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Summary
Induced travel demand, a phenomenon that is here defined as additional demand for transport 
services caused by improving travel conditions, has been a topic of research for many years, 
the main focus often being the assessment of side effects of measures bringing about such im-
provements. In contrast to previous studies on the topic, which have focused on specific and 
localised changes, such as the construction of new roads or rail lines in given corridors, and 
the assessment of their side effects, the research described in this thesis chooses a different 
approach.

The goal of the work presented here is to analyse effects of changing generalised costs of 
travel on the generation of travel demand on both aggregate and disaggregate (individual) lev-
els. The demand effects that are of interest in the context of this thesis are considered on an 
individual, respectively cohort, level: the propensity of participating in out-of-home activities, 
or being mobile, on a given day; the number of trips and journeys conducted; and the result-
ing total times spent outside the home location and distances travelled.

The first question to be answered is that of a sufficiently exhaustive representation of the ag-
gregated generalised costs of activity participation (that is, the risk and comfort weighted sum 
of resources consumed for travelling to a certain destination) in terms of times and monetary 
costs. The hedonic, social and monetary profits of participating in activities cannot be cap-
tured in detail here, but various approximations for formulating the generalised costs, and par-
ticularly an approximation via accessibility measures, are shown in the thesis.

The research on the more aggregated level tackles certain limitations of previous research on
the topic, by considering longer time periods and a larger spatial extent than has previously 
been the case. Accessibility measures are used as a central predictor for demand changes, as 
political discussions about transportation projects are often centred around such indicators. A
structural equation model (SEM) was used as an approach to model the effects in a pseudo 
panel data set, which was constructed from historical data dating back to 1974.

The results obtained in the first part of the thesis confirm the hypothesis that travel can be 
considered a normal good, for which lower (generalised) costs bring about higher levels of 
demand. It was shown in particular, that reductions in generalised costs of travel induce a 
higher mobility of cohorts. The hypothesis is sustained by the results from the SEM and the 
significant effects of the variables describing the generalised costs. The substantial effect of 
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these variables on travel demand generation is certainly an interesting finding, and has, to the 
best knowledge of the author, previously not been substantiated in this form.

The apparent absence of cohort effects in the models (that is, of different birth year cohorts 
exhibiting behaving significantly different levels of demand at the same age) is surprising.
The results for Switzerland, which are presented here, indicate that the higher mobility of el-
derly people is strongly driven by the improved access to destinations. This might give new 
impulses to planning debates, as the elderly should be increasingly interested in returning to 
well-connected urban areas which are associated with lower mobility costs.

Regarding the expected effects of changes in generalised costs, the increases of general acces-
sibility levels that can be expected from local projects are quite small. Thus, although a signif-
icant induced demand effect is shown in the model results, it is found that the measures that 
would be necessary to bring about substantial enough changes to the transport system to ef-
fectively trigger the demand reactions in a broad spatial extent would be onerous. The effects 
might very well be discernible in a local context, however.

In the second part of the thesis, short-term effects of changes to the transport infrastructure 
and the resulting changes in travel times were assessed. A five day travel diary survey was 
conducted, based on which the general conditions for carrying out a schedule were modified. 
Thus, new generalised costs for the schedule were implied. The respondents were then asked 
to progressively adapt their schedules to these new conditions in an interactive survey soft-
ware environment.

The respondents to this stated adaptation survey did in large parts adapt their behaviour, but 
proceeded very selectively in doing so. The predominant adaptations of the reported schedules 
are limited to the departure time from the home location, ensuring a timely arrival at the vari-
ous destinations. Another popular means of compensating for the lost or gained time implied 
by the posed scenarios is adapting the trip durations themselves, by changing destinations 
and/or travel modes.

On the other hand, reactions which would be pivotal for induced travel effects as they are de-
fined here, that is additional or cancelled activities, trips and tours, are only rarely reported,
despite the substantial interference that the presented scenarios impose on the respondents’ 
schedules. Selected examples of model applications show that such effects occur only mar-
ginally and are spatially restricted, thus confirming the findings from the aggregate analysis in 
the first part of the study.
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It can be concluded that travellers are reluctant to adapt their routine in the short term and 
look for ways to react to the imposed scenarios by the least radical means possible.

All the same, roughly a fifth of implied time gains is re-invested in longer travel. This can be 
partly explained by the mentioned mode choice changes, but also by destination choice ef-
fects. Part of the population would be willing to conduct trips to further away destinations if 
the corresponding speed gains were to be attained. Thus, a weak induced travel effects can be 
seen here, that is however difficult to quantify.

Overall, the second part of the study confirms the results from the aggregated analysis in the 
first part, where substantial effects were shown, but it was demonstrated that the measures 
necessary to bring about those effects, that is to significantly increase the general accessibility 
levels, would be onerous.

It can be concluded that the adaptation of individuals’ behaviour is inhibited by a certain iner-
tia in both the short and in the long term. Individuals’ schedules remain very similar in their 
structures even after the implementation of extreme scenarios, and adaptations occur mainly 
in choosing a different departure time (which changes the distribution of demand over the 
day, but not its overall magnitude), different travel modes (following the logic that has been 
quantified in numerous trip-based stated choice studies), and different destinations (which is 
the only dimension bringing about an induced demand effect in the sense of varying total dis-
tances travelled).

For the rough assessment of the effects of localised projects, the demand elasticities, which 
are presented for both the short- and the long-term model, can be used. If data on the current 
demand is available in the form of individuals’ daily schedules (for example in the form of 
travel diaries), the model presented in the second part can be used for a detailed forecast of 
behavioural adaptations, which allows not only an assessment of effects on total demand, but 
also of its distribution over a day (via the changed departure times).
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Zusammenfassung
Neuverkehr oder induzierter Verkehr, ein Phänomen welches hier als zusätzliche durch Ver-
besserungen der Verkehrsbedingungen erzeugte Verkehrsnachfrage definiert ist, ist in der 
Verkehrsmodellierung seit Jahren Thema verschiedener Forschungsprojekte. Diese kon-
zentrierten sich bisher hauptsächlich auf die Bewertung der Nebeneffekte einzelner Mass-
nahmen, welche solche Verbesserungen erzeugen. Im Vergleich zu früheren Studien, welche 
sich meist mit spezifischen und lokalen Veränderungen, wie z.B. dem Bau neuer Strassen o-
der Bahnlinien in bestimmten Korridoren, und vor allem mit deren Nebeneffekten, beschäftig-
ten, weichen die Zielsetzungen in der hier vorgelegten Arbeit methodisch und thematisch ab.

Es soll aufgezeigt werden, wie sich Veränderungen in den generalisierten Kosten der Ver-
kehrsteilnahme auf die Erzeugung der Verkehrsnachfrage auswirken. Die interessierenden 
Dimensionen der Nachfrage liegen hier auf der Seite derer Erzeugung auf Individuen- bzw. 
Kohortenebene: die Wahrscheinlichkeit, an einem bestimmten Tag eine oder mehrere Aktivi-
täten ausser Haus zu unternehmen, also mobil zu sein; die Anzahl der unternommenen Aktivi-
täten und der damit einhergehenden Wege, Wegeketten und Reisen; und die daraus resultie-
renden gesamthaft ausser Haus verbrachten Dauern und zurückgelegten Entfernungen.

Die erste Frage, welche hier beantwortet werden soll, ist jene nach einer ausreichend vollstän-
digen Abbildung der aggregierten generalisierten Kosten der Verkehrsteilnahme, also der risi-
ko- und komfortgewichteten Summe der für das Reisen verbrauchten Ressourcen (Zeit und 
monetäre Kosten). Die hedonischen, sozialen und monetären Profite der Teilnahme an einzel-
nen Aktivitäten können hier nicht im Detail erfasst werden. Im Bericht werden verschiedene 
Ansätze für die Formulierung der generalisierten Kosten aufgegriffen.

Das Ziel der Arbeit ist es des Weiteren, die in der Literatur aufgetretenen Probleme  aufzu-
greifen und die Problematik unter Einbezug längerer Zeitperioden und einer grösseren räumli-
chen Ausdehnung anzugehen, als dies bisher der Fall war. Als zentrale Grösse für die Erklä-
rung der Nachfrageveränderungen werden Erreichbarkeitsgrössen verwendet, da diese auch in 
politischen Diskussionen über Verkehrsmassnahmen immer wieder auftauchen.

Die Ergebnisse, welche im ersten Teil der Studie erzielt wurden, bestätigen die getätigten Hy-
pothesen. Es konnte gezeigt werden, dass Reduktionen der generalisierten Kosten der Ver-
kehrsteilnahme auf Kohortenebene höhere Mobilität induzieren. Dies wird durch die Modell-
ergebnisse und insbesondere die signifikanten Effekte der Erreichbarkeit und des Preisindex, 
welche zur Abbildung der generalisierten Kosten verwendet wurden, bestätigt. Dieser sub-
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stantielle Neuverkehr auf den oberen Ebenen der Verkehrsnachfrage ist sicher ein interessan-
ter Umstand, der unseres Wissens in dieser Form bisher noch nicht nachgewiesen worden ist.

Ebenfalls interessant und nicht weniger überraschend ist die Abwesenheit von Generationsef-
fekten in den Modellen. Die Resultate für die Schweiz, welcher hier vorgestellt wurden, deu-
ten darauf hin, dass die Preisveränderungen und die verbesserten Erreichbarkeiten für die Er-
zeugung der erhöhten Nachfrage der älteren Bevölkerung verantwortlich sind. Dies dürfte 
Überlegungen zu Planungsmassnahmen einen neuen Impuls geben, da ältere Personen ver-
mehrt an der Rückkehr an gut erreichbare und mit geringen Verkehrskosten verbundene urba-
ne Orte interessiert sein dürfte.

Im zweiten Teil der Dissertation wurde untersucht, welche kurzfristigen Effekte bei Verände-
rungen des Verkehrsangebots und den damit einhergehenden Reisezeitveränderungen zu er-
warten sind. Ein einwöchiges Verkehrstagebuch wurde durchgeführt, auf dessen Basis die 
Rahmenbedingungen für einen ausgewählten Tag verändert wurden. So wurden neue genera-
lisierte Kosten für den geplanten Tagesablauf erzeugt. Die Befragten wurden dann gebeten, 
ihre Tagesabläufe der neuen hypothetischen Situation interaktiv (mittels eines Software-
Tools) anzupassen.

Hier zeigt sich, dass die Teilnehmenden an der Befragung zwar Reaktionen auf die ihnen vor-
gelegten Szenarien angeben, hierbei jedoch sehr selektiv vorgehen. Die prominentesten An-
passungen der berichteten Tagespläne beschränken sich auf eine Anpassung der Abfahrtszeit 
von zu Hause, um zur gewünschten Zeit am Ort der ersten Aktivitätsausübung einzutreffen. 
Ebenfalls häufig wird die gewonnene bzw. verlorene Reisezeit durch Anpassungen bei den 
Wegen selber kompensiert, also über Veränderungen der Verkehrsmittel- oder Zielwahl.

Auf der anderen Seite zeigt sich, dass die Reaktionen, welche zentral für Effekt des induzier-
ten Verkehrs wären, also zusätzlich durchgeführte oder weggelassene Aktivitäten, Wege und 
Reisen, trotz der teilweise sehr starken Eingriffe in die Tagespläne nur in sehr wenigen Fällen 
als gangbare Alternative angesehen werden. In einigen Beispielen der Modellanwendung 
konnte gezeigt werden, dass die Modellergebnisse die Existenz solcher Effekte nur sehr ge-
ringfügig, und sehr lokalisiert, aufzeigen.

Es ist daraus zu schliessen, dass Verkehrsteilnehmer ihre Routine kurzfristig nur sehr ungern 
verändern möchten, und nach Wegen suchen, mit weniger starken Verhaltensänderungen auf 
die gestellten Szenarien zu reagieren. Induzierter Verkehr im Sinne der Generierung zusätzli-
cher Wege kann also hier nicht nachgewiesen werden.
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Auf der anderen Seite wird durchschnittlich immerhin ein Fünftel der gewonnenen Reisezeit 
in zusätzliches Reisen re-investiert; dies ist teilweise auf Effekte der Verkehrsmittelwahl, 
teilweise jedoch auch auf Zielwahleffekte, zurückzuführen. Ein Teil der Bevölkerung würde 
also bei Verkürzungen der Reisezeit, bzw. bei Erhöhungen der Geschwindigkeiten, weitere 
Wege in Betracht ziehen. Auf diesem Niveau ist also ein schwacher Effekt der induzierten 
Nachfrage zu sehen, welcher jedoch nur schwer quantifizierbar ist.

Insgesamt konnten im zweiten Teil die Ergebnisse aus dem ersten Teil der Arbeit, also der 
aggregierten Analyse, bestätigt werden. Hier wurden zwar substantielle Reaktionen in der 
Verkehrserzeugung gemessen, jedoch nachgewiesen, dass die für die Auslösung dieser Effek-
te notwendige Erhöhung der allgemeinen Erreichbarkeiten in absehbarer Zukunft nur sehr ge-
ring sein dürfte.

Im Endeffekt kann also darauf geschlossen werden, dass Verkehrsteilnehmer sowohl kurz- als 
auch langfristig in ihrem Verhalten eher träge und resistent gegen grosse Veränderungen sind, 
was die hier betrachteten relevanten Variablen der Verkehrserzeugung anbelangt. Die Struktu-
ren der Tagespläne bleiben in sich ähnlich, während Anpassungen des Verhaltens bei der
Wahl der Abfahrtszeit (welche die Verteilung der Nachfrage über den Tag, nicht jedoch deren 
Gesamtmenge beeinflusst), der Verkehrsmittelwahl (also Umsteigeeffekte, welche in früheren 
Studien detailliert und umfangreich erfasst sind) und der Zielwahl (welche als einziges Effek-
te des induzierten Verkehrs im Sinne der Veränderung der Weglängenverteilung mit sich 
bringt) stattfinden.

Zur Abschätzung der untersuchten Effekte für lokale Projekte wird empfohlen, als grobe Nä-
herung die ausgewiesenen Nachfrageelastizitäten zu verwenden. Wenn die Nachfrage in Form 
von Tagesplänen einzelner Individuen (beispielsweise in Form von Verkehrstagebüchern) und 
nicht nur als Nachfragematrizen vorliegt, kann das im zweiten Teil vorgestellte Modell für ei-
ne detailliertere Prognose der Verhaltensänderungen verwendet werden.
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1 Introduction

1.1 Motivation

This thesis is in large parts derived from a research project commissioned by the Swiss Feder-
al Roads Office (Bundesamt für Strassen – ASTRA), steered by the Swiss Association of 
Road and Transportation Experts (Schweizerische Vereinigung der Verkehrsingenieure und 
Verkehrsexperten – SVI) and conducted by the author at the Institute for Transport Planning 
and Systems (Institut für Verkehrsplanung und Transportsysteme – IVT), titled Ak-
tivitätenorientierte Analyse des Neuverkehrs (SVI 2004/012).

In the most general possible terms, the thesis’ objective is to test hypotheses of how individu-
als’ travel behaviour reacts to changes in generalised costs (that is, the weighted sum of fac-
tors such as travel times and monetary costs) of participating in activities.

The premise underlying all the work described herein is that travel demand is derived from a
need of individuals to participate in activities, and the decisions leading to the construction of 
those individuals’ daily schedules. In that sense, the models that are used here to explain 
changes in travel demand are activity based models (Bowman and Ben-Akiva, 2000; Ax-
hausen, 2000), in which travel behaviour is modelled based on entire days (and their sched-
ules), which is an extension compared to the analysis of disaggregate trips that is the practice 
in the classic four step model of transport planning (McNally, 2000).

The demand changes described above are here captured by the general term of induced travel 
demand. The phenomenon is here defined as additional demand for transport services caused 
by improving travel conditions. Induced demand has been the topic of numerous studies in the 
transportation research field, where the main focus has often been the assessment of side ef-
fects of measures bringing about the improved conditions. Many previous studies have fo-
cused on specific and localised changes, such as the construction of new roads or rail lines in 
given corridors, and the assessment of their side effects, typically in terms of added mileage 
by the concerned transport modes.

The research described in this thesis deals with the aggregate effects of changing generalised 
costs of travel on overall demand generation: the propensity of participating in out-of-home 
activities, or being mobile on a given day; the number of trips and journeys conducted; and 
the resulting total times spent outside the home location and distances travelled. Changes in 
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destination choice are considered a consequence of re-allocating the modified available time 
budget. Mode choice is covered as a side effect of the same time budget re-allocation, while 
route choice is left out altogether, as the study data lacks the necessary geographic infor-
mation.

Generalised cost is understood as the risk- and comfort-weighted sum of decision relevant re-
sources consumed for travel: first and foremost, time; and, where relevant, monetary expendi-
tures. The hedonic, social and monetary benefits of the associated activities motivating the 
travel cannot be captured in detail, but are approximated via appropriate measures.

The main objectives of the thesis are:

to widen the scope of research on induced travel demand from the assessment of local 
projects to a global scale;

to explore innovative (data collection and modelling) methods to conduct the analyses
and lay the groundwork for those assessments in the form of model parameters and 
demand elasticities;

to consider two, a priori very different, approaches to analysing the behavioural dy-
namics, and carry out a comparison of the results between both methods;

Generally formulated, the goal is to explain induced travel demand effects in an activity-based 
context, that is deriving the demand for travel from the need of participating in activities, and 
correctly accounting for this fact in modelling how individuals’ behaviour changes when sub-
stantial changes in generalised costs of travel occur.

1.2 The term “induced travel demand”

Definitions of what changes constitute induced demand are diverging in the literature. There-
fore, the dimensions which are of relevance to the work presented in this thesis will be delim-
ited here. This definition encompasses the dimensions in which induced travel demand is de-
scribed. Literature most often measures induced demand as additional car trips (Goodwin, 
1996) or additional vehicle miles travelled (Noland and Lewison, 2000) in a certain corridor 
or in a delimited region by comparing count data from certain road sections before and after 
the realisation of a specific measure.

As has been mentioned in the previous paragraph, these changes are the result of a decision 
process of individual actors. The process begins with the decision to conduct an activity, and 
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encompasses the choice of a location where to conduct that activity, a departure time, a travel 
mode and a route to reach the destination. Hills (1996) is an early example of a clear defini-
tion of these various dimensions of travel demand, where different definitions of induced de-
mand and the differences between newly generated and diverted travel are discussed, and the 
difficulty to effectively discern between those effects pointed out.

Table 1 is an attempt to reproduce Hills’ (1996) representation of the various dimensions of 
induced travel, and to delimit those levels that are relevant to the research described in this 
thesis. The table shows which type of induced demand (additional trips, longer distances, or 
both) occur in various scenarios. The research presented here concerns only induced demand 
that is generated at fixed trip origins – demand shifts that result from changes of residential 
location or workplace are not included in the analysis.

Table 1 Definition of „induced travel demand“

Change
Origins

Given New

None
no new trips no new trips

no changes in distances changes in distances

Frequency
additional trips additional trips

potential changes in distances changes in distances

Destinations
no additional trips additional trips

potential changes in distances changes in distances

Departure time
no additional trips no additional trips

no changes in distances changes in distances

Travel mode
no additional trips no additional trips

potential changes in distances changes in distances

Travel route
no additional trips no additional trips

changes in distances changes in distances

Source: adapted from Hills (1996)

The main focus is on the generation of new trips (regardless of the chosen mode) to given des-
tinations, which is directly linked to the evolution of the frequency of activity participation. 
Thus, the analyses are limited to the elements of the table that are highlighted in grey. These 
effects are assessed both on an aggregate level, where the total volumes of demand are of in-
terest; and on an individual level, where the decision processes leading to the participation in 
activities and thus the generation of travel demand are considered.
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1.3 Structure of the thesis

The thesis is broadly subdivided into two distinct parts, each presenting a different approach 
to modelling induced travel demand:

The first part (chapter 2) presents a methodology based on historical data, and assesses 
the existence and significance of induced travel effects over a span of thirty years.

The second part (chapter 3) deals with a short-term analysis of induced travel effects. 
It is based on the application of an innovative data collection method, which allows a 
detailed assessment of the effects in an activity based context.

Each of the chapters begins with an overview of the research objectives and references to pre-
vious work on the respective topics, before describing the methodology, the data used for the 
analyses, and results from the estimated models. Those results are applied to case studies in 
order to assess overall induced demand effects. At the end of chapter 3, the results from the 
short- and long-term analyses are compared and harmonised.

A brief summary and discussion of the main findings concludes the thesis (chapter 4).

1.4 Publications

The following is a list of contributions to journals, papers presented at conferences and work-
ing papers that were written over the course of the work described here, and which this thesis 
heavily draws on. The references specifically related to the research described in the two dis-
tinct parts of the thesis are again listed at the beginning of each corresponding chapter.

Axhausen, K.W. and C. Weis (2010) Predicting response rate: A natural experiment, Survey 
Practice, 3 (2), http://surveypractice.org/2010/04.

Jäggi, B., C. Weis and K.W. Axhausen (2011) Stated preference and multiple discrete-
continuous choice models: An analysis of residuals, paper presented at the 2nd

International Choice Modelling Conference, Leeds, July 2011.

Weis, C. (2008) Modelling travel behaviour using pseudo panel data - First results, paper 
presented at the 8th Swiss Transport Conference, Monte Veritá, October 2008.

Weis, C. (2009) Structural equation modelling of travel behaviour dynamics using a pseudo 
panel approach, paper presented at the 12th International Conference on Travel 
Behaviour Research, Jaipur, December 2009.



Activity oriented modelling of short- and long-term dynamics of travel behaviour ________________________________ June 2012

5 

Weis, C. and K.W. Axhausen (2009) Induced travel demand: Evidence from a pseudo panel 
data based structural equation model, Research in Transportation Economics, 25 (1) 8-
18.

Weis, C. and K.W. Axhausen (2009) Aktivitätenorientierte Analyse des Neuverkehrs,
intermediate report for SVI 2004/012, IVT, ETH Zurich, Zurich.

Weis, C. and K.W. Axhausen (2011) Aktivitätenorientierte Analyse des Neuverkehrs, final 
report SVI 2004/012, Schriftenreihe, UVEK, Bern, forthcoming.

Weis, C. and K.W. Axhausen (2011) Assessing changes in travel behaviour induced by 
modified travel times: A stated adaptation survey and modelling approach, disP – The 
Planning Review (forthcoming).

Weis, C., C. Dobler and K.W. Axhausen (2010) Stated adaptation survey of activity 
scheduling reactions to changing travel conditions: Field work and preliminary results, 
paper presented at the 12th World Conference on Transportation Research, Lisbon, July 
2010.

Weis, C., C. Dobler and K.W. Axhausen (2010) An interactive stated adaptation survey of 
activity scheduling decisions, Arbeitsberichte Verkehrs- und Raumplanung, 637, IVT, 
ETH Zurich, Zurich.

Weis, C., C. Dobler and K.W. Axhausen (2011) A stated adaptation approach to surveying 
activity scheduling decisions, paper presented at the 9th International Conference on 
Transport Survey Methods, Termas de Puyehue, November 2011.
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2 Long-term dynamics
This chapter is largely based on the following publications:

Weis, C. (2008) Modelling travel behaviour using pseudo panel data - First results, paper 
presented at the 8th Swiss Transport Conference, Monte Veritá, October 2008.

Weis, C. and K.W. Axhausen (2009) Induced travel demand: Evidence from a pseudo panel 
data based structural equation model, Research in Transportation Economics, 25 (1) 8-
18.

Weis, C. (2009) Structural equation modelling of travel behaviour dynamics using a pseudo 
panel approach, paper presented at the 12th International Conference on Travel 
Behaviour Research, Jaipur, December 2009.

2.1 Overview

The objective of the research described here is to overcome the limitations of previous work 
on induced travel demand by addressing the issue over a longer time period and a wider spa-
tial scale than usual and using accessibility measures as central explanatory variables.

Accessibility is central in discussions around transportation infrastructure projects and policy 
making. It can be measured as the log sum term of a suitable destination and mode choice 
model (Fröhlich, 2008a, 2008b; Ben-Akiva and Lerman, 1985) capturing both the changes in 
the generalised costs of travel (via the mode choice and assignment element), as well as the 
changes in the number and the spatial distribution of the opportunities (destinations or per-
sons). Accessibility can therefore be considered a good overall measure of the quality of ser-
vice offered by a transport system.

As has been mentioned in the introductory chapter, the assumption here is that travel in its 
various dimensions is a normal good in the economic sense (Varian, 1992), which means that 
travellers respond to reductions in generalised costs of travel by increasing their consumption. 
It is also assumed that the observed travel behaviour reflects equilibrium conditions both be-
haviourally, as well as concerning the underlying network flows and travel times.
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Individuals can adapt their travel behaviour1 after a change in the generalised costs on several 
levels:

the decision to leave home, that is to participate in out-of-home activities on a given day;

the adaptation of the number of out-of-home activities;

the combination of activities and trips into tours (journeys) or trip chains;

the scheduling (timing and duration) of activities;

the choice of locations for carrying out activities (destination choice);

and the choice of an origin-destination connection (mode and route choice).

Given the large number of existing studies dealing with the latter two dimensions, which ef-
fectively constitute the second to fourth steps in the classic four step model (see Ortúzar and 
Willumsen, 2001), and the very locally specific and personal nature of the scheduling process, 
the work described in this thesis focuses on an aggregate analysis of the first levels that de-
scribe the travel demand generation process.

When generalised costs decrease, time or monetary resources (or both) for participating in 
travel and non-travel activities increase. It is reasonable to expect that this shift in resource 
availability will lead to a number of demand generation responses, namely:

that the propensity of participating in out-of-home activities will increase;

that the number and duration of out-of-home activities and trips will increase;

and that the demand for transport services (distances travelled) will increase.

The number of trips per journey or home-to-home tour (succession of trips, or trip chains,
starting and ending at the home location; see Axhausen, 2008) may decrease, as returning to 
the home location after carrying out each outside activity becomes cheaper (in terms of gener-
alised costs). However, there is also reason in arguing that the number might increase, as ac-
tivities and the corresponding trips that are added to an individual’s schedule are integrated 
into existing trip chains rather than generating new journeys.

1 For the classification of movement into consistent elements, see Axhausen (2008).
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Ideally, a long-term analysis of the effects stipulated above would require a longitudinal panel 
data set in association with a careful description of the levels and changes in generalised costs
covering both a long enough time period and a large enough area to obtain enough variation 
for the detection of the effects of any change. Such combined data sets are however not avail-
able anywhere. The German Mobility Panel (1994-2009; see Zumkeller et al., 2009) and the 
Puget Sound Panel (1990-2003; see Yee and Niemeier, 2000; Goulias et al., 2003) would be 
suitable in terms of duration and, with some reservation, geographical spread, but both are 
missing the necessary panels of network models suitable for capturing or approximating the 
generalised cost variables.

Therefore, a second-best approach is used here, where a so-called pseudo panel (Deaton, 
1985; Mason and Wolfinger, 2004) data set is constructed. The approach has seen common 
use in transportation research in recent years (see for example Bush, 2003, 2005; Dargay, 
2002, 2007; Huang, 2005, 2007). For the construction of a pseudo panel, individuals from dif-
ferent cross-sectional surveys are aggregated into groups, or cohorts, with a consistent defini-
tion. The mean members of these groups are then treated as individuals, which are followed 
over time, thus constructing an artificial panel data set from a series of cross sectional sur-
veys. The values of the necessary variables for those artificial individuals are computed as the 
cohort means for each group.

The modelling framework that was used for testing the hypotheses formulated above is a 
structural equation model (SEM), which allows to model the effects of all exogenous (inde-
pendent) variables on all endogenous (dependent) variables simultaneously, and also to ac-
count for both error correlations and direct effects between the endogenous variables.

A series of general linear models (GLM) is used to test the hypotheses mentioned above sep-
arately for all the relevant dimensions. Based on these test models, the SEM is formulated. To 
describe and compare the effects on the various levels of travel demand, demand elasticities 
are computed from the regression weights (as total effects accounting for the mutual influ-
ences of the exogenous variables), thus providing consistent measures for quantifying the ef-
fects mentioned above.

As has been mentioned, effects of localised projects, such as trips that are diverted to alterna-
tive routes or influences of a measure on mode choice, are not the primary scope of this thesis.
Although they generate induced travel in the sense of additional or re-distributed traffic vol-
umes, they have been thoroughly analysed in previous studies. Furthermore, their detailed 
analysis would require a different data collection approach than the one chosen here. Howev-
er, the effects of such measures on the dimensions of travel that are considered here can be 
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appraised with the models presented in this chapter, by the computation of new accessibilities 
and the application of the corresponding demand elasticities.

2.2 Literature review

Goodwin (1992, 1996), Noland and Lewison (2000), Graham and Glaister (2004) and Good-
win et al. (2004) provide overviews of known income, price and supply (lane miles) elastici-
ties of car ownership and the demand for transport services (often measured in vehicle miles 
travelled, or VMT). Similar analyses can be found in the works of Oum (1992), Cerwenka 
and Hauger (1996), Cairns et al. (1998), de Corla-Souza and Cohen (1999), Lee et al. (1999), 
Barr (2000), Fulton et al. (2000), Noland and Cowart (2000), Noland (2001), Cervero and 
Hansen (2002) and Hymel et al. (2010).

Fröhlich (2003) provides a literature review of models treating the effects of increased road 
supply. All of these studies deal with the standard definition of induced traffic, that is the re-
action of demand for transport services (travel times and distances) to the improvement of the 
capacities of the transport system and the implied reductions in generalised travel costs.

Swiss studies dealing with traffic induced by localised changes to the transport system and the 
according accessibility changes include Sommer et al. (2004), Güller et al. (2004) Gia-
comazzi et al. (2004) and Aliesch et al. (2006), providing ex-post analyses of the effects of 
the construction of the A7 highway, the implementation of suburban rail lines in the Zurich 
metropolitan area, new transport infrastructures in the canton of Ticino and the opening of a 
shuttle train tunnel linking a previously isolated Swiss mountain valley to the inland, respec-
tively. However, all the mentioned analyses remain vague in their conclusions. Like all ex-
post analyses, they suffer from the enormous challenges imposed by the empirical data re-
quirements. In fact, in order to provide a detailed assessment of induced travel effects, all re-
routed trips would have to be recorded before and after the implementation of the measure 
under study. Rudel and Maggi (2007) present current results based on the analysis of potential 
mobility pricing schemes.

The effects of structural changes to the aggregate system are the subject of three recently fin-
ished dissertations at the Institute for Transport Planning and Systems (IVT, ETH Zurich). 
The studies are partly based on the same data that are used in the present work – the Swiss 
network models for private and public transport, updated once a decade since 1950 (Fröhlich 
et al., 2005), and a detailed database of Swiss municipalities since 1950 which was enriched 
with spatial and economic welfare data (Tschopp et al., 2003). Fröhlich (2008a) uses the data 
for modelling the development of commuting behaviour since 1970. Tschopp et al. (2005) (as 
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well as Tschopp, 2007) analyse the influence of changes in the transport system and the corre-
sponding accessibilities on the numbers of residents and workers in the municipalities. Bo-
denmann (2007) conducts an analysis of the interaction of firm locations and the transport 
system since 1970.

Literature dealing with the demand dimensions that are discussed in this thesis is quite rare,
indicating that the generation process of travel demand has been largely neglected over the 
past 30 years. A few examples that draw on the concepts that are employed here include Ku-
mar and Levinson (1992), the investigation of a generation model for work and non-work 
trips; Madre et al. (2004), a meta-analysis of immobility in travel diary surveys; Mokhtarian 
and Chen (2004), a literature review of studies discussing the concept of constant travel time 
budgets; van Wee et al. (2006), a search for an explanation of increasing total daily travel 
times; and Primerano et al. (2008), where definitions for trip chaining behaviour are provided
(analogously to Axhausen, 2008).

As Kitamura (2010) recognises, most research on the topic is based on the premise that trip 
rates are constant, or static. They are assumed to be invariant between different areas and,
most importantly in the context of the present discussion, unaffected by levels of service. This 
is however at odds with economic theory – if travel is considered a normal good, then its de-
mand should naturally be influenced by its generalised costs. The work presented here at-
tempts to overcome this contradiction by taking approaches to modelling travel demand gen-
eration, and assessing the strength of the mentioned effects.

Meier (1989) is an early attempt at explaining general induced travel demand effects in Swit-
zerland, among others by analysing the variation of mobility (expressed by the share of mo-
biles and number of trips) by accessibility (in classes) and showing higher mobility for re-
gions with superior accessibility.

A review of price and supply elasticities of travel demand found in literature since the year 
2000 is shown in Table 2. Supply is mostly often expressed as road lane miles, while demand 
is measured in vehicle miles travelled (VMT). Here. the elasticities given in the example stud-
ies range from 0.15 in the short term up to 0.90 in the long term, meaning that a 10 per cent 
increase in supply would lead to 1.5 to 9 per cent more demand on the specific road section.

The fuel price elasticities reported are in the range of -0.02 to -0.20, thus a 10 per cent in-
crease in fuel prices would lead to up to 2 per cent less car travel; however, it is unclear what 
portions of this demand are diverted to other modes, and how much of it is actually sup-
pressed mobility. The same holds for the provided car cost elasticities of -0.35 in the short 
term, respectively -0.46 in the long run. Car purchase cost increases of 10 per cent would thus 



Activity oriented modelling of short- and long-term dynamics of travel behaviour ________________________________ June 2012

12 

lead to initially 3.5 and ultimately 4.6 per cent less car travel, with the same uncertainty con-
cerning the portion of actual suppressed demand.
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2.3 Construction of the pseudo panel data set

The concept of pseudo panel data was first introduced by Deaton (1985). It consists in group-
ing individuals from cross sectional observations into cohorts, the averages of which are then 
treated as individual observations in an artificial panel. These data can be used in the absence 
of actual panel data to approximate the latter by following virtual persons (created by the ag-
gregation into cohorts; Mason and Wolfinger, 2004) over time and test for individual as well 
as dynamic effects. Examples for the application of the method in the transport planning field 
are Bush (2003, 2005), an effort to forecast future travel demand of baby boomers (see also 
Goulias et al., 2007); Dargay (2002, 2007) and Huang (2005, 2007), where evidence for the 
substantial influence of cohort effects on household car ownership is provided.

2.3.1 Preparation of Mikrozensus data, 1974-2005

The pseudo panel data set was constructed with the Swiss National Travel Survey (named 
Mikrozensus, and abbreviated MZ; Swiss Federal Statistical Office and Swiss Federal Office 
of Spatial Development, 2005) data, a household and person based survey. In general, only 
one person is interviewed in any one household. Large households, where a second person is 
interviewed, form a rare exception. The survey has been carried out approximately every 5 
years since 1974.

Over the course of time, survey methods have changed several times, complicating the com-
parison of the resulting data. A brief overview of the various survey methods used is given in 
Table 3 (adapted from Simma, 2003).

Table 3 Key Characteristics of Swiss Microcensus Travel Surveys Since 1974

Year Survey method Sample size (households)

1974 Time use survey; pen-and-paper and personal interview 2’114 

1979 Time use survey; pen-and-paper and personal interview 2’000 

1984 Trip based diary; pen-and-paper 3’513 

1989 Trip based diary; pen-and-paper 20’472 

1994 Stage based diary; CATI 16’570 

2000 Stage based diary; CATI 28’054 

2005 Stage based diary; CATI 31’950 

Source: adapted from Simma (2003)
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As the different survey methods lead to discrepancies in the data, the various household, per-
son and travel data sets had to undergo a thorough reformatting in order to obtain a uniform 
data format for all persons over the different years and a consistent coding for the relevant so-
cio-demographic characteristics and especially for the key mobility indicators (trip numbers et 
cetera).

For example, when analysing the individual data sets, discrepancies in the definition of trips 
were found. In the 2000 and 2005 data sets, consecutive trips that had the same trip purpose 
and for which the intermittent activity was shorter than an hour, were aggregated into one sin-
gle trip, and the duration of the corresponding activity added to the duration of the newly cre-
ated trip. To be consistent with the general definition (Axhausen, 2008), a succession of stag-
es between two activities should be considered a trip, regardless of the duration of subsequent 
the activities.

The re-definition evidently leads to a under-estimation of the numbers of conducted trips and 
activities, as well as activity durations, in the corresponding data sets, and to an over-
estimation of the durations spent travelling (as the durations of the suppressed activities are 
added to the aggregated trip). As these variables are important indicators for the models pre-
sented here and therefore a correct representation is imperative, the trip files for the 2000 and 
2005 Mikrozensus data were re-coded using the underlying stage level data. The resulting dif-
ferences in total activity numbers between the original and the re-coded data set for the 2000 
Mikrozensus is shown in Table 4.

Table 4 Differences in activity numbers for the 2000 Mikrozensus data set – original vs. 
re-coded data set

Activity type Original coding Re-coding Difference [%]

Work 13‘633 13‘947 2.30

Education 4‘587 4‘608 0.46

Shopping / errand 14‘235 15‘981 12.27

Business 2‘386 3‘061 28.29

Leisure 29‘605 31‘914 7.80

Accompanying someone 1‘636 1‘772 8.31

Other 41‘970 42‘014 0.10

Return home 942 1‘012 7.43

Total 108‘994 114‘309 4.88
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As can be seen, roughly 5 per cent of all activities were lost due to the inconsistent coding of 
the original trip file. The activity types that are the most affected are naturally those that are 
typically of short durations, such as deliveries (which fall into the business category), shop-
ping or accompanying trips. With the re-coding, consistency and a comparability between the 
individual Mikrozensus data sets was ensured.

Table 5 shows the abovementioned large differences in activity durations attained by re-
coding the data for the 2000 Mikrozensus. The average durations for each activity type are 
shown, as well as the average total trip rates. Here again, it is obvious that the re-coding adds 
duration to those activity types that are generally short and thus most often suppressed by the 
inconsistent coding, especially shopping.

Table 5 Differences in average activity durations for the 2000 Mikrozensus data set –
original vs. re-coded data set

Activity type Original coding [min] Re-coding [min] Difference [%]

Work 142 142 0.4

Education 27 27 0.0

Shopping / errand 17 18 5.8

Business 11 11 4.7

Leisure 128 129 1.1

Accompanying someone 3 3 0.0

Total activity duration 327 331 1.1

Duration spent at home 1016 1017 0.0

Total trip duration 96 93 -3.8

Number of trips 3.49 3.69 5.7

Furthermore, a drastically lower reported mobility (as far as increased non-mobility as well as 
reduced trip numbers are concerned) is present in the 1989 data set (Simma, 2003). This dis-
crepancy appears not to be explicable merely by seasonal fluctuations, but rather related to an 
underreporting of trips in the corresponding trip diary. These effects, which are clearly arte-
facts of survey methods or the fieldwork in the relevant year, are taken into account and cor-
rected for in the modelling procedures that will be discussed in the following sections. Lleras 
et al. (2003) present approaches to account for data inconsistencies across travel behaviour 
surveys in pooled analyses.
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2.3.2 Accessibility data

In addition to the Mikrozensus data that are described in detail above, an enriched data set on
the Swiss municipalities since 1950 was available (Tschopp et al., 2003), to which accessibil-
ity data from various sources (Tschopp, 2005, respectively Fröhlich, 2008) were added. As 
the accessibility values were available only once for each decade (resulting from the updates 
of the network models that were done every ten years), the values for the years in which the 
Mikrozensus data were available were obtained by linear interpolation. For each of the Mikro-
zensus data sets, the corresponding values were added for each respondent, based on their 
home location municipality.

2.3.3 Price index for individual travel

The price index variables (Abay, 2000) were extracted for the Mikrozensus years and added to 
the respective data sets. It is an aggregated index without any spatial differentiation, but 
serves as an approximation for the evolution of the monetary costs of travel, which evidently 
are an important component of the generalised costs that are discussed here.

2.3.4 Variables in the data set

The cohorts for the pseudo panel data set ought to be constructed with characteristics that are 
(or can reasonably be assumed to be) time invariant. The most obvious example of such a dis-
criminating variable is the year of birth (which has been used in multiple studies, such as 
Dargay, 2002, and Huang, 2005, 2007). Other criteria, such as gender, education level, or spa-
tial characteristics, are also conceivable as grouping variables.

When constructing a pseudo panel, two conflicting aims were to be balanced: on the one 
hand, the cohorts should be constructed in a way that provides sufficient variability in the 
panel and provides a sufficient number of artificially constructed observations in order to es-
timate robust models. Thus, the cohort definition should be as detailed as possible. On the 
other hand though, when the level of disaggregation becomes too detailed, the number of ob-
servations per cohort will become small for certain time periods, leading to greater weights of 
potential outliers in computing the cohort averages and thus to biased estimates of the popula-
tion means (Huang, 2005, 2007).

As a compromise between sufficient level of disaggregation and large enough cohort sizes, a 
cohort subdivision based on three variables was chosen:

year of birth (split up into 10 year bands ranging from 1896 through 1985);
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gender;

region (one out of 7 Swiss regions; the aggregation corresponds to the EU NUTS 2 re-
gions; Eurostat, 2008).

The latter regional sub-division serves as a proxy for different labour markets and controls for 
regional differences in travel demand patterns. It was chosen over a spatial definition based 
on municipality types (urban, suburban, rural, et cetera). In fact, it can be argued that reloca-
tions to better accessible places of residence (to a different municipality type) take place be-
cause of a certain desired mobility behaviour. Such a classification would be teleological and 
would bias the results. The postulated direct causal effect of accessibility on trip generation 
would not be discernible from a confounding residential self-selection effect (Boarnet and 
Crane, 2004; Mokhtarian and Cao, 2008).

The regional subdivision is shown in Figure 1.

Figure 1 Regional subdivision used for the construction of the pseudo panel data set
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The pseudo panel data set contains 838 virtual observations for the seven survey years be-
tween 1974 and 2005. The distribution of the resulting cohort sizes is displayed in Figure 2.

Figure 2 Distribution of cohort sizes

A large portion of the cohorts are quite small (50 per cent of them have a cohort size of 25 or 
below). However, these small cohorts contain relatively few of the total observations, approx-
imately 85 per cent of the individual observations being in cohorts of acceptable sizes where 
outliers have little influence on the means. Consequently, a large portion of the underlying 
observations were considered in the analysis, thus leading to reliable modelling results given 
that the artificial observations were weighted by the square root of the cohort size (as is com-
mon practice when working with pseudo panel data; see Huang, 2007).

The selection of exogenous (independent) variables was limited by the differences in the sur-
veys over the decades. The chosen set represents a common core, which is regularly used in 
models of travel behaviour (Dargay, 2002; Bush, 2003, 2005; Huang, 2005, 2007). The aver-
ages for those variables expected to have an impact on the mobility indicators to be modelled 
were computed:

age;
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household size;

employment status (as percentage of full or part time employed in cohort);

monthly household income (in Swiss Francs of 2005);

car and motorcycle driving licence ownership (as percentage of owners in cohort);

number of cars, motorcycles and bicycles in household.

The indicators for travel behaviour that are treated as endogenous variables are:

out-of-home activity (as percentage of mobile persons);

number of trips;

number of trips per home-to-home tour (journey);

total duration spent out of home;

respondent estimated total trip distance (as geo-coded locations and network derived dis-
tance estimates are only available from 2000 on).

In order to account for the sampling method differences between the various surveys, only 
weekday mobility figures for adult persons (over 18 years of age) were considered, thus 
avoiding biased means due to an over- or underrepresentation of weekends. Furthermore, the 
data set was enriched with the abovementioned accessibility and price index variables that, 
individually or in combination, may be used as a proxy for generalised costs of mobility tool 
ownership, respectively travel.

2.4 Measures of generalised costs

2.4.1 Accessibility

Population level accessibility is defined as (Ben-Akiva and Lerman, 1985; Tschopp et al.,
2005):

n

j
ijji cfXA

1
ln , (1)
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where:

Ai is the accessibility measure for spatial unit i;

Xi is the number of inhabitants of spatial unit i;

cij is the inter-centroid travel time from spatial unit i to spatial unit j (n being the total 
number of spatial units);

f is a weighting function.

The spatial units considered in this study are the roughly 2’500 Swiss municipalities. For
computing their accessibility measures, Tschopp et al. (2005) use a negative exponential 
function for weighting, ensuring decreasing inter-centroid accessibilities with increasing trav-
el times. The contribution of the zone to its own accessibility was here considered using a cal-
culated mean intra-zonal travel distance; see for example Fröhlich et al., 2005, for a computa-
tion method for the mean intra-zonal distance).

Increasing accessibility serves as a proxy for decreasing generalised cost of travel and is a 
possible indicator for testing the abovementioned hypotheses that travel behaviour reacts to 
changes in generalised costs.

The distributions of accessibility values of all Swiss municipalities from 1970 through 2005 
are displayed in Figure 3. As can be seen, accessibility values have steadily increased over the 
35 years under consideration. It should be noted that the observed increase of the median val-
ue from 9.13 in 1970 to 9.47 in 2005 reflects an increase in the Swiss population by 1.2 mil-
lion persons, an additional 840 km of motorways and roughly 29 billion Swiss Francs invest-
ment. The accessibility values for the Mikrozensus survey data reference years were obtained 
by interpolation from the available network model data displayed in Figure 3.
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Figure 3 Distribution of municipal accessibility values, 1970-2005

Source: data from Fröhlich (2008)

2.4.2 Price index for individual travel

The simple measure of accessibility as described above measures generalised costs of travel 
as a function of travel time. In order to have an monetary indicator in addition, price indices 
for individual travel (Abay, 2000) are used. The index, calculated for years reaching back to 
1972 is based on the Swiss national consumer price index, and weighted to reflect inflation-
adjusted prices (the base year being 1972, hence the index is set to 1 for this year). As such, it 
represents a measure of transport prices relative to the general consumer prices for all goods. 
Figure 4 shows the index’ evolution from 1972 to 2005.
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Figure 4 Evolution of inflation-adjusted price index for individual travel, 1970-2005

Source: data from Abay (2000)

2.5 Explorative data analysis

This section deals with the characteristics of the pseudo panel cohorts and their variation over 
time, and shows the generation and life cycle effects of the representative indicators as well as 
the biases of the different survey methods mentioned above.

2.5.1 Household size

Figure 5 shows the average household sizes for members of the respective year of birth co-
horts and their life cycle evolution.

Here, both a life cycle and a generation effect can be discerned. The life cycle effect for all 
cohorts shows the expected trends. Young adults tend to live in their parents’ homes and thus 
in large households. As individuals approach their mid-twenties, average household size de-
creases as a consequence of young adults moving out of the family home and setting up their 
own households. Then, after turning thirty, the trend again turns to an increase in household 
size, as the individuals settle down and have their own families. As the mid-forties pass, 
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household sizes decrease again as an effect of grown-up children moving out of the house-
holds, and later on of spouses passing away.

As for the generation effect, it can be seen that younger cohorts tend to live in smaller house-
holds. This can be explained by the larger share of single person households (particularly for 
young adults) and by decreasing birth rates. Also, elderly people increasingly tend to live on 
their own rather than moving back in with their families or admitting themselves to nursing 
homes.

Figure 5 Household sizes by age for different cohorts

2.5.2 Car driving licence ownership

The cohort and age effects for car driving licence ownership are depicted in Figure 6.

The life cycle effects that are seen here are as expected. In fact, young adults nowadays tend 
to acquire a driving licence at quite young age. In 2005, there is a practically constant, above
80 per cent, share of car driving licence owners throughout age groups, up to the age of 
around 60. Car driving licence ownership decreases with age, and is much lower for cohorts 
born before the Second World War, when licence holding was uncommon for women in par-
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ticular. Overall, the generation effect clearly tends towards higher car driving licence owner-
ship in younger cohorts, pointing to an increased general availability of mobility tools.

Figure 6 Car driving licence ownership rates by age for different cohorts

2.5.3 Key mobility figures

Household size and car driving licence ownership, two important characteristics of the house-
hold structure and possible indicators for mobility, exhibit the expected and consistent trends 
over time, over the various age groups and for the different survey periods. The key mobility 
figures, which will be discussed in the following paragraphs and form the basis for the models 
estimated subsequently, do not to follow the same clear and consistent trend.

In fact, the relevant figures exhibit significant fluctuations for the various survey periods. As 
has been discussed above, these effects are not due to seasonal effects in year-round surveys, 
but are likely artefacts of the survey methods employed.

As can be seen in Figure 7, weekday mobility (percentage of individuals that reported at least 
one trip or out-of-home activity on working days) approximately reproduces the life cycle ef-
fect that one would expect, that is continuously decreasing mobility with increasing age. 
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However, for each cohort, there is a slight drop in reported mobility around the middle of the 
curve.

Figure 7 Reported shares of mobiles by age for different cohorts

These decreases are confirmed by the fluctuations in trip rates (average numbers of conducted 
trips) shown in Figure 9. They coincide with the 1984 and 1989 surveys. As has been men-
tioned before, there are no apparent natural reasons for these fluctuations. This suggests 
measurement errors present in these survey years.
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Figure 8 Reported trip rates by age for different cohorts

The undesirable effect of mobility underreporting becomes even clearer when considering the 
average reported trip numbers displayed in Figure 9.

Even normalizing to number of trips per mobile person does not remove the effect. Mobility 
underreporting in the trip based self-administered diary surveys of these years appears to have 
happened on two levels: an overrepresentation of non-mobile persons, and trip underreporting 
from those that reported mobility. This hints at both a lacking willingness to participate in the 
surveys, and a considerable attrition effect and a lack of attention of the field work firm in 
monitoring the surveys.

The estimated models, which will be discussed in the following sections, account for the de-
scribed effects by incorporating survey type specific intercept terms. The models thus attempt 
to reproduce life cycle effects that are smoothed to reflect the actual behaviour, as well as cor-
rect parameter values for the remaining attributes of interest, such as the generalised cost vari-
ables.
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Figure 9 Reported mobility for different survey years

2.6 Formulation and estimation of the general linear models

This section describes the individual models for the various mobility indicators based on the 
factors listed above: share of mobiles, number of trips, trip chaining, duration of out-of-home 
activities, and estimated distances travelled. Weighted descriptive statistics of the continuous 
independent variables upon which these models were fitted are displayed in Table 6.

Table 6 Cohort-level descriptive statistics of variables used in the models

Variable Mean Median Std. Dev. Min. Max.

Age 54 54 22 17 99

Household size 2.56 2.59 0.82 1.00 6.00

Employed 0.48 0.51 0.37 0.00 1.00

Index corrected  household income 5888 6238 1499 1471 9253

Car driving licence ownership 0.61 0.73 0.32 0.00 1.00

Number of cars in household 1.00 1.09 0.46 .00 3.02

Accessibility 10.15 10.10 0.46 7.70 11.64

Individual travel price index 0.90 0.89 0.04 0.84 1.00
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The modelling framework is a linear-in-parameters regression model. The general linear 
model (GLM) is a generalization of the standard linear regression model allowing the inclu-
sion of categorical, or dummy, variables. The equations for the dependent variables, here the
various mobility indicators, are expressed as:

jjmimi xy , , (2)

where:

yi,m are the dependent variables;

is a mean intercept term;

xj are the independent variables;

j are the parameters associated to the independent variables;

i are error terms the values of which vary across the behavioural units (the cohorts), yet 
are invariant over time for any given cohort

m are error terms the value of which varies for the different survey methods, but not over 
the behavioural units; the error terms serve to cancel out the measurement errors pro-
duced by the data collection process.

Here, the components i and m will be treated as constants rather than random variables, 
leading to cohort specific as well as survey method specific dummy variable coefficients in-
corporated in the model. Thus, the model is a fixed effects model (Kitamura, 2000).

Table 7 summarises the estimation results for the weekday mobility model, thus yi,m is the 
share of mobile persons for birth year cohort i in a survey period where method m was ap-
plied. Parameter values and t statistics are provided.

Most variables were found to have a significant effect on cohort level mobility. The estimated 
fixed effects for the survey methodologies confirm their above mentioned impact on the de-
pendent variable. The most significant negative effect on trip reporting results for the trip 
based diary surveys in the 1980’s, which confirms the conclusion drawn from Figure 9.

Males throughout generations are slightly more mobile than females. The same holds for em-
ployed individuals as well as for car driving licence owners, the latter being an indication of a 
direct effect of mobility tool ownership on reported mobility. Household size has a slight neg-
ative effect on the dependent variable, thus individuals from single households tend to be 
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more mobile than those from family households. However, the significance of this influence 
is not significant at the five per cent level.

Perhaps the most interesting effect is observed for the generalised cost measures. In fact, all 
other factors being accounted for, accessibility (sum of the road and public transport accessi-
bilities) to population has a significant positive effect on mobility. The inverse holds for the 
price index variable: the negative effect implies that higher transport price levels cause lower 
mobility and vice-versa. These findings suggest that reductions in generalised costs do indeed 
increase travel demand.

Table 7 Parameter estimates and model fit for weekday mobility model

Variable t stat.

Intercept 1.483 2.70
Survey method Time budget (1974, 1979) -0.004 -0.14

Trip based diary (1984, 1989) -0.086 -6.55
Stage based diary (1994, 2000, 2005) (reference category) - -

Gender Male 0.075 4.96
Female (reference category) - -

Age Linear (*1/10) 0.260 2.70
Squared (*1/100) -0.020 -4.70
Natural logarithm -0.450 -1.94

Household size -0.021 -1.96
Employed -0.006 -0.19

Car driving licence ownership 0.091 2.50
Accessibility 0.048 4.19
Individual travel price index -0.144 -0.63

Adjusted R2 = 0.596
Values in italic are significant at the 5 per cent level (as indicated by the t statistics).

The cohort effect on trip generation was found to be insignificant when included in the model 
alongside both the accessibility and price index variables and was therefore left out of the fi-
nal model. Thus, all other effects taken into account, behaviour does not seem to vary much 
between birth year cohorts, the life cycle effect being clearly predominant vis-à-vis the gener-
ation effect. In other terms, the i in equation (2) are constant across cohorts and can be ex-
pressed as a unique intercept term. This is surprising given the wider literature on long term 
effects of the improved childhood nutrition of the post-war generations (See for example Fo-
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gel, 2004), and the corresponding effects on improved mobility that might have been expected 
for those generations. The effect of age on weekday mobility implied by the model results fol-
lows the trend shown in Figure 10.

Figure 10 Modelled age effect on weekday mobility

As can be seen, the expected life cycle effects are well reproduced by the model: mobility de-
creases with age, the shape of the curve resulting from the functional form of the relationship 
(summation of a linear, squared and logarithmic term) that was assumed based on the descrip-
tive analysis.

Analogous models were estimated for the other mobility indicators; the models yielded the 
expected results, which will be discussed in more detail in the following section describing 
the structural equation model, which is a combination of the individual models accounting for 
the reciprocal influences of the endogenous variables on one another.

The following tables show the GLM model results for the remaining mobility indicators: Ta-
ble 8 for the number of trips; Table 9 for trip chaining; Table 10 for the duration of out-of-
home activities; and Table 11 for distances covered. The effects are largely analogous to the 
findings from the weekday mobility model. The results pertaining to the generalised cost 
measures will be discussed in the next section.
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Table 8 Parameter estimates and model fit for trip frequency model

Variable t stat.

Intercept 7.915 3.43
Survey method Time budget (1974, 1979) -0.095 -0.78

Trip based diary (1984, 1989) -0.404 -7.29
Stage based diary (1994, 2000, 2005) (reference category) - -

Gender Male 0.357 5.66
Female (reference category) - -

Age Linear (*1/10) 1.300 3.18
Squared (*1/100) -0.098 -5.38
Natural logarithm -2.398 -2.44

Household size -0.096 -2.15
Employed 0.605 4.24
Car driving licence ownership 0.613 4.05
Accessibility 0.161 3.38
Individual travel price index -1.384 -1.39

Adjusted R2 = 0.625
Values in italic are significant at the 5 per cent level (as indicated by the t statistics).
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Table 9 Parameter estimates and model fit for trips per tour model

Variable t stat.

Intercept 7.924 5.94
Survey method Time budget (1974, 1979) 0.225 3.20

Trip based diary (1984, 1989) 0.036 1.12

Stage based diary (1994, 2000, 2005) (reference category) - -

Gender Male 0.080 2.12
Female (reference category) - -

Age Linear (*1/10) -0.166 -0.70

Squared (*1/100) 0.005 0.50

Natural logarithm 0.273 0.48

Household size -0.077 -2.57
Employed 0.341 4.11
Car driving licence ownership 0.083 0.92

Accessibility 0.062 2.10
Individual travel price index -7.407 -12.97

Adjusted R2 = 0.532
Values in italic are significant at the 5 per cent level (as indicated by the t statistics).
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Table 10 Parameter estimates and model fit for out-of-home duration model

Variable t stat.

Intercept 280 7.63
Survey method Time budget (1974, 1979) 62 3.20

Trip based diary (1984, 1989) -13 -1.47
Stage based diary (1994, 2000, 2005) (reference category) - -

Gender Male 63 6.17
Female (reference category) - -

Age Linear (*1/10) 305 4.66
Squared (*1/100) -14 -4.85
Natural logarithm -845 -5.38

Household size -32 -4.44
Employed 304 13.29
Car driving licence ownership 117 4.82
Accessibility 5 0.64

Individual travel price index -631 -3.97

Adjusted R2 = 0.809
Values in italic are significant at the 5 per cent level (as indicated by the t statistics).
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Table 11 Parameter estimates and model fit for total distance model

Variable t stat.

Intercept 83.94 1.68

Survey method Time budget (1974, 1979) 6.67 2.55
Trip based diary (1984, 1989) -4.66 -3.89
Stage based diary (1994, 2000, 2005) (reference category) - -

Gender Male 11.09 8.12
Female (reference category) - -

Age Linear (*1/10) 6.85 0.77

Squared (*1/100) -0.63 -1.61

Natural logarithm -13.68 -0.65

Household size -2.57 -2.65
Employed 17.30 5.61
Car driving licence ownership 5.58 1.70

Accessibility 3.25 3.15
Individual travel price index -65.68 -3.06

Adjusted R2 = 0.637
Values in italic are significant at the 5 per cent level (as indicated by the t statistics).
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2.7 Formulation and estimation of the structural equation model

The formulation and estimation of the basic models described in the previous section yielded
the expected effects of the independent variables on the various mobility indicators (exempli-
fied by the model for weekday mobility). Here, a structural equation model (SEM) shall be 
described, which models the effects of the independent (exogenous) variables on the indica-
tors (endogenous variables) simultaneously. Furthermore, the model structure allows account-
ing for the reciprocal influences of the endogenous variables on one another.

The method has been widely applied in the travel behaviour research field (see Golob, 1988,
2003 for a description of its benefits to travel behaviour research). Applications include Lu 
and Pas (1999), an analysis of activity participation and travel behaviour as a function of indi-
viduals’ sociodemographics; Kuppam and Pendyala (2001), a study of the relationships be-
tween commuters’ activity participation, travel behaviour and trip chaining patterns; Simma 
and Axhausen (2003), who analyse the interactions of travel behaviour, accessibility and spa-
tial characteristics in Upper Austria based on a cross sectional data set; as well as de Abreu e 
Silva and Goulias (2009), where the influence of land use patterns on adult workers’ travel 
behaviour is analysed.

2.7.1 Model formulation

The structural equation approach (Bollen, 1989) is a confirmatory method for testing and 
quantifying assumed causal relationships between various factors. The general formulation is 
as follows:

xyy , (3)

where:

y is an m x 1 vector of endogenous (dependent) variables;

is an m x m matrix of coefficients associated with the right-hand-side endogenous varia-
bles;

x is an n x 1 vector of exogenous (independent) variables;

an m x n matrix of coefficients associated with the exogenous variables;

is an m x 1 vector of error terms associated with the endogenous variables.

Henceforth, the acronym SEM will be used when referring to the structural equation model.
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It was expected that the SEM would confirm the trends exhibited by the basic models and al-
low the computation of demand elasticities for all relevant dimensions simultaneously. The 
chart in Figure 11 represents the causal effects implied by the basic models. The model as-
sumes direct causal relationships between a number of dependent variables, and thus allows a 
more detailed representation of the causal relationships between those variables than would be 
possible by merely capturing their correlations.

Figure 11 Model structure of the SEM

The hypotheses on the direct relationships (which are considered additionally to the effects of 
the structural and socioeconomic variables described above) between the cohort-level endog-
enous variables are as follows:

Increased weekday mobility will increase the number of conducted trips. This assumption
is straightforward.

Increased mobility, respectively the increased trip numbers it brings about, will increase 
out-of-home-durations as well as distances travelled.

As a corollary, the number of trips per tour will increase, under the assumption that the 
number of tours remains roughly the same (that is, the additional trips are integrated into 
existing chains rather than generating new journeys).
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As trip chains become longer, the effect on travelled distances described above should be 
attenuated, as adding new trips to a chain likely produces less mileage than conducting an 
entirely new journey (as the return home trip is left out).

The effects mentioned above are shown in Figure 12 (highlighted by the expected sign for the 
relationship), along with the coefficients that effectively from the model estimation. The re-
sults, and particularly the possible reasons for discrepancies between the expectations and the 
found effects, will be discussed in the next section.

Figure 12 A-priori assumptions on direct effects vs. model results

2.7.2 Model estimation and results

The SEM was fitted using the AMOS 16.0 software package (Byrne, 2001). SEM fitting is 
done using a covariance based structural analysis, also referred to as method of moments, 
consisting in minimizing the difference between actual sample covariances and those implied 
by the model parameters (Bollen, 1989). Various optimization techniques are available for es-
timating structural equation models. In AMOS, computing intercepts for the endogenous vari-
ables is only feasible when using the maximum likelihood approach. As literature (Kuppam 
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and Pendyala, 2001; Golob, 2003; Schermelleh-Engel et al., 2003) finds only marginal differ-
ences in parameter estimates from this method to the asymptotically distribution-free (ADF) 
method that would ideally be applied to such a problem, the maximum likelihood method was
used for estimation.

Table 12 shows the estimated direct effects for the endogenous variables. As can be seen, all 
hypothesised effects except those on trip distance are significant at the 5 per cent level and 
have the expected sign (see above). The effect of trip chain complexity on travelled distance 
is contrary to the assumptions postulated in the last section. Thus, the addition of trips to ex-
isting chains appears to accentuate the increase of covered distances induced by the higher 
general mobility, instead of attenuating it by suppressing the return home trips.

Table 12 SEM estimation results – interaction effects

(1) (2) (3) (4) (5)

(1) Weekday mobility 2.61 240.85
(2) Number of trips 0.27 1.76

(3) Number of trips per tour 0.93

(4) Total out-of-home duration

(5) Total trip distance 0.97
Values in italic are significant at the 5 per cent level.

The model coefficients of the SEM estimation are shown in Table 13. The results from the 
previous analysis are confirmed for the out-of-home share variable and can be extended to the 
other endogenous variables: the life cycle effects exhibit the expected trends for all the indica-
tors: mobility, trip numbers, out-of-home activity durations, and travelled distances all de-
crease with age.

The parameter for household size remains negative for all but one of the indicators, which 
again indicates that individuals from family households are less mobile than singles. Em-
ployed people are more mobile, again reflecting the trends described above.

For the accessibility and price index variables, the results from the general linear models
could also be confirmed. Accessibility has a significant positive influence, travel price a nega-
tive one on all endogenous variables. The only endogenous variable for which this does not 
hold is total out-of-home duration. However, as this variable is part of a succession of recip-
rocal effects between the other endogenous variables (see Figure 11), all influenced positively 
by the accessibility variable, the total effect of increasing accessibility on out-of-home dura-
tion is positive in turn, as shown in the next section.
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As far as trip chaining, defined here as the average number of trips in a home-to-home tour, is 
concerned, the model shows that, with decreasing generalised travel costs, the propensity to 
chain trips seems to increase, contrary to the postulated effect of the cheaper home trip be-
tween two activities. Thus, additional trips are integrated into existing chains rather than gen-
erating new tours. An argument for this observation is that the increased distances (see below) 
place the travellers at locations from which a return home is not reasonably possible anymore.

The relative valuations for the generalised cost variables in the various sub-models, as well as 
the total effects induced by the generalised costs and the interrelations between the endoge-
nous variables, will be discussed in the next section. 

Table 13 SEM estimation results – regression parameters

Endogenous variables

Exogenous variables (1) (2) (3) (4) (5)

Intercept 0.776 2.586 3.045 1472.779 -63.133

Survey method Time budget -0.031 -0.224 -0.143 8.224 5.171
Trip diary -0.108 -0.357 0.019 -9.940 -3.294
Stage diary (ref.) - - - - -

Gender Male 0.099 0.255 -0.056 57.917 18.924
Female (ref.) - - - - -

Age Linear (*1/10) 0.169 0.503 -0.303 170.078 -17.212
Squared (*1/100) -0.017 -0.043 0.021 -7.108 0.262

Natural log. -0.185 -0.760 0.487 -521.245 47.444
Household size -0.019 0.094 -0.012 -22.454 -3.649
Employed 0.013 0.473 0.103 284.508 4.915
Accessibility 0.051 0.012 0.040 -11.526 2.811
Individual travel price index -0.061 -0.539 -3.186 -271.231 -51.075

Squared multiple correlation (R2) 0.587 0.766 0.493 0.768 0.596
Values in italic are significant at the 5 per cent level.

2.8 Computation of demand elasticities

A means for comparing models which is better suited than the consideration of raw parameter 
values are elasticities for the various demand variables. The values are computed at the sam-
ple means for all variables and reflect the estimated effect of a one per cent increase in acces-
sibility, respectively price index, on the endogenous variables. The results reported here for 
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the SEM include both the effects of accessibility and price index on all dependent variables
(Table 13) and the direct influences of the endogenous variables on one another, resulting 
from the coefficients shown in Table 12 and Figure 12. As can be seen in Table 14, the result-
ing values differ slightly from the individual GLM estimations to the simultaneous SEM, con-
firming the non-negligible influence of including indirect effects.

Table 14 Accessibility and price index elasticities for GLM and SEM models

Demand elasticity GLM SEM

Accessbility Weekday mobility 0.56 0.61

Number of trips 0.44 0.44

Number of trips per tour 0.20 0.24

Total out-of-home duration 0.24 0.10

Total trip distance 0.89 1.14

Price index Weekday mobility -0.02 -0.06

Number of trips -0.24 -0.19

Number of trips per tour -1.96 -1.66

Total out-of-home duration -1.19 -1.95

Total trip distance -1.47 -0.84

The values from the SEM imply that, as a consequence of accessibility increasing by 1 per 
cent:

the share of mobile persons will increase by 0.6 per cent;

the number of trips conducted will increase by 0.4 per cent;

the number of trips per journey will increase by 0.2 per cent, thus people will trip chain 
slightly more.

The very high elasticities for travelled distances are rather surprising, as they imply that a one 
per cent increase in accessibility will generate roughly the equivalent relative increase in daily 
mileage. The historical data confirm this trend (mileage increased over time, from 26 kilome-
tres per day in 1974 up to 40 in 2005). Thus, as a result of a 10 per cent increase in accessibil-
ity, the daily distance travelled by an average individual would increase by roughly 4 kilome-
tres (that is, from 40 to 44 kilometres per day). The investment needed to increase it by about 
3% since 1970 should be kept in mind while conducting such thought experiments.
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The efforts (for example in terms of added motorway lane miles and the according monetary 
investments on the part of the public authorities) that would be necessary to bring about such 
massive accessibility increases from the already high current levels are onerous, as will be 
shown in the next section. Even large projects will induce only slight effects on global acces-
sibility values (in the order of magnitude of less than 5 per cent) and thus the induced effects 
on travelled distances should remain minor. However, the effects on the local scale could be 
quite sensible.

As far as changes to the travel price index are concerned, the changes in demand implied by 
the model correspond to the matching values in Table 14.

The most interesting finding, at least for the present thesis, is the substantial positive influence 
of lower generalised costs of travel (as implied by the rising accessibility and decreasing price 
index) on individual mobility and trip generation. Thus, accounting for relevant socioeconom-
ic influences, an induced travel effect for demand generation has been found.

2.9 Interpretation of the model results

The efforts that would be necessary to bring about massive accessibility increases from the al-
ready high current levels were assessed by the means of fictive scenarios. The scenarios that 
were evaluated (using the Swiss road network model) include:

a global reduction of all travel times by 10, respectively 25, per cent (without a new as-
signment step);

a capacity increase of one additional lane on all national roads, respectively on all roads in 
the canton of Zurich (and the subsequent computation of resulting travel times by a new 
traffic assignment step);

an increase of maximum allowable speeds on all national roads by 10 kilometres per hour, 
respectively on all roads in the network model by 10 kilometres per hour (and the subse-
quent computation of resulting travel times by a new traffic assignment step).

For the latter two applications, the new travel times were computed via an additional assign-
ment step. The demand matrices were assigned to the network, so that the new travel times, 
and thus the resulting accessibilities, are valid for the loaded network and account for poten-
tial feedback effects between the added capacity and the higher network load and the resulting
reductions of the travel time gains on the developed links in the equilibrium. The indicated 
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relative speed gains relate to the speed limit, and do not entirely translate into gains in driving 
speeds.

Effects which influence the demand matrices in themselves, such as moves to better accessi-
ble residential locations (which would lead to a shift in the number of opportunities for each 
zone), cannot be considered here.

The population weighted distribution of the accessibility increases for the Swiss municipali-
ties induced by the scenarios is shown in Figure 13.

Figure 13 Box plot of accessibility changes for the scenarios

As could be expected from the findings above, even the dramatic travel time reductions im-
plied by the first two scenarios (reductions by 25, resp. 10, per cent) lead to under-
proportional increases in accessibility values. Thus, the effects on the modelled travel demand 
would be marginal even in these extreme cases.

Furthermore, the lower generalised (but still drastic) capacity increases of the network, such 
as the addition of a lane to every freeway or the implied speed limit increases would bring 
about even less change in accessibilities. The effects of such capacity increases can thus be
expected to be only locally relevant. In individual cases though, where local development 
measures are discussed, the modelled increase in traffic generation could be considerable. In 
addition, the absolute number of additional trips induced by the changed accessibilities is not 
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negligible. For example, increasing the speed limits by 10 km/h would lead to an average ac-
cessibility increase of 0.25 per cent. As the elasticity for the number of trips is 0.4, this im-
plies that 0.10 per cent more trips would be conducted every day. Extrapolated from the aver-
age of 3.8 daily trips carried out, this would lead to roughly 30’000 additional trips per day, 
which would need to be absorbed by the transportation infrastructure.

As has been mentioned, the effects on a local scale could be quite substantial, as evidenced by
the outliers in Figure 13. In the fictive case of a 10 kilometres per hour increase in maximum 
speeds, accessibility for certain municipalities would increase by 7.5 per cent, thus leading to 
approximately 3 per cent more trips made by the residents of that region (as implied by the 
demand elasticities shown above).

For the scenario where all speed limits would be increased by 30 kilometres per hour, Figure 
14 shows the distribution of accessibility changes for all Swiss municipalities.

Figure 14 Accessibility increases induced by increasing speed limits by 30 km/h

It can be seen that the speed limit increases have the greatest effects where it is best translated 
into effective travel time gains. This is the case in regions where network loads are low and 
thus the free flow speed is often attained.
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The changes in this scenario are thus mainly concentrated in rural areas with low traffic vol-
umes, while urban areas benefit comparatively little. Interestingly, the largest accessibility in-
creases are obtained in southern border regions in the Cantons Grisons and Ticino.

2.10 Application of the model results for policy assessment

The following procedure (schematically displayed in Figure 15) is recommended for applying 
the models described in the present work.

Figure 15 Recommended procedure for model application

First, the new travel times resulting from a measure should be computed at the existing de-
mand level by the means of an assignment step to the modified network model. These travel 
times can then be used to calculate new accessibility values for all the relevant municipalities. 
By applying the abovementioned demand elasticities, the origin-destination-matrix will be 
updated using the new accessibilities (that is, the new traffic generation will be computed). 
The resulting matrix should then again be assigned to the network in order to recalculate the 
travel times. These steps may need to be iterated several times until consistency between trav-
el times (respectively, accessibilities) and travel demand is reached (that is, until a stable equi-
librium state – using pre-established threshold values – is achieved).
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2.11 Summary of findings

The results obtained in this first part of the thesis largely confirm the hypotheses postulated in 
the introduction. Overall, decreases in generalised costs of travel were found to induce higher 
mobility at the cohort level, as the significant effects of the accessibility measure and price 
index, used as approximations for generalised costs, on mobility behaviour confirm. The sub-
stantial induced travel effect on the upper levels of travel demand generation is certainly a 
policy relevant finding and has, to the author’s best knowledge, so far not been shown in the 
literature in this form.

Equally interesting and also unexpected is the absence of cohort effects. The results imply 
that the price changes and accessibility improvements are causing the increasing mobility lev-
els of the older population, which will shift the planning discussion in new directions, as the 
older population is increasingly interested in return to highly accessible and lower travel cost 
urban locations.

Further work on the topic described in the next chapter tests the trends exhibited by these first 
results on a disaggregated level. A five-day household travel diary survey was conducted. 
Based on the resulting data, the general conditions for a given day of the household were al-
tered, leading to changes in generalised costs for the planned activity schedule. The respond-
ents were then asked to adapt their schedule to the hypothetical new situation in an interactive 
software tool.

This experiment led to further estimates of the elasticities of the relevant travel demand di-
mensions and helps to validate the results that were obtained on an aggregate scale and de-
scribed in this chapter.
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3 Short-term dynamics
This chapter is largely based on the following publications:

Jäggi, B., C. Weis and K.W. Axhausen (2011) Stated Preference and Multiple discrete-
continuous choice models: An analysis of residuals, Arbeitsberichte Verkehrs- und 
Raumplanung, 661, IVT, ETH Zurich, Zurich.

Weis, C., C. Dobler and K.W. Axhausen (2010) Stated adaptation survey of activity 
scheduling reactions to changing travel conditions: Field work and preliminary results, 
paper presented at the 12th World Conference on Transportation Research, Lisbon, July 
2010.

Weis, C., C. Dobler and K.W. Axhausen (2010) An interactive stated adaptation survey of 
activity scheduling decisions, Arbeitsberichte Verkehrs- und Raumplanung, 637, IVT, 
ETH Zurich, Zurich.

Weis, C. and K.W. Axhausen (2011) Assessing changes in travel behaviour induced by 
modified travel times: A stated adaptation survey and modelling approach, disP,
forthcoming.

Weis, C., C. Dobler and K.W. Axhausen (2011) A stated adaptation approach to surveying 
activity scheduling decisions, paper presented at the 9th International Conference on 
Transport Survey Methods, Termas de Puyehue, November 2011.

3.1 Overview

In the second part of the thesis, which is described here, the induced travel demand effects 
postulated in the introductory chapter were assessed on a disaggregate scale with a stated ad-
aptation survey following in the tradition of the Household Activity Travel Simulator, or 
HATS (Jones, 1977, 1979a, 1979b). A sample of respondents was recruited for participation 
in a five-day travel diary, from which one day was selected for further analysis. The surround-
ing conditions of that day’s travel were changed using pre-defined heuristics based on the 
household characteristics and the activities reported by the respondents, in order to attain sig-
nificant changes in the generalised costs of the reported schedule and thus provide an impulse 
for changing behaviour.

The households were faced with these changes in face-to-face interviews, where all household 
members were asked to state the likely effects that the implied changes would have on their 
activity scheduling on the specified day. The data allows the computation of detailed models 
of individuals’ scheduling adaptations and the assessment of overall induced demand effects.
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The chapter is structured as follows. First, a review is given of the few existing studies where 
similar methods have been applied. The travel diary survey and the heuristics used to deter-
mine the changes in generalised costs are then presented, followed by a description of field 
work experiences. A discussion of response behaviour follows, along with explorative anal-
yses of the respondent sample as well as their current mobility behaviour and the stated adap-
tations to the implied changes. A detailed description of the model structure and results is the 
core of the chapter which is concluded by examples of model applications.

3.2 Literature review

When assessing the outcome of demand management policies on individuals’ and house-
holds’ travel behaviour, it is important to understand the underlying decision making process. 
A convenient means of recording such decisions are stated response (SR) surveys (Louvière 
et al. 2000). In transportation research, such surveys are often conceptualised as stated choice
(SC) experiments, where respondents are faced with a destination, mode, route or departure 
time choice situation where the attributes of several pre-determined alternatives are varied. 
Such experiments, which are limited to a single trip, rarely include a trip generation compo-
nent. Thus the respondents are generally not given the choice of either not travelling or re-
arranging their trip sequence in order to accommodate their needs. However, travel decisions 
are generally made in a medium to long rather than a short term perspective, and trip and ac-
tivity sequences are scheduled not on-the-fly, but rather on a daily or even weekly basis. Thus 
it seems important to model the decision processes and in consequence also to conduct the 
underlying choice experiments in a context that can appropriately account for the complex 
scheduling process.

An early attempt to conduct such experiments was the Household Activity Travel Simulator,
or HATS (Jones 1979a, 1979b). The approach consists of a two-stage methodology where 
households are first asked to report their existing behaviour for a certain period of time (that 
is, to complete a travel diary), based on which the choice experiments are then constructed. 
For the HATS interview, the setting for the household is modified by a hypothetical policy or 
other changes inducing a change to one or more generalised cost components, and the re-
spondents are asked to adapt their schedules to the new situation. The survey tool used for 
these interviews consisted of a game-like display board, on which the respondents could visu-
alize and test their adaptations. The approach thus ensures that the implications for all rele-
vant decisions (activity and trip generation, scheduling and chaining; destination, mode and 
route choice) can be captured according to modelling needs. The recorded reactions to the 
scenarios relate to the whole schedule rather than to a specific trip, as is often the case in tra-
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ditional stated choice surveys. At the end of the interview, the researchers have a set of “be-
fore and after” reported schedules at their disposal.

The methodology combines the advantage of modelling entire days (as opposed to single trips 
or journeys, as is the case in the traditional four-step transport models) with the possibility to 
capture reactions to changes. The latter dynamic effects cannot be captured in revealed pref-
erence settings (that is, the use of diary data alone), which are often used as data sources for 
transport models. The research described here uses an approach similar to the HATS, but is 
based on computer software, which facilitates the data management process.

As has been mentioned, applications of the HATS approach or similar methods in the litera-
ture are quite sparse. However, a few successful early examples can be found.

Jones (1980) describes various early applications of his approach, including changes to rail 
and bus services in the UK (Martin and Vorhees Associates 1978; Jones and Dix 1979; 
Brown and Mawson 1981; Bradley et al., 1987). Jones et al. (1989) developed the Computer-
ised Activity-Based Stated Preference (CASP) package; the field application that they de-
scribe is based on (hypothetically) forcing respondents to travel to work by public transport 
instead of car, and eliciting their reactions to such a constraint. The Adelaide Travel and Ac-
tivity Questioner (ATAQ) described in the same paper faces households with parking pricing 
policies.

The studies described in Van Knippenberg-den Brinker and Clarke (1984) and Van Knippen-
berg-den Brinker and Lameijer (1985) examine the effects of bus service reductions with pre-
determined schedules from which the respondents have to choose. They recognize the need to 
analyze the behaviour of all household members jointly, as well as to consider all activities,
not just those that give rise to the journeys affected by the policy measure.

Phifer et al. (1980) describe an interactive technique called Response to Energy and Activity 
Constraints on Travel (REACT), which was tested with 12 households in the Albany, New 
York, area. They recognize that households often counteract travel constraints by modifying 
non-travel activities, a concept that is picked up in the present thesis.

The works by Lee-Gosselin (1989, 1990) apply a methodology similar to the HATS, referred
to as the Car-Use Patterns Interview-Game (CUPIG). 45 households were interviewed about 
their probable car use under various fuel shortage scenarios. The studies described in Doherty
and Lee-Gosselin (2000) and Doherty et al. (2002) apply the so-called Computerized House-
hold Activity Scheduling Elicitor (CHASE) framework to capture the effects of automobile 
use reduction scenarios. The three households that were interviewed while testing the ap-
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proach stated a substantial amount of rescheduling decisions, mainly the adaptation of activity 
(respectively trip) start and end times as well as mode choice decisions (the latter likely being 
caused to a certain extent by the specific formulation of the experiment). The same software 
program was used for the study described in Doherty and Miller (2000), where respondents’ 
planned schedules were recorded in advance and could then be modified on-the-fly as unex-
pected changes occurred in the real world. It is argued that many adaptations to schedules are 
made at a very short notice, and that the in situ nature of the tool allows to capture those 
changes very effectively. The approach that is described here is different in that it deals with 
stated preferences rather than capturing reactions to real changes in a revealed preference 
framework.

An internet based stated adaptation survey based on congestion pricing scenarios is described 
in Arentze et al. (2004). The authors employ an activity based approach, in which various 
facets of the activity scheduling process can be changed by the respondents. Their survey is 
different from ours in that a discrete set of options is offered for the adaptation process, rather 
than the complete restructuring of a reported activity pattern that we aim to capture.

3.3 Survey implementation

The survey framework that was applied consists of a three-stage approach where a random 
sample of respondents was first recruited for participation by telephone. Revealed preference
(RP) data were collected from the respondents, based on which the stated adaptation part of 
the survey was then constructed.

3.3.1 Travel diaries

The travel diary that was administered to the respondents is similar to the multi-day trip based 
MobiDrive questionnaires that had previously been used in Switzerland (Löchl et al., 2005).
An example page, where one conducted trip can be recorded, is shown in Figure 16.

For each trip, the following attributes were recorded:

the departure and arrival time of the trip;

the travel time with each mode that was used on the trip;

the total trip distance;
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the street address of the destination (if unknown, the name of the visited locality could be 
provided);

and the trip purpose, in 10 categories.

An analogous questionnaire was programmed with an internet based interface, for which each 
participating household received a user name and password and was assigned a period of five 
days over which to record their travel. On the web page, the visited locations for a given day 
are displayed in a table as well as on a map along with colour codes for the different activity 
types, in an effort to make the survey more interactive and more attractive to the respondents 
(Figure 17).

On the same page as the map, a graphical as well as a tabulated overview of the previously 
entered trips and activities is shown. Editing existing or adding new trips and activities can be 
done by clicking on the appropriate links in the table, while the navigation bar on the left of 
the screen takes the respondents to the other parts of the questionnaire (instruction page, so-
cio-demographics, roster of frequently visited locations).
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Figure 16 Example page from paper questionnaire (translated from German original)

Trip number 1

Departure time :

Travel modes walk minutes

bicycle minutes

motorcycle minutes

car (as a driver) minutes

car (as a passenger) minutes

tram / bus minutes

rail minutes

other minutes

waiting time minutes

Arrival time :

Total distance kilometres

Destination Street. Number

(street address) ZIP code City

Locality

Trip purpose Return to the home location

Pick up / drop off someone

Work

Education

Shopping (daily needs)

Shopping (long-term needs)

Errand

Business

Leisure, namely:

Other, namely:
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Figure 17 Online diary screen shot (German original)

During the recruitment call, the respondents were given the choice between the internet or the 
traditional pen-and-paper diary. The software used for the stated adaptation survey, which 
will be described in the next section, makes use of the same database as the online diary; 
therefore, data from the pen-and-paper questionnaires need to be entered into the web inter-
face before being used in the interviews.
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The entire questionnaires for the pen-and-paper and online versions are shown in Appendix A
1 and A 3, respectively.

3.3.2 Stated adaptation interviews

Based on the relevant day reported by the respondent and chosen for the stated adaptation in-
terview, the modifications were implemented by the interviewers. Unlike former studies, the 
scenarios assigned to the respondents in the interviews were not aimed at determining the ef-
fects of specific policies. They were formulated as generally as possible, in the following 
form:

Imagine your reported trip to [Activity] would take [new travel time] minutes instead of [cur-
rent travel time]. This may result from the location where the activity was conducted relocat-
ing or closing, and you needing to choose a different location.

Travel times for the selected trips (and the return trips, if applicable) were progressively in-
creased by 50, 100 and 200 per cent, then decreased by 50 per cent (rounded to the nearest 
five minute interval), thus creating four scenarios per household. By default, the incurred time 
losses (or gains) were subtracted from (or added to) the final sojourn at home.

The aim was for the respondents to state their likely reactions to such a scenario, including the 
following possibilities:

Choice of a different departure time for certain trips;

choice of a different travel mode for certain trips;

choice of a different location for carrying our certain activities;

changing the order and/or duration of certain activities;

cancelling certain activities, or adding additional ones;

switching certain activities between household members;

or combinations of the above.

The choice of the day for which each household interview was conducted was determined by
the interviewers, based on a set of defined rules. Ideally, the respondents should have con-
ducted a sufficiently large number of activities, so that changes to the schedule would become 
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visible and were substantial enough for the respondents to change their behaviour on one of 
the aforementioned levels. Thus, the day with the largest number of conducted activities was
used as the starting point for the interviews.

The assignment of scenarios to the participating households was carried out using heuristics 
determining which trips were to be modified. The following rules were followed in choosing 
the trips:

If at least one household member is employed (or a student), check for commute trips (that 
is, trips that have either work or education as a purpose). If such trips are present, change 
their properties;

else, if there are children in the household, check whether accompanying trips to or from 
the children’s school(s) are present; if so, vary those trips;

else, check whether shopping trips are present, and modify one of them accordingly;

else, modify the longest leisure trip. 

By following this procedure, it was ensured that priority was given to mandatory (that is,
commute and to a certain extent shopping) trips, which are carried out routinely and for which 
changing travel conditions represent a larger modification to the scheduling constraints than 
for leisure trips. The scenarios thus created provided the base for the interactive interviews, 
where the household members progressively adapted their stated behaviour until attaining a 
schedule that they were satisfied with. The effects that the scenarios and the stated adaptations 
had on the respondents’ schedules were thus always directly visible to them.

An example screen shot of the interview software is shown in Figure 18. Here, the travel time 
for the bus trip to the work activity (labelled by the yellow bar) would be gradually increased 
from the existing 20 minutes to 30, 40, and 60 minutes, then decreased to 10 minutes, to cre-
ate the respective scenarios.
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Figure 18 Stated adaptation interview software screen shot (German original)

3.4 Field work

3.4.1 Recruitment success and response rates

A total of about 2’500 household addresses were acquired from an address dealer, with the 
requirement that the distribution of household characteristics be representative for the study 
area (the canton of Zurich). Announcement letters with a brief description of the study were 
sent to the selected households. A few days after these introductory letters were dispatched, 
the interviewers called the potential respondents to establish their willingness to participate in 
the study and provided them with detailed information on the survey process. At the same 
time, the potential respondents were informed of an incentive of 20.- Swiss Francs per partic-
ipating person in the household. The recruited respondents were assigned the internet or paper 
questionnaire according to their preference. Home addresses and the number of persons from 
the household willing to participate in the study were recorded.

Phone calls to 2’389 numbers were carried out, 1’344 of which were answered. Members of 
340 households agreed to participate in the survey, which corresponds to a recruitment rate of 
25.3 per cent. 200 of the recruited households requested a paper questionnaire, while 140 pre-
ferred the internet survey. 101 paper questionnaires were sent back and found valid, and 57 of 
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the invitations to participate in the online survey yielded useable data. Thus, the response 
rates for the paper and internet questionnaires were 50.5 and 40.7 per cent, respectively. The 
key figures are displayed in Table 15.

Table 15 Key recruitment and response figures

Total Online Pen-and-paper

Numbers dialled 2’389

Reached 1’344

Recruited 340 140 200

Recruitment rate [%] 25.3

Completed diary (households) 158 57 101

Completed diary (persons) 226 96 130

Response rate [%] 46.5 40.7 50.5

Interviews conducted (households) 141

Interviews conducted (persons) 205

As Figure 19 shows, response rates match the experiences with comparable studies at IVT, for 
which the ex-ante response burden was determined according to the scheme detailed in Ax-
hausen and Weis (2009). The methodology assigns weighted scores to question types and 
sums them up to calculate the overall response burden of a survey. The response rates that are 
considered here correspond to the COOP4 cooperation rate as defined by the American Asso-
ciation for Public Opinion Research (2011). Response rates decrease approximately linearly 
with response burden.

The result for the pen-and-paper questionnaire used in the present thesis fits well in the corre-
sponding context of surveys where respondents were recruited beforehand and/or given an in-
centive to participate. The response rates for the online survey differ is slightly lower than that 
for the paper questionnaire, which is in accordance with former experiences made with the 
two survey modes (Weis et al., 2008). The overall response rate of 46.5 per cent is slightly
lower than might have been expected based on the scoring alone, which may be due to addi-
tional attrition effects stemming from the five-day-long survey period. Those effects may also 
have influenced the lower reported mobility for the later days in the reporting period, as will 
be discussed in section 3.5.2.
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Figure 19 Response rates in the context of comparable studies

Source: Adapted from Axhausen and Weis (2009)

3.5 Explorative data analysis

3.5.1 Socio-economic characteristics of the respondents

Table 16 shows key descriptive figures for the respondent sample in comparison with data for 
the study area taken from the Mikrozensus 2005 (Swiss Federal Statistical Office and Swiss 
Federal Office of Spatial Development, 2005), which is weighted to be representative of the 
Swiss population. Household size and income distributions are given in per cent of house-
holds, the shares for the other variables in per cent of persons in the sample.

As can be seen, the youngest population segment (under 35 years of age) is under-represented 
in the sample. This may be due to the fact that elderly people are more easily reachable by tel-
ephone (as they are often retired and thus at home for greater portions of the day than the 
working population) and, given their larger available time budget, are more willing to partici-
pate in surveys such as the one described here.
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Table 16 Sample descriptive statistics (all figures are given in per cent)

Variable Value Sample
MZ’05

All Online Paper

Household size 1 25.0 10.5 33.3 32.9

2 38.5 35.1 40.4 37.1

3 12.2 19.3 8.1 12.1

> 3 24.4 35.1 18.2 18.0

Household income < 2’000 0.7 0.0 1.1 3.2

[CHF / month] 2’000 – 4’000 12.0 2.0 17.4 17.4

4’000 – 6’000 15.5 6.0 20.7 26.5

6’000 – 8’000 26.1 28.0 25.0 20.3

8’000 – 10’000 20.4 30.0 15.2 13.3

> 10’000 25.4 34.0 20.7 19.4

Gender Male 51.3 52.1 50.8 48.3

Female 48.7 47.9 49.2 51.7

Age 18 – 35 19.5 22.1 17.5 28.6

[years) 36 – 50 38.9 58.9 23.8 29.6

51 – 65 20.8 13.7 26.2 23.1

> 65 20.8 5.3 32.5 18.7

Education level Primary or secondary school 5.8 5.2 6.2 11.2

Professional school 52.7 36.5 64.6 60.1

Baccalaureate 6.6 4.2 8.5 7.2

Higher education 35.0 54.2 20.8 19.2

Transit pass None 29.2 29.2 29.2 50.9

Half-fare card 58.4 59.4 57.7 39.7

Generalabonnement 12.4 11.5 13.1 9.4

Car availability Always 66.8 66.7 66.9 72.7

Sometimes 19.0 17.7 20.0 20.8

Never 14.2 15.6 13.1 6.5

Area type of City centre 34.5 34.4 34.6 37.1

residential location Suburban 61.5 62.5 60.8 60.0

Rural 4.0 3.1 4.6 2.9



Activity oriented modelling of short- and long-term dynamics of travel behaviour ________________________________ June 2012

60 

Apart from the skewed age distribution(Figure 20), a trend towards rather wealthy (Figure 21)
and well-educated (Figure 22) respondents can be seen. Single households are under-
represented, while the share of large families is larger in the sample than in the population 
(Figure 23). Figure 24 shows that a high share of respondents own annual transit passes (the 
Generalabonnement being a flat-rate ticket entitling the owner to free use of public transport 
in all of Switzerland), as is common for transport surveys in Switzerland. In fact, public 
transport users tend to be more interested in transport policy issues, leading to a higher pro-
pensity to participate in the relevant surveys (see Weis et al., 2010 and Weis et al., 2011, for 
other recent surveys where these trends were present).

Where the effects were relevant, the socio-economic attributes were accounted for in the 
models of behaviour adaptations described in the next section.

The distribution of area types of the respondents’ residential locations matches that of the rep-
resentative sample quite well, as can be seen in Figure 25. About a third of the respondents 
live in city centres, while a majority of the remaining two thirds reside in suburban regions.

Figure 20 Age distribution: respondent sample vs. MZ 2005
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Figure 21 Income distribution: respondent sample vs. MZ 2005

Figure 22 Education level distribution: respondent sample vs. MZ 2005
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Figure 23 Household size distribution: respondent sample vs. MZ 2005

Figure 24 Transit pass ownership distribution: respondent sample vs. MZ 2005
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Figure 25 Residential area type distribution: respondent sample vs. MZ 2005

The spatial distribution of the respondents across the study area is shown in Figure 26. A 
large part of the respondents live in the urban centres of Zurich and Winterthur and their re-
spective agglomerations.
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Figure 26 Spatial distribution of respondents

3.5.2 Reported travel behaviour

General mobility figures

Table 17 shows key mobility figures for the subsamples in comparison with values for the 
study area taken from the Mikrozensus. Reported weekday mobility is at par with the national 
sample, while trip rates are slightly lower. This may be due to the fact that the Mikrozensus is 
carried out as a computer assisted telephone interview (CATI), and spans only one day for 
each respondent. Thus, the reported schedules in the Mikrozensus are checked for inconsist-
encies by the interviewers. In addition, attrition effects that lead to lower reported mobility as 
the survey period progresses are expected to be higher in the current study. A similar effect 
may have caused part of the significant drop in reported mobility for Saturdays and Sundays 
in the online survey.
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Table 17 Key mobility figures

Mobility figures Sample: online Sample: paper MZ’05

Working days (Monday – Friday) N* = 293 N = 394

Share of mobile persons [%] 91.8 91.6 91.0

Average number of trips (all persons) 3.57 3.14 3.67

Average number of trips (mobiles only) 3.89 3.42 4.03

Saturday N = 65 N = 42

Share of mobile persons [%] 70.8 92.9 89.4

Average number of trips (all persons) 3.09 3.21 3.26

Average number of trips (mobiles only) 4.37 3.46 3.64

Sunday N = 48 N = 31

Share of mobile persons [%] 66.7 80.6 79.3

Average number of trips (all persons) 2.17 2.26 2.11

Average number of trips (mobiles only) 3.25 2.80 2.66
* N is the number of person days in the sample.

Modal shares

The distribution of the modal shares for the reported trips is displayed in Table 18, again 
along with the representative figures from the Mikrozensus. Significantly less walk trips were 
reported, with public transport having a higher modal share than in the national survey. Two 
reasons can be brought forward to explain this effect: on the one hand, very short trips (where 
walking is the preferred mode) tend to be over-represented in the Mikrozensus. On the other 
hand, the high share of transit pass holders in the sample encourages the use of public 
transport for those captive riders.

Table 18 Modal share distribution [%]

Main mode Sample: online Sample: paper MZ’05

Walk 18.6 21.2 28.4

Bicycle 9.5 5.7 7.0

Car or motorcycle 52.5 46.0 51.5

Public transport 16.4 25.1 11.9

Other 3.0 2.0 1.2
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Trip purpose distribution

The trip purpose distribution for the reported trips and its comparison to the figures from the 
Mikrozensus are shown in Table 19. Here, representativeness is reached quite exactly. Leisure 
accounts for about half of the reported out-of-home activities. Education (and, in the paper 
questionnaire, work) trips are slightly under-represented, which is due to the skewed age dis-
tribution of the sample, as only people above the age of 18 were surveyed.

Table 19 Trip purpose distribution [%]

Trip purpose Sample: online Sample: paper MZ’05

Education 0.9 0.5 1.1

Work 19.2 12.1 16.0

Shopping / errand 13.2 15.0 16.0

Business 2.7 0.7 2.1

Leisure 26.7 28.0 25.7

Return home 37.3 43.7 39.1

3.6 Reactions to changing travel conditions

Stated adaptation interviews were so far been conducted with 205 individuals from 141
households. Data from the interviews form the basis for the analyses presented in this section.

3.6.1 Changing travel conditions

As has been mentioned above, the scenarios that are presented to the respondents in the 
household interviews consist of changing travel times to locations where given activities are 
conducted. Figure 27 shows the distribution of the changes in total travel times implied by the 
modifications made in the various scenarios. Changes cover a broad range, reaching from one 
and a half hours gained to three hours lost travelling.

When assessing the modified behavioural schemes stated by the respondents, changes in the 
abovementioned variables defining the structure of the schedule are of main interest: number 
of activities conducted, trips, and home-to-home tours; departure times; duration of the con-
ducted activities and trips; and duration of the time spent at the home location. The aggregat-
ed changes to these attributes lead to the adapted schedules, the forecast of which is the main 
purpose of the study.
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Figure 27 Distribution of implied changes in travel times

3.6.2 Adaptations of the number of conducted activities

The distribution of the number of added or removed out-of-home activities is shown in Figure 
28a. The histogram serves as a first indicator of how the respondents react to the changes in 
the scenarios. On the one hand, a large majority of the respondents (about ninety per cent) are 
reluctant to make significant modifications to their schedules – a large number of them would 
not let time changes affect their schedule structures.

However, as the implied travel time losses become larger, activities are more likely to be can-
celled in order to make up for the time losses (Figure 28b). In the same vein, significant time 
gains tend to increase the number of conducted activities only slightly. Thus, the respondents’ 
reactions, although weak in this aspect, are consistent with the notion that less favourable 
travel conditions lead to less mobility and vice-versa (that is, that activities can be considered 
a normal good, for which reduced costs lead to increasing demand). The asymmetrical distri-
bution of the reactions to gains and losses is taken into account in the later models of schedul-
ing adaptations.
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Figure 28 Changes in number of out-of-home activities induced by changing travel times

(a)

(b)
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Overall, it is obvious that reactions pertaining to the schedule structures are not the respond-
ents’ main adaptation pattern. Adaptations of departure times, activity and trip durations are 
much more common. They will be discussed in the following sections.

3.6.3 Adaptations of departure times

A convenient and often (by over two thirds of the respondents - Figure 29a) chosen reaction 
to the changes in travel times is the modification of the departure time for the first trip of the 
day. Indeed, it appears as the most logical reaction, for example for a worker who has to be at 
the work location at a given time and thus adapts their departure time to the changing condi-
tions to accommodate for the required punctuality.

On average, this type of adaptation accounts for the compensation of 30 to 50 per cent of the 
time gains and losses (Figure 29b) and thus must play a major role in the subsequent behav-
iour modelling. A large part of the adaptations range from departing an hour earlier up to 30 
minutes later. The respondents’ reactions to the scenario validate the rationality of their be-
haviour – time losses are compensated by departing earlier (negative adaptation), gains by de-
parting later (positive adaptation) from the home location (Figure 29b).

3.6.4 Adaptations of activity durations

The distribution of changes in activity durations that the respondents indicated as reactions to 
the presented scenarios is shown in Figure 30a. Here again, it can be seen that a large part 
(roughly 80 per cent) of the respondents does not consider renouncing significant parts of the 
planned activities a viable option for compensating time losses. Only in extreme cases are ac-
tivity durations shortened by significant amounts (Figure 30b). More surprising is the fact that 
time gains are only rarely converted into longer activities, which indicates a strong inertia in 
short-term planning.
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Figure 29 Changes in departure times induced by changing travel times

(a)

(b)
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Figure 30 Changes in durations of out-of-home activities induced by changing travel times

(a)

(b)
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3.6.5 Adaptations of trip durations

As can be seen in Figure 31a, about 40 per cent of the respondents compensate changing trav-
el times by in turn adapting their trip durations; this may be done by switching travel modes 
(under the assumption that the modification applies only to the mode chosen in the reported 
schedule), the destination for a trip (and thus the distance to be covered), or by cancelling 
trips. In the case of implied time losses, the latter may be performed either by renouncing a 
trip to the home location between two activities (leading to less home-to-home tours, but an 
equal number of activities, being carried out), or by removing an activity from an existing trip 
chain (thus reducing the number of activities, but not the number of tours). Figure 31b again 
indicates the asymmetrical nature of the described type of reaction.

3.6.6 Adaptations of durations spent at home

Figure 32a shows the distribution of changes in durations spent at the home location. As has 
been stated above, the formulation of the stated adaptation experiments implies that travel 
time losses are by default subtracted from the final stay at home – the entire schedule is thus 
postponed by the specified amount of time. Thus, if a person accepted the schedule directly 
resulting from the construction of a scenario, the total duration spent at home for that person 
would be changed by the exact amount of time gained or lost in the scenario. On average, 
around 50 per cent of the implied travel time changes are compensated by one of the means 
mentioned in the previous sections, while the remaining half is buffered by accepting later ar-
rivals at home (Figure 32b). This shows that, despite some inertia regarding scheduling adap-
tations, the respondents did react to the posed scenarios and attempted to compensate at least 
part of the time gains and losses incurred to them.
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Figure 31 Changes in trip duration induced by changing travel times

(a)

(b)
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Figure 32 Changes in duration spent at home induced by changing travel times

(a)

(b)
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3.7 Proposed modelling approach and estimation results

The modelling approach that is described here makes the general assumption that time gains 
or losses can be compensated by the respondents in three different ways (apart from doing 
nothing, which results in less time spent at home as has been mentioned above), which can be 
combined in any way to form a new, adapted, schedule:

adaptation of the departure time from the home location;

adaptation of the time spent travelling  (by changing travel modes or destinations, or by 
changing the number of trips);

adaptation of the time spent at out-of-home activities.

As a consequence, these are the three variables which are the main focus of the modelling ap-
proach, which attempts to reproduce the multiple levels of the decision process leading to the 
adapted schedules. 

The sub-models were chosen to appropriately account for the relevant decisions and are run 
sequentially when using the model for forecasting. A central input for all model steps is the 
implied travel time gain or loss, or variables directly derived from those differences. The sub-
models are:

(1) A Multinomial Logit (MNL) model for the decision whether or not to react at all to a giv-
en scenario – the MNL is well-suited for modelling choices between several discrete al-
ternatives;

(2) a Linear Regression model predicting how much time is compensated (only for those re-
spondents that do react at all) – the one-dimensional consumption that is modelled here 
can be sufficiently well reproduced by this relatively simple model;

(3) a Multiple Discrete-Continuous Extreme Value (MDCEV) model, estimating the distribu-
tion of the compensated time over the three abovementioned options – the MDCEV is 
specifically formulated for choices that involve picking one or several alternatives (as 
opposed to the restriction to a single one that is imposed by the MNL), and allows a sim-
ultaneous modelling of the quantities that are consumed of each good;

(4) a Cross-Nested Logit (CNL) model, which, based on the resulting changes in travel times 
and activity durations, predicts whether additional adaptations to the schedule structure 
will be carried out, that is whether there will be changes to the number of activities and 
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tours or mode choice changes – the CNL extends the MNL by allowing for the specific 
inclusion of similarities between alternatives, which have to be taken into account here.

The structure of the proposed modelling approach is shown in Figure 33.

Figure 33 Changes in trip duration induced by changing travel times

When using the model to forecast reactions to a given scenario, the results from one step enter 
the next step as input variables. The following sub-sections describe the sub-models in detail 
and provide their results.

3.8 Multinomial Logit (MNL) model for predicting the presence of a 
reaction to a scenario

The Multinomial Logit (MNL) model (Train, 2003) is the most widespread approach for mod-
elling discrete choices between given alternatives, as is the case for the first sub-model de-
scribed here. The BIOGEME software package (Bierlaire, 2003, 2009) was used to estimate 
the model.



Activity oriented modelling of short- and long-term dynamics of travel behaviour ________________________________ June 2012

77 

3.8.1 Formulation

In the MNL, the utility of an alternative is described by a utility function, which consists of a 
deterministic and an unobserved (random error term) component. The utility, Ujq, of alterna-
tive j for individual q can be generally expressed as:

jqjqjq VU , (4)

where:

Vjq is the deterministic utility component, consisting of observed, or measured, attributes;

jq is the non-systematic component, which captures unobserved preferences of a person, 
missing attributes, and the model’s measurement error.

The equations for Vjq are combinations of the attributes of the alternatives, the choice situa-
tions and the decision makers. It is assumed that the alternative with the largest utility for per-
son q is chosen by that person, thus:

iqjq UU ji (5)

iqiqiqjq VV ji (6)

As the value of the term iq – jq is unknown, an assumption has to be made about the proba-
bility of a choice. It ensues:

iqjqjqiqjq VVPP ji (7)

dfPjq , (8)

where:

f( ) is the probability density function of the common error term distribution.

For the MNL, it is assumed that the residuals are independent and identically distributed (IID) 
and follow a Gumbel distribution with mean 0 and equal standard deviations. Under these as-
sumptions, the modelled choice probability for alternative j for individual q is:

i

V

V

jq iq

jq

e
eP (9)
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For the estimation of the utility parameters, the Maximum Likelihood method is applied. The 
Likelihood function is given as:

N

n

g
in

inPL
1

, (10)

where:

N is the number of observations;

gin is equal to 1, if alternative i is chosen in observation n, 0 otherwise;

Pin is the choice probability for alternative i in observation n resulting from a set of esti-
mated parameters.

For the parameter estimation, the natural logarithm of the Likelihood, called the Log-
Likelihood, is used:

N

n
inin PgL

1
lnln (11)

By maximising the Log-Likelihood, it is ensured that the modelled behaviour reflects the ob-
served one as well as possible. The final value of the Log-Likelihood serves as an evaluation 
of the model fit. Another indicator is the adjusted 2 value, indicating which portion of the 
overall variance in the data is explained by the model, while correcting for the number of de-
grees of freedom. It is given as:

0

2

ln
ln1.

L
kLAdj , (12)

where:

lnL is the Log-Likelihood of the estimated model;

lnL0 is the Log-Likelihood of the model with all parameter valuess set to 0;

k is the number of degrees of freedom (number of estimated parameters).

The varaibles entering the utility function for a respondent in the MNL model hat is presented 
here are:

the incurred travel time gain or loss;

the total travel time reported in the respondent’s schedule in the trip diary;
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the number of home-to-home tours reported in the respondent’s schedule in the trip diary;

the respondent’s age;

the respondent’s gender;

the respondent’s employment situation;

and the respondent’s transit pass ownership;.

3.8.2 Model results

Various model formulations were tested, including other socio-economic attributes, such as 
car availability and household size, and variables resulting from the reported schedules. Those 
variables proved however to be statistically non-significant, or did not contribute to an im-
proved model fit.

The various parameters were estimated separately for travel time gains and losses, as their 
valuation was expected to differ, as has been shown in the descriptive analysis. The model re-
sults are shown in Table 20.

The “no adaptation” alternative was taken as a reference alternative, with utility fixed to zero; 
the parameters thus represent utility gains that the respective variables contribute to the utility 
function of the “adaptation” alternative in relation to the “no adaptation” reference.

It can be seen that the utility for adapting behaviour (and thus, the choice probability for the 
alternative) increases with increasing time gains and losses. The age, gender, employment and 
transit pass ownership variables are dummy-coded, that is their parameters represent a utility 
relative to a reference category. It can be seen for example, that a respondent between 18 and 
40 years of age is more likely to react to travel time gains (positive parameter value) than one 
aged over 65.
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Table 20 Model results for Multinomial Logit (MNL) model

Alternative Parameter Value t statistic

Adaptation

For travel time gains:

Constant 2.490 1.80

Logarithm of amount of gained time [min] 1.330 4.18
Logarithm of travel time reported in diary [min] -0.805 -2.36
Age: between 18 and 40 years -1.340 -2.90
Age: between 40 and 65 years (reference category) - -

Age: over 65 years -1.930 -3.22
Male respondent -0.284 -1.19

Female respondent (reference category) - -

Respondent is employed -1.030 -2.55
Transit pass ownership -0.755 -1.63

For travel time losses:

Constant -0.138 -0.17

Logarithm of amount of lost time [min] 1.290 5.80
Number of tours reported in diary -0.877 -4.82
Age: between 18 and 40 years 0.267 0.66

Age: between 40 and 65 years (reference category) - -

Age: over 65 years -1.900 -3.90
Male respondent -0.284 -1.19

Female respondent (reference category) - -

Respondent is employed -1.030 -2.55

No adaptation None (reference alternative; utility = 0) - -

Adjusted 2 = 0.410
Values in italic are significant at the 5 per cent level (as indicated by the t statistics).

3.8.3 Assessment of model quality

The overall fit of the model is quite good, with an adjusted 2 value of 0.410 (Table 20).

Figure 34 serves as an additional assessment of the model’s quality. The box plot shows that a 
higher probability of adapting behaviour is predicted for those respondents that did state adap-
tations in the interview. Overall, the adaptation probability is slightly over-estimated, as evi-
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denced by the high values even for the non-reacting respondents. In the simulation, that is the 
attempt to reproduce the stated behaviour using the model, the correct share of reacting re-
spondents was predicted (amounting to roughly 80 per cent of the sample). In the simulation, 
random terms drawn from a Gumbel distribution are added to the deterministic utility compo-
nents computed with the parameter estimates; the alternative with the greater resulting utility 
is then set as chosen. Overall, the model can thus be considered valid for predicting the share 
of persons who adapt their travel behaviour, which is needed here.

Figure 34 Modelled adaptation probabilities vs. stated behaviour
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3.9 Linear Regression Model for predicting the amount of 
“compensated” time

For the respondents that adapted their behaviour in the stated adaptation interview, a Linear 
Regression model was estimated to predict the amount of compensated or re-invested time.

3.9.1 Formulation and model results

The model uses the natural logarithm of the amount of gained or lost travel time as an explan-
atory variable, and the natural logarithm of the amount of compensated or re-invested time as 
a dependent variable. Separate parameters for time gains and losses were estimated and are 
shown in Table 21.

Table 21 Model results for Linear Regression model

Parameter Value t statistic

For travel time gains:

Constant 0.719 2.40
Logarithm of amount of gained time [min] 0.656 7.62

For travel time losses:

Constant -0.175 -0.84

Logarithm of amount of lost time [min] 0.974 18.50

Adjusted R2 = 0.960
Values in italic are significant at the 5 per cent level (as indicated by the t statistics).

It can be seen that time losses are compensated at a higher rate than gains. The model fit is 
very good, the value for adjusted R2 being equal to 0.960 (that is, 96 per cent of the variance 
in the dependent variable is explained by the model).

3.9.2 Assessment of model quality

Figure 35 shows the time compensations predicted by the model compared to those stated by 
the respondents. It can be seen that the model captures the overall trend quite well.

For a further validation of the model, visual tests of the normal distribution of the residuals as 
well as their homoscedasticity (that is, the independence of the residuals from the explanatory 
variable) were carried out. These are two conditions that must be fulfilled for a regression 
model to be statistically valid.
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Figure 36 shows the P-P plot of the cumulative distribution function of the normal distribu-
tion against that of the model residuals. The solid black line corresponds to the normal distri-
bution, the dashed blue one to the model. It can be seen that the residuals are very close to the 
reference distribution.

Figure 37 shows the absolute values of the standardised residuals from the model plotted 
against the explanatory variable, namely the implied travel time gains or losses. As can be 
seen, there is no obvious correlation between the two variables, which would indicate hetero-
geneity and thus require a re-formulation of the model.

As both the test for normality and that for homoscedasticity of the residuals yielded positive 
results, the model is considered valid and will be retained for further investigation.

Figure 35 Modelled adaptation probabilities vs. stated behaviour
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Figure 36 P-P plot for normal distribution of residuals

Figure 37 Test for homoscedasticity of residuals
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3.10 Multiple Discrete-Continuous Extreme Value (MDCEV) model 
for predicting the distribution of compensated time

The Multiple Discrete-Continuous Extreme Value (MDCEV), which was introduced by Bhat 
(2005, 2008) in the context of time use decisions and extended by Pinjari and Bhat (2010a),
extends the classical discrete choice model by two components:

More than one alternative can be chosen;

predictions of the consumed quantities of the chosen alternatives can be carried out.

3.10.1 Formulation

Each consumer is assumed to maximise their utility given the available goods. Various formu-
lations exist; in the approach that is used here, the utility function takes the following form (as 
proposed by Hanemann 1984):

K

k k

k
kk

xxU
1

1ln , (13)

where:

K is the number of available goods (choice alternatives);

k is the baseline marginal utility of good k;

xk is the consumed quantity of good k;

k is a satiation parameter, controlling the increase of utility with increasing consumption 
of good k – for positive values of k , the marginal utility decreases as the consumption 
of k increases.

The satiation parameters impose the same logic that could be applied to a normal good, for 
which it is assumed that each additional unit of consumption provides a lesser utility than the 
previous unit (as detailed in the seminal study by Becker, 1965; and applied in the context of 
the MDCEV model in Bhat, 2005). Here, the consumed good is the amount of compensated 
time.

The logic of decreasing marginal utility can here be interpreted as a consequence of the in-
creasing difficulty to make room for the corresponding compensations in an already adapted 
schedule. For example, reducing the duration of a specific activity to compensate for lost time 
might be easily feasible for a limited amount of time. However, the utility gained from such 
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an adaptation is logically traded off against the utility lost from shortening the activity itself, 
thus decreasing the marginal utility of the compensation method. The satiation parameters de-
scribe the rate at which this trade-off takes place, and determine the amount of compensated 
time after which the marginal utility becomes negligibly small.

Illustrative examples of the form of the influence of a good’s consumption on its utility (with 
the baseline marginal utility normalised to a value of 1) are shown in Figure 38 for the for-
mulation given in equation (13) at various values of .

Figure 38 Utility as a function of consumption, at different values for satiation parameter

The baseline marginal utility k (that is, the marginal utility when the consumed quantity of 
good k equals zero) is parameterised as:

kkz
k e , (14)

where:

is a vector of utility parameters;

zk is a vector of characteristics of good k and of the decision maker;

k is a Gumbel distributed error term.
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3.10.2 Model results

The and parameters were estimated using Maximum Likelihood optimisation. The model 
was estimated using a specialized software package developed by Dr. Chandra Bhat, written 
in the GAUSS programming language. The results are shown in Table 22.

The adaptation of departure time from home is considered the base alternative, with respect to 
which the utilities for both other alternatives are computed. As the negative values for the 
constants imply, the base alternative is inherently preferred to the other alternatives, as choos-
ing it requires the least exertion from the respondents.

When time gains or losses increase, so does the propensity of adapting either the travel time 
or the activity duration. However, the large values for the satiation parameters of these alter-
natives also suggest that the marginal utility decreases more quickly with the consumed 
amount than that of the departure time adaptation.

The model was used to carry out a simulation using the stated adaptation data set. The proce-
dure described in Pinjari and Bhat (2010b, 2010c) was implemented in the R programming 
language for carrying out the forecast.
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Table 22 Model results for Multiple Discrete-Continuous Extreme Value (MDCEV) model

Case Reaction Parameter Value t statistic

Time gain

Later departure Satiation parameter ( ) 0.139 3.15

More travel time Constant -0.500 -0.88

Amount of compensated time [min] 0.386 0.60

Satiation parameter ( ) 1.119 1.16

Longer activities Constant -3.629 -3.29

Amount of compensated time [min] 3.004 4.20

Reported time spent at home 0.726 0.69

Satiation parameter ( ) 0.359 1.76

Time loss

Earlier departure Satiation parameter ( ) 0.266 5.59

Less travel time Constant -1.166 -7.80
Amount of compensated time [min] 0.691 4.68

Satiation parameter ( ) 1.324 3.14

Shorter activities Constant -2.967 -9.41
Amount of compensated time [min] 1.120 6.93
Reported duration of out-of-home 
activities 1.162 2.03

Satiation parameter ( ) 0.393 3.74
2 = 0.234

Values in italic are significant at the 5 per cent level (as indicated by the t statistics).

3.10.3 Assessment of model quality

Overall quality

As a first assessment of model quality, Figure 39 shows the distribution of the departure time 
adaptations stated by the respondents against that forecast by the model. The forecast distribu-
tion matches the actual one quite well; the shares of earlier respectively later departures from 
the home location are thus correctly reproduced by the model. The same holds for the other 
time compensation methods – trip duration (Figure 40) and activity duration (Figure 41).



Activity oriented modelling of short- and long-term dynamics of travel behaviour ________________________________ June 2012

89 

Figure 39 Prediction quality of MDCEV model: distribution of departure time adaptations

Figure 40 Prediction quality of MDCEV model: distribution of trip duration adaptations
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Figure 41 Prediction quality of MDCEV model: distribution of activity duration adaptations

Analysis of residuals

As an additional assessment of the prediction quality, a residual analysis for the MDCEV 
model following the procedure proposed in Jäggi et al. (2010) was carried out. The residual 
for each observation in the data set is calculated as:
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where:

K is the number of available goods (choice alternatives);

tobs,j is the observed consumption for good k;

tpred,j is the consumption for good k that is predicted by the model.

The absolute differences are divided by 2 to avoid double counts of falsely predicted values; 
otherwise, a portion of the total consumption that was wrongly forecast would show up once 
in the residual component of the alternative that is was falsely attributed to, and once in that 
of the alternative where the correct amount is missing (that is, where it should have been allo-
cated, but was not).
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The budgets differ between the individual observations (as a function of the total travel time 
gains or losses and the percentages of those changes that are compensated by the respond-
ents). To ensure a comparability of the residuals from one observation to the other, residuals 
are considered relatively to the total budget, or time compensation:
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where the sum in the denominator corresponds to the budget.

For the analysis of the residuals, a model where all parameters were set equal to zero (that is, 
a random attribution of the budget to the three available alternatives) was compared to the fi-
nal model (results shown in Table 22). The results of this analysis are shown in Figure 42.

Figure 42 Prediction quality of MDCEV model: distribution of relative residuals

The average value for the relative residual was reduced from 0.66 in the forecast from the ref-
erence model, to 0.57 in the forecast computed at the estimated parameter values.

Even the null model already has a quite high share (about 15 per cent) of observations for 
which the relative residual is equal to 0, that is for which the exact attribution of the budget to 
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the available alternatives was correctly predicted. This finding is strongly driven by the nature 
of the data at hand, where the budget is often fully invested into one single dominant alterna-
tive (the adaptation of departure time). The final model doubles the share of correct predic-
tions to almost 30 per cent, while it reduces the share of completely false forecasts (where the 
budget is assigned to all but the actually chosen alternatives) by approximately the same 
amount.

Hit ratio of correct predictions

In discrete choice modelling, the hit ratio (or hit rate) is defined as the percentage of chosen 
alternatives in the observed data that are correctly predicted by a model (Kolwani et al.,
1994). The methodology has been recently applied to various MDCEV models by Jäggi et al.
(2010). The hit ratio is based solely on whether or not the choice of an alternative is correctly 
predicted, regardless of the amount of consumption of the chosen alternatives. The ratio is 
calculated for each observation separately, and the mean of those values is then used as a fur-
ther assessment of the model quality. The distributions for the null model and the final model 
are shown in Figure 43.

Figure 43 Prediction quality of MDCEV model: distribution of hit ratios
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The average hit ratio for the final model was 63.3 per cent, up from 50.0 per cent for the null 
model. Analogously to the findings described above, the null model already has a relatively 
high share of correct predictions in virtue of the presence of the dominant alternative. The fi-
nal model expectedly increases the share of observations that have high hit ratios, that is 
where the correct chosen alternatives are predicted.

3.11 Cross-Nested Logit (CNL) model for predicting the presence of 
additional adaptations

The adaptations which can be chosen by the respondents as a means to attain the time com-
pensations captured by the MDCEV are:

Changes in destination choice;

changes in mode choice;

adaptations of the number of activities;

adaptations of the number of tours.

The latter two alternatives may be chosen jointly or separately, and modify the structure of the 
reported schedules. Changes in destination choice cannot be directly modelled here, as the 
survey data lacks the necessary spatial information; they are included as a reference alterna-
tive in the model. The Cross-Nested Logit (CNL) model approach (Papola, 2004) is based on 
the same theory as the Multinomial Logit (MNL) – the propensity of a discrete alternative to 
be chosen is assumed to depend on the utility of that alternative, which in turn is composed of
an observed (parameterised) and an unobserved part. As an extension to the MNL, the CNL 
allows to account for similarities between several of the discrete alternatives. Alternatives that 
are assumed to share a portion of their utility are grouped into nests. In the CNL, each alterna-
tive can furthermore be a member of more than one nest.

3.11.1 Formulation

In the formulation of the CNL that is applied here, the choice probability of a discrete alterna-
tive is a function of the probability of the corresponding nest being chosen, which is given as:



Activity oriented modelling of short- and long-term dynamics of travel behaviour ________________________________ June 2012

94 

'

1
'

1

'

'

'k

V

Ci
ik

V

Ci
ki

k

ik

k

k

ik

k

e

e
kP , (17)

where:

Ck is the nest with index k;

ki is the degree to which alternative i belongs to nest k;

k is the nest parameter of nest k;

Vi is the observed utility of alternative i.

The choice probability for alternative j is then given as:
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In the special case described here, nests were formed to include alternatives where the number 
of activities is changed either exclusively or jointly with the number of tours (for example,
removing an activity from a tour that remains in the schedule, or removing a tour altogether). 
The same holds for tours, where the exclusive removal simply means that a return to the home 
location is left out, without cancelling an activity (that is, an activity is shifted to a different 
tour). The nests were compiled as follows:

the „more activities“ and „more activities and more tours“ alternatives were included in a 
“more activities” nest;

the „more tours“ and „more activities and more tours“ alternatives were included in a 
“more tours” nest;

the „less activities“ and „less activities and less tours“ alternatives were included in a “less 
activities” nest;

the „less tours“ and „less activities and less tours“ alternatives were included in a “less 
tours” nest;
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the “destination choice” and “mode choice” alternatives were left separate, that is not nest-
ed together with any other alternatives.

3.11.2 Model results

The model was again estimated using BIOGEME (Bierlaire 2003, 2009). The nest member-
ship parameters, , were fixed to 0.5, and the nest parameters, , to 1, as attempts to estimate 
those parameters resulted in estimates that were not significantly different from these refer-
ence values.

The model results are shown in Table 23.

Table 23 Model results for Cross-Nested Logit (CNL) model

Case Adaptation Parameter Value t stat.

Ti
m

e 
ga

in

Destination choice None (reference alternative) - -

More activities Constant -2.670 -5.17

More tours Constant -35.600 0.00

Amount of additional travel time [min] 0.161 4.47

More activities and tours Constant -5.990 -3.63

Mode choice Constant -0.967 -3.90

Amount of additional travel time [min] 0.108 4.92

Ti
m

e 
lo

ss

Less activities Constant -3.610 -7.84

Amount of reduced activity duration [min] 0.005 2.78

Number of reported activities 0.417 3.44

Less tours Constant -8.240 -8.07

Amount of reduced travel time [min] 0.098 8.78

Number of reported tours 1.530 4.30

Less activities and tours Constant -9.390 -8.64

Mode choice Constant -1.430 -8.28

Amount of reduced travel time [min] 0.081 8.13

Adjusted 2 = 0.526
Values in italic are significant at the 5 per cent level (as indicated by the t statistics).

Here again, separate parameters were estimated for time gains and losses. The model fit is 
very high (adjusted 2 = 0.526). As in the other sub-models, the constants indicate an inherent 
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preference for the alternatives; here, all reactions have a lower base utility than the “destina-
tion choice” reference alternative. If time gains are re-invested by again spending more time 
travelling, this translates into changed travel modes or more tours, that is the respondents may 
decide to return to their home location more often during the day (as the return home becomes 
cheaper in terms of generalised costs).

In the time loss case, time needs to be saved compared to the original schedule, that is the re-
spondents can react to longer implied travel times by travelling less or spending less time at 
activities. The CNL models the adaptations that are necessary to accommodate these time 
compensations, for example changing trip chains (that is, performing less tours, but the same 
number of activities) to save travel time.

The more travel time the respondents attempt to save, the more likely it becomes that such a 
change to the trip chain structure is necessary. On the other hand, time losses compensated by 
shorter activity durations increase the probability of conducting fewer activities.

Changes in mode choice are inherently preferred to those to the number of tours and activi-
ties, as they are arguably the easiest to perform. However, with increasing desired time com-
pensations, and especially for respondents that have a tight schedule (that is, that have report-
ed a large number of tours and activities in the diary), adaptations to the schedule structure 
become unavoidable.

3.11.3 Assessment of model quality

As Figure 44 shows, in both the adaptations stated by the respondents and those predicted by 
the model, the decisions to changes the destination or the travel mode for a given trip are pre-
dominant.

The respondents are slightly more willing to cancel activities and tours than they can imagine 
conducting additional ones when offered more time, which hints to a certain inertia in the 
stated behaviour. The same inertia can be observed in reality (for example when comparing 
time use studies from different time periods, as has been done in the previous chapter). The 
distribution of the chosen alternatives is well reproduced by the model.
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Figure 44 Prediction quality of CNL: distribution of reactions

3.12 Model applications

The abovementioned program, written in the R programming language, was used for the sim-
ulation of the forecasting procedures described in this section.

3.12.1 General examples

Analogously to the global applications described for the long-term models in section 2.10,
scenarios are considered here for which activity scheduling reactions on a global scale, that is 
over all of Switzerland, are to be evaluated. To that end, the trip diary data set from the 
Mikrozensus 2005 (Swiss Federal Statistical Office and Swiss Federal Office of Spatial De-
velopment, 2005) were used, and trip durations were shortened or increased by pre-
determined factors. The considered scenarios are:

(1) increase of all commute (work and education) trip durations by 50 per cent (affecting 40
per cent of the population);

(2) decrease of all commute (work and education) trip durations by 50 per cent (affecting 40
per cent of the population);
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(3) increase of all leisure trip durations by 50 per cent (affecting 66 per cent of the popula-
tion);

(4) decrease of all leisure trip durations by 50 per cent (affecting 66 per cent of the popula-
tion);

(5) increase of all shopping trip durations by 50 per cent (affecting 41 per cent of the popula-
tion);

(6) decrease of all shopping trip durations by 50 per cent (affecting 41 per cent of the popula-
tion).

In recapitulation, all trip durations for the three main trip purposes were globally increased or 
decreased by 50 per cent. The resulting scenarios serve as a starting point for the forecasting 
procedure, which is based on the model described in the previous section.

The resulting distributions of total travel time changes for the schedules reported in the Mi-
crocensus are shown in Figure 45.

Figure 45 Distribution of total travel time changes for the 6 scenarios

The created scenarios impose far less drastic changes in the general conditions than those 
posed in the stated adaptation interviews, despite their very global nature. The total travel 
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time gains and losses are in large parts less than an half an hour. It can be expected that the 
modelled reactions to these scenarios will thus be moderate. The strongest changes are im-
plied by the leisure travel time changes in scenarios (3) and (4), as these trips form the largest 
part of the sample (Table 19) and are often longer than commute and shopping trips.

Table 24 shows the average values of the relevant dependent variables resulting from the 
model runs for all six scenarios.

Table 24 Predicted reactions to the example scenarios: key figures (averages)

Change (1) (2) (3) (4) (5) (6)

Implied travel time gain or loss [min] 12.0 -12.0 27.7 -27.7 8.3 -8.3

Probability of adaptation [%] 31.4 30.4 50.1 48.9 25.7 26.9

Compensated time [min] 6.8 -5.8 15.7 -11.8 4.4 -4.1

Adaptation of departure time [min] -3.9 3.6 -10.4 8.9 -3.6 3.5

Adaptation of activity duration [min] -0.6 0.5 -0.1 0.4 0.0 0.0

Adaptation of trip duration [min] -2.2 1.8 -5.3 2.5 -0.8 0.6

Net change in trip duration [min] 9.8 -10.3 22.4 -25.2 7.5 -7.7

Adaptation of number of activities -0.03 0.02 -0.04 0.04 -0.02 0.03

Adaptation of number of tours -0.02 0.01 -0.03 0.02 -0.02 0.01

Adaptation of number of trips -0.05 0.04 -0.07 0.06 -0.04 0.04

As expected, scenarios (3) and (4), for which the implied travel time changes are the greatest, 
imply the strongest schedule adaptations. In these scenarios, the model forecasts about half of 
the population changing their behaviour. The average time compensated via those changes is 
16 minutes for time losses, respectively 12 for time gains. Large parts of these compensations 
are carried out by changing the departure time from the home location.

As far as adaptations of activity durations are concerned, the effects are very weak, as could 
be expected. The same holds for changes in the number of conducted activities, tours, and 
trips. On the trip generation level, only very slight changes are to be expected in the short run. 
For example, in the case of the durations of all leisure trips being increased by 50 per cent,
only about every 25th person would renounce an activity (leading to the average value of 0.04 
less activities carried out per person).

On the other hand, roughly 20 per cent of travel time gains are re-invested in additional travel; 
this is partly due to changed travel modes, but also to the choice of new destinations, which is 
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not modelled in detail here. A part of the population would thus react to shorter travel times 
respectively to increased speeds, by re-balancing their travel time budget by travelling more.

The “net change in trip duration” given in the table results from the travel time gains or losses 
implied in the scenarios, less the forecast trip duration adaptation attained by changing modes 
or destinations.

For scenario (1), that is the increase of all commute trip durations by 50 per cent, Figure 46
shows the spatial distribution of the departure time adaptations implied by the model run. De-
partures time adaptations are the preferred means of compensating travel time gains and loss-
es, and hence are emphasised here.

Figure 46 Spatial distribution of departure time adaptations for scenario (1) – adaptation of 
departure times in minutes

It can be seen that the inhabitants of a large part of the municipalities in the Canton of Zurich 
would have to carry out only minor departure time adaptations in the considered scenario.
This holds especially for the urban areas. Rural municipalities are more strongly concerned, 
as relatively many commuters live here and the commute trips are already quite long in the 
current state. Thus, the relative increase implied by the scenario has the strongest effect in 
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these regions. The maximum departure time shift predicted by the model amounts to about an 
hour.

3.12.2 Case studies

In addition to the very globally formulated scenarios above, two concrete case studies were 
carried out, to obtain estimates of the effects of more realistic measures. Two scenarios were 
created:

(1) a comparison of the travel times before and after the opening of Zurich’s Westumfahrung,
a bypass to the west of the city which includes a prominent tunnel project (Uetlibergtun-
nel) and which was opened in 2009 after an 8 year building period;

(2) a decrease of rail travel times on the main line connecting St. Gallen – Zurich – Bern –
Lausanne – Geneva, by 25 per cent.

The assessment of these scenarios was once again carried out using the data from the Micro-
census 2005. The scenarios were implemented in the National Person Transport Model (Ger-
man: Nationales Personenverkehrsmodell – abbreviated NPVM) of Switzerland, made avail-
able by the Swiss Federal Office of Spatial Development (Bundesamt für Raumentwicklung –
ARE). The travel time matrices in the before and after cases were computed for both scenari-
os, and the resulting travel times were merged with the trips from the Microcensus. The re-
sulting total travel time differences before and after the implementation of the measures were 
used as the predictor variables in the ensuing model runs.

Figure 47 and Figure 48 show, analogously to Figure 45, the distributions of the total travel 
time changes implied by both scenarios. As the effects of case study (1) are spatially very re-
stricted, they are very moderate on a nationally aggregated level. Therefore, the corresponding 
figure shows the distribution separately for inhabitants of the Canton of Zurich. Even for this
narrower spatial extent, the overall effects are remarkably small.
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Figure 47 Distribution of total travel time changes for case study (1)

Figure 48 Distribution of total travel time changes for case study (2)
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In case study (2), the maximum resulting significant travel time gains are substantial; howev-
er, they concern only a small part of the population (only those people in the Microcensus that 
reported trips in the corresponding rail corridor). Thus, the reactions are expected to be mod-
erate here as well.

For a better comparison with the results from the first part of the study, Figure 49 shows the 
distribution of changes in municipality level accessibility values induced by the travel time 
changes. As can be seen, the „Westumfahrung“ case study leads to up to 4 per cent higher ac-
cessibilities, especially in municipalities in the Canton Zurich, where the infrastructure is lo-
cated.

Figure 49 Distribution of accessibility changes for case study (1)

Similarly to Table 24, Table 25 shows the average reactions to the scenarios that would be 
expected from the Microcensus respondents as a consequence of the imposed changes to their 
reported schedules.
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Table 25 Predicted reactions to the case studies: key figures (averages)

Change (1) all (1) Zurich (2) all (2) Zurich

Implied travel time gain or loss [min] -0.112 -0.277 -0.412 -0.437

Probability of adaptation [%] 0.759 2.010 1.163 1.248

Compensated time [min] -0.035 -0.107 -0.147 -0.156

Adaptation of departure time [min] 0.031 0.096 0.136 0.149

Adaptation of activity duration [min] 0.000 0.000 0.000 0.000

Adaptation of trip duration [min] 0.004 0.011 0.011 0.006

Net change in trip duration [min] -0.108 -0.266 -0.401 -0.430

Adaptation of number of activities 0.001 0.003 0.001 0.002

Adaptation of number of tours 0.001 0.002 0.001 0.001

Adaptation of number of trips 0.001 0.005 0.002 0.003

As could be expected from the previous analysis, the adaptations in case study (1) are very 
moderate. In case study (2), adaptations are forecast for roughly one per cent of the popula-
tion.
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Figure 50 Figure 50 shows the spatial distribution of departure time adaptations for case study 
(1) over the Canton of Zurich, Figure 51 that for case study (2) over the whole of Switzerland.

It is obvious that the marginal travel time gains implied by case study (1) lead to practically 
no effects in the model. For the rail speed increase, reactions are visible along the concerned 
corridor only, and only in municipalities with high volumes of commute travel. Those are the 
municipalities which, on aggregate, would profit the most from the implemented improve-
ment. Overall though, the expected reactions are minor.

Figure 50 Spatial distribution of departure time adaptations for case study (1) – adaptation of 
departure times in minutes
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Figure 51 Spatial distribution of departure time adaptations for case study (1) – adaptation of 
departure times in minutes
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Figure 52 shows the spatial distribution of accessibility changes resulting from case study (2). 
The largest accessibility changes obviously result for the municipalities along the corridor of 
the new infrastructure, where the travel time gains are the largest, and where the largest de-
mand reactions were predicted. The extent of the area where the measure has an influence is 
also visible in the figure; it can again be seen that significant changes occur only in a very lo-
calised area.

Figure 52 Spatial distribution of accessibility changes for case study (1)

Analogously to Table 25, the demand reactions for the four municipalities for which the ac-
cessibilities change the most due to the scenario are shown in Table 26. These are the munici-
palities closest to the new road, namely:

Wettswil am Albis;

Mettmenstetten;

Bonstetten;

and Stallikon.
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The table shows the average predicted adaptation values for the relevant mobility indicators 
for the respondents to the Microcensus that live in these municipalities. For these 46 respond-
ents, no changes in activity durations and trip rates were forecast. Almost all adaptations hap-
pen in of departure time choice. Overall, the expected behavioural changes are quite small.

Table 26 Predicted reactions to case study (1): key figures for 4 most affected 
municipalities (averages)

Change Wettswil M.-stetten B.-stetten Stallikon

Implied travel time gain or loss [min] 13 13 10 10

Probability of adaptation [%] -2.01 -1.15 -2.37 -2.25

Compensated time [min] 3.57 3.27 3.04 2.95

Adaptation of departure time [min] 0.14 0.11 0.22 0.18

Adaptation of activity duration [min] -0.77 -0.17 -0.84 -1.58

Adaptation of trip duration [min] 0.77 0.17 0.77 1.58

Net change in trip duration [min] 0.00 0.00 0.00 0.00

Adaptation of number of activities 0.00 0.00 0.07 0.00

Adaptation of number of tours -2.01 -1.15 -2.30 -2.25

Adaptation of number of trips 0.00 0.00 0.00 0.00

3.13 Demand elasticities

To test the plausibility of the model results, and to draw a comparison to the demand elastici-
ties computed in the first part of the study on long-term effects (where the main  the explana-
tory variable was accessibility), the new accessibility values implied by the abovementioned 
scenarios were computed. Short-term demand elasticities for the various relevant indicators 
were then calculated from the resulting accessibility differences.

The procedure for computing the elasticities is as follows:

Travel time matrices in the current state and the resulting accessibilities are retrieved from 
the NPVM.

Changes are implied in the network model, and new travel time matrices and the corre-
sponding accessibilities derived from the new state.

The travel times from current state and the scenario are merged to the Microcensus 2005
data set. For each reported trip, the resulting implied travel time difference is computed. 
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All the trips reported in the Microcensus are then aggregated into schedules, which have 
the same format as those drawn from the stated adaptation interviews.

Applying the implementation in R of the models presented in section 3.7, the adaptations 
of the respondents to the Microcensus are calculated.

The demand elasticities are them computed as the average relative change in a behavioural 
variable, divided by the average relative change in accessibility for all individuals.

The resulting average short-term demand elasticities of those variables for which a direct 
comparison to the long-term analysis is possible are shown in Table 27.

Table 27 Short- and long-term demand elasticities

Demand elasticity Short-term Long-term

Weekday mobility - 0.61

Number of trips 0.37 0.44

Number of trips per tour 0.07 0.24

Total out-of-home duration -0.23 0.10

The resulting values appear quite plausible:

Despite the very moderate total effects shown above, the demand elasticities related to ac-
cessibility changes are substantial; here again, it can be argued that the accessibility in-
creases are too small to trigger significant effects even under the very generous assump-
tions that were made when creating the scenarios.

The short-term elasticities are smaller than the long-term ones, as expected. Behavioural 
adaptations are not carried out immediately, but take a certain time to be implemented in 
the long-term planning horizon.

Especially as far as the number of trips per tour variable, which is an indicator for trip 
chaining, is concerned, the short-term effect is much smaller than the long-term one. It can 
be concluded that additional trips are at first accommodated by adding new tours and by 
returning home more often. Only in the long term, the additional trips and activities are in-
tegrated into existing tours, thus reducing the number of returns to the home location and 
leading to more trip chaining.

Concerning the duration spent at out-of-home activities, the nature of the experiment that is 
presented here implies that travel time gains (resulting in increased accessibility values) 
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will at first remain uncompensated and lead to increased durations spent at the home loca-
tion (that is, less duration spent out of home). Therefore, the sign of the corresponding 
short-term elasticity is negative. In the long term however, schedules are adapted and the 
travel time gains re-invested, leading to increased out-of-home durations accommodated 
by better accessibilities. Thus, the long-term elasticity is more conclusive here, and points 
to a re-balancing of the time budget after changes to the system.

No short-term demand elasticity can be given for weekday mobility, as only mobile persons 
were surveyed and thus no further increase of that variable is possible.

3.14 Summary of findings

In the second part of the thesis, short-term effects of changes to transport supply and the cor-
responding travel time gains or losses on demand were analysed with a stated adaptation sur-
vey. It was shown that, while the respondents to the survey did adapt their behaviour to the 
new conditions, the decision process is very selective. The most prominent schedule adapta-
tions concern departure times from the home location, leading to reaching the location of the 
first conducted activity on time. Another often chosen means of compensating for travel time 
gains or losses is an adaptation of the trip durations themselves, by changing modes or desti-
nations.

The reactions which would be central for the presence of an induced demand effect such as it 
is defined in this study (that is, additional activities, trips and tours) are however minor. De-
spite the substantial interferences that the stated adaptation scenarios impose on the reported 
schedules, such drastic measures are seldom seen as viable. In some examples of model appli-
cations, such effects could be seen, but were only marginal and locally restricted.

It can be concluded that in the short term, travellers are reluctant to adapt their routine to new 
conditions and look for ways to react by the least strong behaviour changes possible. The ex-
istence of induced travel in the sense of additional trips generated by changing travel condi-
tions could thus not be substantiated.

On the other hand, an average of 20 per cent of implied travel time gains are re-invested into 
more travel; this is in part due to the abovementioned mode choice adaptations, but also to in-
dividuals being willing to travel to farther away destinations, and to re-balance their travel 
time budget.
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4 Conclusions
Overall, the general hypothesis that improvements to the transport system result in a signifi-
cant induced demand effects could not be substantiated in the framework of this study. In the 
second part, this may in part be due to the methodology, respectively the setting of the stated 
adaptation experiments. Especially the negative short-term elasticity for the duration of out-
home-home activities, discussed in paragraph 3.13, is a direct artefact of the formulation of
the scenarios. Further work on the topic (as mentioned in the next section) might attempt to 
overcome the limitations of the survey setting and formulate the changes in generalised costs 
more exhaustively, which would lead to more differentiated elasticity values.

Overall, similar trends could be observed in both parts of the study. In both the aggregate and 
the individual level analyses, substantial reactions of travel behaviour to changing accessibili-
ties could be demonstrated. However, it was pointed out that the efforts which would be nec-
essary to bring about significant enough accessibility changes to trigger the discovered effects 
would be so onerous that they are unrealistic in the near to mid-term future. Changes to the 
transportation infrastructure would have to be accompanied by substantial shifts in opportuni-
ties (for example, housing, jobs, shopping locations) for the accessibility values to change 
much.

As a bottom line statement, it can be concluded that individuals are very inert and resist major 
changes in their travel behaviour in the short as well as in the long term. The structures of 
their schedules remain very similar, while adaptations of behaviour are to be expected in de-
parture times (which influences the distribution of demand over a day, but not its total 
amount), mode choice (which is a complex subject on its own that is being dealt with copi-
ously in other studies) and destination choice (which alone brings about an induced demand 
effect in the sense of changing travelled distances).

To roughly assess the effects dealt with in this study for local projects, it is recommended to 
apply the demand elasticities shown in Table 27 (computation methods described in sections 
2.8 and 3.13). These elasticities allow a first appraisal of the demand effects to be expected 
from the implementation of a measure and the resulting travel time and accessibility changes.

As has been mentioned several times in the thesis, the expected global effects on accessibility 
values, as well as their repercussions on the dimensions of travel demand that are discussed 
here, are marginal for such localised projects. For a detailed analysis, and cases where data on 
the existing demand is available in the form of individuals’ schedules (for example, from 
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travel diaries) the modelling approach presented in the second part of the study may by ap-
plied for forecasting the detailed adaptations.

To confirm (or, in different contexts, refute) the results presented here, it might be advisable
to carry out actual before-and-after studies of concrete infrastructure projects, if the appropri-
ate data sources were available. A survey of conducted trips before and after the opening of 
the Westumfahrung was conducted for the SVI project Nutzen von Reisezeiteinsparungen im 
Personenverkehr (SVI 2004/055). Comparing the respondents’ reported behavioural data for 
both system states would allow an assessment of whether the effects predicted by the model 
are reflected by real behaviour, and a validation of the results.

For such a comparison, the detailed approach from the second part of the thesis could be ap-
plied (accounting for the new supply) to the schedules reported before the implementation of 
the measure. The resulting predicted schedule structures could then be compared to those re-
ported by the respondents, to attain an appraisal of the quality of the model forecasts. Addi-
tionally, rough analyses of mode and destination choice effects could be carried out at this 
level.

From a first discussion of the author with the project team in charge of the abovementioned 
study, it was retained that the realised behavioural changes on the demand generation level are 
minor even for an infrastructure extension of this magnitude. This again confirms the results 
from section 2.10 and paragraphs 3.12.1 and 3.12.2, where example scenarios and case stud-
ies were assessed and where, based on the applied methods, only marginal demand shifts were 
predicted.
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5 Possible directions for future research
Future research on the topics discussed in the present thesis might include:

the exploration of different – and perhaps more differentiated – descriptions of changes in 
generalised costs of travel, in the aggregated models (i.e., extend the representation via ac-
cessibility values that was used here) as well as in the short-term stated adaptation inter-
views (i.e., include costs, waiting and transfer times etc., in the creation of the scenarios 
presented to the respondents), leading to more detailed models of the induced travel de-
mand effects;

in the same vein, re-formulating the accessibility values used in this thesis, which use only 
travel times in their generalised cost penalty function, to incorporate the other components,
and re-running some of the aggregated models with those newly formulated accessibilities 
(log-sum terms from combined destination, mode and route choice models, such as those 
computed by Fröhlich, 2008a, could be applied as approximations of the quality of a loca-
tion as well);

linking the stated adaptation surveys to spatial data (and visualisation tools such as maps),
in order to present the respondents with the actual alternatives that are available for carry-
ing out their various activities, thus leading to more realistic responses (and perhaps to 
more drastic changes in the respondents’ schedules, if they become aware that their routine 
cannot be as easily accommodated as they thought);

incorporating similarities between the observed and the stated schedules in the adaptation 
models, thus allowing a more detailed assessment of inertia (which would essentially be an 
extension of the work of Feil, 2010);

incorporating the model results in the demand generation modules of forecasting software, 
such as the MATSim microsimulation (Balmer et al., 2008), and iterate the corresponding
models to obtain an improved representation of the overall repercussions of the changes in 
generalised costs;

as has been mentioned above, comparing the results from model runs for a specific scenar-
io (like for example the opening of the Westumfahrung) to data that have been observed in 
a before-and-after survey; this would help to validate the model results against real-world 
data.
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The proposed further research would help to overcome some of the limitations of the methods 
and models used in the present thesis (particularly by expanding their focus beyond changing 
travel times and the resulting accessibility values, to a more comprehensive formulation of 
generalised costs), and provide a better overall understanding of how induced demand is gen-
erated and which effects could be expected from infrastructure improvements.
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Memo: Research project SVI 2004/012A 1
This memo is the English translation of an addendum to the report from the abovementioned 
research project.

The purpose of the memo is to provide practitioners with ready-to-use results from the project 
in a condensed form.

Motivation

Various approaches to assessing demand induced by changes in the transportation system 
were followed in the research project „Aktivitätenorientierte Analyse des Neuverkehrs“ (SVI 
2004/012; see Weis und Axhausen, 2011). The research is centred on demand generation, that 
is the question whether and how individuals’ demand for activities and trips would react to 
changing generalised costs of travel.

The abovementioned project specifically focuses on aggregated changes in demand genera-
tion – mode and route choice effects were considered only marginally. Destination choice is 
also considered not explicitly, but rather via the assessment of changing total distances. The 
last systematic review of existing demand elasticities of the abovementioned behavioural re-
actions (route, mode and destination choice) is found in Vrtic (2001) respectively the corre-
sponding SVI project (Vrtic et al., 2000).

The results obtained from the project are summarised in the present memo, along with sug-
gestions of how to utilise them in assessing the mentioned effects in practical applications.

Applied methodology

Long- and short-term demand elasticities were computed using two different approaches:

The long-term elasticities (time horizon: years) were calculated using a structural equation 
model (SEM), an approach which is similar to a linear regression, which however allows the 
simultaneous estimation of models for several dependent (endogenous) variables, as well as 
their influences on each other.

The central determining factor in the estimation of these models, as well as in their applica-
tion, is the zone (in this case, zones are Swiss municipalities) based accessibility. The effects 
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of increasing accessibilities (while controlling for the influence of other relevant variables) on 
the relevant dimensions of demand could be shown:

the propensity for an individual to leave their home location, and to be active on a given 
day;

the number of conducted trips;

the number of trips per tour (sequence of trips starting and ending at the home location), as 
an indicator for trip chaining;

the total duration of activities carried out outside of the home location;

and the total distance covered during one day.

The following data sources were used for estimating of the models:

the Microcensus data sets from 1974 through 2005, from which the mobility indicators as 
well as the socio-economic characteristics of the analysis units;

time series of the price indices for personal travel since 1970, as a monetary influence vari-
able;

and data on the development of the Swiss municipalities’ accessibilities since 1970.

The data from the various Microcensus data sets were aggregated to the level of so-called 
pseudo panels, in which the respondents are classified into cohorts according to their year of 
birth, gender and language region. Those cohorts are then used as the analysis units in the 
models.

For the estimation of the short-term elasticities, a complex survey methodology was chosen, 
which allows the assessment of the adaptations to individual’s daily schedules as a reaction to 
changing travel times. To ensure the comparability of the results with the long-term elastici-
ties, the accessibility changes resulting from the changed travel times were calculated and 
contrasted with the behavioural changes indicated by the respondents.

The results from both parts of the study are quite similar and consistent with each other. As 
the survey methodology is very innovative and experimental, and thus a sufficient data basis 
for the application of the corresponding models will seldom be available, only the results 



Activity oriented modelling of short- and long-term dynamics of travel behaviour ________________________________ June 2012

A-3 

from the long-term calculations will be presented in detail here, and recommended for the ap-
plication in policy appraisals.

Results

The following demand elasticities result from the long-term analysis:

Demand elasticity Long-term

Weekday mobility 0.61

Number of trips 0.44

Number of trips per tour 0.24

Total out-of-home duration 0.10

Total distance covered 1.14

The above table reads as follows (for a detailed definition of the concept of demand elastici-
ties see Greene, 1997):

Consider an infrastructure (or other) measure resulting in a municipality’s accessibility value 
increasing by 10 per cent. For that municipality, the values imply an increase of mobile (ac-
tive) persons of 6.1 per cent per day. The total number of trips conducted by that municipali-
ty’s residents would thereby increase by 4.4 per cent.

Application of the results

In the research project, several examples showed that, while demand reactions to steep in-
creases in accessibilities would be substantial, those accessibility increases should remain 
modest in the Swiss context for realistic policy measures.

Nevertheless, the mentioned effects can become large in a local context, and it should be ex-
amined for each individual case how capacity changes might influence the accessibility values 
and the resulting demand reaction. For such assessments, the following procedure is recom-
mended.

It is assumed that the matrix of zone-to-zone travel times and demand flows is available for 
the existing network state. To predict the demand reactions, the steps sketched in the follow-
ing figure and described in detail thereafter should be executed.
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(1) The accessibility values Aold for all relevant zones (municipalities) are computed (for the 
existing state) using the travel time matrix, using the formula:

n

j
ijji cfXA

1
ln ,

where Ai is the accessibility for municipality i. Xi is the number of residents in municipality i.
cij are the travel times between i and j. n is the total number of municipalities. f is a negative 
exponential weighting function for the effect of the increase of the distance between two mu-
nicipalities on the decrease of their interaction:

ijc
ij ecf ,

where is here set to a value of 0.2 (see Tschopp et al., 2005).

(2) At existing demand and with a network state modified according to a policy measure, 
the new travel time matric is computed (by carrying out a network assignment step).

(3) From the new travel time matrix, the new accessibility values Anew are calculated.

(4) For each municipality, the relative change in accessibility, A,rel, is computed:
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1,
old

new
relA A

A

(5) The relative change of the considered demand dimension, demand,rel, is obtained by mul-
tiplying the resulting value with the relevant demand elasticity, :

relAreldemand ,,

(6) The resulting relative demand change is added to the rows of the existing demand ma-
trix for each municipality, resulting in the new demand matrix:

ireldemandoldjitripsnewjitrips nn ,,,,,,,, 1 ji,

(7) The matrix thus obtained should then be assigned to the new network, in ordreer to 
compute the travel times and accessibilities.If necessary, the above staps will need to be itera-
tively repeated several times, until consistence is reached between the induced demand vol-
umes and the accessibility values (that is, until an equilibrium is reached).

As in all applications of elasticity values, it should be kept in mind their linear extrapolation 
might lead to unrealistic results if large changes are assessed.

Application example

As a further illustration, a simple example of the application of the procedure described above 
follows:

Given a network with 4 zones, the corresponding travel times and the accessibility values for 
each zone resulting from the formula above:

Zone Residents
Travel time to

Accessibility
A B C D

A 500 2 10 15 20 6.50

B 2’000 10 10 5 10 6.65

C 1’000 15 5 5 5 7.18

D 500 20 10 5 2 6.89

Further assume that a given policy measure reduces the travel time between zones A and B
from 10 to 5 minutes, resulting in the following new matrix:
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Zone Residents
Travel time to

Accessibility
A B C D

A 500 2 5 15 20 7.03

B 2’000 5 10 5 10 6.79

C 1’000 15 5 5 5 7.18

D 500 20 10 5 2 6.89

Thus, the accessibility of zone A would increase by 8 per cent, resulting in an increase of 
0.08*0.44 = 0.035, that is 3.5 per cent, in trips between A and every other zone.

Assuming an average value of 3.8 daily trips per person in the initial state (Swiss average for 
the year 2005), the following changes would result for the example area considered here:

Zone Residents Number of trips, initial Increase [%] Number of trips, new

A 500 1’900 3.35 1’964

B 2’000 7’600 0.86 7’666

C 1’000 3’800 - 3’800

D 500 1’9000 - 1’900

Alle 4’000 15’200 0.86 15’330

As a consequence of the measure, an induced demand of 130 additional trips per day would 
have to be absorbed by the network (corresponding to an increase of total demand by 0.9 per 
cent). The application of the model discussed here concerns only the total amount of generat-
ed trips; their distribution in the network is still carried out by the assignment model. Here, 
the attribution of the network flows to the various destination zones will remain the same as in 
the initial state.
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Travel diary: pen-and-paper questionnaireA 2
This chapter shows the paper questionnaire that was sent to the respondents requesting one. It 
consists of introductory explanations, a part with questions on the household and respondent, 
and the diary part, where up to 40 trips over a span of 4 days could be reported. At the end of 
the questionnaire, the respondents were given the possibility to add comments.
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Introduction



Activity oriented modelling of short- and long-term dynamics of travel behaviour ________________________________ June 2012

A-10 

Household questionnaire
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Person questionnaire
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Trip questionnaire
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Comments
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Travel diary: Online questionnaireA 3
Analogously to the previous chapter, the components of the online travel diary are shown 
here.

Introduction
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Household questionnaire
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Person questionnaire
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Trip overview
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Trip questionnaire
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Curriculum VitaeA 4

Personal Details

Name: Weis, Claude

Gender: Male

Date of birth: June 13th 1981

Place of birth: Luxembourg

Citizenship: Luxembourg

Marital status: Single

Languages: Luxemburgish (mother tongue)

German (fluent, written and spoken)

English (fluent, written and spoken)

French (fluent, written and spoken)

Spanish (basic skills)

Employment experience

Research Assistant, Institute for Transport Planning and Systems (IVT), ETH Zurich, since June 
2006

Education

Diploma in Civil Engineering, ETH Zurich, February 2006

Diplôme de fin d’études secondaires classiques (baccalaureat), Section B classique (Mathematics 
and natural sciences), Lycée de Garçons Luxembourg, June 2000
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Current projects

Start Client Title

11/11 BMVBS Ermittlung von Bewertungsansätzen für Reisezeiten und 
Zuverlässigkeit auf der Basis eines Modells für modale 
Verlagerungen im nicht-gewerblichen und gewerblichen 
Personenverkehr für die Bundesverkehrswegeplanung

11/11 SVI SVI 2010/002 – Messen des Nutzens von Massnahmen mit 
Auswirkungen auf den Langsamverkehr

12/10 SVI SVI 2008/001 – Einfluss des Parkierungsangebotes auf das 
Verkehrsverhalten und den Energieverbrauch

Completed projects

Time period Client Title
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11/07 – 08/11 SVI SVI 2004/012 – Neuverkehr

03/10 – 04/11 ARE Entscheidungen zum Verkehrsverhalten

08/08 – 05/09 SBB Benzinpreis und Bahnnutzung

02/07 – 10/08 VSS VSS 2005/203 – Datenbank für Verkehrsaufkommensraten

06/06 – 07/08 ETH Zurich Mobilitätsplan Hochschulgebiet Zürich

06/06 – 10/06 ETH Zurich Erreichbarkeit, Infrastruktur und Raumentwicklung

Contributions to norms and guidelines

Time period Client Title

04/09 – 06/09 VSS SN 640 015a – Dokumentation von Verkehrsaufkommen

09/06 – 06/07 VSS SN 641 822 – Zeitkosten im Personenverkehr

Teaching
2011 Diploma of Advanced Studies (DAS) Verkehrsingenieurwesen

2010 Einführung in die Abschätzung und Prognose der Verkehrsnachfrage

2009 Modellierung von Entscheidungen

2008 – 2009 Verkehr I (Verkehrsplanung)

2007 – 2008 Architektur Diplomthema A – Begleitfach Verkehrsplanung
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Zurich.
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