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Abstract

In this paper we report the results of applying ew nmicroeconomic framework to model time
assignment to activities, goods consumption andenaice jointly (Jara-Diaz and Guevara, 2003;
Jara-Diaz and Guerra, 2003) that identifies theslimetween these decisions and permits the catmulat
of all the components of the subjective value ofetidefined in the literature: the value of timeaas
resource, value of assigning time to a specifigvigtand the value of saving time in a specific
constrained activity. The samples used for the findecome from the six-weeks travel diaries
Mobidrive (Axhauseret al., 2002) and Thurgau (Axhausenal., 2005; Lochlet al., 2005) collected in
Germany and Switzerland, respectively. In this pape present the model system that includes time
assigned to activities and mode choice, a desmnigf the data sets, a summary of the generatiok wo
of necessary variables for the modeling, the resilthe calibrated models, which include the valoke
leisure and work for both samples, besides theegaifi saving and assigning travel time for the Germ
sample, and their analysis and interpretation.

The results are appropriate if we consider thastiigective values of time obtained are coheretit wi
what was expected, positive values of leisure aagatives values of assigning travel time.
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1 Introduction

The modal utilityVj that is central to mode choice models is derivechfthe maximization
of the direct utility within a framework of consuméehaviour that includes both time
assigned to activities and goods consumption. Déaa- (1998) recognises that a common
behavioural framework leads to the simultaneousiBpation of models of time assignment
to activities, goods consumption and mode choiceplving the same type of exogenous
information. With this perspective Jara-Diaz ande@ua (2003) develop a joint model of
time assignment to work (labour supply) and modaaehthat is extended later by Jara-Diaz
and Guerra (2003) by including all activities armbds consumption. This model permits the
calculation of all components of the subjectiveueabf time described by DeSerpa (1971):
the value of time as a resource (value of leiswa&)e of assigning time to a specific activity
and finally, the value of saving time in a specifinstrained activity. The model has been
previously estimated with the data of the TASTIveyr of workers in Santiago, Chile
(Munizagaet al., 2004) collected expressly for this purpose (Geeetal., 2005).

In this paper this new simultaneous model of timsignhment to activities and mode choice
simultaneously is presented and applied to two dets collected in the cities of Karlsruhe,
Germany (Axhausedt al., 2002), and Frauenfeld and villages on the SeernjcBwitzerland
(Axhauseret al., 2005; Lochlet al., 2005).

The paper is organized as follows. In the sectiowe review the general model formulated

by Jara-Diaz and Guerra (2003). A brief descriptidrboth data sets is presented in the
section 3, whereas in the section 4, the calculationecessary additional variables from the
available information is summarized. Later in teet®n 5, the model and results obtained are
presented, which include the values of time assawee and of assigning time to work for

both samples, besides the values of saving angrésgitravel time for the German sample.

Finally the conclusions and some possibilitiesufife investigation are presented.

2 The general model

The model developed by Jara-Diaz and Guerra (2@88} into account four elements. First,
individual utility, which arises from what individls do as well as from the goods they
consume during those activities. Second, a monegédtuconstraint that includes all types of
expenses and incomes. Third, a time budget consti@nally, technical constraints linking
activity, its associated goods consumption andithe assigned to it.
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Let| be the set of freely chosen activitiesthe set of activities assigned a minimum required
TY", T, the time assigned to work the set of freely chosen goodkthe set of goods

consumed with a specific required minimumM"‘, P, is the price of goodl 77, and g the
exponents associated to gdodnd activityi, respectivelyw the wage rateg, the total fixed
expense that does not depend on the goods consunie, non work incomer the total

time available and) a positive constant. The consumers can be seénh&y were solving
the following time assignment and goods consumptjaiimization problem:

Max U = QT,* |‘|Tﬁ !;lT,f’r Q X, !;] X" )

101

S.a.
I, +WT, = > RX,~> PX, -¢c, 20 « A 2)
kOK J[uN]
r-T,~->T-D>T=0 < u (3)
rorR iol
T-T"=20 OrOR « &, (4)
X, =X""=z0 0O <~ ¢ (5)

with the associated Lagrange multipliers. The awtimote that unconstrained activities must
have positive marginal utilities (positie), otherwise they would not be undertaken.

Besides, every unpleasant activity (negafjyewill be assigned the exogenous minimum,

because the sign of its marginal utility is the saimespective of duration. This does not
mean that an activity that is assigned the minintiome is necessarily unpleasant, because the
optimal time assignment could be less than the @xags minimum.

From the first order conditions, Jara-Diaz and Gu€2003) obtain a system of equations for
time assigned to work (6), time assigned to unceirstd activities (7) and goods
consumption (8).

[ rom)pe S s Cig] G (-
T, —{(r Tf)ﬂ+wa}+\/{(r Tf)ﬂ+ Wa} W(Za+2,8 ])(r Tf) (6)

-T,) GOl (7)
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whereA is summation of the exponents over all unrestlietetivities and is the summation
of the exponents over all unrestricted goods. Besid
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Because of the restrictions on consumption (2) tand (3), only up tan-1 time assignment

or good consumption models can be estimated (withe size of the corresponding set of
unrestricted activities or goods). On the otherdhdhe authors note that one can formulate
and estimate as many discrete choice models agtedtvariables exist, unless one choice
determines two or more variables simultaneouslynémy cases one does not know exactly
which activities (or goods) are restricted, whistsomething that can be explored empirically.

Solving the system explicitly for time assignment dctivities and goods consumption
conditional on mode choice, the authors obtain mpression for the conditional modal
indirect utility function. This is obtained by regling the optimal values from equations (6),
(7) and (8) in (1), which yields

a4

V = E{C(WTW* ~G, )l—2a (Z’ __I_W* T )1—2ﬂ.|.v;2 a® p4 |_l (TrMin) |—] (ijin )’VP (10)

10 al

Using this model system allows not only efficiestimation, but also allows us to obtain an
estimate of the different values of time. Thesetheevalue of time as a resource (value of
leisure), the value to assigning time to a sped@ftvity, and the value of saving time for a
specific constrained activity. Following Jara-Dam Guerra (2003), the value of leisure is

(11)

u_(1-28) (wr, -G,
A (-2a)(r-7, -T,)
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the value of assigning time to work is

0U/aT, _(2a+28-19) (wr, -G,)

. 12
A (1-2a) T, (12)

and the value of saving time in a constrained #gthis
K _p_ 00T _(1-26) (WL -G/) 46 (T, -G,) 13

A A A (1-22) (r-T,-T,) (-22) T™

As shown by Bates (1987), Jara-Diaz (2002) and-D&a and Guevara (2003) in different
ways, this last value, in the case of travel, canobtained directly from a discrete choice
model as the ratio between the marginal utilitiesroe and cost.

3 Description of the data sets

The model described in the previous section requegailed information about time assigned
to activities and income structure of the individidesides information concerning variables
of level of service for the mode choice model.Histsection we describe two data sets used
which were collected in Karlsruhe and Halle, Gerjnaand Frauenfeld and villages on the
Seerilicken, Switzerland (part of the Canton ThurgBo}h surveys were based on a six-
weeks travel diary and personal interviews. For @eman sample, only the information
from Karlsruhe was used (159 individuals, of whe€hare workers) (Mobidrive: Axhauseh
al., 2002). The Swiss sample consists of 230 indivajwe which 126 are workers (Thurgau:
Axhausenet al., 2005; Lochlet al., 2005). Table 1 summarises the general charautsrisf
each sample of workers, including all types of vgorkull/part time, self-employed workers
and apprentices.
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Table 1  Aggregate description of the workers ingamples
Characteristic Karlsruhe Thurgau
Gender [% women] 46.7 37.3
Marital status [% married] 63.3 74.6
Most frequent age range 36-45 (28.9 %) 46-55 (33.3
Average household size 2.5 2.5
Average household income [EURO/morith] 2,425.4 6,122.5
Share of full time workers 63.3 77.8
Households with only one worker [%)] 48.1 62.4

! One EURO = 1.956 DEM = 1.521 CHF (average 2003)

Besides the difference in income between both saspghe Swiss sample has a smaller
proportion of female workers and a larger proportad households with a single source of

labour income.

From the available information, the time assignedhe activities carried out between the

trips was calculated. These activities were groupémlfour categories plus travel. This new
aggregation of activities comes from the originap tpurposes. Table 2 shows the link
between the grouping of activities and the originfdrmation.

Table 2  Aggregation of activities

Activities Original trip purposes
Home Home

Work Work related business

Out of home entertainment

Shopping and errands

Travel

School
Work

School
Leisure

Pick up / Drop off
Private business
Shopping: Daily
Shopping: Long term
Other
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For apprentices, the original purpose school wassidered as work, because they earn
money during schooling. For the rest of the workexchool was added to out of home
entertainment.

Figure 1 reports the average time assigned to eiitte five aggregate activity types on each
type of day. It can be seen that in the Swiss sampdlividuals work almost seven hours on a
working day, compared with their German countegpé#mat work an average of almost six
hours. On Saturday both samples work around ong dile on Sunday this time drops to
around 30 minutes. Time assigned to shopping amads is similar for both samples, with a
peak on Saturday. Time assigned to travel is watistable during the three days, although
the Swiss respondents allocate an average of 2Gtesimore per day than in the German
ones, reflecting the rural and small town naturetlugir home residences. The larger
differences are present in the time assigned tcehama out of home entertainment. Although
for both samples, the two activities increase @wieekend, Swiss people allocate an average
of 6 hours and 40 minutes to out of home entertaimtnaluring a weekend day, around two
hours more than their German counterparts.
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Figure 1  Average duration of activity types

Mobidrive, Karlsruhe workers

.

Hours

O Working day O Saturdayl Sunday

Al o

Home

Thurgau, workers

Hours

Work

Out of home  Shopping and Travel
entertainment errands Activities

1o

OWorking day O Saturday® Sunday

e [T

Home

Work

Out of home  Shopping and Travel
entertainment errands Activities

Figure 2 shows the proportion of individuals whar@engaged in a particular activity at any
moment during the day. The most outstanding workliag difference takes place at the lunch
time, since in the German case the workers stdlyeatvork place during this time, whereas
their Swiss counterparts go home. For all threeedypf day, the pattern of out of home
entertainment is more intense in the Swiss san§iepping and errands are concentrated
strongly during Saturday morning for both samplest the German case the predominant
activity during the weekend is staying at home, levtior the Swiss sample out of home
entertainment predominates over home on Saturdgyt ahd Sunday afternoon.
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Figure 2  Time allocation by time of day and typeala¥/

Mobidrive, Karlsruhe workers
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For the German sample, besides the informatiohetravel diary, the necessary variables of
level of service for the calibration of mode chom®dels were generated by Koénig and
Axhausen, 2001. For this work 1159 home to wonbstivere used. These trips do not include
trips with origin or destination equal to “Elsewlgr definition used by the researchers,
because these ones did not have the informationaoiables of level of service for the

available modes. Besides, we did not consider soongbined modes because their choice
percentage was low and it was not possible to gémehe variables of level of service for
these modes in other trips where they might hawen kevailable. The cost of car driving

includes fuel, variable (repair and maintenancej parking costs. The cost of the public
transport is equal to zero if the person has aiputdnsport season ticket and 2.50 DEM
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(1.28 EURO) if the person does not. Walking wadlalke only if the distance of the trip was
less than a maximum defined by age. These maximuers defined to be equal to the
maximum distance observed in trips where the chosete was walk, and were calculated
by purpose and age. Table 3 shows the mode choitaailability and the average costs and
travel time for trips with that mode.

Table 3  Mode choice and availability of Karlsrukerkers in the Mobidrive survey
for home to work trips

Mode Average value for the chosen Percentage of

mode

Time [min] Cost [EURO] Choice Avalilability
Walk 22.2 0 2.1 16.8
Bike 13.5 0 26.1 92.8
Car driver 12.4 4.36 46.9 94.7
Car passenger 6.8 0 1.9 84.0
Public transport 24.1 0.12 23.0 86.0

4  Calculation and imputation of the required variab les

4.1 Wage rate

In both samples the income information recorded atakousehold level and expressed in
ranges which requires the imputation of the wage far each worker inside the same
household necessary. Each income range was assignedn value.

To carry out this estimate a wage rate model wamated using the available information in

the Einkommens- und Ver brauchserhebung 2000 survey (Bundesamt fur Statistik, 2000). This
survey has information about incomes and expermethé representative Swiss household.
Since the idea is to find a model for the individuage rate, only one person households
were used, because in that case the household éensothe personal income. The wage rate
was calculated from the weekly working hours thadividuals reported and their labour

income.

For the specification of the model the followingp&natory variables were included as
dummies:



Calibration of ... August 2005

* Age: expressed in five groups (<=25, 26-35, 364555, >55).
e Gender

« Education: expressed in three levels (low, mediwmah laigh). Table A. 1 describes
the grouping of the educational levels present achesurvey to these new
categories.

* Work schedule: full and part time.

The self-employed were not considered, because theome is frequently missing or
underreported and their working hours are diffid@ltassign. Finally, a linear regression
model was estimated with the following specificatio

log(wage rate)=4,+ 4, (age%-ss ) +8, (39%6-45 ) +f; (age46-55 ) +8, (age> 55 ) +
Bs (man)+p; (education, .. ) +4, (educati 0Ny )+

B (man)(age.;) (educati Oy )+ B, (age.s) (educati Oy )+
Bro ( full time)+p,, ( full time)(education, ..

(14)

Table A. 2 shows the calibrated parameters for riislel. Using these results, a wage rate
was imputed for all individual in a household ahé percentage differences between them
were computed as well. The persons in a househetd vanked on their imputed wage rates.
The way to update the imputed wage rates to mateheported household income was

_ _ _ Iy
I _%\NiVVHi _§\Nb(l+p|w_li = W _Z(l_l_ b WH.

iON

(15)

wherely corresponds to the income of the housegliVH; represents the working hours of
the person inside the househol, w; is the wage rate of the persomside the househol
(these are the unknown variables that we want wat®). w, corresponds to the lowest
imputed wage rate from the wage rate model. Theewatgs of the other household members
can be expressed relative to the base rate ussgdicentages of differencg)(that were
obtained earlier.

This way to calculate the wage rate supposes hieahdusehold income comes totally from
the work, which is the reason why households wélred people were not included since
their income does not come completely from worksdAlhouseholds with apprentices were
not included either, because although apprentiees money the wage rate model is not
suitable for them, because their education is aotpdete, as they are still in training. Finally,
as the wage rate model does not include the sqdfogiad, the households with self employed



Calibration of ... August 2005

people were not included either, because the rgekican not be obtained for those
households.

4.2 Further expenses

The fixed expenses included, which do not dependitbier goods consumed, are travel
expenses, cost of season tickets for public tramspsurance and tax for cars and rents or
mortgages.

It was necessary to calculate the cost of evepyttrat the individuals undertook. For this
calculation, different assumptions were used deipgndn the chosen mode. The different
assumptions are listed in Appendix B for each matteach survey.

A monthly season ticket cost 60 DEM (10.68 EUROKarlsruhe in the survey year. A wider
variety of season tickets were used by the Swigsoredents (See Table B. 2 for the details).

With regard to insurance and tax the assumptiord dgfer from one sample to the other.
For Mobidrive, there was detailed information aabie about the automobiles owned by the
households and therefore this information was uegdther with the available information
from the Mobiplan project (Kreitet al., 2002) to obtain insurance and tax expenditur¢ter
different cars of a household. For Thurgau, theas wo information on the types of cars
owned by the households. This required an apprdiomaAs stated before, tHgnkommens-

und Verbrauchserhebung 2000 survey has information on all expenses of Swiassbbolds,
including car expenditures. Average of the insueamremiums and taxes paid were
calculated for each income level, as defined inTthargau survey and these averages were
used as an approximation. Table B. 3 presents trages by income group.

Both samples had information on rents or mortgagelsextra costs (electricity, heating, etc.).

All household expenditures (housing, cars) werecalled to its members proportional to their
incomes.
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5 Modelling, results and subjective values of time

5.1 Activity model

The activity model was calibrated for both sampldse estimation of the continuous model
in this work includes the equations (6) and (7))sidering the week as the modelling period.
For the modelling, the activities were groupedhia five categories defined in the Table 2:
Work, out of home entertainment, home, shopping emdnds, and travel. The last two
activities were considered to be restricted torth@nimum time. Time assigned to work is
modelled through equation (6), whereas time asdigioe out of home entertainment is
modelled by equation (7). The second unconstraauidity corresponds to home, which is
not modelled as it can be obtained from the timégeti constraint. The variab(@ includes
weekly travel expenses, cost of public transpaxsee tickets, insurance and tax for cars, and
rent/mortgage. As it was explained before, it wagp®sed that the income came entirely
from work, so non work income was not includedha todel.

For the calibration of the model, a Normal additereor term was assumed for each equation,
with different standard deviations for each ondslexpected that the presence of common
parameters and exogenous variables to all the iegsatauses correlation between these.
This should be considered when the system is eg@nd o calibrate the model, a full
information maximum likelihood procedure was usetlowing for correlation and
heteroscedasticity. Both samples were constructetli@ing individual weeks that reported
zero values for the time assigned to the modelletivines (work and out of home
entertainment) and those that presented missingggwate, rent/mortgage) or incorrect
values. To be able to compare this model with thwet jmodel, for the German sample, we
only used the observations that had both typesfofmation, activity and mode choice. As
explained before we did not consider all home tokwdps, which is the reason why some
observations of the activity model did not haveoaresponding observation in the mode
choice model and therefore, they were not incluidethe calibration sample. In the case of
the Swiss sample, there were individuals that Imedréquired information for the activity
model, but we were not able to use all their welsdsause in some of them they did not
report a day or they reported a day as holiday salid not know how they allocated their
time in those days and we could not use the wediksravthat happened. Besides, some
observations in this sample had problems with #pont of the trips, since the starting and
ending time of some trips were not coherent. Fyndilecause of the fact that we used
assumptions for the wage rate and the expensebeopérsons, some observations had
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negative income constraint that can not be usedl.thdse reasons explain the sample
shrinkage from the initial sample size.

5.2 Mode choice model

Using the available information in the German sargdout variables of level of service for
the trips from home to work, the mode choice ofitidviduals was modelled. The main use
of the calibration of the mode choice model is btam a starting point for the joint model
that is described later. The joint model estimafebe activity model and a model of discrete
choice. This is the reason why only one represeetdtip was chosen for each week
modelled in the activity model. This representatitip was chosen, when it was possible,
among the trips done on Tuesday, Wednesday or dawrdf the person reported more than
one chosen mode in that week, a trip with the mostmon choice for that person was used.
Because of the low choice percentages of the madésand car passenger, the alternatives
considered for the modelling include only: Bike (B)ar driver (CD) and Public transport
(PT). The calibrated model corresponds to a muttiiab logit with a modal utility linear in
cost and total trip time.

5.3 Joint model

To estimate the behaviours described before jgimthich in principle are of different nature,
discrete and continuous, the method proposed by(1@83) was used. It allows to include
correlations between different decisions. For otlugplications see Munizaga al. (2003)
and Bhat (1998).

Table 4 shows the calibrated parameters for thierdiit models. The likelihood ratio tests
that compare models with and without correlation #meir critical values are included as
well.

The Swiss activity model allowing for correlatiom @ clear improvement over the version
without correlation. In the German sample, the laesvity model is that one does not include
the correlation between the activities. In the aafse joint model, the LR test shows that the
reported model is better than a version withoutretations, and also that it should be
preferred to one that incorporates all the possiliderete — continuous correlations (six in
total: three modes times two continuous equationlg discrete — continuous correlations
have to be interpreted with the opposite sign, beeaf the transformation proposed by Lee
(1983). Therefore, a negative valuepahdicates the presence of positive correlationvben
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the error of a certain discrete alternative, ifsitchosen, and the continuous variable. For
example, the sign of the first correlation indicatleat unobserved factors which increase the
propensity to choose bike, also increase time asditp work.

The time and cost parameters obtained from thecehonode model, both alone and
incorporated to the joint model, are reasonable péwrameters of the activity model are not
directly interpretable, but only through the valtiest it are possible to obtain from them.
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Table 4  Parameter estimates: activity, mode chamnckjoint models
Thurgau Karlsruhe
Parameter Activity model Activity model Mode cbei Joint model
model

Coeff. t Coeff. t Coeff. t Coeff. t
Bike constant - - - - -0.836 -2.8 -0.692 -24
Car driver constant - - - - -1.210 -2.6 -1.156 -2.6
Time - - - - -0.172 -4.6 -0.165 -4.6
Cost - - - - -0.150 -3.8 -0.138 -3.6
a 0.396 19.9 0.432 23.8 - - 0.429 234
B 0.086 12.1 0.090 10.6 - - 0.076 7.5
0 Out of home
entertainment 0.183 22.0 0.116 10.5 - - 0.152 11.0
o Work 740.40 255 605.38 15.7 - - 613.68 15.2
o Out of home
entertainment 1170.71 25.5 1030.46 15.7 - - 1045.42 15.2
p Work — Out of
home entert. -0.227 -4.3 - - - - - -
p Work — Bike - - - - - - -0.478 -2.8
p Out of home
entertainment - B - - - - - - 0.413 2.7
p Work — PT - - - - - - -0.381 -24
p Out of home
entertainment — PT - - - - - - 0.578 5.1
-2ALL (model —
model without 17.1 16.7
correlations) x%(5%,1)=3.8 - x%(5%,4)=9.5
-2ALL (model —
model with all 2.2 4.5
possible correlations) - x%(5%,1)=3.8 x%(5%,3)=7.8
L(0)* -5580.25 -2095.31 -124.47 -2219.74
L(6) -5357.30 -2006.57 -101.43 -2099.57
p? 0.040 0.042 0.185 0.054
Sample size 75 individuals 26 individuals 26 individuals 26 individuals

325 weeks 124 weeks 124 weeks 124 weeks

! For the activity and joint model includes only tradibration of the standard deviatiomg.(
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From the calibrated parameters, all the componehtfie subjective value of travel time
defined in the literature can be calculated. Thee/af time as a resource and of assigning
time to work can be obtained from the equationg @rid (12), while the value of saving
travel time is calculated as the ratio betweenpammeters of time and cost of the mode
choice model. Finally, it is possible to obtain thalue of assigning travel time as the
difference between the values of time as a resaamdeof saving travel time. Table 5 shows
the average values of time in EURO/hour and aseeptage of the corresponding wage rate
for the different models.

Table5  Average Values of Time [EURO/hour]

Thurgau Karlsruhe
Activity model Activity model Mode choice Joint model
model
Value of Val. t % Val. t % Val. t % Val. t %
wage wage wage wage
Leisurep/A 23.6 56 877 12.1 4.0 119.8 - - - 105 4.1 104.0

Work @U/0T,)/A  -3.3 -0.8 12.3 20 0.7 1938 - - 04 02 40

Saving travel
time k/A - - - - -

352 4.2 3485 36.7 4.23634

Assigning travel
time (QU/OT)/A - - - - - - - - -26.2 -4.6 259.4

Wage rate 26.9 -100.0 10.1 - 100.0 10.1 - 100.0 10.1 - 100.0

One EURO =1.956 DEM = 1.521 CHF (average 2003)

Before analysing these results, the basic equalitedween the subjective values of time for
this type of model are recalled. First, the relatieetween the values of leisure and work can
be expressed as (Jara-Déhal., 2004)

+(aU/aTW)

g (16)

H_w
A

and the relation between the value of leisure aedvalues of saving and assigning time to a
constrained activityis the following one

(ou/oT)

F (17)

KA_H_
A2
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The first observation is that the values of leisimeboth samples are positive as expected,
and that the values of assigning time to work ave statistically significant. The value of
assigning time to work is negative for the Swismgle, reaching 12% of the wage rate,
which indicates that people dislike assigning timevork and that they probably would not
assign time to that activity (or would assign lei§s) was not paid. For the German sample,
this value is positive, but it does not represegteat percentage of the wage rate, reaching
4% in the joint model. The interpretation of theffeiences in these values is not
straightforward, since many variables are involvedrginal utilities for work, wage rates and
marginal utilities if income. Besides, the facttieat, in the samples, the time assigned to
activities is different for each case, so the elilm in (16) takes place at a different points
in the time space. But other cultural and sociatdies can influence as well. The value of
saving travel time is positive, which indicates wi#ingness to pay of people to diminish the
time assigned to this activity. Although this valten seem high, it is in the range of values
obtained by other work using MOBIDRIVE and more lsigficated discrete choice modelling
tools (Cirillo and Axhausen, 2005). Finally, frotretresults of the joint model it is possible to
see that the trip to work generates disutilitytfer individuals of the German sample.

6 Conclusions

The model proposed by Jara-Diaz and Guerra (2@X&stinto account all elements in the
theory of consumer behaviour, while still obtainiag manageable formulation for the
estimation of the models. It permits the calculatod all components of the subjective value
of time and demonstrates with clarity the link beén the time assignment and mode choice
models. The joint estimation of these models allawsetter understanding of the consumers
and to calculate the different values of time diésd in the literature.

From the econometric point of view the calibratfmocess was successful, as all the relevant
parameters turned out to be significant and théusman of correlations proved to be an
improvement in statistical terms in some of the eledThe microeconomic interpretation of
the results is also appropriate if we consider thatsubjective values of time obtained are
coherent with what was expected, positive valuelgisfire and negative values of assigning
travel time. Finally, the values of assigning titoework are different for both samples but
none of them is significantly different from zerAnyhow, the German sample values its
working time positively, whereas Swiss sample ngght, which means they probably would
not assign time to that activity (or would assigsd) if it was not paid.
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The possibilities inherent in these samples argl ght of models are many. It is possible to
mention, for example, to improve the assumptionsuglcosts for the Swiss sample,
especially the regarding ones to cars once oneoidded with more detailed information of
these, and to obtain the necessary variables @l lefvservice for the calibration of the
discrete choice model that allows later the estonabf the joint model, to prove new
aggregations of the activities and definitions atenstrained and constrained activities, to
calibrate different parameters or models for ddfdrtypes of persons, and to replace the
linear approximation used in the modal utility I ttunction presented in the section 2.
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9 Appendixes

Appendix A. Wage rate model

Table A. 1 Classification of education levels iwJanedium and high for the three
samples
Education Einkommens- und MOBIDRIVE THURGAU
level Ver brauchser hebung 2000
Low 1. Obligatorische Schule 0. Noch keine 1. Primarschule
2. Keine Ausbildung 1. Grundschule
abgeschlossen 2. Hauptschule
3. Anlehre (in Betrieb und
Schule)

4. Haushaltlehrjahr, 1 — 2
jahrige Handelsschule

Medium 5. Diplommittelschule, 3. Mittlere Reife 2. Ober-, Real-,
allgemeinbildende Schule4, Eachabitur Sekundarschule
(Verkehrsschule) 5. Abitur 3. Mittelschule

(Gymnasium,
Kantonsschule)

6. Berufslehre (Eidg.

Fahigkeitsausweis) 6. Polytechnische

_ Oberschule

7. Vollzeitberufsschule Lehre 4. Berufsfachschule /
(Handelsmittelschule / ' _ Berufsschule mit
Lehrwerkstétte) 8. Meister Abschluss / Diplom

8. Berufsmaturitat

9. Maturitatsschule,
Lehrerseminar

10. Hohere Berufsausbildung
mit Meisterdiplom, Eidg.
Fachausweis

High 11. Techniker- oder 9. Fachhochschule / 5. Fachhochschule

Fachschule (2 Jahre Padagog. Hochschule g yniversitat

Vollzeit, 3 Jahre Teilzeit) 10, universitat, natur-
12. Hoéhere Fachschule, HTL, /ingenieurwiss.

HWV (3 Jahre Vollzeit Studium
oder 4 Jahre Teilzeit) 11. Universitat, geistes-
13. Universitat, Hochschule /sozialwiss. Studium.

(Lizentiat, Dissertation,
Nachdiplom)
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Table A. 2 Parameter estimates for the wage ratdein
Variable Coefficient t-stat.
Constant 2.939 30.3
Age 26-35 0.154 2.3
Age 36-45 0.287 4.1
Age 46-55 0.345 4.8
Age > 55 0.208 2.6
Man 0.067 1.8
Education medium 0.184 2.0
Education high 0.711 10.0
(Man)(Age > 55)(Education high) 1.660 6.1
(Age > 55)(Education high) -0.685 -3.6
Full time -0.153 -2.0
(Full time)(Education medium) 0.240 2.6
R 0.286
N 524
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Appendix B. Assumptions for trip costs by mode, ins urance and tax
costs for cars and cost of public transport season tickets.

In Mobidrive there is information on trip costs, i includes single tickets for the public
transport, parking cost, taxi, etc. In spite oktht was preferred to calculate the cost again
when this was possible and to use the reportedic@stother case. For THURGAU, there is
no information about trip costs, therefore forth# modes it had to be imputed.

Walk: A cost of zero was assumed for both samples.
Bike: A cost of zero was assumed for both samples.
Car passenger: A cost of zero was assumed fordamtiples.

Others: The reported cost was used for the Gerraample, whereas a cost of zero was
assumed for the Swiss sample.

Motorcycle

_ Price_gasoline*distance] km]
28.6[ knl]

CT

(18)

where the price of the gasoline corresponds taDE®/It. (0.97 EURO/It.) for the German
sample (this value was used by Konig and Axhaugefl) and 1.4 CHF/It. (0.92 EUROI/It.)
for the Swiss sample. The value of 28.6 [km/lt.Jresponds to the consumption of a
motorcycle of 125 cc. Parking cost was not included

Car driver

For the German sample, the researchers of the gprggnerated fuel consumptions and
variable costs per kilometre from the availableigighinformation. In THURGAU, there is
no detailed information on the vehicles. We useawerage values from the German sample
instead. A value of 7.4 1t./100 km. was used fa donsumption and 0.69 DEM/km = 0.54
CHF/km (1 DEM=0.51 EUR=0.78 CHF average 2003) far variable cost. For the value of
the variable cost, which includes repair and maiatee, we tried to use a similar approach to
the used one for the insurance and tax expenset)édaosts of repair and maintenance in the
Einkommens- und Verbrauchserhebung 2000 survegatithave a clear link between income
and cost, and the variation inside of a group way large. Besides, this information was not
available for all households that reported insueaand tax costs. The cost per kilometre
together with the travelled distance of the trijpwkd to calculate the fuel and variable costs
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of the trip. Finally, in German case, a parkingtaeas added if the destination of the trip was
the centre of the city, this value corresponds @EM/hour. For the Swiss sample this cost
was not considered. The gasoline prices used \wersame as that for motorcycle.

Public transport

For both samples, a cost of zero was assumed gdlson had public transport season ticket,
otherwise a cost of 2.50 DEM (1.28 EURO) was usedHe German sample and a cost of 2
CHF (1.31 EURO) for the Swiss sample.

Train

The reported cost was used in the German casethEdbwiss sample, a cost of zero was
assumed if the person had some season ticketddraim, otherwise we used information on
cost of tickets depending on the distance travelled

Combined modes

For the combined modes with car driver, the traekellistance in this mode was calculated
using the average speed observed in the pure nmmbiéha time reported in this stage of the
trip. With this distance, the assumptions mentioradier for the car driver were applied
(without considering parking cost) and the costthefother modes were added. For the Swiss
sample, the same idea was used in combined modlegrain and motorcycle where it was
necessary to know the travelled distance in thiglento obtain the cost of this stage of the
trip. The speeds used in this approach can be isetre Table B. 1. For the rest of the
combined modes, the same assumptions used foutbeypdes were utilized.

Table B. 1 Average speeds by mode [km/hr]
Mode Speed
Mobidrive Thurgau
Car 32.0 45.1
Train - 47.6

Motorcycle - 35.0
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Table B. 2 Types of season tickets for Switzeradidity and prices
Type of ticket Price
1 General season ticket for public transport int&sviand
Adult GA, 2Y class 275, per month
Junior GA, % class 205, per month
Senior GA, 2 class 210, per month
2 Halbtax
Adult 150, per year
3 Gleis7
Gleis 7 combined with one-year Half-Fare Card 289, year
4 Yearly or monthly ticket for train/bus (i.e. Osiw)
Adult, 2" class, 1-2 zones 73, per month
Junior, 2%class, 1-2 zones 53, per month

5 Yearly or monthly ticket for city bus Frauenfeld

Adult 52, per month
Junior 39, per month
Senior 39, per month

6 Multiple ticket (regular)
12 trips 18
7 Route pass
It depends on the route, which were identifiegach case.
8 Other season tickets

Adult 62.5, per month (average
between the prices of 4 and 5)

Junior 46, per month (average
between the prices of 4 and 5)
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Table B. 3 Insurance and tax costs for vehiclembgme group for Thurgau
[CHF/month]
Income Number of Average vehicle tax Average vehicle
observations insurance premiums
<= 2000 22 28.77 66.89
2001 — 3000 76 34.40 67.76
3001 — 4000 133 35.15 79.04
4001 - 5000 189 35.72 93.67
5001 — 7500 713 38.87 102.72
7501 — 10000 759 44.31 116.33
> 10000 1029 52.92 153.75
Total 2921 44.67 121.39




