 5, it shows that the sixth indicatbe 8¢ minus the 58 percentile has the
highest correlation in absolute numbers, followgdHe percentage of delayed trains
(>3mins), the size of the delay in minutes, andpieentage of very delayed trains (>9mins).
The second indicator (standard deviation) basetawel time variation shows a lower
correlation, and for the indicator related to ttze f the delay the correlation is almost equal

to zero.

5.2 Regressions

We use the following regression model for the asialgf changes in season-ticket

holdership.
Yoy = Vi =X =7 y
i ~Yien - g pR0 " New 4 5o " Ay g Yoy WrsseDiose + oo Docoy
A . g 1000
yu (t-1) le (t-1) Zu (t-1)

Wherej andi are the origin and destination of the selectedemutis one of the six travel
time reliability indicators; angt is the number of season-ticket holders. We assulimear
relationship between the relative change in thebarof season-ticket holdeng énd the

relative change in travel time reliability)( with the corresponding parametgr. Furtherz

is the number of trains that run on the selectetesy with the corresponding frequency

parametey , the parameteéd represents the influence of the number of sedskattholders

on the routes,DJm aszoo7 are two year dummies for thesy2006 and 2007. Note that

this specification implies that we focus on the @uoipof route-specific variation on route-

specific demand by season-ticket holders. The itnpla@generalimprovement of reliability

on route-specific demand is captured by the yearmies. The year dummies reflect changes

in a large number of other factors that do notediéicross all routes, such as employment

conditions, season ticket tariffs and also the ayeidevelopment of travel-time reliability in
10



the country as a whole. Thus, our analysis focosadifferences in the development of
season-ticket holdership between routes. A mucgdbtime series would be needed to
determine the effect of overall improvements imatglity on overall ridership. The
conclusion is therefore, that the coefficients weneate for reliability probably,

underestimatéhe total effect of reliability on demand.

Table 6: Regression results — for the relative clmge in the number of season-ticket holders per roetunder various
definitions of travel-time reliability

Explaining Parameters % Delayed % Very Average delay Average delay Standard 80" - 50"

variables (>3min) delayed of all trains delayed trains  deviation percentile
(>9min)

(Constant a -0.044* -0.044* -0.043** -0.045* -0.046** -0.046*

Relative change ,B

in reliability -0.006 -0.001 -0.008 0.073 0.020 -0.147*

Relative change

in the number of )

trains 0.018° 0.018’ 0.018° 0.019’ 0.019° 0.019’

Number of

season-ticket 2]

holders /1000 0.148* 0.148* 0.147* 0.149* 0.148* 0.151*

Dummy 2006 ¢4 0.092% 0.093* 0.092% 0.092%* 0.094%* 0.090

Dummy 2007 Qo007 0.091** 0.092** 0.090** 0.094** 0.095** 0.083

Adjusted R 0.051 0.051 0.051 0.052 0.051 0.057

N 864 864 864 864 864 864

* Coefficient is significant at the 0.05 level (2ied).
** Coefficient is significant at the 0.01 level (2iled).
All coefficients are based on 288 observationsyger for the years 2005, 2006 and 2007.

Table 6 shows that only the coefficient of thelsiivel time reliability indicator is
significant. This indicator concerns the spreathefdelay. When the spread increases, the
number of season-ticket holders decreases. Thégesn be interpreted in the following
manner: For the sixth indicator (the"8@inus the 58 percentile), the constant for the year
2005 is -4 per cent, meaning that, with a condeal of the sixth indicator the demand will
decrease by 4 per cent. When the sixth indicatoeases by 10 per cent, for example, from
1.5 too 1.65, then this further decreases the ddmdawn to -5.47 per cent. For the year 2006
there is a uniform growth of 5.0 per cent (this nea4 per cent of 2005 plus 9.0 per cent of
dummy for 2006) so that the demand will increase.6¥ per cent with an improvement of

10 per cent of the sixth travel time reliabilitydinator.

Earlier studies show that travellers have a higipgreciation for a decrease in the spread of
the travel time than for a decrease in the avedagation of a trip (Bates et al., 2001; Brons
and Rietveld, 2008). The results indicate thataefese in the spread of the travel time has a
significant impact on demand, but also that a desseén average delay (and thus the average

travel time) has no significant impact. We alsalfthat a positive change in the number of
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trains has a positive influence on the number a$ge-ticket holders. An increase of 10 per
cent in the number of trains results in 0.19 pet extra growth in the number of season-
ticket holders. In European urban transportatiarallg higher (up to 0.1) frequency
elasticities are observed (Transtec, 2006). Intexfdihe number of season-ticket holders is
positively related to the growth in the number @fison-ticket holders. In other words: the
higher the number of season-ticket holders, trgelais the relative change in the following
year. On busy routes the relative growth is strotigen on less busy routes. We conclude
that the sixth indicator of travel-time reliabiliagppears the best candidate to explain relative
changes in the number of season-ticket holders.

(8% range
minimum maximune

1,22 1.595 2,080 201

120,04 medn
1,828

100,09 \

80,0 \'

Frequency
5

4007 \\ Tilburg - Oss

\
e

T T T-
1.00 1,50 2.0

B0th - 50th percentile

T

Figure 2: Frequency distribution of the 8" — 50" percentile indicator.

Figure 2 illustrates the frequency distributiortloé sixth travel-time reliability indicator (the
80" minus the 58 percentile). The distribution concerns the 288ateld routes for the total
time period between June 2004 and December 20@folimg the sixth indicator implies
that the distance between thd"&md the 58 percentile decreases. Consider, for example,
the route Tilburg — Oss, where the sixth indicétas a value of 2.73 minutes in 2007. If this
value improves to the mean value of the sixth iaidic(1.83 minutes), which is an
improvement of 33 per cent, the number of seastketiholders will increase by 4.85 per

cent.
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6 Conclusions and discussion

This study has focused on the impact of travel tighi@bility on the number of season-ticket
holders on origin-destination routes on the Duihrretwork. The main concern of this study
was the question: Does unreliability lead to amactecrease in demand? With respect to the
six travel-time reliability indicators introduced Section 3, the results indicate that the sixth
indicator (the 8 minus the 58 percentile) best reflects the fluctuations inninenber of
season-ticket holders. An improvement of travektirliability indicator has a positive
influence on the growth of the number season-tibkéders. A 10 per cent improvement of
the 80" minus the 59 percentile indicator results in a 1.47 per ceghbi growth in the
number of season-ticket holders. In an earliernys{idons and Rietveld, 2008) it was proven
that both the fifth (standard deviation) and thets{the 88" minus the 50 percentile )
indicators reflect the reliability perception okttraveller significantly. In the present study
the relation with the fifth indicator was not sifjoant. A possible explanation of the
difference between the two studies is that the &orhas been carried out for all travellers,

whereas the present one is only for daily traveller

An important implication of this study is that, ssunreliability affects travel behaviour, it
apparently is a component of generalized costshande should enter accessibility measures
as surveyed among others by Banister and Berech2080, If unreliability were the same in
all parts of the network, incorporating it in acgibdity measures will not lead to new

insights. However, as Figure 2 shows, there ighteerdroad variation in reliability across
various routes, and this would imply that incorgimigreliability might have distinct

consequences for the resulting accessibility padter
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Appendix A: Overview of empirical studies

Table A.1: Overview of empirical studies on valuatin of travel time reliability

Authors

Type of
Study

Year of
publication

Choice context

Small

RP

1982

This paper studies auto commuters in the=Bacisco Bay Area. For the
studied commuters a regular time of arrival at woekween 42.5 min early
and 17.5 min late is found. A dummy variable for-paolers is included in
the choice set. The results show that it is likeBt many commuters,
particularly single workers driving alone, are tratvelling at their preferred
times of day in order to avoid congestion. The ltequrovide a mean to
predict the extent of schedule shifts in responsediven change affects
congestion.

Wilsor

RF

198¢

This paper analyses costs to kers arising from otpeak worl schedule: A
discrete model of joint travel mode/work-start tioct®ice is estimated using
survey data from Singapore. The model indicatesthigacost of adjusting
one’s work-start time six time units away from ffeak starting time is
comparable to the cost of one's trip being exteresix units. Two observe
modes of transport are observed: auto and motacytle results of this
model indicate that transportation projects, sicmereases in road capacity
which may not reduce congestion levels may be ligakif workers are able
to adjust their work start-times toward the peaktsig time.

Lam and
Small

RF

2001

This paper studies values of time and reliabiligri 1998 data othe actual
behaviour of auto commuters on State Route 91 an@ County in
California, where they choose between a free aratiably tolled route. For
each route at each time of day and each day ofi¢led, the distribution of
travel times across different weeks is measurawjusiop detector data.
Unreliability is represent in the best-fitting mdsley the difference between
the 9¢" and 58" percentile. Value of time was $22.87 per hour ealde of
reliability was $15.12 per hour for men and $3X&Iwomen, respectively
72%, 48% and 101% of the sample average wage rate.

Liu et al.

RF

200/

This paper studies e of time and reliability wit the actua behaviour of
auto commuters on California State Route 91. Thearchers found that the
estimated median value of travel-time reliabilgysignificantly higher than
that of travel time. The results indicate that &léars value a reduction in
travel time variability more highly than a corresgang reduction in the trave
time for that journey.

Ghosh
(dissertation)

SP &RP

2001

This dissertation is about valuingtitme and reliability of commuters. The
researcher studied the San Diego I-15 CongestiocmBProject, where an
existing high-occupancy vehicle lane was convettea high occupancy toll
lane. Car-poolers are allowed to use the laneréa. fThis study is a
combination of SP and RP data. The results shothibh income, middle-
aged, home owning, and female commuters use thesl tiacility. It is
notable is that the value of time estimates frorm&M@els are significantly
lower than the RP estimates.

Yan
(dissertation)

SP&RF

200z

This dissertation uses survey data sets from apoathg experiment in th
Los Angeles area to study the diversity in moteripteference for travel time
and travel time reliability. The results show salsial heterogeneity in
motorists’ preferences for both travel time andefdime reliability. And that
road pricing policies when cater to varying prefees can increase
efficiency. The study makes use of SP and RP data.

h

Bhat and
Sardesai

SP&RP

2006

This study analyses the impact of stagimg and travel-time reliability on
commuters’ mode choice. The researchers make USE ahd RP data,
collected from a web-based commuter survey in Aydtexas. The results
show that travel time reliability is an importargriable in mode choice by
commuters and needs to be considered in traveysinalAuto, bus, rail, non-
motorized mode and motorized two-wheeler are alymed in the mode
choice model.
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Koskenoje
(dissertation)

SP

199¢

This dissertation is about the effect of unreliaddenmuting time o1
commuter preferences and shows how an individwaksipation can indicate
how a person is going to behave concerning unieliadimmuting times. The
researcher makes use of SP data collected by stitute of Transportation
Studies at Irvine.

Small et al.

SF

199¢

This study is about valuation of tra-time savings and predictability
congested conditions for highway user-cost estimnaflhe focus is on
congested travel time. In this study an SP survay gdeveloped and
conducted. The results show that a traveller vaimpsoved reliability more
than twice as much as overall travel time improvetsiAlso individuals
commuting to work places and business travellelseviavel time and
predictability higher than individuals who pursumnrawork-related travel.

Bates et al.

SP

2001

This study is a general review of earlierkvon the progress made towards
general theory of travellers’ valuation of traviehe reliability. Also an SP
case study is described, where rail travellersturdied. A key finding is that
punctuality is highly valued by travellers. Pulifiansport travellers have onl
a limited ability to adjust their departure timesldherefore disutility is
associated with unreliability per se.

a

Henshe

SP

2001

This study analyes the valuation of commuter travel time savingckm
drivers in six locations in New Zealand. The resbars evaluate alternative
model specifications. The paper states that, withraplex disaggregation of
travel time and travel cost, RP data may be ingmate. The results support
the assumption that less restrictive choice magpleti§ications tend to
produce higher mean estimates of values of timemgawxompared with the
widely used MNL model.

[

De Jong et al.

SP

2003

This study presents a new error compotagitsnodel for the joint choice o
time of day and mode of transport. The model isreged on SP data for car
and train travellers in The Netherlands. The resallicate that tie of day
choice is sensitive to changes in peak travel aime cost. The researchers
claim that policies that increase these peak atebwill lead to peak
spreading.

Rietveld et al.

SP

2001

This is a case study for coping with uabdlity in public transport chains in
the Netherlands, with a particular emphasis onydedue to missing
connections in a chain with more than one eleniém. valuation of
unreliability is estimated by means of an SP apgro@he researchers foung
that the valuation of a certain travel time losd.ofin is 27 eurocents, where
the valuation of a 50% probability of a 2 min dels$4 eurocents. A strong
risk-avers attitude towards travel time can be ietpl

AS

Hollandel

SF

200¢

In this stuty direct and indirect models for the effects ofeliability are
researched. Factors affecting bus users’ behasiodiattitudes towards
travel-time variability are studied in the city 6brk, England. The results
show that the influence of travel time variability bus users is best explain
indirectly through scheduling considerations. Ahdtta much higher penalty
is placed on late arrival compared with the meawetrtime then on early

d

arrival.
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Appendix B: Calculation of the standard deviation ad the 80" minus the 5¢" percentile

As discussed in Section 3 we have the following @atailable with respect to travel time

reliability:

- Number of trains with {<3; 3-5; 5-7; 7-9; >9} mireg of delay on arrival (departure)
- Total number of arriving (departing) trains;

- Total number of minutes of delay on arrival (depesj;

- Total number of minutes of delay on arrival (depig} for trains that arrive (depart)

with more than 3 minutes of delay.

First, we assume that the distribution of arrivad @eparture times are uniform within each
of the five categories of delay. Standard deviatind percentiles can then be calculated
based on the middle point of the intervals. Witpext to the three intermediate intervals the
middle points are known. However, since the fingeival’'s lower limit and the last interval’s
upper limit are not known, the middle points canmeteadily calculated. The middle point

of the last interval can be estimated accordintpécfollowing equation:

4

= X -3 MN,

Where X" represents the total delay in minutes forydelarains,M, represents the middle

point of intervali, Ni represents the number of trains in categauyd X represents the

total delay in minutes. Next, the middle point loé first interval can be calculated as follows:
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Based on the estimated and calculated middle pdisstandard deviation can be computed

as follows:

SD= (v, -X) N

(le rt

The 50th and the 80th percentile can be both atiedlas follows:

(perc— Z. 131)

P"e"’:(M ——Rij Y

wherepercdenotes the percentile to be calculatai; repteskea bandwidth of interval

k represents the interval within which the percensillocated; an&i represents the

percentage of trains in interval
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