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1. INTRODUCTION

This working paper presents thedings of research aimed assessing differences in the
value of time by market segment. It drasvsfindings presented in AHCG's final report

to DETR (AHCG, 1996) and previous raseh conducted during the course of this
research contract (Bates and &én, 2001) and it is intendédat this document be read

in conjunction with those two reports.

The paper describes the estimation of a magdel for each journey-purpose (business,
commuting and other) and shows how each is influenced by: income, journey distance,
cost reimbursement, congestion, vehicle petwcy, trip sub-purpose, occupation, age
group, gender, household type, ‘free timegéspondent type, time constraints and
geographical region. The findings of this anayare then drawn together to develop a
final set of models that allow the value of &no vary across a range of market segments.
All models are estimated using GAUSS (Apt&ystems) without taking account of the
repeat observations naturetbé stated preference data.

2. BASE MODELS

Following Bates and Whelan (2001), thesbanodels have three key features:

e aninertia term that takescount of the sign effects;
e a ‘perception filter’ that addresses the size effect; and
e journey cost co-variates sxcount for ‘budget effects’

The proposed basic form of the utility function is therefore:
Ui = Beo- ACikj + Bcc.Ci .ACij + Bro. Atikj + Q ItCy
WhereAr is the ‘perceived’ time fierence with the formula:
At = Sign () * { |At] . [ ]At]> 0] + 0.( JAt/e). [ |t <6] }
wherert is perceived time 0 is a ‘threshold’ value, and m > 1 an estimated parameter.

Here and henceforth, a term of the foregoridition] represents a logical (dummy)
variable with the value 1 if theondition is satisfied, O otherwise.

Table 1 shows the coefficient estimates argbeiated statistics for the base model for
each journey-purpose. Before discussing theltestis worth noting that the threshold
parameterf) was constrained to equal 11 minutegath model; this Wae generates the
best level of fit when compared withogtel runs with other integer values tor



Table 1: Base Models

Business Commute Other
At -0.09062441 (28.21) -0.105645604.09) -0.08638727 (20.52)
M 3.14995188 (7.19) 4.43513312 (4.42) 8.20231608 (7.45)
Theta 11.0 (fixed) 11.0 (ked) 11.0(fixed)
AC -0.00984254 (22.06) -0.016676718.77) -0.01709972 (27.71)
Inertia 0.82229033 (24.84) 0.89138218 (18.20) 0.96458147 (25.09
Ac.C /10000 0.01709845 (6.76) 0.02611647 (3.29) 0.03448394 (9.98)
Observations 9557 4737 8038
Final likelihood -5776.47 -2758.70 -4528.15
Mean likelihood -0.604423 -0.582373 -0.563342

Please note the mean likelihood is the likelihood per observation.

For each journey-purpose the coefficient raaties have plausible relative magnitudes
and all are estimated with a high degree @cmion. For time changes greater than or
equal to the threshold value tkle value of time is given by:

VOT = Bio / (Beo+Pec.C)

Using average journey costs of 822.9, 301.5 and 623.4 pence for business, commute and
other traffic, the values of time are 10.8465 and 5.78 pence per minute respectively.

Other things equal, respondents favour the ‘as now’ position (as shown by the inertia
term) by 97.48, 56.10 and 64.52 pence for essn commuting and other traffic
respectively. With regard to small timevsays, the M parameters demonstrate that
business respondents have thghkst perceptionf small time changes and ‘other’ traffic

the lowest perception. Finally, the cost coateishows a relatively strong relationship
between journey distance [proxied by jowrneost] and the value of time, with long
distance travellers revealingghier values of time. All inlg the base models provide a
solid foundation from which to assess other factors that may influence the value of time.

3. INCOME EFFECTS
Analysis of how household income (Y) affetite value of time has been achieved using

both category (income is defined within 7 greupnd absolute effects. In other words,
the specification is either:

Uikj = [Bco + 21 Bcr [Y:I’] ] ACikj + [Bcco + X1 BCCF [Y:I’]].Ci .ACikj + ...

or Uij = [Beot+ Bey Yil ACij + [Beco + Beey Yi] .Ci ACij + ...

The first set of models shown in Table 2 laikhe impact of income on choice, whereas
the second set of models, shown in Table 3, take additional consideration of the

interaction between income and journey ocmstchoice; this accounts for the fact that
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high income households generally travettlier than low income households. Both
models define Income group 1 as the base.

Table 2: Base Models with Income Group Co-variates

Business Commute Other
At -0.09138955 (28.32) -0.1061286B4.47) -0.08711295 (20.58)
M 3.15839928 (7.12) 3.81217866 (4.01) 8.03239107 (7.44)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.01176798 (10.05) -0.02636683.08) -0.02006585 (19.48)
Inertia 0.82966036 (24.95) 0.90448704 (18.24) 0.97376061 (25.18)
Ac.C/10000 0.01491244 (5.82) 0.03127249 (3.50) 0.03304387 (9.42)
[Inc 2].Ac 0.00067389 (0.56) 0.00075848 (0.22) 0.00092210 (0.81)
[Inc 3].Ac 0.00107605 (0.92) 0.00773316 (2.35) 0.00222729 (1.92)
[Inc 4].Ac 0.00265431 (2.23) 0.01156933 (3.49) 0.00307729 (2.38)
[Inc 5].Ac 0.00366902 (2.99) 0.01044651 (3.03) 0.00764266 (6.07)
[Inc 6].Ac 0.00087602 (0.59) 0.01773847 (4.65) 0.00643388 (3.72)
[Inc 7].Ac 0.00631428 (4.76) 0.01866342 (5.20) 0.00866309 (6.19)
Observations 9557 4737 8038
Final likelihood -5745.28 -2712.72 -4488.90
Mean likelihood -0.601159 -0.572667 -0.558460

Looking at the coefficients for income grduip Table 2, it is clear that respondents from
higher income households have higher valuesnad, since their efict is to reduce the
disutility of cost. This trend is gendsa monotonic and could be approximated by a
simple linear trend ithe utility function 3Y Ac) in which household income is specified
as the mid-point of the relevant income grotipe effect of income on the value of time
is strongest for commuters and weakest for business traffic.

The models shown in Table 3 build ohose presented in Table 2 by adding an
interaction term between income groupdaoverall journey cost. Although we might
expect higher income respondents to trduether than lower income households it is
hard to see strong patternstire coefficient values. In priiple we would expect all the
income related coefficients to be positive, though this is not always the case. Perhaps we
are asking too much from the data.

! Income Group 1 = £10,000 or less p.a. with an assumed mean value of £5,000
Income Group 2 = £10,001 — £20,000 p.a. with an assumed mean value of £15,000
Income Group 3 = £20,001 — £30,000 p.a. with an assumed mean value of £25,000
Income Group 4 = £30,001 — £40,000 p.a. with an assumed mean value of £35,000
Income Group 5 = £40,001 — £50,000 p.a. with an assumed mean value of £45,000
Income Group 6 = £50,001 — £60,000 p.a. with an assumed mean value of £55,000
Income Group 7 = greater that £60,000 p.a. with an assumed mean value of £75,000



Table 3:

Base Models with Income Group and Income Group*Cost Co-variates

Business Commute Other

At -0.09141497 (28.31) -0.105485014.80) -0.08729417 (20.57)
M 3.08977931 (7.09) 3.47685946 (4.29) 7.90022459 (7.42)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)

AC -0.00985394 (4.98) -0.03039900 (7.02) -0.01730675 (13.97
Inertia 0.83213192 (24.98) 0.90720340 (18.25) 0.97583150 (25.19
Ac.C/10000 -0.00332981 (0.21) 0.08576244 (2.46) 0.00197654 (0.20)
[Inc 2].Ac -0.00388583 (1.81) 0.00429097 (0.92) -0.00347192 (2.15)
[Inc 3].Ac -0.00020666 (0.10) 0.01287496 (2.92) -0.00182912 (1.05)
[Inc 4].Ac 0.00115716 (0.55) 0.01214316 (2.64) -0.00240781 (1.19)
[Inc 5].Ac 0.00250200 (1.14) 0.01347645 (2.85) 0.00787228 (4.13)
[Inc 6].Ac 0.00022541 (0.08) 0.01079284 (1.79) 0.00428815 (1.46)
[Inc 7].Ac 0.00280053 (1.14) 0.02034263 (3.89) 0.00579015 (2.79)

[Inc 2].Ac.C/10000

0.04364479 (2.55)

-0.04928925 (1.23)

0.04397773 (3.70)

[Inc 3].Ac.C/10000

0.01193289 (0.73)

-0.07651769 (2.10)

0.04164615 (3.19)

[Inc 4].Ac.C/10000

0.01443225 (0.87)

0.00896836 (0.21)

0.05306485 (3.64)

[Inc 5].Ac.C/10000

0.01272151 (0.75)

-0.03721282 (0.81)

0.00362669 (0.24)

[Inc 6].Ac.C/10000

0.00919862 (0.46)

0.29665614 (2.17)

0.02647882 (1.40)

[Inc 7].Ac.C/10000

0.03112513 (1.64)

-0.01014736 (0.16)

0.03180129 (2.13)

Observations

9557.

4737.

8038.

Final likelihood

-5734.02

-2698.81

-4474.89

Mean likelihood

-0.599981

-0.569730

-0.556716

The models shown in Table 3 can be difigul by specifying two income covariates:
BYAc andBYCAc. The first picks up the effect aicome on the value of time and the
second looks at the interaction between imecand journey distance. From the results
presented in Table 4, it can be seen thednme has a significant positive effect on the
value of time but the income-journey costderaction is insigificant, though only
marginally so for commuters. The income values used are those given in footnote 1,
divided by 1000.

The relationship between income and the valugnoé is returned tan section 18 of this
working paper where we estimate income elasticities.



Table 4: Base Models with Income and Income*Cost Co-variates

)

Business Commute Other

AT -0.09121656 (28.30) -0.106545434.43) -0.08717604 (20.61)
M 3.14767989 (7.13) 3.89331958 (4.00) 8.03403697 (7.46)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)

AC -0.01346253 (15.01) -0.0258307133.81) -0.02107306 (21.03)
Inertia 0.82593445 (24.87) 0.90467384 (18.26) 0.97335445 (25.1
Ac C/10000 0.02174806 (3.55) -0.00688166 (0.31) 0.03010628 (4.98)
IncomeAc 0.00012001 (4.85) 0.00025105 (5.03) 0.00014679 (5.14)

IncomeAc.C/10000

-0.00021713 (1.28)

0.00140301 (1.87)

0.00009572 (0.51)

Observations

9557

4737.

8038.

Final likelihood

-5752.73

-2716.16

-4492.28

Mean likelihood

-0.601939

-0.573393

-0.558881

4. JOURNEY DISTANCE

Bates and Whelan (2001) indicate that ttadue of time is relaté to journey length.
Because information on journey distance wascatlected during the survey we have to
proxy distance by journey time or cost. On theibaf the evidence provided in tables 5
to 8 we recommend that journey cost is usethaslistance covariaten cost changes. In
Tables 5 and 6 the base cost and time coeffisi (respectively) relate to a journey cost
under £1, while in Tables 7 and 8 the base andttime coefficients @spectively) relate
to a journey time under 20 minutes.

Table 5: Journey Cost (JC) Group Co-variates on cost change

Business Commute Other
At -0.08999346 (28.13) -0.106718615.81) -0.08334794 (19.75)
M 2.42574248 (7.06) 2.15689470 (6.39) 7.09274013 (6.76)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.01879905 (6.15) -0.042965210.36) | -0.03412553 (10.83)
Inertia 0.83119734 (24.92) 0.90811254 (18.13) 0.97630810 (25.06
IncomeAc 0.00008840 (7.14) 0.00024218 (7.61) 0.00012350 (7.65)
[JC £1 - £2]Ac 0.00600102 (1.73) 0.00971239 (2.42) 0.00635065 (1.83)
[JC £2 - £3]AC 0.00154168 (0.40) 0.01495929 (3.77) 0.01303463 (3.94)
[JC £3 - £4]Ac 0.00159063 (0.50) 0.01819180 (4.48) 0.01396927 (4.12)
[JC £4 - £5]Ac 0.00460585 (1.47) 0.02334276 (5.58) 0.01571557 (4.57)

[JC £5 - £10]Ac

0.00592070 (1.86)

0.02310669 (5.72)

0.01704132 (5.39)

[JC £10 - £15]c

0.00588401 (1.92)

0.02139542 (4.89)

0.02043955 (6.42)

[JC £15 - £25)c

0.00954617 (3.10)

0.02729146 (6.18)

0.01923659 (6.03)

[JC £25 - £50Ac

0.00848715 (2.79)

-0.14503678 (1.43)

0.02336491 (7.20)

[JC >£50]AC

0.00897099 (2.96)

-0.00280611 (0.12)

0.02281241 (5.26)

Observations

9557

4737

8038

Final likelihood

-5728.45

-2671.54

-4455.36

Mean likelihood

-0.599398

-0.563973

-0.554287




Table 6:

Journey Cost (JC) Group Co-variates on time change

Business Commute Other

AT -0.14017446 (4.26) -0.06847843 (3.21) -0.05533189 (2.49)
M 3.05395972 (6.88) 2.57247498 (4.67) 6.95333446 (6.86)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)

AC -0.01115997 (20.78) -0.025945887.33) -0.01813740 (25.51)
Inertia 0.82935896 (24.85) 0.92616282 (18.52) 0.99523049 (25.57
IncomeAc 0.00009290 (7.52) 0.00026918 (8.53) 0.00014488 (8.87)
[JC £1 - £2]A1 0.03888253 (1.05) -0.01228503 (0.54) 0.01299953 (0.50)
[JC £2 - £3]A1 0.08850242 (2.31) -0.01922115 (0.84) 0.00811372 (0.32)
[JC £3 - £4]AT 0.08299143 (2.44) -0.04998691 (2.02) -0.01996029 (0.76)
[JC £4 - £5]A1 0.06889332 (2.05) -0.09077821 (3.19) -0.02922508 (1.11)

[JC £5 - £10]At

0.04793798 (1.39)

-0.05764627 (2.29)

-0.02638028 (1.15)

[JC £10 - £157z

0.07096299 (2.13)

-0.05751808 (1.93)

-0.04948323 (2.11)

[JC £15 - £25]t

0.02931580 (0.88)

-0.09716495 (2.96)

-0.04815822 (2.07)

[JC £25 - £50At

0.04370217 (1.32)

0.22541169 (1.65)

-0.08811776 (3.54)

[JC >£50]At

0.04104286 (1.24)

0.04815143 (0.60)

-0.06985827 (1.72)

Observations

9557

4737

8038

Final likelihood

-5746.53

-2709.79

-4508.68

Mean likelihood

-0.601291

-0.572047

-0.560920

Table 7: Journey Time (JT) Group Co-variates on cost change

Business Commute Other
At -0.09008631 (28.14) -0.020843(%00) -0.08278312 (19.38)
M 2.43031062 (7.07) 129.47283280 (0.09)  7.37053143 (6.89)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.01882567 (6.16) -0.01646556 (5.85) -0.02299709 (12.30
Inertia 0.83161907 (24.92) 0.51246005 (11.94) 0.97693849 (25.22
IncomeAc 0.00008942 (7.21) 0.00008150 (2.85) 0.00013745 (8.45)
[JT2].Ac 0.00599668 (1.73) 0.01114913 (3.46) 0.00098635 (0.38)
[JT3].Ac 0.00252083 (0.79) 0.00815518 (2.51) -0.00059112 (0.26)
[JT4].Ac 0.00110409 (0.33) 0.01507679 (4.79) -0.00193950 (0.75)
[JT5].Ac 0.00512345 (1.64) 0.01913570 (5.54) -0.00141348 (0.56)
[JT6].Ac 0.00534968 (1.74) 0.01432786 (4.51) 0.00746951 (3.51)
[JT7].Ac 0.00929206 (3.04) 0.01967672 (6.49) 0.00899865 (4.54)
[JT8].AC 0.00839569 (2.75) 0.01011992 (3.27) 0.00622393 (3.06)
[JT9].Ac 0.00955901 (3.13) 0.02008915 (6.84) 0.00581779 (2.85)
[JT10]Ac 0.00841014 (2.75) 0.01553456 (5.50) 0.00879848 (4.59)
Observations 9557 4737 8038
Final likelihood -5723.44 -3158.30 -4478.55
Mean likelihood -0.598874 -0.666729 -0.557172




Table 8: Journey Time (JT) Group Co-variates on time change

Business Commute Other
At -0.14207823(4.29) -0.07757996 (2.78) -0.14970231 (4.41)
M 3.12562974 (6.98) 3.43696542 (3.03) 8.36953057 (6.73)
Theta 11.0 (fixed) 11.0 (fixed ) 11.00000000 ()
AC -0.01113527 (20.74) -0.02542988%.79) | -0.01794021 (25.24)
Inertia 0.82931151 (24.84) 0.91408500 (18.31) 0.98282307 (25.25
IncomeAc 0.00009289 (7.52) 0.00027486 (8.72) 0.00014968 (9.18)
[JT2] At 0.04039387 (1.09) -0.02076453 (0.61) 0.06446732 (1.75)
[JT3].At 0.08330904 (2.44) 0.00881773 (0.26) 0.10573570 (2.89)
[JT4] At 0.08483664 (2.43) 0.01029031 (0.32) 0.11833705 (3.07)
[JT5].At 0.06158474 (1.83) -0.03970922 (1.03) 0.08306149 (2.27)
[JT6].At 0.07525415 (2.23) -0.03598508 (1.07) 0.03844343 (1.08)
[JT7].At 0.03595241 (1.07) -0.07671488 (2.39) 0.03963231 (1.13)
[JT8].At 0.04568599 (1.37) -0.05400060 (1.65) 0.06730600 (1.94)
[JT9]. At 0.03751746 (1.12) -0.02267522 (0.75) 0.07245581 (2.08)
[JT10] At 0.04830328 (1.44) -0.03671785 (1.24) 0.04571174 (1.33)
Observations 9557 4737 8038
Final likelihood -5746.03 -2717.15 -4515.44
Mean likelihood -0.601238 -0.573602 -0.561761

Journey time groups for bngss and other traffic

JT1 - if(time<20.0)

JT2 - if(time>=20.0 and time<25.0)
JT3 - if(time>=25.0 and time<35.0)
JT4 - if(time>=35.0 and time<45.0)
JT5 - if(time>=45.0 and time<55.0)
JT6 - if(time>=55.0 and time<75.0)
JT7 - if(time>=75.0 and time<100.0)

JT8 - if(time>=100.0 and time<140.0)
JT9 - if(time>=140.0 and time<200.0)

JT10 - if(time>=200.0)

Journey time groups for commuting traffic

JT1 - if(time<20.0)

JT2 - if(time>=20.0 and time<25.0)
JT3 - if(time>=25.0 and time<30.0)
JT4 - if(time>=30.0 and time<35.0)
JT5 - if(time>=35.0 and time<40.0)
JT6 - if(time>=40.0 and time<45.0)
JT7 - if(time>=45.0 and time<50.0)



JT8 - if(time>=50.0 and time<60.0)
JT9 - if(time>=60.0 and time<80.0)
JT10 - if(time>=80.0)

A simplification of the models presented in Table 5 is given in Table 9. For business
traffic, the value of time is assumed to E&se with journey codor journeys costing

less than £15: thereafter, the value of tim@ssumed to be constant at that rate. For
commuters, the value of time increases with journey cost up to £5 then remains constant
at that rate. Finally, other traffic is assuin® have an increasing value of time with
journey cost with the unit increase in the \eabf time being lower for journeys costing

over £15.

The threshold-values (£5 adtl5) were chosen simply Hpoking at the coefficients

presented in Table 5. More sophisticated -lioear analysis of the functional form
proved unsuccessful and a more rigorous miasearch is prohibited by the fact that
these model runs often take an hour to complete.

Table 9: Journey Cost (JC) Co-variates on cost

Business Commute Other
At -0.09075110 (28.32) -0.103937(¥5.52) | -0.08514977 (20.11)
M 2.61421566 (7.21) 2.31248149 (6.04) 7.62270232 (7.20)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.01486942 (21.02) -0.0369466K7.44) | -0.02259527 (24.81)
Inertia 0.83066331 (24.93)  0.91103399 (18.26)  0.97294598 (25.15

Income (£,000AC

0.00007585 (6.06)

0.00024946 (7.90)

0.00013234 (8.04)

JC (pence/1000A0c

0.04711684 (8.68)

0.35957557 (8.92)

0.05940301 (7.92)

JC1 (pence/1000Qc

0.05573569 (6.68)

-0.35957557 (n.a.)

-0.04696969 (4.04)

Observations 9557 4737 8038
Final likelihood -5728.89 -2687.01 -4485.32
Mean likelihood -0.599444 -0.567238 -0.558014

If JC > x then JC1=(JC-x) & JC1=0, where x is equalfa5 for other traffic and equal
to £5 for commuters.

5. REIMBURSEMENT

Following the AHCG analysis, twoovariates were introduced on the cost coefficient to
take account of cost reimbursement. The firgimburse as now’ refers to versions of
the questionnaire that did not mentiomavwould pay any additional costs, and the
second ‘reimburse fixed’ refete questionnaires in whichdlrespondents were told that
they would receive a fixed amount of réiorsement. The exact definitions of these
groups can be found on page 166 of the AHGT@lfreport. The base cost coefficient in
Table 10 relates to those who received no reimbursement.



Table 10:

Base Models with ‘Reimbursement’ Co-variates

Business Commute Other
AT -0.09038092 (28.17)| -0.105802¢®4.37) | -0.08636369 (20.51)
M 2.97889464 (7.17) 4.06801521 (4.27 8.19894186 (7.45)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.01191325 (18.45)| -0.018657¢¥8.76) | -0.01714570 (27.11)
Inertia 0.83411967 (24.98) | 0.89273692 (18.14)  0.96558321 (25.09)
Ac.C/10000 0.01597887 (6.28) 0.01084602 (1.37, 0.03413076 (9.83)

[Reimburse as nowAc

0.00356309 (5.66)

0.00714751 (4.56

0.00101914 (0.84)

[Reimburse Fixedjc

0.00184469 (3.00)

0.00750638 (5.26

-0.00008565 (0.07)

Observations 9557 4737 8038
Final likelihood -5758.90 -2740.48 -4527.79
Mean likelinood -0.602585 -0.578526 -0.563298

Respondents receiving financieeimbursement for the cosif their journey where
typically less sensitive to changes in casign other traffic and therefore have higher
values of time. With regartb journey-purpose, both tlt@mmuter and business models
show a significant effect of cost reimbumsent but the effect for ‘other’ traffic is
insignificant. We therefore propose to drop the cost reimbursement term from the latter

model.

6. FRACTION OF TRAVEL TIME

IN CONGESTED CONDITIONS

Table 11 shows the effect of reportedngestion on choice, where congestion is
measured as the ratio of the reported timensjn congested conditions to the reported
total travel time. For all journey-purposes increase in congestion increases the
sensitivity to travel time changes and therefincreases the value of time. The effect
however is only significant for birgess travel — this is sligly at odds with the findings
presented by AHCG who foundgsilficant effects for commuterand time decreases for

‘other’ traffic.

Table 11: Base Models with Congestion Co-variates on Time

Business Commute Other
At -0.08023569 (20.45) -0.1027154267) -0.08596827 (16.43)
M 3.06896087 (7.23) 4.34369718 (4.24) 8.20133415 (7.46)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.00993667 (22.13) -0.016722618.51) -0.01710283 (27.69)
Inertia 0.81898560 (24.71) 0.89022160 (18.15) 0.96433742 (25.06
Ac.C/10000 0.01776582 (6.97) 0.02670294 (3.28) 0.03452273 (9.96)
CongArt -0.05393105 (4.40) -0.00822536 (0.39) -0.00204639 (0.13)
Observations 9557 4737 8038
Final likelihood -5766.48 -2758.63 -4528.14
Mean likelihood -0.603378 -0.582358 -0.563341
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7. VEHICLE OCCUPANCY

Table 12 shows the impact of vehicle goancy on choice. The base time coefficient
relates to those travelling alone. For besw traffic the presence of one or two
passengers has an insignificant negativpaich on choice increasing the respondent’s
sensitivity to time changes, but the presevichree or more passengers has a significant
positive impact, implying a reduction in the value of time. The presence of children
increases the value of time, though it is olgiar why children are present on business
trips. For commuters, the presence of three or more passengers in the vehicle has a strong
positive influence on the value of time (113%riase), and an increase in the number of
child passengers reduces the value of time. For ‘other’ traffic all additional passengers
reduce the value of time but the effect for children is insignificant. These results are not
readily explainable.

Table 12: Base Models with Passenger Co-variates

Business Commute Other
At -0.08957442 (27.06) -0.1040796I3.52) -0.10669391 (17.92)
M 3.22571369 (7.09) 4.04671789 (4.28) 8.00186005 (7.72)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.00984587 (21.98) -0.016839288.45) -0.01737568 (27.91)
Inertia 0.82291708 (24.84) 0.89115712 (18.18) 0.96108363 (24.94)
Ac.C/10000 0.01713047 (6.73) 0.02469873 (3.14) 0.03661137 (10.45)
[One Adult] At -0.00571939 (0.78) -0.01896119 (1.12) 0.03084596 (4.53)
[Two Adults] At -0.02761387 (1.68) 0.01715914 (0.55) 0.03622397 (3.39)
[3 + Adults] At 0.05322213 (1.99) -0.11739316 (2.18) 0.05984945 (3.14)
NChild. At -0.02995743 (2.09) 0.04770101 (2.19) 0.00089588 (0.23)
Observations 9557 4737 8038
Final likelihood -5771.04 -2752.94 -4513.27
Mean likelihood -0.603855 -0.581157 -0.561491

8. TRIP SUB-PURPOSES

Table 13 shows an additional breakdownaefrpey-purpose. For business travel, visiting
a branch office and visiting a client are sfgrantly different from the base ‘other

business’ purposes. For ‘other’ traffic, fuet segmentation of journey-purpose did not
yield significant differences from the base.

11



Table 13:

Base Models with Trip Co-variates

Business Other
At -0.07857486 (12.35) -0.08789090 (19.77)
M 2.94741555 (7.22) 7.92967363 (7.24)
Theta 11.0 (fixed) 11.0 (fixed)
AC -0.00997263 (22.15) -0.01707061 (27.63)
Inertia 0.82446510 (24.87) 0.96637837 (25.12)
Ac.C/10000 0.01738271 (6.77) 0.03383926 (9.71)
[Visiting branch office]At -0.02588769 (2.97) | n.a.
[Visiting Client].At -0.01756517 (2.55) n.a.
[Attending business meetingk | -0-01305582 (1.68) n.a.
[Attending seminarjt -0.01948584 (1.68) n.a.
[Delivering/picking up]At 0.00908478 (1.06) n.a.
[Shop]At n.a. 0.0150983§1.40)
[School] At n.a. 0.0008943%0.07)
Observations 9557 8038
Final likelihood -5764.86 -4527.17
Mean likelihood -0.603208 -0.563221

9. OCCUPATION

Analysis of the data by occupation includea assessment of the self-employed, retired
and part time workers. For business trawsdlf-employed respondents and part time
workers have a lower value of time; for conters, part time workers have a lower value
of time; and for ‘other’ traffic, retired peaplhave lower values of time. The base time
coefficients relate to full-time employed persons.

Table 14: Base Models with Occupation Co-variates

Business Commute Other
At -0.09537196 (27.75) | -0.104828@08.83) -0.09263896 (19.03)
M 2.83697508 (7.29) 3.67638604 (4.37) 7.56678787 (7.68)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.00995005 (22.22) | -0.016989¢p8.37) -0.01713647 (27.73)
Inertia 0.82519154 (24.90) |  0.89343267 (18.26) 0.96491529 (25.0%
Ac.C/10000 0.01725958 (6.79) 0.02637825 (3.31) 0.03301013 (9.48)
[Self-Employed]at | 0.02234711 (4.01) -0.02860446 (1.74) -0.00581547 (0.61)
[Retired] At n.a. n.a. 0.049261655.56)
[Part Time]At 0.00766586 (0.99) 0.06299910 (3.11) -0.00993488 (1.02)
Observations 9557 4737 8038
Final likelihood -5767.49 -2753.49 -4509.45
Mean likelihood -0.603483 -0.581274 -0.561016
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10. AGE GROUP

Analysis of respondent’s age gives intéires results. For business travel, respondents
aged 25-34 value time at a higher rate ttempondents under 25, and all other ages value
time at a lower rate. For commuters, all ages value time less than the under 25s and for
‘other’ respondents time has a higheifueahigher for the under 55s. The base time
coefficients relate to those under 25.

i

~

Table 15: Base Models with Age Group Co-variates

Business Commute Other
At -0.09741155 (9.82) -0.15895937 (7.27) -0.08696648 (9.70)
M 2.95210703 (7.25) 4.25506546 (4.26) 7.46568063 (7.66)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.01001229 (22.25) -0.016854888.61) -0.01720411 (27.76)
Inertia 0.82556204 (24.88) 0.89081358 (18.17) 0.96463381 (25.04
Ac.C/10000 0.01791258 (7.03) 0.02649780 (3.29) 0.03339173 (9.53)

[Age(25-34)]At

-0.00817931 (0.78)

0.05245288 (2.34)

-0.01064862 (0.99)

[Age(35-44)]At

0.00454804 (0.44)

0.06612416 (2.84)

-0.02238604 (2.08)

[Age(45-54)]At

0.01750310 (1.67)

0.05183324 (2.26)

0.00078072 (0.07)

[Age(55-59)]At

0.03500566 (2.51)

0.06872561 (1.97)

0.02384818 (1.60)

[Age(>59)] At 0.03538078 (2.49) 0.08983862 (2.23) 0.03923089 (3.37)
Observations 9557 4737 8038

Final likelihood -5758.43 -2753.73 -4506.74

Mean likelihood -0.602536 -0.581324 -0.560679

There will obviously be correlations witincome and perhaps other socio-economic
characteristics but on face value the results ssigiyi might be sendibto have three age
groups for business travel; <45, 45-54, afdl. For commuters, three different groups
may be sensible: <25, 25-59 and >59. Finfdl ‘other’ traffic, groups may include: <35
and 45-54, 35-44, 55-59 and >59.

11. GENDER

Analysis of gender shows womém have a higher value time for business travel. For
commuting and ‘other’ travel there is ngsificant difference bigveen men and women.

13



Table 16: Base Models with Gender Co-variates

Business Commute Other
At -0.08880142 (27.00) -0.1047318R2.98) -0.08429556 (17.18)
M 3.16202205 (7.25) 4.47854150 (4.39) 8.19244225 (7.46)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.00988636 (22.13) -0.016669(1B8.79) -0.01711567 (27.71)
Inertia 0.82245785 (24.83) 0.89134152 (18.20) 0.96442143 (25.09
Ac.C/10000 0.01742507 (6.87) 0.02634182 (3.29) 0.03463743 (10.01
[Female]At -0.01689746 (2.41) -0.00373655 (0.30) -0.00521503 (0.82)
Observations 9557 4737 8038
Final likelihood -5773.50 -2758.66 -4527.81
Mean likelihood -0.604112 -0.582363 -0.563300
12. HOUSEHOLD TYPE

~ O

Table 17 presents the findings of models logkat the influence of ‘household type’ on
choice and the value of time. In partiayl the models include a dummy variable
indicating the presence of children inetthousehold (child) and a dummy variable
indicating a female driver with children in the household (Fem*Child). With two
exceptions, Child for commuters and Fem*Child‘@her’ traffic, al household type co-
variates proved insignificant.

Table 17: Base Segmentation Models with Household Type Co-variates
Business Commute Other

AT -0.08756662 (24.20) -0.116433(%3.12) -0.08353421 (17.91)

M 3.19220470 (7.18) 4.59054857 (4.39) 8.20810242 (7.57)

Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)

AC -0.00982017 (22.01) -0.016712818.91) -0.01709590 (27.64)

Inertia 0.82263332 (24.84) 0.89425830 (18.23) 0.96360836 (25.06

Ac.C/10000 0.01692657 (6.69) 0.02723365 (3.47) 0.03425823 (9.83)

[Child]. At -0.00778020 (1.69) 0.03047412 (2.56) 0.00106083 (0.13)

[Fem*Child] At

-0.00414972 (0.30)

-0.01529144 (0.62)

-0.02562913 (2.27)

Observations

9557

4737

8038

Final likelihood

-5774.80

-2755.30

-4524.55

Mean likelihood

-0.604249

-0.581655

-0.562895

13. FREE TIME

The data set contains a variable namede‘ftime’ which provides an estimate of the
respondent ‘free time’ in hours per weekfter removing time travelling, in paid

employment and “household work” (though werédaome reservations about the values
of the variable on the data files).
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For all journey-purposes the value of timdisfaas free time increases. The effect is
strongest and most significafur ‘other’ traffic. Even here, however, the specification
suggests only a 0.3% reduction in vot for eadtitional hour of free time. These are less
impressive results than those reportedAbCG, though even so, the AHCG results only

implied a reduction of betweelh4 and 0.6% (according fmrpose) for each additional

hour.
Table 18: Base Models with ‘freetime’ Co-variates

Business Commute Other
At -0.10027631 (14.36) -0.12476863.08) -0.11834501 (11.70)
M 3.08800380 (7.16) 4.19342231 (4.40) 7.93552373 (7.43)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.00986092 (22.08) -0.016709658.69) -0.01701700 (27.56)
Inertia 0.82267903 (24.85) 0.89374690 (18.24) 0.96650718 (25.13)
Ac.C/10000 0.01708525 (6.75) 0.02504541 (3.11) 0.03295680 (9.45)
Free TimeAt 0.00020556 (1.57) 0.00038750 (1.01) 0.00046620 (3.52)
Observations 9557 4737 8038
Final likelihood -5775.25 -2758.20 -4521.94
Mean likelihood -0.604295 -0.582268 -0.562570

14.

PASSENGER OR DRIVER

Table 19 includes a covariate tlessesses the difference betwesspondentswho are
drivers and those who are passengers. Thgadmis only signitant for other traffic
where passengers are shown to have a highee v time than drivers. The base time
coefficient relates to regndents who were Drivers.

Table 19: Base Models with ‘Passenger’ Co-variates

Business Commute Other
AT -0.09875185 (10.79) -0.092302p245) -0.07336813 (12.01)
M 3.13521149 (7.16) 4.36498704 (4.39) 8.07738286 (7.57)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.00982740 (22.00) -0.016754418.58) -0.01719779 (27.78)
Inertia 0.82218789 (24.83) 0.89081352 (18.19) 0.96125705 (24.99)
Ac.C/10000 0.01691302 (6.66) 0.02729632 (3.29) 0.03515769 (10.13)
[Passengerht 0.00865771 (0.95) -0.01412195 (0.69) -0.01919088 (2.89)
Observations 9557 4737 8038
Final likelihood -5776.01 -2758.47 -4523.97
Mean likelihood -0.604375 -0.582324 -0.562823
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15.

FIXED ARRIVAL TIME

It was thought that respondents with a dixarrival time would have different time
constraints to other respondents and therefoghintave different values of time. In all
instances respondents with fikerrival times are more setinge to time changes and
therefore have higher values of time. Tie@ however was insignificant for commuting
traffic. The base time coeffients relate to those who did ri@ve a specific arrival time.

~—~

D

Table 20: Base Models with ‘Fixed Arrival’ Co-variates

Business Commute Other
At -0.08273330 (21.49) -0.104263p01.50) -0.08283299 (18.17)
M 2.98954991 (7.19) 4.45385078 (4.43) 8.00332266 (7.46)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.00990086 (22.14) -0.016676483.80) -0.01713533 (27.74)
Inertia 0.82341557 (24.85) 0.89160881 (18.20) 0.96332166 (25.06
Ac.C/10000 0.01707768 (6.75) 0.02612080 (3.29) 0.03455164 (9.99)

[Fixed Arrival].At

-0.01560986 (3.59)

-0.00286069 (0.27)

-0.01422575 (1.97)

Observations

9557

4737

8038

Final likelihood

-5770.07

-2758.67

-4526.20

Mean likelihood

-0.603753

-0.582365

-0.563101

16.

AREA TYPE

The final market segmentation to be asseds geographical region. For business and
commuting traffic no geographical region was digantly different from the base region

Leicester. For other traffic, however, i&pol, London, Peterborough and Hartlepool all
showed respondents with increased gty to travel time changes.
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Table 21:

Base Models with ‘Area Type’ Co-variates

Business Commute Other
AT -0.08999825 (14.03) -0.10837244 (6.29) -0.06122097 (5.92)
M 3.17870979 (6.97) 4.16241471 (3.97) 7.24129798 (7.26)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.00985320 (22.03) -0.016860818.26) -0.01736828 (27.77)
Inertia 0.82475954 (24.87) 0.89743482 (18.23) 0.96810789 (25.09)
Ac C/10000 0.01715570 (6.74) 0.02597759 (3.26) 0.03532680 (9.83)
[Bristol]. At -0.00083536 (0.10) 0.01947103 (0.94) -0.03391015 (2.85)
[London] At -0.00333506 (0.41) -0.01091013 (0.57) -0.04656881 (3.75)
[Exeter]At -0.00717694 (0.92) 0.01844649 (0.94) -0.00158331 (0.13)
[Chester]At 0.01191477 (1.02) 0.00710252 (0.31) -0.00848348 (0.55)
[Peterboroughpt 0.00310622 (0.43) -0.01193918 (0.53) -0.03676403 (2.92)
[Hartlepool]At -0.00093048 (0.06) -0.08714257 (1.45) -0.04993543 (2.22)
Observations 9557 4737 8038
Final likelihood -5774.25 -2754.14 -4510.48
Mean likelihood -0.604191 -0.581410 -0.561144

17.

FULL SEGMENTATION MODELS

Table 22 shows a set of models containandull set of covariates for each journey-

purpose.

Following this, for each journey-purpose sepdyatall variables that showed very little

statistical significance (t<1.0)ere removed from the model. In addition, for business
trips the three ‘significant’ coefficients foespondent age were carasned to be equal,
i.e. age is represented by two categoties,base and an over 45s group. For commuters,
there appeared to be co-linearity betwg¢aurney time and journey cost causing some
distortion to the Cong (T/1000@} parameter and it was therefore removed. With regard
to commuter’s age, there appears to tieear correlation between age and sensitivity to
travel time variation and therefore the influeraf age can be represented linearly in the
utility function (BageAt). The final segmentation models are shown in Table 23.
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Table 22:

Full Segmentation Models

Business Commute Other

At -0.07881336 (4.20) -0.10082194 (2.31) -0.08783100 (3.95)
M 2.53820697 (7.07) 2.04362255 (7.18) 6.92411124 (7.67)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)

AC -0.01557244 (14.65) -0.03199601 (15.57) -0.02069450 (19.89
Inertia 0.84398768 (24.98) 0.91176390 (17.94) 0.97660862 (24.94
Ac.C/10000 0.02052050 (3.17) 0.00732384 (0.32) 0.02464858 (3.80)
IncomeAc 0.00011923 (4.66) 0.00027860 (5.32) 0.00010046 (3.34)

Income.(C/10000\c

-0.00017305 (1.00)

0.00133201 (1.77)

0.00039403 (1.99)

[Reimburse as nowjc

0.00321312 (4.46)

0.00871640 (5.07)

0.00185627 (1.43)

[Reimburse Fixedjc

0.00133827 (1.87)

0.00797904 (5.09)

0.00007043 (0.06)

CongAt

-0.06270320 (2.34)

-0.16354891 (4.93)

0.00477227 (0.20)

Cong. (T/10000)t

0.04683620 (0.02)

22.54790392 (5.18)

0.28833520 (0.18)

[One Adult]At

0.00379980 (0.45)

-0.03624547 (1.79)

0.02016763 (2.33)

[Two Adults].At

-0.03801208 (2.22)

0.02429444 (0.77)

0.02406854 (2.03)

[Three + Adults]At

0.06058355 (2.13)

-0.16788238 (3.15)

0.05289260 (2.42)

NChildpassAt

-0.03325280 (2.28)

0.04255971 (2.03)

0.01364269 (2.65)

[Visiting branch office]At -0.01776614 (1.99) n.a. n.a.

[Visiting Client].At -0.01361236 (1.92) n.a. n.a.

[Attending business meetingk | -0.01016474 (1.27) n.a. n.a.

[Attending seminarjt -0.01517072 (1.26) n.a. n.a.
[Delivering/picking up]At 0.00498947 (0.56) n.a. n.a.

[Shop] At n.a. n.a. 0.01066644 (0.87)
[School]At n.a. n.a. -0.01399018.92)
[Self Employed]At 0.00298512 (0.44) -0.06512439 (3.85) -0.00891359 (0.85)
[Retired]At n.a. n.a. 0.03035843 (2.00)

[Part Time]At

0.00441761 (0.47)

0.06833219 (3.10)

-0.01075323 (0.98)

[Age(25-34)]At

-0.00713172 (0.66)

0.03370547 (1.73)

-0.00578344 (0.48)

[Age(35-44)]At

0.00454524 (0.40)

0.05592810 (2.67)

-0.02453016 (1.88)

[Age(45-54)]At

0.02006075 (1.82)

0.06592725 (3.30)

0.00735923 (0.59)

[Age(55-59)]At

0.02746510 (1.89)

0.09898955 (3.17)

0.00371374 (0.21)

[Age(>59)] At

0.02115782 (1.42)

0.01089871 (0.56)

0.01238828 (0.73)

[Female]At -0.01595392 (1.89) -0.01818259 (1.32) 0.01676684 (2.01)
[Child].At -0.00717828 (1.35) 0.00962447 (0.78) 0.00965680 (0.88)
[Fem*Child].At 0.01397369 (0.84) -0.00945069 (0.36) -0.03057471 (2.15)
Free TimeAt 0.00006044 (0.31) 0.00038884 (0.88) -0.00015053 (0.72)
Free Time. (T/1000Q\c -0.00151905 (0.16) -0.03162252 (1.06) 0.01160032 (1.61)
[Passengerht 0.01883795 (1.74) -0.04953106 (1.94) 0.00468368 (0.55)
[Fixed Arrival].At -0.01053642 (2.33) -0.00063559 (0.06) -0.00882010 (1.10)
[Bristol].At -0.01048822 (1.27) 0.03444102 (1.78) -0.03222604 (2.58)
[London] At -0.00161743 (0.19) -0.02814937 (1.50) -0.03971986 (3.02)
[Exeter]At -0.01893504 (2.39) 0.00073108 (0.03) -0.00848313 (0.65)
[Chester]At 0.00358503 (0.30) 0.01783314 (0.83) -0.00943680 (0.56)
[Peterboroughjt -0.00929382 (1.19) -0.00675374 (0.31) -0.04884706 (3.49)
[Hartlepool]At -0.01860378 (1.20) -0.09719334 (1.89) -0.07597370 (3.15)
Observations 9557 4737 8038

Final likelihood -5682.27 -2651.15 -4436.32

Mean likelihood -0.594567 -0.559668 -0.551918
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Table 23: Final Segmentation Models

Business Commute Other
At -0.07247345 (6.31) -0.11172058 (3.63) -0.08898125 (10.90
M 2.65692594 (7.32) 2.09164921 (6.58) 7.33113858 (7.88)
Theta 11.0 (fixed) 11.0 (fixed) 11.00000000 (fixed)
Ac -0.01505716 (18.63) -0.03041866 (15.18) -0.02086870 (20.69
Inertia 0.84260059 (24.99) 0.91937403 (18.34) 0.97361330 (25.04)
Ac.C/10000 0.01453205 (5.50) -0.01877169 (0.86) 0.02780943 (4.53)
IncomeAc 0.00009952 (6.79) 0.00026569 (5.19) 0.00011835 (4.06)
Income.(C/10000Ac n.a. 0.00147116 (2.02) 0.00026233 (1.37)
[Reimburse as nowjc 0.00347545 (5.31) 0.00844119 (5.00) 0.00126197 (0.99)
[Reimburse Fixedhc 0.00153989 (2.37) 0.00860871 (5.67) n.a.
CongAt -0.06339823 (4.92) -0.03886143 (1.89) n.a.
Cong.(T/10000)t n.a. n.a. n.a.
[One Adult]At n.a. -0.03892404 (1.98) 0.02586150 (3.63)
[Two Adults] At -0.03889486 (2.30) 0.01609533 (0.54) 0.02869698 (2.61)
[Three + Adultsjat 0.05825788 (2.09) -0.15797723 (3.00) 0.05980719 (3.02)
NChildpassAt -0.02969218 (2.09) 0.03920722 (1.97) 0.01055014 (2.35)
[Visiting branch office]At -0.02119676 (2.70) n.a. n.a.
[Visiting Client].At -0.01667413 (2.89) n.a. n.a.
[Attending business meetingk | -0.01210411 (1.77) n.a. n.a.
[Attending seminarjt -0.02023037 (1.81) n.a. n.a.
[Delivering/picking up]At n.a. n.a. n.a.
[Shop]At n.a. n.a. n.a.
[School]At n.a. n.a. n.a.
[Self Employed]At n.a. -0.070873494.16) n.a.
[Retired]At n.a. n.a. -0.019584(Q7.91)
[Part Time]At n.a. 0.06030537 (3.20) n.a.
[Age(25-34)]At n.a. n.a. n.a.
[Age(35-44)]At n.a. n.a. -0.02980733.68)
[Age(45-54)]At 0.02311295 (4.80) n.a. n.a.
[Age(55-59)]At 0.02311295 (4.80) n.a. n.a.
[Age(>59)] At 0.02311295 (4.80) n.a. n.a.
Age At 0.00180088 (3.85) n.a.
[Female]At -0.01368345 (1.89) -0.02030430 (1.75) 0.01312721 (1.67)
[Child].At -0.00469063 (0.98) n.a. n.a.
[Fem*Child].At n.a. n.a. n.a.
Free TimeAt n.a. n.a. n.a.
Free Time.(T/10000)t n.a. n.a. n.a.
[Passengerht 0.01620286 (1.71) -0.04212454 (1.71) n.a.
[Fixed Arrival].At -0.01077517 (2.40) n.a. -0.02202811 (1.84)
[Bristol]. At -0.01016564 (1.52) 0.02864902 (2.09) -0.01204605 (1.62)
[London] At n.a. -0.00947085 (0.78) -0.01657761 (2.09)
[Exeter]At -0.01868411 (2.93) n.a. n.a.
[Chester]At n.a. n.a. n.a.
[Peterboroughft -0.00949368 (1.56) n.a. -0.02198236 (2.52)
[Hartlepool]At -0.01593284 (1.09) -0.09787864 (2.01) -0.05135583 (2.39)
Observations 9557 4737 8038
Final likelihood -5686.26 -2670.37 -4458.21
Meanlikelihood -0.594984 -0.563727 -0.554641

The coefficients presented in Table 23 are difficult to interpret directly therefore we have
provided a summary of the mamplications below.

(@) Income Effects
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For all three journey-purposes, income is positively related to the value of time and for
commuting and other journey-purposes, thigdffis also positively related to journey
cost.

(b) Rei mbur sement

For all three journey-purposes, cost reimbomsiet reduces the respondents’ sensitivity to
cost change and therefore ieases their value of time.

(© Fraction of travel time in congested conditions

For business and commuting traffic, the vati¢ime increases as the proportion of time
travelling in congested conditions increases.sigmificant effect oicongestion could be
found for ‘other’ traffic.

(d) Vehicle occupancy

For business travel, carrying two adult passengedgor children leads to an increase in
the value of time but having three passendes the opposite effect. The effects are
significant but not strongly so. For commutezarrying one or three or more passengers
increases the value of time bhaving children in the vehiglreduces the value. Finally
for other traffic, the addition of any passengers reduces the value of time.

(e Trip sub-purposes

For business traffic ‘other’ journey-purposes provide a base and with the exception of
delivering/picking up, all remaing sub-purposes lead to amrease in the value of time.

No other trip sub-purpose was found to be significant.

)] Occupation

For commuters, self-employed respondents haigher values of time and part time

workers have lower values, on average. rigjedy, for other journey-purposes, retired
drivers reveal higher values of time.

(99  Agegroup
For commuters and business travel age is thega related to the value of time with

older respondents reporting lower values oftifRor other traffic the relationship is less
clear but respondents in the 35a&ye group report higher values.

(h) Gender

For business and commuting, women responddrd® higher values of time whereas for
other traffic the converse is true.
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(1) Fixed Arrival Time

For business and other traffic, a fixed arrival time increases the sensitivity to time
changes and leads to and increase in the value of time.

0) Area Type

Finally geographical region influences the wahf time but not in any discernable way.
Relative to respondents from Leicester, Londamg Chester, business traffic in Bristol,
Exeter, Peterborough and Hapt®l all report hgher values of time. For commuters,
respondent in London and Hartlepdave higher value thahose in Exeter, Chester or
Peterborough and the in Bristol have lowealues. Other travein Bristol, London,
Peterborough and Hartlepool have higher values than elsewhere.

18. DIRECT ESTIMATION OF ELASTICITIES
This section looks to estimate income andtatice elasticities dicdy from the data
using a non-linear specification ete the cost term is written:

B |nC Minc D|$ Npist
“LInc, ) 1 Dist,

where Ing, Disty are arbitrarily defined Is@ or reference valugthese do not affect the
estimation of the elasticities, but shouldlslize the maximum likelihood calculations]:
the previous covariate effactare removed for this purposgehe results are shown in
Table 24

Table 24: Elasticity Models

Business Commute Other
AT -0.09042196 (28.44) -0.10329480.61) | -0.08241236 (19.64)
M 2.11194804 (7.48) 2.09391119 (6.37) 6.96901854 (6.72)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.01639342 (14.62) -0.024414885.12) | -0.02208297 (18.60)
Inertia 0.82983831 (24.85) 0.90018351 (18.10)  0.96634915 (24.92

Income Elasticity

-0.21054115 (5.45)

-0.36636803 (7.80)

-0.15725053 (5.58)

Distance Elasticity | -0.36100861 (11.22) -0.4094630%29) -0.31718139 (12.16)
Observations 9557 4737 8038

Final likelihood -5722.77 -2690.98 -4474.80

Mean likelihood -0.598804 -0.568078 -0.556706

Note the income and distance elasticity areatheolute values of the coefficients shown
in Table 24. From past evidence the incagtasticities look a littldow and the distance
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elasticities a little highin likelihood terms, these models compare favourably with those
presented earlier in Table 4.

19. ELASTICITY SEGMENTATION BY HOUSEHOLD SIZE
All the models estimated have represented income by the gross income for the

household There is a possibility #t this may confound incomariation with household
size effects. In an attempt to untie this, the elasticity models shown in Tables 24 are

estimated for 6 different market segments based upon household composition.

Category 1. Single adult, no children
Category 2. Single adultith at least one child
Category 3. Two adults, without children
Category 4. Two adults, with at least one child
Category 5. 3+ adtd without children
Category 6. 3+ adults with at least one child
Table 25: Business Elasticity Models by Household Type
Category 1 Category 2 Category 3
At -0.08714719 (10.85) -0.10028388.04) | -0.08227541 (14.44)
M 1.34469928 (3.02) 4.89091439 (2.06) 1.64255995 (4.04)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.01973368 (6.25) | -0.01022368 (1.94) -0.01532901 (7.71)
Inertia 0.78801342 (9.27) 1.00839080 (6.35) 0.94708208 (14.93

Income Elasticity

-0.12476592 (1.26)

-0.30151895 (1.36)

-0.43866664 (5.20)

Distance Elasticity

-0.47513099 (6.50)

-0.18364646 (0.87)

-0.36924048 (5.97)

Observations 1464 449 2748

Final likelinood -884.66 -264.49 -1625.41

Mean likelihood -0.604278 -0.589074 -0.591488
Category 4 Category 5 Category 6

AT -0.10121940 (16.37) -0.097287p11.74) | -0.09675710 (7.64)

M 2.41693039 (4.43) 3.84687942 (3.10) 1.36535173 (2.60)

Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)

AC -0.01843522 (8.75) | -0.01019158 (4.75) -0.01998408 (4.03)

Inertia 0.78043569 (12.64)  0.68591300 (8.20) 0.98067550 (7.06)

Income Elasticity

-0.14311994 (2.02)

-0.09193435 (1.05)

-0.77762586 (4.93)

Distance Elasticity

-0.37599823 (6.77)

-0.07198929 (0.82)

-0.48310007 (4.15)

Observations 2811 1455 606
Final likelihood -1672.18 -881.42 -346.05
Mean likelinood -0.594871 -0.605788 -0.571044

Note there are 24 fewer observations italtothe omitted observations related to a

household with no adults.
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Table 26: Commute ElasticityModels by Household Type

Category 1 Category 2 Category 3
AT -0.13273886 (7.03)| -0.09126423 (3.56) -0.10697874 (8.73)
M 1.52885533 (4.05)| 1.74614176 (1.38) 2.70426637 (2.54)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.02451863 (6.20)| -0.01971689 (2.86) -0.02317787 (7.98)
Inertia 0.98657412 (7.34)| 0.77076326 (3.77) 0.93042604 (10.17
Income Elasticity -0.49829852 (5.49)| -1.26727771 (3.84) -0.34559040 (3.70)
Distance Elasticity -0.28324569 (2.72)| -0.32138878 (1.64) -0.35908037 (4.54)
Observations 725 281 1406
Final likelihood -386.38 -153.43 -799.30
Mean likelihood -0.532938 -0.546016 -0.568493
Category 4 Category 5 Category 6
AT -0.08740457 (6.78)| -0.11541817 (6.45) -0.10746211 (3.79)
M 1.55754210 (3.62)| 4.23222351 (1.56) 2.22517494 (1.61)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.02740633 (7.62)| -0.02678775 (6.68) -0.01780689 (2.63)
Inertia 0.89611474 (9.51)| 0.81961025 (6.34) 1.10335418 (5.39)
Income Elasticity -0.07179580 (0.67)| -0.32203672 (2.39) -0.93394626 (3.67)
Distance Elasticity -0.43373620 (4.49)| -0.70340595 (5.50) 0.17446666 (0.71)
Observations 1301 698 323
Final likelihood -752.04 -397.72 -168.80
Mean likelihood -0.578050 -0.569793 -0.522585

Note there are three fewer @pgations in total, the omitted observations related to a
household with no adults and two children aged 5-16.

The distance elasticity increases with ‘helusld size’” and where significant the income
elasticity is high for howeholds with children.
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Table 27: ‘Other’ Elasticity Models by Household Type

Category 1 Category 2 Category 3
AT -0.07890529 (7.72)| -0.13267683 (6.18) -0.08554321 (10.84
M 10.2347356 (2.78)| 6.64534636 (2.36) 7.24269793 (3.63)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.02520072 (6.95)| -0.02890298 (4.41) -0.02352811 (10.00
Inertia 1.1033732 (11.79)| 1.27072541 (6.47) 1.00618952 (13.42
Income Elasticity -0.06180832 (0.85)| 0.01355866 (0.12) -0.18490655 (3.65)
Distance Elasticity -0.34872785 (5.45)| -0.27795977 (3.10) -0.35740401 (6.88)
Observations 1477 383 2204
Final likelihnood -799.10 -197.14 -1205.66
Mean likelihood -0.541032 -0.514713 -0.547032
Category 4 Category 5 Category 6
AT -0.07739817 (9.04)| -0.07906842 (8.84) -0.07312937 (3.76)
M 6.45838236 (3.10)| 3.99282897 (2.44) 9.71394692 (1.34)
Theta 11.0 (fixed) 11.0 (fixed) 11.0 (fixed)
AC -0.01826740 (9.08)| -0.02446041 (8.70) -0.03001876 (4.31)
Inertia 0.8421183 (10.78) 0.8915803 (10.53 1.04976255 (6.12)
Income Elasticity -0.45138792 (6.58)| 0.00748725 (0.12) 0.24941993 (1.31)
Distance Elasticity -0.34088794 (6.57)| -0.26102234 (4.79) -0.53257411 (2.94)
Observations 1854 1677 428
Final likelinood -1066.55 -930.72 -236.51
Mean likelihood -0.575272 -0.554990 -0.552604

Note there are 15 fewer observations italtothe omitted observations related to a
household with no adults.

Overall, it is difficult to seelear patterns emerging here.

20. CONCLUSIONS
In line with our earlie presentation of the basic modele can also set out the various

estimated models in terms of averalgg-likelihood. For general comparison, we
reproduce some of the key models in the earlier development.
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Table 28: Model Development
Parameters Business = Commuting Other

sample (after exclusions) 9557 4737 8038
MODEL

M1(Linear) (AHCG 4-1) 2 -0.649687 -0.636065 -0.632679
M1l M1 + Inert 3 -0.61318 -0.593923 -0.58873
M2al M2a+Inert 5 -0.612433 -0.5907380.586458
M6d I,CAc cov 4  -0.609129 -0.59114 -0.578161
Perceptll Table 1 5 -0.604423 -0.582373 -0.563342
Inc gps Table 2 11  -0.601159 -0.572667 -0.558460
Inc gps/cost  Table 3 17 -0.599981 -0.569730 -0.556716
Income/cost Table 4 7 -0.601939 -0.573393 -0.558881
“Elasticities” Table 24 6 -0.598804 -0.568078 -0.556706
Income/cost Table 9 7 -0.599444 -0.567238 -0.558014
Full segments Table 23 (27,22,20) -0.594984 -0.563727 -0.554641
AHCG covariates [4-4] (29,31,34) -0.5919 -0.5548  -0.5479

Whereas the “model form” investigationsnprove the average log-likelihood by
something of the order of 0.05, subsequentstigation of covariates yields much less
improvement. The best model estimateddaldvith income and journey length improves
the base model (Perceptll) by about 0.GB6ugh the improvement is greater for
Commuting (0.014). Moving on ta “full segmentation” moderesults in a further
improvement of less than 0.004, with a greatly increased number of parameters.

For comparison, the final AHCG model is inchatd the model specification is, of course,
somewhat different. This shows that more effects can be found, particularly in the
Commuting and Other purposes, where thditamh to the mean log-likelihood is 0.009
and 0.007 respectively. Once again, however itiviglves a substaially greater number

of coefficients.

Our conclusion is that the “elasticitiesiodel represents an acceptably parsimonious
description of the data, while by no meaxhausting all thpossible variation.
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