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1 OBJECTIVES
The objectives of this aspect of the stadg to provide recommended valuations of:

e Public transport in-vehicle time (IVT)
e Walk time
e Wait time/headway

with appropriate modifiers acating to key factors such as:

Mode user type

The mode to which the value relates

Journey distance and interban or urban context
Journey purpose

A recommended procedure for updating valuesnoé over time is also required. Although this
issue is touched upon in this paper, a more detaiety/sis is the subject of a separate aspect of
the study and is reportéd Working Paper 566.

The Accent and Hague Consulting Group study didcoger public transport. Nor is this study
conducting fresh empirical research. We milsrefore base ourecommendations on other
existing studies. Fortunately, there is a leaf British evidence on the value of time.

Section 2 provides some background to the valnatof time for public transport users and the
valuation of attributes which @important aspects of public tsgort use. Section 3 details the
additional data that has beenlected to enhance oyrevious data sets upon which we have
conducted meta-analysis (Wardman, 2001) whiesttiSn 4 presents tabulations of the money
values of time, and the time values of walk, vaaitl headway, disaggregated as far as is sensible
by purpose, mode and whether therjeey is urban or inter-urban.

Section 5 describes the principal approach wathave adopted to explain the values of time
obtained from the manyfiierent studies that aravailable to us.

Section 6 is concerned with a regression mod@haged to the money values for all travellers.
From this model are extracted the money valueswd and the IVT equivalent values of walk
time, wait time and headway for public transpoesers. The IVT values can be expressed as
absolute values or as relative to car userkiesa The latter is useful where recommended public
transport values are derived as a sayfanodifiers to car users’ values.

As a check of the IVT values of walk, wahd headway implied by the model estimated to
money values, we report in siect 7 a model estimated solely to the IVT values of walk, wait
and headway. Concluding remarks are providesection 8. Recommendations and comparisons
with other aspects of the studya feature of Working Paper 567.



2. BACKGROUND

A particular feature of public ansport is that walk and wait time can represent a significant
addition to generalised cost anatlsavings in these types of tiro@n be expected to be valued
more highly than IVT savings. Traditionally, transport economists have placed most emphasis on
the value of IVT, in large measure because efithportance of car travel and the way in which
road investments are evaluated.

What might be termed national value tine studies (Gunn and Rohr, 1996) have been
conducted in Great Britain, thdetherlands, Norway, SwedeRinland, New Zealand and the
United States. Some of these did not congudétic transport (Cafe and Winston, 1996; Hague
Consulting Group et al., 1999; Hémes, 2001; Small et al, 1999) W4t those thatid placed the
emphasis firmly on IVT rather than the otlespects of journey time (Dillen and Algers, 1999;
Gunn et al., 1999; Hague Consulting Group, 194VA et al., 1987; Pursula and Kurri926;
Ramjerdi et al., 1997) A hierarchy of importancelsarly apparent fromaalue of time studies.
Car users’ valuations of IVT are most importoitowed by public transport users’ valuations of
IVT and then valuations of walk and wait tinféot surprisingly, reviewstudies have focussed
on the value of IVT and where wadind wait time are reviewedig very much secondary to the
value of IVT (Hensher, 1978; Jennings and $ha®78; Bureau of Transport Economics, 1982;
Steer Davies Gleave, 19970& Allen and Hamilton, 2000).

Given that the focus of this paper is public s@ort, we therefore provide in this section a
summary of the position relating to walk and wait time values. Headway values are covered in
this paper, but there is no comiienal practice to be reviewed. We also provide an overview of
the value of publi¢ransport IVT.

2.1  Déefinitionsand Interpretations

This paper deals with values of walk time, ascgme, wait time and headway, in addition to the
value of IVT. We must at the et define these terms and interpret what the values of these
attributes obtained from empi&l studies actually represent.

The meaning and interpretation thie values of walk time are here straightforward. Walk time
covers time spent walking to and from the maiode of the journey which is primarily a public
transport mode but can be car. Time spent wallghg mode in its own right is not covered. The
interpretation of the values tdear since in the data assembled for the purposes of this study we
have to the greatest extent possible sepanatgkl time from other aspects of out-of-vehicle
time. The data we analyse also contains eslaf access to and egress from public transport
modes by other vehicular modes, and values wigphesent varying mixtures of the latter and
walking. These are defined as access time.

Values relating to headway and wait time tonsoextent overlap and can serve a similar
purpose. We therefore need to discuss whatitiegn and their interpretation as far as the meta-
analysis reported below is concerned.



Headway represents the interval between puibdiosport services and a measure of how
frequent the services are. Waiting time occurs either prior to the arrival of the first vehicle or
during the course of a journey when interchasgequired. The majority of wait time values are

of the former type in the meta-analysis data set.

We must make it clear that, wherever possible Midues of wait time used in the meta-analysis

were estimated to actual measures of wait @me values of headway were based on headway
measures. Where, for example, wait time value®westimated to wait times derived as half the
service headway, we have with appropriate adjustment used such values as evidence of the value
of headway. The exception to this is in somdyeBP studies where it is not clear whether the
value of wait time was estimated to some measfiractual wait time or to a measure deduced

from service headway. Given that this will tetodoverstate wait times, on the grounds that the
convention is to derive wait time as half the sainterval yet arrivals at boarding points are

not entirely random, the values of wait time obéal by this means will be too low. This should

be borne in mind in the interpretationrekults where this has had a bearing.

Car offers essentially infinite frequency sinae,itself, it does not impose any schedule delay
due to constraints on when the journey can bden@and it does not involve any waiting prior to
journey departure, although of course interactwitb other travellers ahactivities can lead to
wait times and the inconveniencenaft departing at the desired time.

Although in some circumstances public transpatjfiency is sufficiently high to approximate
the conditions that characrtse car travel, in general this m®t the case. There is therefore
schedule delay and wait time assaihwith public transport headway

Public transport traviedrs can sometimes choose betweeanpéd and random arrivals at their
boarding point. Planning to a catch a specific departure will involve an inevitable element of
waiting time, which acts as a safety margin, welasrthe expected wait time will be half the
service headway for random arrivals. Plannedvals might also involve information and
organisation costs.

Where service frequency is high, random arrivélstend to dominate rd schedule delay will

be low. As service headway increases, schedule delay will increase and so will waiting times
under random arrivals. Due to the latter, planag&ilvals will become increasingly attractive.
Given arrivals are planned, subsequent increaskeadway will not increase wait time but will
have an adverse effect on schedule delay.

If most journeys involve planned arrivals, wiiked waiting time at the boarding point before
the scheduled departure time, the headway Jarigflects schedule delay effects. An exception
is in the case of interchange, where higherdesgies reduce the risks involved in interchange.
However, matters are not so clear cut. Firstlry few studies indicatthe precise departure
times associated with different headways, amtlehe headway valuations cannot be taken as

L With hindsight, this study should have also covered the valuation of departure timeashiifitour previous

review of service quality valuations (Wardman, 2001). Howevés fair to say that there is more evidence relating
to headway valuations than to the valuations of depatimne shifts and headway ddesve impacts over and above
the implications for wait time and schedule delay.



an exact representation of schedule delay. Segomilksome studies, particularly where mode
choice is concerned and RP data is used, consmieiatlikely to have been made of the return
journey and, because of timing constraints, these e be more associated with random arrivals
and hence the valuations of headway variatiosslikely to contain a grater element of wait
time effects.

It is quite appropriate to interpret the values of wait time covered in the analysis below as
reflecting willingness to pay teave wait time. There is, howevamn issue as to whether they
incorporate an element of wait #nunreliability. This is more likely to be apparent in RP based
values where mean wait times are used, since 8teisg&s present a fixed level of wait time, and
will lead to higher values than otherwise.

The value of headway is not aretit measure of schedule déldut our feeling is that in the
studies covered ithis review it largely ceers a convenience effete propose that the value
of headway is used to evaluate the benefitshainges in headway for fixed levels of wait time.
The wait time values can be used to evaluatierénces in wait time between alternatives or
changes in wait time. Where service frequenaies high, it is more appropriate to evaluate
changes in headway in terms of changes in wait time.

Clearly, values of walk time, wait time and heagiwan be expected to vary across the different
conditions in which they are incurred, let alceneoss different individuals. Walk time values
can be expected to vary strongly accordingh® weather, local erminment and the time of
day, whilst wait time values will depend on thevieonment in which the wait time is spent and
on whether the time can be putdome worthwhile use. Suchflirences on the values are not
routinely isolated in empirical studies. Howevitis is not materially different to the situation
relating to the value of IVT whera diverse range of unmeasured influences on the value of time
can be expected to exist.

2.2 The UK Literatureon Walk and Wait Time Values

The first study in Britain to estimate walk and wait time values was that of Quarmby (1967). He
found that, “walking and waiting times are worthveeen two and three times in-vehicle time”.
Subsequent re-analysis of Quarmby’s data by Bad Zachary (1975) found that wait and walk
time were respectively valued 2.6 times and 1.@sirm generic car-bus value of IVT. However,
when the value of IVT was allowed to be alternative specific, the respective weights were 6.9
and 3.5 for car time and 3.2 and 1.6 for bus timeyiding early evidence #t the IVT value of

walk and wait can vary across circumstances.

Davies and Rogers (1973) is@usce of a large number of waidwalk time valuations relative

to IVT. The average weight attached to watitdiwas 2.7 across seven valuations whilst it was
2.4 for walk time across eight valuations. Dagd Zachary (1977) tmated the value of
waiting and walking time to be 3.:@& 0.9 times public transport time.

2Wardman (2001) reports a mean valuation of departueeditits relative to the value of IVT of 0.72 from 56
separate observations. The corresponding value of headway was 0.80 from 145 observations.



A number of points can be made about thesegaiong studies. Firstly, they were all based on
RP data, and in some cases the sample giges small. Secondly, ¢éhcar-bus choice context
features heavily. This is not generally a maiarly good context upon which to develop RP
models. Thirdly, some studies used estimatiohriggies that would not notve regarded to be
robust. Fourthly, there was greater reliance on usmgneered rather than perceived data than is
now the custom, and in particular different \v&ahf time estimates could be obtained according
to the assumptions made about car costs.

Nonetheless, what does emerge from the findiaghat they do not support the convention of
valuing wait time at twicehe rate of IVT. It is difficult to see how thtonvention arose, other
than on the basis solely of Quarmby’s findings] &ow it remained unchatiged in the light of
subsequent evidence. In contrakere seems to be more justification for the practice of valuing
walk time at twice IVT.

Since the early studies, the emphasis has svidttheSP data. Some studies have specifically
aimed to value walk, wait and headway, wherebsrastudies obtained vas as by-products of
the development of demand models whose main purpose was forecasting.

A little reported study focusing on walk and wait ¢éimalues was conducted as part of the first
British value of time study (Fowkes and Johnson, 1983 volved SP exercises offered to rail
and coach commuters. The IVT vatuof walk time, wait timend, for rail users, interchange
connection time are given in blg 2.1. Little variation was appent according tavork arrival
time constraints or income. It was concludedtttfThe investigationwould suggest that the
current practice of weighting walk and wait tiraetwice the in-vehicle figure overstates their
importance”. Nonetheless, the study itself (MVA et al.,, 1987) condludat the available
evidence did not warrant a departure from ¢bavention of weighting walk and wait time as
twice in-vehicle time.

Table2.1: Walk and Wait Time Valuesfor North Kent Commuters

Rail Coach
Walk Time 1.28 1.43
Wait Time 1.05 1.36
Connection Time 1.67 n/a

Source: Fowkes and Johnson (1985)

Much subsequent British evidence is coverethenmeta-analysis reported in Wardman (2001).

This was based on values largely obtaifretn SP studies and undertaken between 1980 and
1997. It was found that the values of walk awvait time were, on average, valued at 1.66 and

1.47 times IVT.

We might expect the values wfalk and wait time to depengpon the circumstances in which
the walking or waiting is undexken and we can point to amher of interesting findings.



Wardman and Shires (2001) found walk time atsttions to be valued at 1.7 times IVT when

it involved a change of trains on the same ptatfbut to increase to 2times when it involved
crossing to a different platform by means dbradge or subway. Walk time was valued more
highly by females and those williggage whilst th@resence of good or megood facilities for
interchanging reduced the value of walk tiriée same study valued waiting time at stations,
and found it to be higher for females and tha®m employer’s business trips and to be lower
where use could be made of the wait time, where the facilities for waiting were rated as good or
very good and for those ingi5-60 and over 60 age groups.

London Transport has commissioned several pi@fesesearch which have addressed how
values of walk and wait time vary under difat conditions in which they are endured. LT
(1985) found the value of ‘unnecessary’ waiting (gog) to be around three times that of IVT.
LT (1977) estimated walking up and down stairs @akgors to be respectively valued at 4 and
2% times the value of IVT. A me recent study (LUL, 1990péind the weights for walking up
and down escalators to be 4.2 and 2.8 and wallkingnd down fixed staircases to be 4.4 and 3.
Similar values were obtained by LT (1985). Higkeeights of around 5% and 4 were obtained
for walking up and down emergency stairs (LT, 1995b).

Wardman et al. (2000) covered walking as a nmagde as well as time spent accessing a main
mode. The latter was valued at 1.9 times IVTamtrast to the 2.7 times IVT when walking time
is the main mode. This may redit non-linearities in thealue of walk time with regard to the
amount of walk time.

2.3 Other Literatureon Walk and Wait Time Values

This section does not aim to provide a compnsh& account of international evidence on the
values of walk and wait time buther a flavour of what hdmen obtained for comparison with
British evidence.

One of the first studies to estimate values of waiting and walking time was Merlin and Barbier
(1965). This obtained values of around éhtienes IVT for waiting time and around 1.75 times

for walking time. Another early study (Henshéd©72) estimated the ks of wait time and
transfer time at twice and 1.5 times IVT respectively.

At a later stage, Bruzelius (1978bserved that walking and wiaig time are often valued from

two to three times more than IVT. Of the ten disaggregate studies providing walk and wait time
values covered in a review of internatibeaidence (TRRL, 1980), walk time was on average
valued close to twice IVT and, excepting adst with a very high valuation, wait time was
valued around three times IVT.

Bureau of Transport Economics (1982) revievestitlence from a number of countries on the
relationships between the valugfswalking, waiting and in-vehicléme. She stated that, “Early
work (see Hogg, 1970) indicatedathwaiting and walking timewere valued around twice in-
vehicle times as they were the more ‘distressing’ activities for an individual. This notion has
prevailed through later work andrggrally only slight variations tthese factorsccur, although



their adoption is only rarely confirmed by empai analysis before a8 Table 2.2 reproduces
the evidence cited by Bureadl Transport Economics.

Table 2.2: Relationship between Values of In-Vehicle, Walking, Waiting and Transfer
Times

Author Source | Year Walk Wait Transfer
Merlin & Barbier France| 1965 1.75 3 2
Quarmby UK 1967 2
Hogg Aust | 1970 2 3 2
Veal UK 1971 1.7 1.7
Hoinville & Johnson UK 1971 2 2 1
Hensher Aust 1971 2 15
Hensher Aust | 1972 2 1.5
LGORU UK 1973 2.9 1.6

2.6 3.6

2.5 2.5

3.5 3
Ben-Akiva USA 1973 0.25 0.25

0.26 0.26

0.47 0.47
Beesley UK 1974 2 2
DOE UK 1974 2 2
Richards & Ben-Akiva USA | 1975 2
Algers, Hansen & Tegnerr USA | 1975 12

3

LGORU UK 1975 2 3

1.5 2
Train & McFadden USA | 1976 1.4 8-11
DTP-DOE UK 2 2
BTE Aust 1978 2 1.5

Source: Bureau of Transport Economics (1982) Table 8.4.

The early evidence as in Britain seems to indicate that waiting time is more highly valued than
walk time and that the convention of valuing wélke as twice IVT is more justified than for

wait time. Although we have covered some of thaterial elsewhere, the wait time evidence
cited in the review conducted MWaters (1992) also seems tgoport wait time valas in excess

of twice IVT.

In a more recent review of empirical evidenaanira number of countrieSteer Davies Gleave
(1997, p23) conclude that, “walking time is usyalalued at between 1.8 and 2.4 times IVT. An
average of 2.0 is recommended for simplicityidathat “Waiting time is sometimes valued
higher than walking time, up to 4.5 times high ratio of 3 times is recommended”.



The more recent national value of time studiesducted in Norway, Sweden, Finland and the
Netherlands cast some light on the valuations of walk and wait time.

Subsequent to the main SP experiment conductdéeeifirst Dutch value of time study, a follow-

up survey was undertaken relating to public trartspsers’ values of walk time, interchange
time, delays due to schedule failure and a value of wait time based around half the service
headway (Gunn and Rohr, 1996). The estimated IMuUiatimns of these attributes are given in
Table 2.3.

Table 2.3: Public Transport Componentsof Journey Time

Commuting| Business Other
Walk time 1.0 1.6 1.3
Interchange Time 2.1 1.6 1.6
Failed Schedule 3.0 1.4 1.4
Half Headway 1.3 1.4 1.7

Source: Gunn and Rohr (1996) Table 5.

Since not all travellers arrive randomly at theoarding point, half the service headway will
overstate the amount of waiting time and henesfigures in Table 2.3 will understate the value
of wait time. If wait times are a third of headwand ignoring any convenience benefit of more
frequent services, then the value of wait timeuld be 50% larger than the figures in Table 2.3.

Rather than treating the half-headway term salae of wait time and for comparison with the
headway values reported belale figures can be halved. Thilie time value of headway is in
the range 0.65 to 0.85.

It was concluded that, “Broadly, then, traditibpeeconceptions (i.e. the experience of previous
studies as interpreted by the majority ofnplars) that components of journey time other than
scheduled in-vehicle time are relatively morepwontant’ than in-vehicle time are borne out by

this experiment. Traditional weightings, usuadlyfactor of 2 for walking and 3 for wait, seem

rather too high”.

Pursula and Kurri (1996) report a model basedbas users’ choices containing time, headway,
walking time, transfer walking time and transfeaiting time. Unfortunately, the time valuation
relates to total time and hence it is not clear how the values of walk and wait time relate to IVT.

Algers et al. (1996) found the IVT value oamsfer time to vary between 1.4 and 2.5, being
lower in airports where the transfiermore pleasant than for lodalis where it is less pleasant.

The time valuation of headway varied between 0.5 for the highest frequency to 0.1 for the lowest
frequency. The value of 0.5 seems relatively lbwt the highest frequency covered was only
two services per hour. The results would sugdfest higher values more in line with other
studies would be obtained wheservices are more frequent.

The only non-IVT values estimated by Ramjeedial. (1997) were delay and headway. The
money value of headway diminished as headinareased for both leisure and business travel.



This diminishing effect is consistent with thadings of Algers et al. (1996). The IVT value of
headway across ferry, rail and air was 0.37 for leisure journeys less than 50 km but only 0.21 for
journeys longer than this. The correspondiggres for business travel were 0.64 and 0.30.

24  Public Transport Valuesof In-Vehicle Time

Many studies in Britairprovide estimates of public transpaalues of IVT whilst one of the
strongest effects present in the body of empiraadlence is that theris strong variation in
values of time both within public transport ametween public transport and car. Two important
points must be borne in mind in thisntext of the valuef time and mode.

Firstly, it makes little sense to assess evidemtgublic transport values independent of the
evidence for car users. Secondlyis essential that we distingin between two quite separate
issues relating to mode. One is that we migipteet the value of time teary across users of
different modes, not least because of incaragations. We refer to these as User Typdse

other is that the value of time may vary according to the mode in which the time is spent, due to
differences in the comfort and conditionsti@Evel. We refer to this as Mode Valu€lhe latter
relates solely to IVT although the fornredates to all monetary values.

Most of the national value afime studies have estimated public transport values of IVT
alongside values for car driversdawe will restrict our attentiohere to the performance of the
various national studies in tnéreatment of the user tyed mode valued issues.

The results for the first British study arepreduced in Table 2.4. The figures are not as
informative as they might be due to the estiorain some cases of generic coefficients across
modes and the inability of RRodels to segment by udsgpe. The values denoted Byand+
represent generic coefficients obtained fromsamme model. The results would seem to indicate
that bus users have the loweslues and car users the highesiuea in the urban context, and
the differences are quite substantial. This ti@fship is consistent th user type effects
dominating mode valued effects. However, thigoa is different and less clear for inter-urban
travel. The higher value for rail than bus and foa inter-urban leisure would suggest that the
user type effect dominates the mode valugece whereas the relationship between the bus and
car values suggests that moddued effects are strong. Selgsient analysis (Wardman, 1988)
found the bus value for inter-urban commuterbe 17% higher than for train travel.

Table 2.4: First British Value of Time Study: Valuesby Mode (Mid 1985 prices p/min)

Car Bus Rail
Urban Commute| 3.6 & 3.7 24 2.4
Urban Leisure 4.5 1.25
Inter Commute 3.6&40 | 3.6 &4.0r
Inter Leisure 3.8 4.0 5.9

Source: Table 7.1 MVA et al. (1987)

The most comprehensive account of value oftwariation according to both user type and
mode contained in a nationallwa of time study is provided ithe first Dutchstudy (Gunn and




Rohr, 1996). Table 2.5 indicates haalues of IVT vary by usetype and mode relative to the
value of car IVT for car users.

A car driver's value of IVT on a comrting train journey is therefore 1.492 (1.3R71.124)
times higher than the value of IVT for a dep. Train users value car IVT as 1.284 (1.242
1.124) times higher than car drivers. Train asagenis here found to have a higher value than
car, with what seem like reasonable variation®s& journey purpose. It is noticeable that user
type has a lesser influence than mode, and wthilstcould well be plausibly explained in this
context, the inclusion of bus and air users mightXyected to lead to more influence from user

type.

Table 2.5: Dutch Values of Time Relative to Car Driver Value of Time Amongst Car
Drivers

Commute| Business| Other
Train Mode +32.7% +20.4% +1.7%
Train User +14.2% -2.7% +1.2%
Rejected Mode  +12.4% +7.7% +1.0%

Source: Table 6 Gunn and Rohr (1996)

Gunn and Rohr (1996) also report separate SP analere, compared to the value of IVT for
car drivers in urban traffic, train users hadvaue of train time which was 6% larger for
commuting, 18% lower for business travel and lidiéerent for leisure travel. These figures are
not entirely consistent with tHendings in Table 2.5. For bus and tram users, the values were 9%
lower for commuting, 22% lower for businesada25% lower for leisure, indicating the
dominance of user type over mode.

An RP mode choice model specified alternativecdr time coefficientdor car and train. The
train coefficient was 30% lower for commuting trips, 37% lower for business trips and 4%
higher for leisure travel. These seem incdesiswith the SP based evidence in Table 2.5,
particularly when it is borne in mind that the tréime appears to cover the total journey and not
just IVT.

The second Dutch study (Gunn et al., 1999) doesaewhgo have examined user type and mode
valued in as much detail as the first study. What seelpe values specific to the same user type
and mode are reported in Table 2.6. The pattemuite clear: the values are highest for car
users, followed by train users withe lowest values for bus amm users. Theariations in
values are quite substantial, fwointrast with the results of tifiest study reported in Table 2.5 in
that they support the user typiéeet dominating the mode valued.



Table 2.6: Second Dutch Study: Valuesof IVT (1997 guilders)

CAR TRAIN BUS/TRAM
Commute 14.47 10.93 9.93
Business 21.16 13.55 9.01
Other 8.03 7.10 6.66

Source: Gunn et al. (1999) Table 4.6

The Swedish value of time study (Algers et 8896) offered car and public transport users SP
exercises relating to both their chosen mode araltamative in order to examine variations in
the value of IVT by mode. However, analysis whdistinguishes variationia the value of IVT
according to user type and mode valued isrepbrted. The estimated vakiof IVT, segmented

by what seems to be mode wadi) are reproduced in Table 2The lower values for car than
train and bus, at least for the shorter journeys paesumably because the effect of mode valued
is greater than user typ€his might also explaithrough a fatigue effet¢he relatively high car
value for longer distance trips. However, theidiion between user type and mode valued is
not adequately addressed in the above réport

Table2.7: Swedish Valuesof VT (Swedish Crownsper hour)

Car Air IC X2000 Reg LD Reg

Train Train Bus Bus

Comm<50km 34 54 47 43

Other<50km 27 43 38 28
Trips > 50km 81 88 74 102 70 65 50

Source: Algers et al. (1996)

Ramijerdi et al. (1997) adoptdde same approach as the Swedish study in order to examine
variations in the value of IVT by mode. Heneach respondent was offered two SP exercises,
one relating to their actual mode and the other to an alternative mode. The explicit purpose of
this “.... was to evaluate the mode specific &ifinces of the VoT's'The data was pooled and
separate utility functions estimated by mode. The results reported by mode, which presumably
relate to mode valued, are reproduced in Table 2.8. Given that the values are lowest for bus and
highest for air, user type isedrly having an influence. Howevehe report fails to distinguish

clearly between user type and mode valued.

% It has been pointed out to us that analysis of the Swedish data separately for chosjiectaddnodes has been
conducted and the differences in values were small, implying that user type is the predominant satiat®ns
in values by mode.



Table 2.8: Norwegian Valuesof IVT by Mode (NOK/hr)

Km CAR RAIL BUS AIR

Leis EB Leis EB Leis EB Leis EB
<50 38 131 54 124 31 120 151
50-100 101 377 108 104 51 1772
100-300 97 207 68 201 53 70 170 258
300+ 77 137 50 105 38 40 151 324

Source: Ramjerdi et a(1997) Tables 7, 8, 14 and 15.

Pursula and Kurri (1996) conductseparate SP exercises for busrasand car userThe values

for bus users relate to total time and wieedween 10 and 20 FIM/hr depending upon income.
The values of time for car usevaried between 25 and 50 FIM/hr depending upon road class. As
expected, the value of time is higher éar users and the difference is large.

25  Current UK Recommendations®

Although individual organisations and companigaghin the railway industry are free to adopt

their own recommendations regamglithe value of time, walk time, wait time and headway, the
great majority of them use the recommendations set out in the Passenger Demand Forecasting
Handbook (ATOC, 1997).

As far as the value of time is concerned, the Handbook adopts the model reported in Wardman
(1998a). The latter is a regressimsed model which explains the money value of time in terms

of mode used and mode valugaljrney purpose, type of dasamd distance. It is recommended,
although without any empirical suppotthat the values are anded over time in line with GDP.

The value of walk and wait time involved in asseand egressing rail stats is weighted at
twice IVT, although time spent accessing the natwork by other modes can have different
weights in part influenced by whether there any money costs involved. An exception to the
double weighting of walk and wait time is thentection time at an interchange station. For
what appear to be pragmatic reasons relatingpfdication, connectiotime is given the same
weight as train time, although the interchangeafty used not only represents the inconvenience
and risks involved in having to interchange bgbahn element to cover the premium valuation
of walk and wait time.

The value of headway used is influenced by pinoportion of random awals, which is higher
for more frequent services, and by a ‘plannpagpalty’ for those who do not arrive at random.
The latter includes an adjustment time elembetause rail travellersannot generally depart
precisely when they want to, along with waititige and the transaction costs of having to find
out train times. The time valuation of headway dfi@re varies across routes and different levels
of headway. For all flows, the headway valuatiorunits of IVT is one for headways of 10

* A number of reviews exist of thEactices adopted elsewhere (Water§2t Nellthorp et al., 1998; Booz Allen
and Hamilton, 2000)



minutes or less. At a 30 minute headway dnsund 0.8 minutes, falling to around 0.55 and 0.43
for hourly and two-hourly services.

Our understanding is that Transport for London itha process of reviewing the values of time
it uses. The current recommendas are relatively sophisticatereflecting the unique features
of the London Underground in éhBritish context, and areet out in the LT Business
Development Manual (LT, 1995a) wh specifies weights for diffen¢ elements of time relative
to the value of IVT. Releva walk and wait time values are set out in Table 2.9.

Table2.9: LT Weightsfor Walk and Wait Time

Wait in Uncongested Conditions 2
Wait in Congested Conditions 2+ CF
Acceptable Wait 2
Unacceptable Wait 3
Walk Unimpeded 2

Walk in Congested Conditions 2+ QF
Walking Downstairs or Escalatofs 2.5
Walking Upstairs or Escalators 4

Note: CF represents the congestiactor which is related to the nigty of travellers on stations.

As far as the value of IVT itdeis concerned, these are alset out in LT (1995a). The LUL

value is based on the Department of Transpesearch reported in MVA et al. (1987) with
allowance for higher London wages. The LTB value is based on studies relating to bus and is
only around a third of the LUL value. At Otter 1995 prices, the LUL values for working and
non-working time were 17.5 and 8.9 pence per reimaspectively, whereas the LTB value for
non-working time was 3 pence per minute. Theetafigure based on IETR recommendations

and therefore corresponditmthe LUL figures would be 5.5 pence per minute.

2.6 Implicationsfor Our Research

This review of empirical eviehce and of recommended valuesdug) evaluation has a number
of implications for further resean in general and for the direction of this study in particular.
These implications are:

e There are doubts surrounding the widelgdisonvention for valuing walk and wait
time. In particular, there is evidence thedit time is more highly valued than walk
time, and its value might exceed twice the value of IVT, although valuing walk time
at twice IVT seems more justified. Howe, there appearso be a conflict,
particularly in the Britishevidence, between the higher values in the earlier largely
RP based studies and the lower valuegh& more recent and largely SP based
studies. The analysis to be conducted ia gudy will examine the evidence from a
large number of studies.



The weights to be attached to walk and wait may well vary across different situations,
and in part this may have contributed te thfferent results apparent across studies.
The money values of walk and wait timeynaary with journey purpose, user type,
journey length and the levels that wadkd wait time take. We are not aware of
studies which have examined non-linearitieshia values of walk and wait time. In
addition, the weights to be attached refatito the value of IVT will also vary
according to factors which influence the latter numeraire. We will examine variations
in the money and IVT valuations of walk and wait time as far as our data will permit.

Official recommendations do nabver headway yet this important in evaluating
schemes involving public transport apis. We will examine British evidence
relating to headway valudés support the provision of a set of recommended values.
The intention is again to examine variations in these values.

There have been many studies which hgedded public transport values of IVT.
However, these cannot be examined inaBoh to determine a set of recommended
values. It is important that they are camgd with car values and the differences
between them attributed to the factors that it is possible to incorporate in analysis.
This requires analysis of the results af large amount of empirical evidence.
Moreover, for practical application purposesniy be useful to determine a series of
modifiers to obtain public transport valuesIVT and values for walk and wait time

as a function of car values.

Although variations in valuesf IVT by mode are onef the strongest effects
apparent in empirical studies, and there hlagen attempts to distinguish variations
in the value of IVT that are due to udgpe and mode valued, further analysis of
these issues, particularly in the Britisbntext, is certainly warranted. Meta-analysis
provides a means of exploring this issue.

Current recommendations do not contaimiatéons in values of time by journey
length and journey purpose, but this is ssleontentious area than the ‘equity’ issues
that surround mode. Whilst there is a wealtlevidence that theseffects exist, there

is no consensus on how they impact on ealof time. We would argue that meta-
analysis is the most appropriateams of obtaining a consensus view.

DATA ASSEMBLY

The research reported here builds upon theéataealysis reported in Wardman (2001) by

covering more studies over a larger numbery@irs. The main reason for collecting more

information was in order to obtain a more pre@sémate of the effects of GDP variations on

the value of time. The previous study obtaire@DP elasticity estimate of 0.51 but, with a t

statistic of 1.7, this was not as precise aswsald wish. Extending the years covered beyond the
period 1980-1997 could be expected to be beneficial in two ways:



e Additional data will, in germml, lead to more preascoefficient estimates. The
variance of the coefficient estimates is irsady related to thaumber of observations
in the model.

e Covering more years will provide more \ation in the GDP da and could reduce
correlations with other indepdent variables. The variance of a regression coefficient
estimate is inversely related to the amoahtvariation in thevariable to which it
relates but is adversely affected by increasesorrelation with other variables. In
the previous data set, d@-quarters of the observatioretated to the period 1988 to
1994 in which a recession limited the amount of GDP variation.

Table 3.1 lists the number of money values\6F, walk, wait, access and headway contained
within the previous and current data sets. @ibeminance of valuationsf IVT is immediately
apparent. Some studies specified an accesstéme which relates ta combination of walk
time and time spent accessing the main mode &gns other than walking. As previously, the
maximum level of segmentation of valueghie data set was mode and journey purpose.

The pre 1980 studies tended to be based on wilwalee and to include wait time rather than, as
is now more common, a headway variable. Thisarplthe large proportioteincrease in wait
time values. The data set now contains 719 moadues of IVT for analysis purposes, and
1167 values of all the attributes listed inblea3.1. The 1167 values veeobtained from 171
studies. The 38 additional studiewvered are listed in Appendix 1.

Table 3.1: Sample of Money Values

Previous Now %A
Time 539 719 33%
Walk 131 174 33%
Wait 33 61 85%
Access 46 54 17%
Headway 140 159 14%

Table 3.2 shows the increases ia ttumber of available valuations of walk time, wait time and
headway expressed in units of IVT. Not all séisdcontain IVT and cost coefficients and hence
not all contain both IVT and moneslues of these variables.

Table3.2: Sampleof IVT Values of Walk, Wait, Access and Headway

Previous Now %A
Walk 140 183 31%
Wait 34 62 82%
Access 52 60 15%
Headway 145 164 13%

The distribution of money values of IVT, walk, wait, access and headway across the years in

which the data was collected is given in TaBl& for the previous and current data sets. The



increased data has certainly impacted upon the anodwatriation in the reasure of income. In
the previous data sethe variance of theeal GDP per capita @asure was 27327. The 31%
increase in the data set from 889 to 1167 obsens has increased thariance of the GDP
measure more than fourfold to 117760.

Table 3.3: Distribution of Money Values

Year Previous Now Year Previous Now
63 3 (0.3%) | 87 4 (0.4%) 4 (0.3%
64 8 (0.7%) | 88 21 (2.4% 21 (1.8%)
67 3 (0.3%) | 89 72 (8.1% 72 (6.2%)
68 3 (0.3%) | 90 128 (14.4%) 128 (11.0%)
69 12 (1.0%)| 91 80 (9.0% 80 (6.9%)
70 16 (1.4%)| 92 136 (15.3%) 136 (11.790)
74 3 (0.3%) | 93 126 (14.2%) 126 (10.8%)
75 8 (0.7%) | 94 108 (12.1%) 108 (9.3%)
80 3 (0.3%) 3 (0.3%)| 95 75 (8.4%) 75 (6.4%)
81 4 (0.4%)| 19 (1.6%) 96 35 (3.9%) 45 (3.9%)
82 5 (0.6%) 5 (0.4%)| 97 26 (2.9%) 37 (3.2%)
83 10 (1.1%)| 10 (0.9%) 98 54 (4.6%)
84 5 (0.6%) 9 (0.8%)| 99 54 (4.6%)
85 21 (2.4%)| 21 (1.8%) 00 74 (6.3%)
86 30 (3.4%)| 30 (2.6%

4. OVERALL VALUESOF TIME

We here present average values of time frondata set, segmented bytkey variables of user
type, journey purpose and etiher the context is one of urbaniater-urban journeys given that
the overall average will be strongly influenced the composition of the sample. The figures
provide a general impression ofthange of the data and the map of key variables prior to
formal analysis.

The values of IVT are reported in Table 4.1 and are expressed in year 2000 quarter 3 prices. Two
sets of figures are given according to the elagticsed to account for differences in real GDP

per capita across values. One adjustment useslaaticity of one asised by DETR in its
recommended procedures. The other adjustmentvas@n income elasticityf 0.5, in line with
cross-sectional evahce from the first British value tifne study (MVA et al 1987), the second

British value of time study (Hague Consulting Group et al., 1999), studies in the Netherlands
(Gunn, 2001) and our previous time serieslence from meta-analysis (Wardman, 2001).

A number of relationships argarent within the figures prested in Table 4.1. Inter-urban
trips have generally somewhat higher valtlesn urban trips and, as expected, employer’'s
business trips have higher values than tfgpsother purposes. For urban trips, commuting
journeys have higher values than leisure tripsafomodes other than car. For inter-urban trips,
there is little difference between thdwes of time for commuting and leisure.



Table4.1: Overall Valuesof IVT

Income Elasticity = 1| Income Elasticity = 0.5
Context Mode Mean Stérror Mean StdError | Sample
Urban Commute Car 6.0 0.4 55 0.4 64
Bus 4.2 1.0 3.8 0.8 17
Rail 7.2 0.9 6.2 0.7 17
UG 9.2 0.9 8.2 0.8 5
Car&PT 7.6 0.7 5.8 0.4 44
Urban Leisure Car 6.5 0.5 5.8 0.4 73
Bus 2.6 0.3 2.4 0.3 22
Rail 6.5 1.0 5.7 0.8 14
uG 7.3 0.7 6.5 0.6 16
Car&PT 4.7 0.5 4.3 0.4 25
Urban Business Car 13.2 3.6 11.7 3.1 11
Rail&UG 19.2 9.0 17.8 8.3 8
Urban Other Car 6.4 0.4 5.8 0.4 84
Bus 3.2 0.3 2.9 0.3 27
Other 6.4 0.8 55 0.6 29
Inter Commute Car 10.5 1.8 10.0 1.7 11
Rail 12.6 0.8 11.5 0.8 21
Other 9.1 1.0 7.7 0.9 9
Inter Leisure Car 9.2 1.1 8.2 1.0 23
Rail 13.3 1.2 12.0 1.1 44
Car&PT 13.7 1.5 11.8 1.4 10
Air 77.2 19.2 74.2 18.6 4
Other 11.7 1.3 10.0 1.1 8
Inter Business Car 18.3 2.6 17.6 2.6 16
Rail 32.2 3.5 29.3 3.3 34
Raillst 52.3 5.7 46.0 5.4 17
Car&PT 13.7 1.5 11.8 1.4 11
Air 90.2 19.3 82.4 19.3 12
Inter Other Car 7.4 0.5 7.4 0.6 10
Rail 17.6 1.5 15.3 1.3 18
Other 8.6 0.9 7.6 0.8 15

The values of time vary quite appreciably adoog to the mode used. For urban journeys,
underground (UG) users appeattve the highest valueghilst, not surprisigly, air travellers
have the highest values amongst inter-urbaretierns. Bus users have the lowest values. The
figures seem to indicate that raisers have higher values tham aaers, particularly for inter-
urban trips although there may beliatance effect at work herensk inter-urbamail trips tend

to be longer than inteurban car trips.



DETR recommended values of time (DETR, 200X)daumber of categories are contained in
Table 4.2. These are behavioural values and héineetly comparable ith those contained in
Table 4.1. They have been adjusted from n888Lprices and income to 2000 quarter 3 prices
and income using the recommended income elasticity of one.

Table4.2: DETR Valuesof Time

Business — Driverp  39.7 Business — UG 481
Business — Rall 57.3 Non Work 8.5

As far as non-work travel is concerned, thETIR recommended values seem to be far too high
for urban trips yet too low for inter-urban tsipAcross all trips, however, the recommended non-
work value compares favourably with the lasgaount of evidence. The DETR value is clearly
an average across different jowriengths, and the findings in sect 6 point conclusively to a
strong distance effect on the value of IVCTlearly, the recommended value bears little
resemblance to the values by mode, but thesdensequence of using an equity value.

The recommended business values are much higherttie relevant averages in our data set.
However, the latter contains valuations ate¢a for business trips which are based on the
employee’s rather than the employer’'s williegs to pay. We provide some evidence on the
difference between the two in section 6.

Table 4.3 provides summary statistics for the IVT values of walk timeeiddka set. Unlike the
value of IVT, there are few cases for inter-urlb@vel and hence an overall value is given. For
urban travel, the values appedar be less than & convention of twicghe IVT value, but
otherwise, there seems to bdldi pattern in the average vaki The inter-urdn values on
average fall well short of two, indicating thatlk time is relatively less important on longer
journeys. However, we must recall the evidencedation 2 that RP values are higher than the
SP dominated values in Table 4.3. This is kayat in the results psented in section 6.

Table4.3: Overall IVT Values of Walk

Context Mode Mean StdError | Sample
All All 1.68 0.05 183
Urban Commuting | Car 1.37 0.12 29
Bus 1.67 0.14 10
Other 1.99 0.16 29
Urban Leisure Car 1.74 0.15 25
Bus 1.66 0.23 13
Other 1.97 0.35 9
Urban Other Car 1.55 0.10 34
Bus 2.02 0.22 13
Other 1.37 0.17 8
Inter All 1.51 0.14 13




Table 4.4 lists the average valudsvait time in the sample. Agaithere are too few inter-urban
values to support meaningful segmentation lmdenand purpose and it does not make sense to
segment the urban values by journey purposelethround users appear to have relatively low
values of wait time, but overall the value of wait time is little different to the widely used
recommendation of twice the value of IVT. Howevthe results in section 6 indicate that, as
expected on the basis of the eande in section 2, the value of iv@me is particularly strongly
influenced by whether it is olihed from RP or SP models.

Table4.4: Overall IVT Values of Wait

Context Mode Mean StdError | Sample
All All 1.76 0.10 62
Urban Bus 1.59 0.22 11
UG 1.17 0.04 11
Car&PT 2.06 0.14 30
Inter All 1.70 0.28 10

Mean values of headway relagivo IVT are given in Table 4.5he IVT valuations of headway
appear to be lower for commuting trips, preabig because these hakigher values of IVT.
There is little difference betweaar and bus users. Whilst we migixpect car users to be more
averse to headway, they may also be moreitsenso IVT changes such that overall there is
little difference in the IVT valuation dieadway compared to bus users.

Table4.5: Overall IVT Values of Headway

Context Mode Mean StdError | Sample
All All 0.77 0.04 164
Urban Commuting | Car 0.85 0.11 18
Bus 0.84 0.20 6
Other 0.70 0.17 5
Urban Leisure Car 1.00 0.13 19
Bus 0.97 0.17 12
Other 0.84 0.12 10
Urban EB All 1.22 0.25 5
Urban Other Car 0.63 0.07 22
Bus 0.61 0.08 13
Other 0.75 0.03 4
Inter Commuting All 0.47 0.09 7
Inter Leisure All 0.52 0.07 17
Inter EB All 0.69 0.11 14
Inter Other All 0.95 0.17 12
Inter Car 0.63 0.14 7
Rail 0.49 0.08 16
Other 0.78 0.09 27




Those on business value headway relatively higidthough the sample mmall. There is also
strong evidence that headway is less important terHurban trips. In part this could be because
the sensitivity to IVT variationgicreases with distance and inrfpbecause travellers are more
likely to plan inter-urban journeyand do not expect frequencied®as high as for urban travel.

These overall figures provide somuseful insights into the vads of IVT, walk, wait and
headway. However, there could be confougdieffects at work which such simple
disaggregations of the sample fail to detect. A quantitative model which aims to explain
variations in individual values of time as fanction of relevant socio-economic and trip
characteristics would provide a significant acs@npon these relatively simple tabulations. It is

to such a model that we now turn.

5. META-ANALYSIS: MODELLING APPROACH

In addition to the money and time valuationgha attributes, information has been collected on
a range of factors which mighk@ain variations in the valuatns. These included the year and
guarter of data collection and associated incame retail price indices, sample size, journey
distance, type of data upon which the model wamaged, journey purpose, choice context, user
type, mode valued, numeraire, location, the omissif non traders and usé logic checks, the
means of presenting an SP exercise and the nuaofbattributes in it, the mean level of the
attributes and the purpoeéthe study. It is assoed that the variation in the values which cannot
be explained by the above key variablearsdomly distribute@cross the sample.

The variables about which we have collectedrimfation are either continuous or categorical. The
form of model used to explain variationsthe monetary valug¥) takes the form:

p g1
n X 2BKkZik
V=[] X/ el? 1)
i=1

where there are n continuous variableg (nd p categorical variables having g categorig$. (Z
We specify g-1 dummy variable®r a categorical variable of q levels and their coefficient
estimates are interpreted relative to the arliigramitted level. A logaithmic transformation of
equation 1 allows the estimation of fp@rameters by ordinary least squares.

The o, coefficients are interpreted akasticities, denoting the propantiate effect on the valuation
after a proportionate change in XThe exponential d3jc denotes the proportionate effect on the
valuation of a level of a categorical variable relative to its omitted level.

Thet term is a scale factor which applies todadlthe values. Its absolute value will depend upon
the scale used for the continuous variableshsas GDP per capita and distance, although of
course the scale used will ndfext the elasticities estimated tioe continuous variables or the
output of ‘forecast’ values of time.



In the models reported in this paper, the dependariable of equation 1 can take the form of
money values of time (section 6) or IVT vations of walk, wait and headway (section 7).

A simple example of the applicati of the model based on the unitedign this study is given in
section 6.1.

6. META-ANALYSIS OF VALUES OFTIME: EMPIRICAL FINDINGS

The analysis reported here is essentially aeresxon of that prewusly reported (Wardman,
2001) to incorporate a larger data set, althagighn the emphasis on IVT, walk time, wait time
and headway, we have removed the other valuatielaing to departure time changes, search
time, late time and time spent in congestedddtions. With the excamn of departure time
changes, the number of observations for these hadlees is small. In any event, no additional
data was collected for the values of these attributes.

Section 6.1 considers the models estimated éontbney values. We then use these models to
calculate values of time for a range of sm@ws and these are presented in section 6.2

6.1 The Models

Table 6.1 presents models estimatedhe data set dvVT, walk, wait and headway valuations
and to just the IVT values. The former mbdentains 1167 observations and the latter 719
observations.

A preferred form of model from many that weested was identified for the data set relating to
all the values. For comparison purposes, thi,weait and headway values were removed and
an otherwise identical model was estimated to the values of IVT alone.

The model is estimated to money values in uniitpence per minute and expressed in quarter 4
1994 prices.

Two broad types of variable were examined whighterm main effectsnal interaction effects.
Main effects relate to the independent effech pfarticular variable, sucs distance or mode, on
the value of time. Interactionffects are essentiallthe product of two main effects, thereby
permitting, say, the effect of distance to depend upon the mode in question.

The main effects examined in this study were:

e The attribute to which the value relates, which is IVT, walk time, wait time, access
time or headway

e Gross domestic product (GDP)rmapita in real terms

e Distance in miles, with a further distien as to whether the journey was over 30
miles and hence classified as inter-urban

e Journey purpose, which covered employdrisiness, commuting, various leisure
categories and also combinations of theaseé studies where no distinction was made
by purpose



e User type which covers car, bus, traiunderground and air along with values
estimated to various combinations of these users

e The mode to which the value relates, whiclers the same categories as user type

e The cost numeraire of parking cost, toll road user charge, petrol cost, public
transport fare or combinations of them

¢ Whether the value was obtained from RegddPreference (RP) &@tated Preference
(SP) data and whether the SP exercise took the form of a ranking or choice exercise

e Location, which distinguished betweewrdon, the South East, metropolitan areas,
other conurbations, market towns and rural

e Whether the main purpose of the study watue of time estimation, a valuation
study in general or demand forecasting

e Whether public transport cost was peted in single or round trip units

e The choice context of route choieepde choice or abstract choice

e The means of presenting an SP exeraiggch covered the pen and paper method,
computer presentation and the use of cards

e The number of variables in the SP exercise

e The mean level of walk time, wait time and headway in the study in question

e Whether respondents were removed from the data set on the grounds of rationality
tests or the absence of trading.

The interactions which we have examined were:

e User type with mode valued, journey purpoattribute, journe distance, GDP and
location

Mode valued with journey purpose and distance

Journey purpose with attribute, distance and GDP

GDP with attribute and distance

Attribute with distance, means of presagtithe exercise and niner of variables in
an SP exercise

Table 6.1 contains effects thate correct sign and plausible magnitude, and are either
statistically significant or elseot significant at the usual 5%vkd but are considered to merit
retention and have t statistics istm are not unreasonably small.

Variables removed as not haviagsignificant effect were all thateractions listed above except
interactions between user type and mode valdistiance and attribute, erstype and attribute,
type of data and attribute afichited interactions between mose and attribute and mode and
purpose. It can be seen, therefdn@t most interactions relate to differences in valuations across
IVT, walk, wait and headway. Main effects thatre not significant were numeraires relating to
petrol cost, parking charge ampaiblic transport farelocations other thathe South East, the
main purpose of the study, the choice contexttype of SP exercise, the means of presenting
the SP exercise other than the pen and papdrochethe number of variables in the SP exercise,

® With hindsight, we should have also identified studies where ‘As Now’ wasraydeature of the SP design, as
discussed in Working Paper 561, and to have distinguished between SP exercises which offerdehtesp
absolute levels of attributes or changes to the current situation.



the mean level of headway and whether the value was estimated to data sets where respondents
had been removed on the groundsadionality tests or non-trading.

In order to be able to use the model to cateulamlues, the GDP per capita index has to be
known. In 2000 quarter 3, the peritat which we subsequently cailate valuesthis is 3451. In
addition, converting from the 1994 period 4 prigesvhich the model is calibrated to the 2000
period 3 values that we report below requires hlues to be multiplied by 1.174 to allow for
inflation.

The money value of IVT (VoTin 2000 quarter 3 prices and imae for a commuting journey of
25 miles by train in the SdutEast is calculated as:

VoT = 1.174e—5.179+ 0.634+0.100+ 0.147345P.723250.184) = 1043p/min

where:

e 1.174 is the adjustment to 2000 quarter 3 price® the 1994 quartet prices of the
estimated model

-5.179 represents the scale factor &ant term in the estimated model)

0.634 denotes the rail effect

0.147 relates to journeys the South East

3451 is the 2000 quarter 3 GDP index and 0.723 is the GDP elasticity

0.184 is the distanceadticity for rail applied here to a 25 mile journey

Other effects apparent in the model and reggbbelow in Table 6.1 do not represent genuine
influences on the value of time.

The goodness of fit achieved seem quite respkegtaind a large numbeof statistically
significant, correct sign and plabk variations in the values tifme have been estimated. The
model based solely on the value of IVT achiewes®mewhat better fit and, despite the somewhat
smaller data set, the precision with which itefficients are estimatezbmpares favourably with
those obtained in the larger daat. This is presumably because values of time tend to be
estimated more precisely than values of other attributes.

We discuss the findings for each principal explanavariable in turn, focusing on the results of
the model estimated to the IVT, walk, wait and headway valuations.



Table6.1: Valuation Regression Models

IVT, Headway, Walk, Wait IVT
Variable Coeff (1) Elasticity or Effect Coeff (1) Elasticity or Effect
Intercept -5.179 (4.2) -5.944 (4.6
Attribute Specific
Head -0.237 (1.7) n/a n/a
Inter Urban
I nter 0.258 (3.5) +29% 0.282 (3.7) +33%
Distance
Miles 0.184 (6.3) 0.184 0.168 (5.4) 0.168
+Miles-Head -0.197 (4.1) -0.197 n/a n/a
+Miles-WalkWait -0.073 (3.1) -0.073 n/a n/a
+Miles-Car 0.075 (3.6) 0.075 0.043 (1.9) 0.043
User Type-Mode Valued (IVT)
Car-CarRail 0.379 (4.8) +46% 0.439 (5.7) +55%
Car-Bus 0.714 (4.0) +104% 0.594 (4.2) +81%
Car-CarPT 0.447 (5.7) +56% 0.449 (6.2) +57%
Rail-Rail 0.634 (7.8) +89% 0.695 (8.9) +100%
UG-UG 0.482 (3.5) +62% 0.622 (4.5) +86%
All-CarPT 0.517 (6.9) +68% 0.554 (7.9) +74%
Air-RailAir 1.680 (8.0) +437% 1.782 (9.0) +494%
RailAir-RailAir 1.403 (5.6) +307% 1.461 (6.3) +331%
User Type (NON IVT)
Car-Wait 0.789 (2.5) +120% n/a n/a
Car-Walk 0.694 (3.9) +100% n/a n/a
Car-Head 0.464 (4.1) +59% n/a n/a
Rail-Walk 0.368 (1.5) +44% n/a n/a
RailUG-Wait 0.612 (3.0) +84% n/a n/a
RailuG-Head 0.755 (5.2) +113% n/a n/a
PT-WalkWait 0.199 (1.5) +22% n/a n/a
CarPT-Walk 0.232 (2.4) +26% n/a n/a
CarPT-Head 1.378 (6.6) +297% n/a n/a
All-Walk 0.317 (1.8) +37% n/a n/a
All-Head 0.879 (4.4) +141% n/a n/a
Purpose
EB 0.498 (5.6) +65% 0.559 (6.8) +75%
+EB1st 0.754 (5.2) +113% 0.643 (4.7) +90%
+EBFore 0.470 (4.3) +60% 0.411 (3.9) +51%
Comm 0.100 (2.7) +11% 0.164 (3.7) +18%
Income
GDP 0.723 (4.6) 0.723 0.823 (5.0) 0.823
Purpose Specific
EB-Head 0.211 (1.5) +23% n/a n/a
M ode and Pur pose
Comm-UG 0.520 (2.8) +68% 0.238 (1.9) +27%
Data
RP-Walk 0.379 (2.4) +46% n/a n/a
RP-Wait 0.886 (5.2) 143% n/a n/a
Numeraire
Toll -0.212 (2.2) -19% -0.148 (1.6) -14%
Units
Round -0.076 (1.8) -7% -0.130 (2.6) -12%
Level
WalkTime 0.271 (8.2) 0.271 n/a n/a
Wait Time 0.157 (2.4) 0.157 n/a n/a
Region
LSE 0.147 (3.6) +16% 0.068 (1.5) +7%
Presentation
PaperlVT -0.141 (3.1) -13% -0.160 (3.7) -15%

Adj R?

0.620

0.669




Attribute Specific Variables

Dummy variables were specified for walk timegit time, access time and headway to determine
whether, after accounting for the influences o tither variables in the model, there is any
remaining difference in the values of theselaites in relation to each other and to IVT.

The coefficients relating to walk time, waitmie and access time were far from statistically
significant. We have retained a term for headwdga@d whose effect is not far from significant
at the usual 5% level.

Distance Effects

Variations in the value of time are due to vadas in the marginal utility of time or money, and
there are a number of possible distantated influences on the value of time.

The disutility of a unit of travel time mayarease with journey dutian, as fatigue, boredom
and discomfort set in. Time savings on longestatice journeys will #refore be more highly
valued. There may also be a relationship betwikervalues and levels of walk time, wait time
and headway. For example, the digy effect could well operaten the context of progressively
longer amounts of walk time. However, thisst specific to the dist@e of the overall journey
and we shall return to this issue below.

The opportunity cost of timmspent travelling is presumablyegter for longer distance journeys.
The activities being pursued must have relagivieigh utility or impatance otherwise their
pursuit would not warrant the time and expens®of distance journeys. In addition, there are
more pressures on the totiahe budget where longer amountgiafe are spent travelling.

Shorter distance trips tend to be made more freitpuelro the extent to which the SP exercise is
taken to apply to all trips of the type in questithen a given payment for a time saving implies
a larger income effect for more frequent tripse Targer income effect rgamean traveller’s are
more sensitive to cost variations whereupontehalistance journeys might have lower values.

Travellers may value variations in cost or timdine with the proportion tat they form of total
cost or time. However, the effect on the vabietime is indeterminate. If the proportionality
effect is stronger upon cost (timejen the value of time will inease (fall) with distance, but
theory provides no clear indication here. In emcpl studies, a logarithmic formulation of the
terms in the utility function would be cdetent with the proportionality concépiand this has
met with a degree of success (Gunn, 2001). Howewhilst it has the potentially desirable
property of allowing the value of time to increas#h distance, it also exhibits the undesirable
property that, for any individual, largeosts will increase the value of time.

The proportionality argument majso apply to walk and wait time, whereupon variations on
longer journeys form a smaller proportiontatal journey time and are less highly valued.

® If the utility function of a choice model contains the variable X in the fomX, then the marginal utility of X is
o/X.



Given that congested travel conditions will foargreater proportion afrban travel time, and
that this is relatively highly valued but thatidies tend not to distinguish between different types
of time, then the value of IVT for shorter distance journeys would be higher.

We might expect headway to be less highly valtadlonger distance journeys. In part this
might be an issue of expectais, since travellers would noegard low frequencies to be
unreasonable on longer distance joyseut may well do so on shartdistance journeys. It may
also be because longer distance journeys tebeé toore planned and hence the convenience of
high frequencies is less important.

There may also be an additional effect that leadswer values of headway at longer distances.
At short distances, frequencies are higherlate random arrivals will be more common. The
headway valuation therefore reflects wait d@inbto a greater extent. At longer distances,
frequences are lower and the headway valugominated by schedule delay. Given that wait
time is valued more highly than schedule deig not unreasonable thtte value of headway
is lower for longer distance journeys. Howevers tis only proxying forthe true effect which
relates to the level of headway, and we should point out that a signéitecit from the mean
level of headway on the value of headway could not be obtained.

There might be factors which acerrelated with distance and which are not otherwise explicitly
accounted for which we can regard as confaugpdéffects. Those witlhigher incomes may

travel longer distances and hence a positive lativa between the value of time and income

will become apparent where, as in this study, there is no segmentation of the values of time by
income. Other socio-economic characteristics way with distance, such as the gender and
age distribution and the precigsurney purpose wiih the leisure and business categories.
Insofar as males and more sergonployees feature more strongiylonger distance travel, the

value of time might be expectéd increase with distance. Hower, without far more detailed
analysis we cannot draw firm conclusiassto the likely direction of the effect.

Providing that the pattern of correlation withnémunding variables remains constant in future,
and that the effects of the lattwhich are discerned by distance are not additionally entered into
the evaluation process by some other meang, ith@usion within the distance effect does not
cause any particular problems. Similarly, theission from meta-analysis of variables which
have only a random effect on the valuations olthim the different studies is not a cause for
concern. However, there may be confounding egfedtich are a more serious problem because
they will influence our conclusions in a misleaglivay. An example in this context of distance

is given by Gunn (2001, p185)

For example, suppose ‘distancis’ an explanatory factor im meta-analysis of many
studies. Suppose some studiesarshort-distance choices, somklong-distance. If all

the studies examined which had long-distacmetexts used largentie variations and all

the studies examined which had short-distancgecs used small timariations, then a

meta-analysis could associate an effect Whicas truly related tcsize-of-time-saving

wrongly to distance.



One of the strongest and most dstent findings in empirical stuels related to the value of time
is that the value of IVT is gher for longer trip dation or distance fTomas and Thompson,

1970; Heggie, 1976; Algers et al., 1996; Hadlensulting Group and Accent, 1999; Gunn,
2001), although admittedly the evidence is netagis clearcut (MVA et al., 1987) and indeed
sometimes conflicts with the massesfidence (Ramjerdi et al., 1997).

Most studies simply estimate different models @ioban and inter-urban trips or for different
time bands, and hence little evidence on thecsof the variation i®btained. Some studies
allow departures from the conventional linearitidd utility functions. In the context of mode
and destination choice, Gunn (200&ports the log-cost formulat to perform better, implying
the value of time to increase with journey dima, although a similar formulation of the time
term is not reported. Four reasons were adgd why the log-cost specification performed
better. Gunn (2001, p169) concladhat, “All four potential ‘exfanations’ of the non-linearity
concern distance-based imperfections in tHatiomship between measured data, behavioural
model and actual behaviour, either in terms ofrmi@tion uncertainty to the traveller, or to the
modeller”. Appropriate allowance for these effagtauld reduce the apparent distance effect but
not necessarily remove it. However, the distarfteceis here proxying for other effects and is
not a pure variation in the vauwf time due to journey durati@r cost. Ben-Akiva, Daly and
Gunn (1987) do introduce a genuine duration basstt by arguing that due to more binding
time budgets the utility function with regard to timéght be expected to be convex in contrast
to the concavity of the cost term.

Not all evidence points to the superty of the log-cost formulation. In the conteoftrail and air
mode choice, Wardman and Murphy (1999) foural ldgarithmic formulation to perform best
for both cost and time in the business rearkalthough the leisar market supported a
logarithmic function of cost and linear function of time, whildRP analysis of choices between
car and rail in the inter-urbasontext choice found support folaarithmic formulation of both
the car time and rail time varils but not of the &t variables (Wardmast al., 1997). The
analysis conducted in this study, and reported/orking Paper 561, did ngupport the log-cost
formulation.

Table 6.2 summarises the possible causes oftiarian the values ofime with distance, the
expected impact on the values and the valtgsh it is considered will be affected.

Table 6.2: Summary of Possible Distance Effects

Influence I mpact Affects

Disutility Effect Positive IVT

Opportunity Cost/Time Constraint| Positive IVT, Walk, Wait, Headway
Income Effects Positive IVT, Walk, Wait, Headway
Proportionate Effect Indeterminate IVT, Walk Wait, Headway
Congestion Effect Negative IVT
Expectations/Planning Negative Headway Wait

Confounding Effects Indetermiraat| IVT, Walk, Wait, Headway
Misleading Effects Indeterminate  IVT, Walk, Wait




Our previous meta-analysis and individual stadiave found strong suppdor the values of
IVT and other attributes increasimgth distance. The distance elasticity relating to all valuations
(Miles) is here found to be 0.184nd is precisely estimated. Elerother significant effects of an
incrementalform were also detected.

Walk and wait time values do nhwary as strongly ab/T, and the aboveliscussion indicates
that this is reasonable. The incrementatatice elasticity for walk and wait timdi(es-
WalkWai) implies a distance elasticity of 0.111 tbe values of walk and wait time.

The incremental effect for headwailes-Head implies a small negative distance elasticity of
—0.013. As seems reasonable, headway becos®sriportant as jourgalistance increases.

An incremental effect was specified for car as a mdike¢-Car which shows that its distance
elasticity is greater than for other modes. Pregynthis reflects a fatigue effect and perhaps
additional distance related discfort which is not apparent foother modes. The distance
elasticity for car is 0.259.

In addition to the distance elasticity, an impnot in fit was obtained by the specification of a
term denoting inter-urban tripsnfer). All values are 29% higher when inter-urban travel is
concerned.

We examined whether the distance elastivayied by the other modes, by user type and by
journey purpose, and also whether there were any different@eiioy user type, mode valued,
purpose or attribute, but none neestatistically significant.

The distance effect estimated here is broadly consistent with what has been obtained in the re-
analysis of the Accent and Hague ConsultBgup SP data which is reported in Working
Papers 565 and 567.

User Type and Mode Valued In-Vehicle Time Values

We set out the distinction between user typeé mode valued in section 2.4. We might expect
money values to vary acabng to user type, not least becao$eariations inncome. We might
also expect the value of IVT to vary accordingriode, as the comfort and conditions of travel
by different modes vary.

Unlike IVT, walk, wait and headway values are not expected to vary according to mode.
Nonetheless, they are expected to vary across user types, and this is the subject of the subsequent
section.

Given the correlation betweenoghe valued and user type, the two effects could well be
confounded if we simply specifieal series of dummy variables rihg to user type and a series

" This increases to 0.231 with little change in the incremental distance effects when the dummy variable denoting
inter-urban trips is removed.



of variables relating to mode valued. We therefspecify variables based on combinations of
user type and mode valued.

Table 6.3 lists all the combinations of usepdyand mode valued. CarPT represents values

relating to car and either bus aail, PT denotes values for mbinations of public transport
modes and All denotes valuesateng to car, bus and ralil.

Table 6.3: Combinations of User Type and Mode Valued

ModeValued
Car | Bus| Rail UG| CarPT PT All RailAir
Car 144 23 33 - 89 1 2 -
Bus 1 30 11 - - 28 - -
Rail 1 1 161 - 4 1 1 5
User | UG - - 23 - - - -
Type | CarPT | 14 2 14 - 25 5 - -
PT - 4 4 - - 23 - -
All 16 4 5 - 1 12 14 -
RailAir - - 3 - - - 4
Air - - 6 - - - - 4

For car users, we distinguish besn whether they valued car IVT4r-Car), bus IVT Car-
Bug, rail IVT (Car-Rail) or car and public transport IVT combine@af-CarPT). The latter
category also includes the three remaining car weeations for which itvould not be feasible
to specify a separate category.

Bus users were categorised into those who valued busBW3-Bu$, those who valued rail IVT
(Bus-Rai) which also contained the single value éar, and those whoselua related to bus
and rail IVT combinedBus-PT).

Rail users were represented by a single categecause of the few cases where rail was not
valued Rail-Rail) whilst our valuations for undergroungsers all related to underground as a
mode UG-UG).

Values for car and bus or rail users combinexle distinguished accand) to whether car IVT
(CarPT-Cay, car and bus or rail IVTQarPT-CarP7) or rail IVT (CarPT-Rai) were valued. The
few IVT values relating to bus and PT were assigned t€#iBT-CarPTcategory.

A single category for all PT users was specified, denBedT,since it contains values largely
relating to PT. Where IVT values related tcetssof all modes combaa, we distinguished
between whether the value related to édirCar) or to the remaining modeAl(-Res).

The final two categories contain rail users aail and air users combined for whom a value
relating to rail or rail and air was estimat&h{Air-RailAir) and air users who valued either rail
or rail and air timeAir-RailAir).



The base category was takenb bus users valuing bus IVBYs-Bu3 and dummy variable
terms were initially specified follahe remaining categories listed above.

Bus-Railand Bus-PTwere both far from statistically gnificant and removed from the model,
whereupon the base category is that of all bussu¥#hilst this could provide an indication that
it is user type rather than mode which is there important factor ofhe two influencing the

value of IVT, the relatively small samples wittilre bus user category should be borne in mind.

Nor were any of the values for the three categorie€afPT users or thd®T-PT category
statistically significant. In the former casthe categories contain gnla small number of
observations and, whilst this is a contributory factor in the case &fTtHeT category, we might
not expect the value of IVT for PT users todreatly different from the base category of bus
users All-Car andAll-Resthad almost identical coefficienésd hence have been combined into
a single variable which we have terméd-CarPT.

The largest values, as expected, relate to aieltexg and combined rail and air travellers. This
applies even after allowing fgourney purpose and distanceesffs and is presumably because
business travellers in these categories are semer and the purpose tifeir journey is more
important whilst the leisure travellers in these categories have relatively high incomes. There are
not enough observations to distimgjuthese effects by journgyurpose. Air users have higher
values than combined rail and asers which is not surprising.

Of the more common modes of tedyrail users have the highest values, presumably because of
their higher incomes. Underground users afglue IVT on the underground relatively highly.
Insofar as the latter have similarly higher im&s as other London and Solast travellers, the
income effect will have been detected by the variab®E) specified to represent this effect.
Underground users may have higher incomes tisans of other modes in the South East, but a
further contributory factor ishat travel inthe underground may inw@ relatively high
discomfort, unpleasantness and effort.

It is the car user sample which provides infation on the relative disilities of the different
modes. For car users, the coefficients for amitl car were very similar and hence combined
(Car-CarRail. However, this does not mean that theso modes are valued the same, since the
Miles-Car coefficient provides an additional effect. We subsequently examine how this impacts
on value of IVT relating tear travel (Table 6.4). Th€ar-Buscoefficient indicates that bus is
regarded as being somewhat inferior to temd, except for long car journeys, to car travel.

Clearly, the relative disutilities of different modesl vary according to the type of car, bus and
train in question and the faciliget provides. Allowing for thisn practical evaluation would,
however, be a major task. For example, the aciate analysis’ reported in Hague Consulting
Group and Accent (1999) unearthed a large nurabeffects on the value of time from socio-
economic and trip characteristicst ioe particular featess of the car was none of them. These
issues could also have a major bearing or-tet@poral variations ithe value of time.



The All-CarPT coefficient seems plausible given the poe¢ results and that car users will be
well represented in this category.

It might be argued that RP data provides n@rglence on variation by mode valued, since RP
mode choice models cannot split by modedusehereas SP data provides much evidence on
variations in IVT by user typerste SP models are often calibrateghamticular typs of users. It

could then be concluded thtiere are confounding effects at nwowith possible differences
between RP and SP values influencing the findiogghe user type and mode valued effects.
However, we do not find this entirely likely, since the RP data contains some variation by user
type, from route choice and hatr (within rail mode) choice contexts as well as from the
specification of combined user type categotteepresent the diffené modes upon which mode
choice models were calibrated. Moreover, vaoiet across SP based values of IVT demonstrate
differences due solely to user type, sokslynode valued and to both.

User Type and Non In-Vehicle Time Values

We have addressed the possib#itibat our data set can inforinow the value of IVT varies
according to user type and mode and it remsnexamine how the values of walk, wait and
headway vary across user type. Weuld not expect the mode wehich walk, wait or headway
relate to have a beag on their valuations.

We would expect the income diéfiences across users types tauierfice the monetary valuations

of the non IVT attributes. However, there mightdiber factors that are correlated with user
type which have an additional bearing on how Walues of walk, wait and headway vary. For
example, car users might be particularly avénssaiting because it is something which they are
not used to or because their dislike of waiting dbated to their car purchase and use decisions.

The base category is bus users and the other categories are as in Table 6.3 with the exception of
the Air and Air-Rail users for whom there were not sufficient values of any of the three
attributes. Initially, separate terms were spedifor each of walk time, wait time and headway

for each user type of car, rail, underground, &nd rail combined (PT), car and bus or rail
(CarPT) and all modes (All). Some categories were combined, Wiilstead CarPT-Waitand

All-Wait were far from significant and were removed.

Car users have high values of walk tin@@ga(-Walk and wait time Car-Waif). As we have
already stated, they are much lesgd to either than users of public transport modes, they have
relatively high incomes and thdiigher values of walk and wdiime may have contributed to
them being a car user. Surprisingly, assers have a low value of headwdayaf-Head
compared to most other categories of user. We laaconcern that some car users fail to fully
appreciate the concept of service headwayeddd in our experience it is often the public
transport variable about which car users héreepoorest informationna the one for which the
results in choice models tetm be least satisfactory.

We have no observations of walk time valuesuioderground users, butelin values of wait and
headway were very similar to rail users demce combined terms have been specifradl G-
Wait andRailUG-Head. These show that rail and undengmnd users value wait time relatively



highly, in line with the findingsfor IVT, but lower than for car users given the particular
aversion of the latter to wait time. Simikarirail and underground users have relatively high
values of headway, and the overadilues we obtain for headwagem to be the result of a
combination of much lower values for car useemnthail and underground users. Rail users value
walk time Rail-Walk more highly than bus users bess highly than car users.

For car, rail and bus users, the findings seems twbsistent with those for IVT in terms of the
effects that income might be expected to havenbilt a moderating influence as a result of car
users’ particular aversion to out-of-vehicle time.

Of the remaining effects, the relatively low incremental effect®fioMvalkwWait CPT-Walkand
All-Walk all seem plausible given tHimdings for the user types p&rately. However, it is not
clear to us whyCPT-HeadandAll-Head are so high.

Journey Purpose

The estimated journey purpose effects are nascive would anticipatdhe base category was
initially leisure travel but to this has beeddad categories representiagmix of purposes and
cases where no distinction was made since theéseadihave a significant influence on the value
of time.

The values for business tripSE) are by far the highest. Additional effects are due to first class
business travellerE@1s) and where the purpose of the study was forecasiEBg-qre). Our
feeling is that studiewhose purpose was forecasting wereaerlikely to require the respondent
to consider what their companyould permit and hencthese valuations will be closer to the
employer’s valuations. Whether tlB value was obtained from Riata would have served a
similar purpose but there were two few casesdtaise this effect and @y are included within
EBFore

Commuters Comn) have on average slightly higher valubsn the base category of leisure

travellers. We regard commuting values whatle, on average, only 11% higher than leisure
values to be a surprising finding since it was wopression that studies tended to find larger
differences. However, the finding is very mucHiire with the results of further analysis of the

Accent and Hague Consulting Group SP datavbith is reported in Working Papers 565 and
567.

We might expect commuting values to be lighecause of worse travelling conditions and
greater time constraints, although offsetting tisigshat income effest are greater for more
frequently made trips and thygould reduce the relative impontze of time on commuting trips.
No significantly different impacts of commaog on walk, wait or headway were discerned.

Income
The effect of income on the value of time was flubject of a separasspect of this study, and

the findings are reported in Working Paper 58& therefore provide only a brief discussion
here of the main findings.



The extension of our data set to provide muchenariation in the GDP per capita measure of
the influence of income has proved successful. pdated out in sectio 3 that the additional
data increased the variance of the G@HRable more than fourfold.

We are now able to estimate the GDP elagtigiith a reasonable degree of confidence. Our
previous meta-analysis (Wardman, 2001) obtained a GDP elasticity of 0.512 with a 95%
confidence oft118% of the central estimate. We nowaibta plausible GDP elasticity of 0.723
with a 95% confidence interval @#43%

This time-series based GDP elasticity is ¢geahan the large amourdf cross-sectional
evidence regarding the incomeagicity. If, as is suggested by Gunn (2001), there has been a
downward trend in the value of IVT independehincome, and given that GDP is sufficiently
highly correlated with the time trerttat it will discern any suchffects, we can conclude that
our GDP elasticity is consistentith a ‘pure’ income elastity in excess 0f0.723. If the
downward trend in the value of tingeattributable to increasescéomfort, the GDP elasticity for

IVT would be less than the GDP elasticity fdrthe attributes. However, comparison with the
GDP elasticity estimated solely to the IVT vadundicates the reverse to be the case.

Although there were some variations in the Gé&é&sticity by purpose andtabute, and indeed
we can see that the GDP elasticity in the IVT nhaglaigher, the incremental effects of attribute
on the GDP elasticity were not significant whillke GDP and journey purpose interaction was
highly correlated with the varidéds representing purpose. Wencluded that there was no
particularly convincing reason tavour a model which specified incremental GDP elasticities.

Purpose Interactions

We had felt that the effect of journey purposgght vary across the different attributes. For
example, commuting might impact more highdp IVT because of it@association with the
relatively large disutility of ongested traffic conditions and ldgs whereas business travel
might impact less on IVT than the other attributes since more productive use can be made of the
IVT than walk and wait time.

It was therefore important to allow for inéetions between journey purpose and attribute.
However, only the interaction betweenm@ayer’s business travel and headw&B{Head was
found to be estimated with any degree of prenisibindicates that headway is valued 23% more
highly, other things equal, amongst business tiege Although the effeds not significant at
the usual 5% level, it is retainedhse we find it to be plausible.

We also regarded it to be important to alléor interactions betweemode and purpose. For
example, business travellers might find thattraliows more productive use of time than other
modes whilst crowding conditions on public transport will vary between commuting and leisure
trips.

Again, only one interaction ef€t merited retention. Thisdicated that commuters on the
underground have somewhat higher values. iBhsesumably because the various components



of a journey all incur higher slutility in the crowded conditionsf peak underground travel. This
is consistent with London Transport's recommendations, outlined in section 2.4, that congested
conditions increase the values of walk and wait time.

There might also be a number of other possibteractions. An example of an interaction
between user type and journey purpose is thatseniority and prese purpose of business

travellers might well vary across air, rail ana aaers whilst distancand purpose may interact

again because the seniority and precise purpoaebah business travellers is different to inter-
urban travellers. A range of flmr interactions were allowedrfbut no significant and plausible

effects were obtained

Data

Our previous meta-analysis has found a strorggegeof correspondence between the values of
IVT obtained from RP and SP models but thiéedences in non-IVT values between RP and SP
models were a cause for concern (Wardman, 1998a, 1998b). However, the amount of RP
evidence relating to walk, wait and headwaysweary limited. Previoug, the number of RP
observations for walk, wait and headway wé@ 4 and 11 respectively. The corresponding
figures are now 34, 22 and 11. Hence we have surtg more evidence for the walk and wait

time values.

We have discerned significanffects from RP data on the values of walk time and wait time,
although not on the value of headway. The relatigenall amount of data may have been a
contributory factor in the case of headway. Thieiwaf walk time is 46% larger when obtained

from RP data whilst the W@ of wait time is 143% larger. This is consisterthvour discussions

in sections 2.2 and 2.3 that early work largely Hame RP data tended to obtain larger values of
walk and wait time values than more recent largely SP based research and also that the difference
was greater in the case of wait time.

Although it could be claimed that the RP valaes too low, because a substantial proportion of

the evidence relates to early studies where the choice contexts, amount of data and modelling
techniques would not generally begarded to be as satisfact@y in recent studies, there is no

real reason to suspect that this will have haysiematic influence on the values of walk and

wait time obtained. Indeed, to the extent that early studies calculated wait time as half service
headway, this would have actuatiperated to reduce the value of wait time if actual wait times

are less than half the service headway.

There are, however, a number of factors witohld cause SP values whlk and wait time to

be too low. Firstly, more attention in SP exercises is paid to the realism of cost and IVT.
Unrealistic walk and wait times may be ignoredjchhwill lead to their coefficients being lower
than they would otherwise beSecondly, variations in walknd wait time may be introduced
which are unrealistic and whicheatherefore ignored, yet this is less likely with IVT and cost. A
good example is walking time to tmastations and bus stops, whitlis unrealistic to vary or
which is varied without any proper explanatiohwhy this could posbly occur. SP studies
which have obtained values of walk time igh are less than the value of IVT are not
uncommon. Similarly, some travellers might alwa@yan to arrive at the station or bus stop say



one minute before the scheduladival of the service and hee specifying other amounts of
wait time would be unrealistic and may well lgmored. Finally, SP exeises are artificial
exercises and some attributes might receive léeatain than they should in order to simplify
the task required in making choices. If casd IVT are more significant to choice, then the
importance of other attributes might be understated in relation to them.

There is an argument that variations in waitetim SP exercises are interpreted to result from
unreliability, that is, a failure of the service adhere to schedule leads to wait times different
than planned. If this is so, it is reasonable to argue that a premium valuation is attached to wait
time to reflect the unreliability. However, tht®ntrasts with the findgs here that SP based
valuations are too low. In any event, RP modele average wait times and values attached to
these could reflect elements of the additional disutility of unreliability.

Levels of Walk and Wait Time

We collected data on the mean level of walk et time in an SP experiment or covered in an
RP exercise. Although this is aghly aggregate means of explagithis issue, we are not aware
of analysis of how the values of walk and wihe vary with their levels and indeed some
interesting findings have emerged.

Our previous meta-analysis (Wardman, 2001) olethia combined elasticity for walk and wait
time with respect to their medevel of 0.18. We have herestimated separate significant
elasticities for walk and wait time. These indicgtgte plausible relatiaghips between the value
and level of these variables. A 10% increaseaftk time would increase the value of walk time
by 2.7% whilst a 10% increase in wait time wowdd to a 1.6% increase tine value of wait
time. It could be that to some extent such naedrities explain the variation in walk and wait
time values apparent in the findingsviewed in sections 2.2 and 2.3.

It is not surprising that the non-linearity is strendor walk than wait time. It is consistent with
the large reduction in walking trips as walking ¢iimcreases and the findings of Wardman et al.
(2000), cited in section 2.2, relating to walk tiaseaccess to a main mode and as a main mode.

The effect of the level of the mean headwaytlmn value of headway was far from significant,
although as was discussed abotfes value of headway doesllifas distance increases. We
argued that we would expect headway to léss important for longer distance journeys.
However, for a given distance, waight expect the benefits ohproved headway to be greater
where service frequency or than where it is good.

Other |ssues

A number of other effects have been disceroeeering the numeraire, éhunits in which cost
variations are offered, region and tihheans of presenting the SP exercise.

We have seen that underground users have relatngityvalues. Howevethis is in addition to
a London and South East effet6f since when we specifiedgienal variables it was only the
latter which was statistically sigraant. It indicates tht travellers in London and the South East



have values which are 16% higtkan other regions, presumagflecting their higher average
incomes and the more unpleasarpwded and congest travelling conditions in the South
East. Incremental effects by modedaattribute were not significant.

The numeraire is the unit in which the value of time is expressed. In our data set, the monetary
numeraire can be coefficients eséited to petrol cost, parking atge, road price or toll, public
transport fares or combinations of these. We might expect, for example, money values of time
expressed in petrol cost units to be reldyivieigh, on the grounds that petrol cost will be
regarded as a fixed cost by soar& thus it will not have thiafluence on choice that it would
otherwise have. On the other haitds expected that chargesuee road space, which could be

road pricing or tolls, might attract protest respes in the SP studies dealing with it and this
would result in lower valuesf time (Gunn and Rohr, 199@mall et al., 1999). The only
significant effect obtained was ftoll charge and road pricing ¢ll) where values of time are

found to be 19% lower.

Three different forms of presentation of SP exssiare covered in our data set. These are the
use of cards setting out each of the choicesnputer presentation and the pen and paper
method. We found that IVT values obtained from the latter methapgfIVT) were 13% lower.

We regard the pen and paper method as thst eatisfactory means of presentation, both in
terms of clarity of the layoutra the extent to which the choice8ered are clearly customised

to the respondent’s circumstances. With highsi it would have beeinteresting to have
distinguished in the data set between designs which offer absolute levels of attributes and those
which are based on changes to the currentt@tuan the grounds that wt the latter readily
achieve customisation to the current situationvtidely regarded to be a less satisfactory means

of presentation.

Finally, there was some evidence that offeringlipuipansport fare in round trip units leads to
lower values of time. Whilst the return fare i thatural unit of cost fosome public transport
journeys, particularly inter-ugm, presenting these alongside -@va&y journey times, which is
the natural unit for this attribute, may leadréspondents trading the two amounts off as if they
were in the same one-way unifgeating all the responsdo have related tthe round trip cost
will reduce the estimated value of time. The maddicates that the values are 7% lower where
public transport costs are pesged in round trips unitfkeund.

Relationship with IVT Model

We have reported a model based solely on7th@ IVT valuations since it is IVT which is
generally of primary importance in transporheme appraisal and which tends to be most
precisely estimated in empirical studies.

Comparison with the model which also containskviane, wait time and headway indicates that
the differences between them in the coeffitiestimates for common variables tends to be
minor. The largest difference is f@@omm-UG which is much smaller in the IVT model.
However, there was no support for splitting tisibute between IVTral the non-IVT variables

in the combined model. The same points can be made laB&ut



Whilst it would be possible to adopt the IVT mbds the basis for recommendations, and to use
a separate model based on thd Nalues of walk, wait and heady (see section 7) to obtain
recommended values of walk time, wait timeleheadway as a function of recommended IVT
valuations, the estimation of two separate modelss not make most efficient use of the data
available to us.

6.2 Thelmplied Values

Whilst the models in Table 6.1 indicate clealgw the monetary values vary, neither the
absolute monetary values nor the IVT vaioias of walk, wait ancheadway are immediately
apparent. We therefore use the results fritv® combined model in Table 6.1 to provide

illustrative figures for a range of circumstances for the money value of IVT and the IVT values
of walk time, wait time and headway.

Table 6.4 provides the implied money valuesi\ét for a range of usr types, modes and
distances. Absolute values re@nce per minute and 2000 quarter 3 prices are given as well as
ratios of these values to aasers’ values of car IVT.

Table 6.4: Implied Money Valuesof IVT

Miles ABSOLUTE VALUES RELATIVE TO CAR USERS’
VALUES OF CAR TIME
Used BUS| UG| RAIL| CAR| CAR CAR BUS UG RAIl CAR CAR
Valued BUS| UG| RAIL| RAIL| BUS| CAR| BUS uG RAIL RAIL| BUS
Comm | 2 3.0 9.5 5.7 4.4 6.1 4.6 0.65 2.05 1.23 0.95 1.33
10 40 | 12.7 7.6 5.9 8.2 7.G 0.58 1.82 1.09 0.84 1.18
25 48 | 151 9.0 7.0 9.8 8.9 0.54 1.70 1.01 0.79 1.10
50 7.0 n/a 13.2 10.3 1483 13)8 0.51 nfa 0.96 0|75 1.04
100 n/a n/a 15.0 11.7 n/a 16/5 nia nja 0.1 0|71 n/a
Leis 2 2.7 5.1 5.1 4.0 5.5 4.2 0.66 1.22 1.23 0.95 1.33
10 3.7 6.8 6.9 5.3 7.5 6.3 0.58 1.08 1.09 0.84 1.18
25 4.3 8.1 8.1 6.3 8.8 8.0 054 1.01 1.01 0.[79 1.10
50 6.4 n/a 12.0 9.3 13.0 124 0.51 nfa 0.96 0,75 1.04
100 7.2 n/a 13.6 10.5 14y 149 0.48 n/a 091 0171 D.99
200 8.2 n/a 15.5 12.0 16,7y 17/8 0.46 nya 0.87 0,67 D.94
EB 2 7.1 13.4 13.5 10.4 14.6 11,0 0.65 1.p2 1.p3 0[95 1.33
10 9.6 | 18.00 18.1 14.0 19.6 167 0.58 1.08 1,09 0,84 1.18
25 11.4| 21.3 21.4 16.6 23p 2112 054 1/01 1,01 0.79 1.10
50 16.7| n/a 31.5 24.4 34p 32/8 051 nya 0.96 0\75 1.04
100 19.0| nl/a 35.8 27.8 388 39(2 0.48 n/a 091 0.71 D.99
200 21.6| nla 40.7 31.5 441  46|9 0.46 n/a 0,87 0.67 D.94




It is assumed that the effectsTall, RoundandPaperlVTshould not be allowkto enter into a
calculation of the value of timesince these are discerning what we regard to be misleading
effects. Howeverl SEis allowed to enter the values for underground users.

Car users’ values of car are higher thantfam and generally lower than for bus. Although car
time does become more highly valued than bus time,only occurs at long distances where in
fact we have very few observatis for bus travel. We are unalitetest whether there is any
positive incremental effect on the distance atagtfor bus journeys over long distances.

The distance and journey purpose effects are reagdpparent as are the low values of bus users
and the high values of rail es. The figures are in starlordrast to currently recommended
values in that they exhibit ansiderable amount of variation.

Table 6.5 presents the implied IVT values oflkvand wait time. Thevalues do not differ by
journey purpose, but theyill differ by distance, since the stance elasticity is lower for walk
and wait than for IVT, and they will also vaby user type. The numeraire is the value of IVT
for the same mode as user type. Hence theahikes reported (headed RAIL RAIL in the table)
are rail users’ money values of walk and wait tisingded by rail users’ values of rail IVT.

Table 6.5: Implied IVT Values of Walk and Wait Time

WALK DIST CAR BUS RAIL UG
WAIT CAR BUS RAIL UG
Walk | Wait | Walk| Wait| Walk| Wait| Walk Wait

2 2 218 | 3.68| 1.68 2.57 1.28 251 150 2.93
5 279 | 4.25| 2.15  2.97 165 290 193 3.38
10 3.37| 473 259 331 199 324 233 37
20 407 | 5.28| 3.13] 369 240 361 282 4.p0
2 10 1.72 | 2.90| 1.49 2.29 114 224 1.33 2.60
5 220 | 3.35| 191 2.64 146 258 171 3.01
10 266| 3.73| 230 294 17f 288 2.08 335
20 321 | 416| 278/ 328 213 321 250 3.4
2 25 150 | 253| 1.39 2.14 1.0y 209 125 241
5 192 | 292| 179 2.47 1.3y 242 160 2.B1
10 2.32| 3.26| 2.16| 2.75 166 269 194 343
20 280 | 3.63| 260/ 307 199 300 234 3.0
2 50 1.35| 2.28| 1.32] 2.03 1.02 199 118 2B1
5 1.74| 2.64| 1.70] 2.35 1.30 230 1.%2 2.p7
10 209| 294| 205 262 15f 25 184 2998
20 253 | 3.28| 247 292 190 28 223 3.82
2 100 1.22| 2.06| 1.26] 1.93 09y 189 1.13 2.p0
5 157 | 2.38| 1.61 2.23 124 218 145 2.p4
10 189| 265/ 195 249 149 243 175 2.83
20 228 | 296| 235 277 180 271 2.12 3.6
2 200 1.10| 1.86| 1.20] 1.84 092 180 1.07 2.p9
5 141 | 2.15| 153 2.17 1.18 2.07 1.38 242
10 1.71| 2.39| 1.85 2.34 14p 231 166 269
20 206 | 2.67| 223 264 171 258 201 3.00




It is again assumed that the effectsTofl, RoundandPaperlVTshould not be allowed to enter
into a calculation of the values but th&Eis allowed to enter thealues for underground users.

In addition, we have no evidenoa walk values founderground users and hence for these users
we have used thRail-Walkcoefficient.

The results for walk and wait time are strongly dependent upon the weight we attach to the RP
evidence. The values in Table 6.5 are based oREhevidence. If we relied solely on the SP
evidence, the walk time values would all be 32% lower and the wait time values would all be
59% lower.

The most noticeable feature of thél values of walk and wait is #t they vary considerably. In

part this is because of differences in the nyovaue of IVT by user type and mode, but there
are other strong influences at work. The increagbaenVT values of walk and wait time as the
levels of walk and wait time (denoted in the first column) increase is quite clear, as is the fall in
the values as distance increases. For correspgnevels of walk and wait time and the same
journey distance, the values of wait time tend t@teater than the value of walk time. This is
consistent with the review of past evidencasidered in sections 2.2 and 2.3. The figures do,
however, suggest th#te value of walk is more centradound the conventioof twice the value

of IVT than is the value of wait.

Table 6.6 provides the implied IWalues of headway across diste and purpose which are the
factors which influence it. Thetrong distance effect is vergpparent, with the headway
valuation being much higher for shorter distance trips.

Table 6.6: Implied IVT Values of Headway

DIST | PURPOSE CAR BUS RAIL uG
CAR BUS RAIL uG
2 EB 0.88 0.85 0.96 1.12
2 NonEB 0.71 0.69 0.78 0.91
10 EB 0.57 0.62 0.70 0.81
10 NonEB 0.46 0.50 0.57 0.66
25 EB 0.44 0.52 0.58 0.68
25 NonEB 0.36 0.42 0.47 0.55
50 EB 0.37 0.45 0.51 0.59
50 NonEB 0.30 0.37 041 0.48
100 EB 0.30 0.39 0.44 0.52
100 NonEB 0.25 0.32 0.36 0.42
200 EB 0.25 0.34 0.39 0.45
200 NonEB 0.20 0.28 0.31 0.37

7. VARIATIONSIN WALK, WAIT AND HEADWAY VALUES

We here report the development of a modelxglan variations in théVT valuations of walk
time, wait time and headway. Although, as we hseen, such time valuations can be derived



from the money value model reped in section 6, we felt that would be prudent to test
whether the same relationshipsreveapparent when the analysssfocussed explicitly on the
time valuations.

The form of the model is the same as thatimmed in section 6, excephat now the dependent
variable is the logarithm of ¢hIVT valuation of walk time, wait time or headway, and the results
are reported in Table 7.1. The model contdi&3 walk values, 62 wait values and 164 headway
values. The total number of observations of 469ush lower than the number contained in our
money value model of Table 6.1.

The reported model contains variables whichuiaficed the implied IVT values of walk, wait

and headway in the monetary valuation modeTalble 6.1 and which were either significant at
the usual 5% level or had a t ratio winiwas not far removed from significant.

Table 7.1: Time Valuations of Walk, Wait and Headway M odel

Variable Coeff (t) Elasticity
or Effect

Intercept -0.19641.8)

Distance

Miles -0.044 (1.3) -0.044

Miles-Head -0.107 (1.9) -0.107

User Type

UG-Head 0.317 (2.1) +37%

CPT-Head 0.616 (3.8) +85%

Mode Valued (Numeraire)

CarVval 0.196 (2.6) +22%

Purpose

EB-Head 0.252 (1.9) +29%

Level

WalkTime 0.238 (5.0) 0.238

WaitTime 0.205 (3.3) 0.205

Data

RP-Walk 0.225 (2.0) +25%

RP-Wait 0.571 (4.4) +77%

Obs 469

Adj R* 0.449

Not all of the factors which influenced the I\Walues of walk, wait and headway in the money
value model are sufficiently precise to warrantlusion in this model. In particular, no
significant variations ecording to user type were appatreNo doubt the somewhat reduced
sample size will have had an influence in this respect. Nonetheless, there are a number of
encouraging findings which carporate the previous findings.

Although the results are nguite as strong as for the moneglue model, there is a positive
influence on wait timeRP-Wai) and to a lesser extent walk timRR-Walj compared to the



value of headway when the value is obtained fRPhdata. The effects from the levels of walk
time (WalkTim¢ and wait time (VaitTime)on their respective values is also repeated, and the
results are little different tthose previously obtained.

The strong negative effect from diste on the IVT value of headwaMiles-Head and the
lesser negative effect on the values of walk and Wéle§) are again evident, whilst employer’s
business trips are again found to have higher headway vaBeddad. The lower disutility of
car travel time will cause higher IVT values of walk, wait and headWwalCar).

Although the model estimated exdlkedy to the IVT values of wil, wait and headway has been
able to detect a number of siicant and plausible influenceand these largely corroborate the
results deduced from the model based on moneyesalue prefer the latter approach since its
larger data set allows more precise estimaté® tobtained and a largermber of influences to
be discerned.

8. CONCLUSIONS

The aim of this document has been to develop a model based on evidence from British studies
which will support the provision of recommendedues of IVT for public transport along with
recommended values of walk time, wait time and headway. This model also serves as a cross-
check of the car users’ value$ car time obtained from reaalysis of the Accent and Hague
Consulting Group SP data which was conducted aparate aspect of this study and is reported

in Working Papers 565 and 567.

The development of such a model has been s#tancontext of a review of previous work
relating to public transport IVT and valueswélk, wait and headway. This has indicated that
the value of wait time appears to laeger than the value of walk time, and that at least for wait
time the convention of valuing it at twice thelua of in-vehicle time does not seem to be
supported. There seems to be a divergence betithieeRP and SP evidence relating to walk and
wait time values and there iscéear need to distinguish value$ IVT between user type and
mode used.

Additional data has beerollected to support the estimationmbre precise coefficients than in
our previous meta-analysis. The models bBased upon 719 monetary values of IVT and a
further 448 monetary values of lkdime, wait time and headway.

A model has been successfully deyed to explain values of tienin terms of a number of key
variables, including user type, mode valued, distance, journey purpose, type of data, real GDP
per capita and the mean levels of walk and wait time. This model has been used to provide
illustrative money values of IVT, and IVT vas of walk, wait and headway, for a range of
circumstances. We take the values of headwagpoesent the effects of schedule delay rather
than wait time.



Notable findings are:
e Plausible and significant GDP elastiegiof around 0.75 have been obtained.

e The value of IVT increases with distane®th a larger increase for the car mode.
Walk and wait time values do not increasestrongly with distance whilst headway
becomes less important as distance increases.

e We have distinguished between user tgpel mode valued, dtast within the car
user category where it is most feasibleltoso. This shows railsers to have higher
values of IVT than car users, with bustsshaving the lowest values. As far as the
modes themselves are concerned, bus hdsdghest value of IVT and rail the lowest.

e The values of walk, wait and headway alsary with usertype. Car users are
particularly averse to walking and waitimdnilst bus users have the lowest values of
these attributes.

e The values are only a little highler commuting than leisure trips.

e As expected on the basis of the literatueview, the values of walk time and
particularly wait time are higher when abted from RP data. The recommendations
regarding walk and wait time will strongtlepend upon whether the influence of the
RP evidence is retained

e The values of walk and wait time vary wilte levels they take. The variation seems
plausible. For walk time the variationstime values seems to centre around twice in-
vehicle time but they are higher for wait time.
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