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Abstract

Previous research has demonstrated the relevance of life events to explain changes in travel
behavior. Less clear is the moderating role played by life stages on the relationship between
life events and travel behavior. Our goal in this study is to explore how the influence of
life events on travel behavior differs by life stage. We use data from a travel survey of fac-
ulty, staff and students at a US university. We define four life stages: millennials living in
shared apartments or alone, millennials living with partners, parents (of any generation)
living with their children, and non-millennial adults living without children. Four modal-
ity types were defined: active travelers, car users, transit users, and multimodal travelers.
We use a Manifest Markov Model to estimate probabilities of switching modality types
between two waves of the survey. Life stage does not significantly moderate effects of life
events on change in travel behavior but does affect modality type: the prevalence of active
travel modality types, particularly the share of women who are active travelers, decreases
throughout the life stages. Millennials living with their partners and parents living with
their children relocate to another town more often than those in other life stages, a life
event associated with a higher probability of switching to car use only. Our results identify
“windows of opportunity”, such as residential relocation, that planners can use to promote
sustainable travel behavior.
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Introduction

In everyday life, travelers rarely change their behavior. Studies show that daily travel behav-
ior is often habitual, characterized by routines (Miiggenburg et al. 2015). However, in the
presence of major changes in other life domains, individuals more deliberatively reflect on
their travel behavior and their mode choices become more intentional (Miiggenburg et al.
2015). Research in the domain of mobility biographies more explicitly links long-term
decisions such as residential location choice to short-term decisions such as transport mode
choice. Some researchers have argued that these life events open “windows of opportuni-
ties” during which policy interventions and programs may more effectively trigger change
towards more sustainable travel behavior.

The impact of these life events might depend on the context of an individual’s life stage.
The different mental and physical capacities, financial constraints, and social responsibili-
ties that individuals face at different stages of life might enhance or dampen the effect of
life events on travel behavior. Recent research suggests that young persons of the millennial
generation behave differently, a phenomenon partly explained by a delay in life stage. More
specifically, several studies show generational differences between “millennials” and mem-
bers of “generation X with respect to car ownership, transit use, and residential location
preferences (for California, US: Circella et al. 2017; Thigpen and Handy 2018; for the UK:
Chatterjee et al. 2018; for Australia: Delbosc and Currie 20144a, b; Delbosc and Nakanishi
2017; Raimond and Milthorpe 2010; for Germany: Bohnet and Gertz 2010; Kuhnimhof
et al. 2012; for France: Licaj et al. 2012; for Japan: Zhang et al. 2017). Though these may
represent durable differences between generations, they also may be temporary and reflect
delays in transitioning to other life stages (Delbosc and Currie 2013; McDonald 2015). For
example, young couples today often decide to move in together or to build a family at later
ages than previous generations, which also affects financial and mobility resources (Chat-
terjee et al. 2018). It remains unclear if households at different life stages or of different
generations react similarly to life events with respect to changes in their travel behavior.

One aspect of travel behavior that is increasingly relevant, given the rise of shared
mobility, and could be especially sensitive to life events is multimodality, defined as the
use of multiple modes of travel for commute trips or other trips. Many travel behavior
studies focus on the primary mode of transportation as an indicator. As ride-hailing and
shared-mobility services extend the variety of modes available in the US, understanding
multimodal travel is increasingly important. Multimodality may also serve as a transitional
pattern of behavior away from exclusive car use. Previous studies, for example, have shown
that car users who also use bicycle are more likely to switch to public transport use than
strict car users (Kroesen 2014). Others have pointed out that strict car users tend to stick to
their mode, but if they switch mode, they may be more likely to switch to multimodal travel
(De Haas et al. 2018).

This paper investigates, first, the impact of life events on travel behavior change, and, sec-
ond, whether the influence of life events on travel behavior change varies across life stages. We
aim to contribute to the discussion about millennials’ travel behavior by examining whether
this generation reacts differently to life events depending on their life stage. We focus on
changes in multimodal travel over time using panel data from a travel survey at the University
of California, Davis (UC Davis) about modes of travel to campus by students, staff, and fac-
ulty. The findings show that life events provide explanatory power for changes in travel behav-
ior, but that life stage does not moderate this relationship. Gender and generational differences
between millennials and non-millennials, however, play a role in explaining modality type and
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are linked to life stage. Life events have different effects on the probability of transitioning
from one modality type to another depending on the initial modality type. Our results highlight
that most people do not change their modality types in response to life events, and that this is
particularly true for drivers. They also point to potential synergies for integrative planning, for
instance combining planning for housing and transportation to induce behavioral change.

Literature review and conceptual approach

To improve the sustainability of the current transportation system, it is important to understand
how and why travel behavior changes. Recent attention has focused on the mobility biography
and life-course approach to explain travel behavior change with numerous publications in jour-
nals, for example in the special issue of Zhang and Van Acker (2017), the literature review of
Miiggenburg et al. (2015) and books (e.g. Scheiner and Holz-Rau 2015; Zhang 2017). A life-
course approach focuses on the relationship between life events, life stage, and travel behavior
and links short- and long-term decisions. Key life events can be defined as “major event[s] in
a personal life that will trigger a process of reconsidering current behavior” (Van der Waerden
et al. 2003, p. 2). Lanzendorf (2003) establishes the concept of mobility biographies propos-
ing a framework that causally links events in the lifestyle (e.g. family foundation) and acces-
sibility domains (e.g. workplace, residence) to the mobility domain (e.g. car ownership). The
theoretical background of this approach suggests that daily travel is driven by habits and indi-
viduals tend to not scrutinize routines (Holz-Rau and Scheiner 2015). Key life events may inter-
rupt these habits and unleash a deliberation process during which people reconsider their mode
choices and travel behavior in general (Chatterjee et al. 2013). This deliberation process may be
moderated by personal history (e.g. crashes, previous travel experiences), intrinsic motivations
(e.g. attitudes) and external conditions (e.g. supportive employer for bicycling) (Chatterjee et al.
2013; Flamm and Kaufmann 2006; Lee et al. 2015; Smart and Klein 2017; Thigpen 2019).

Life events trigger change in travel behavior

Several studies have found evidence for the influence of life events on travel behavior
change (Clark et al. 2016; Beige and Axhausen 2017; Dargay and Hanly 2004; Oakil et al.
2016; Scheiner and Holz-Rau 2015; Verhoeven et al. 2005). For the UK, Clark et al. (2016)
using a longitudinal dataset found that a higher share of commuters who experienced
changes in the workplace and residential location switched mode compared to commuters
who did not experience life events. These results still hold when the availability of public
transport and commute distance are taken into account and point to a separate effect of life
events on commute behavior. Besides changes in residential location and employment, the
acquisition of a driver’s license and children moving out of the household have been shown
to affect car ownership and individual travel behavior (Beige and Axhausen 2017; Dargay
and Hanly 2004; Oakil et al. 2014). An increase in household size such as cohabitation or
a childbirth positively influences car ownership while divorce has a negative effect (Oakil
et al. 2014). A child leaving home has no significant effect on car ownership, but retirement
is connected with a reduction in the number of cars in the household (Oakil et al. 2014).
For Dutch travelers, Oakil et al. (2016) showed that households who experience childbirth
are more likely to switch from bicycle commuting to other modes, though cohabitation
increases the probability of switching to bicycle commuting.

@ Springer



1092 Transportation (2021) 48:1089-1124

Life events and change in multimodal travel behavior

Only a few studies have examined the impact of life events on the use of multiple modes
of travel—multimodal travel—in a quantitative way. Multimodality generally refers to the
travel pattern of a person who uses several modes over a defined period of time (e.g. day,
week or a longer period) (Scheiner et al. 2016).

Scheiner et al. (2016) found that certain life course events are significantly associated
with changes in multimodal behavior: children moving out increased parent’s multimodal-
ity; individuals who entered the labor market decreased their multimodal travel while the
opposite is true for individuals who exited the labor market; an increase in car availability
led to a decrease in multimodality and vice versa. In a latent class analysis, Kroesen (2014)
found that subsequently residential relocation, strict bicyclists were more likely to become
strict car users and strict car users to become public transport users. Change in employ-
ment increased the share of public transport users. In another Dutch study, De Haas et al.
(2018) found that changes in employment increased the probability of becoming a strict car
user except for individuals who also used public transport. Residential relocation affected
unimodal users less but led bicycle and car users to shift to strict car use and individuals
who walked and used a bicycle to shift to lower mobility classes or public transport. Their
results demonstrated that a child’s birth affects its parents’ multimodality patterns, increas-
ing the probability of becoming a strict car user or a multimodal user of car and walking.
In their model, changing or starting an educational program increased the likelihood of
becoming a public transport user. All of these studies have established evidence that life
events affect multimodal travel though in some cases they observed different directions of
change.

Life stage influences travel behavior

Travel behavior also varies between life stages. An individual life course can be divided
into sequences—Ilife stages—that mark periods with different living circumstances influ-
encing behavior, attitudes and preferences (Holz-Rau and Scheiner 2015; Van Acker 2017).
There is no one standard classification of life stages (Frey et al. 2017), though commonly
distinguished stages include childhood, young adulthood, living with a partner, early
career, marriage, parenthood, and retirement (Gilly and Enis 1982). Recent trends towards
more complex, non-linear life courses (e.g. divorce and re-marriage) makes it more com-
plicated to approximate a life stage with age only. Travel behavior research usually consid-
ers a number of sociodemographic factors that can be related to specific life stages.

Several studies show that travel behavior differs between life stages (Beige and
Axhausen 2008; Clark et al. 2016; Chatterjee et al. 2012, 2013; Sun et al. 2009). Beige and
Axhausen assessed travel behavior over a 20-year period with retrospective questions and
revealed that car ownership increases after the age of 18 and is the highest for the age group
between 25 and 50 years while the opposite is true for national and regional seasonal pub-
lic transport tickets (Beige and Axhausen 2008). With the same data, the authors observed
that the main mode of transport to the workplace is relatively stable throughout aging while
bicycling tends to decrease in the late 40s and public transport use in the 60s (Beige and
Axhausen 2017). The results of another study indicate that life stage better explained the
number of trips made per day than did variation in the built environment (Sun et al. 2009).
The number of trips did not increase linearly with age: parents with young children had the
highest number of trips while single households (below as well as above 60 years old) the
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lowest (Sun et al. 2009). Clark et al. (2016) found that individuals in the age group between
16 and 29 are more likely to switch to car commute than other groups are. Chatterjee et al.
(2012) point out that the nature of behavioral influence on bicycling changes over the life
course. Young adults were prompted to start bicycling with the beginning of their studies
or employment, older adults started bicycling because of health benefits (Chatterjee et al.
2013).

Recently, researchers have addressed the question of whether young persons behave dif-
ferently in a more fundamental way. Several studies have reported changes in travel behav-
ior for the millennial generation (for US: Circella et al. 2017; McDonald 2015; Thigpen
and Handy 2018; for the UK: Chatterjee et al. 2018; for Australia: Delbosc and Currie
2014a, b; Delbosc and Nakanishi 2017; Raimond and Milthorpe 2010; for Germany: Boh-
net and Gertz 2010; Kuhnimhof et al. 2012; for France: Licaj et al. 2012; for Japan: Zhang
et al. 2017). These studies have observed changes in travel behavior that include postponed
acquisition of driver’s license, lower car ownership, less car driving and more use of public
transport. But no consensus has emerged yet as to whether the observed differences can
be attributed to lasting factors such as changes in lifestyle, preferences, and values or by
temporal differences such as a delay in life stages (i.e. longer time passed in education,
later parenthood). For example, young couples today often decide to move in together or
to build a family at later ages than previous generations, which also affects financial and
mobility resources (Chatterjee et al. 2018). For the UK, Chatterjee et al. (2018) found that
young persons (17-29 years old) tend to drive more when they move into their 30s but still
drive less than previous cohorts. Other studies have found life stage (child-rearing, part/
full-time employment) to be an important factor explaining differences in licensing (Del-
bosc and Currie 2013, 2014a, b). Comparing millennials to persons of the previous genera-
tion (Generation X) in California, Circella et al. (2017) found that millennials tend to use
multiple modes and drive less than the previous generation. Although car ownership was
lower for millennials especially for those living in urban cores, older millennials indicated
the desire to purchase a car in the future, thereby supporting the hypothesis of a temporary
change in behavior. Though millennials may prefer urban centers for living, they may be
obliged to locate in suburban areas at later life stages due to high housing prices and then
switch to car use (Delbosc and Nakanishi 2017).

Together, life stage affects ownership of mobility tools, transport mode choice particu-
larly bicycling and the number of trips. Though some changes follow aging others show
non-linear effects in relation to age and point to a separate effect of life stage that may not
be well approximated by age only.

The moderating role of life stage on the effect of life events for travel behavior
change

The relationships between life events, life stage and travel behavior are varied and com-
plex. Some life events mark the transition from one life stage to another, indicating the
beginning of a new life stage. For instance, a change in the number of household members
may mark the starting of the life stage of parenthood or cohabitation with a partner. At the
same time, life events may have different effects on travel behavior depending on the life
stage. Research shows that travel needs and mode-related attitudes vary over the course of
a person’s life as they move through different life stages (Lanzendorf 2010; Sharmeen et al.
2014), thereby suggesting that the influence of life events on travel may be moderated by
life stage. For instance, preferences for residential locations, which affect travel behavior,
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may change: a British study highlighted that young parents are more likely to move to bet-
ter neighborhoods than others (Rabe and Taylor 2010).

Life stage may be linked to financial and organizational resources leading to differences
in capacities to adapt. Cohabitation allows partners to pool resources and may increase
car use (Scheiner and Holz-Rau 2013). The wish to purchase property often overlays with
the life stage of parenthood or advanced professional career (Thierstein et al. 2016), but
constrained housing markets often drive parents to locate in more car-dependent suburban
areas to meet their demand for property and living space (Delbosc and Nakanishi 2017;
Gehrke et al. 2019; Thierstein et al. 2016). In a Dutch study, young persons (aged 30 years
or less) had a higher likelihood compared to older persons of giving up bicycle commute
whereas no significant effects were found for persons older than 50 years (Oakil et al.
2016).

Over the life course, individuals may be less likely to change their travel behavior in the
occurrence of life events because they are more likely to own a car and may be reluctant
to abandon it. In fact, car ownership is less stable for young households (defined as head
of household between 18 and 24 years old) than for older households (Dargay and Hanly
2004). In the same study, reducing car ownership to zero is also more prevalent for young
households or households over 65 years compared to households in the middle age group
(24 to 64 years old). In a Swiss study, retrospective data over a 20-year period showed that
stability in the ownership of mobility tools increases with age (Beige and Axhausen 2008).
Increasing stability in mobility resources may explain why persons react differently to life
events at distinct life stages. In contrast, Cheng et al. (2019) found for Chinese respondents
that elderly persons are more affected by residential relocation than younger persons with
respect to their travel frequency and duration. In addition, the frequency of life events may
vary throughout the life course. Young persons may be used to adapting to new circum-
stances. In a Dutch study, young persons frequently changed their residence and workplace
making a switch from bicycle to car commute more likely (Oakil et al. 2016).

In general, few studies have empirically investigated mode choice in this context.

Model conceptualization

Our study is embedded in the concept of mobility biographies as a framework for studying
travel behavior change. Informed by the literature review, we identify two main research
gaps.

Though several studies have established evidence that life events affect travel behavior
change, it is unclear whether a person’s life stage alters this effect. Studying the moderating
effect of life stage may provide additional insights into the conditions under which travel
behavior changes. These insights can inform transport policies that aim to incentivize more
sustainable travel. Transport management programs, for example, that provide mobility-as-
a-service packages to recent movers may be more effective if targeted to persons who are
more likely to change. Likewise, these packages themselves might be adapted to the prefer-
ences of different life stage groups. An analysis differentiated along life stages enables a
more detailed exploration of behavioral differences observed for the millennial generation.

In addition, only a few studies have discussed multimodal travel behavior from a mobil-
ity biographies perspective. Multimodal travel more accurately describes actual travel pat-
terns than does a simple analysis of mode split. For instance, about 25% of car users in the
US make at least seven trips during a typical week by means of transport other than car
according to the 2009 US National Household Travel Survey (Buehler and Hamre 2016).
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Fig.1 Conceptual model [based on De Haas et al. (2018) and Kroesen (2014)]

Multimodal travel may also be relevant from a policy perspective. Studies have shown that
strict car users are more likely to switch to multimodal than unimodal use (De Haas et al.
2018). Another study reported that young persons may be mode agnostic in choosing what-
ever mode is best suited best for the given circumstances (Delbosc and Nakanishi 2017).
Young persons may be more likely to travel with multiple modes.

Our conceptual model provides the basis for addressing these gaps and is inspired by
Kroesen (2014) and De Haas et al. (2018). With this approach, we attempt to answer two
research questions: First, to what extent do life course events effect change in multimodal
travel behavior? Second, to what extent do life course events affect multimodal travel
behavior differently at distinct life stages?

In the university travel survey that we use, travel behavior is measured as the number of
days a person traveled to campus with a specific mode out of five possible weekdays. We
define modality types based on multimodal travel behavior as highlighted in Fig. 1. The
dataset captures modality types at two points in time for each person. The model has two
parts: one part determines the influence of covariates on modality type membership, the
other the transition probability of switching to another modality type between time points.
Socio-demographic factors and travel-related attitudes affect the modality type at the first
point in time while life events and the previous modality type influence the probability of
transitioning to another modality type. We use covariates in the membership model and life
events in the transition model that depend on life stage groups to investigate the interaction
between life stage groups and multimodal travel patterns as well as transition probabilities.

Methods and data

Study area

The setting for this study, which focuses on commuters to the UC Davis campus, offers
a good opportunity to study multimodality. Most persons in our sample of commut-

ers (79 percent) live in Davis, a small college town with 66,000 inhabitants. Davis is
relatively densely populated for a US town of this size and has limited industrial land
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uses. A university-run bus system connects all residential neighborhoods in Davis to
the campus, providing a good alternative to driving or bicycling. Davis has an extensive
on-street and off-street bicycle network that far exceeds the bicycle infrastructure found
in the typical US city (Buehler and Handy 2008). Due to the high number of bicycle
commuters (compared to the US average), this sample may provide a good opportunity
to understand the circumstances under which active travelers switch to strict car use and
vice versa. A smaller share of the sample lives outside of Davis. Accessibility to transit
for persons living outside of Davis varies depending on their residential location, and
use of non-motorized modes is not feasible for most commuters given the long distances
to campus.

Sample description

UC Davis has conducted an annual campus travel survey (CTS) since the 2006-07
school year (e.g. Wei 2018). Each fall, a UC Davis graduate student administers the
CTS to a stratified random sample of students, staff, and faculty. The survey typically
achieves a response rate of 10 to 21 percent of the invited sample. The survey asks
respondents about commute travel, travel attitudes, and socio-demographic characteris-
tics. In this study, we analyze longitudinal panel data from the most recent eight CTSs
(2010-2017) (see Thigpen 2019 for more information about this panel). In the overall
panel sample (3471 persons), 75% of the persons answered the survey twice and 25%
three times or more. We chose to construct a two-wave dataset with two points of obser-
vation in time per person. For those who answered more than twice, we preferentially
selected the pair with the least amount of difference (e.g. 1 year between paired obser-
vations) and the most recent pair. Sixty-eight percent of the persons answered 1 year
after their first survey, 20% in a 2-year interval and 12% in more than 2-year interval.
To account for heterogeneity in the reporting period, we include a time variable as
described below.

Since our sample is drawn from a university population, it differs from the average
US population in terms of age, educational attainment, and the homogeneous trip desti-
nation. Respondents in our sample may have a higher variety of transport modes at their
disposal than residents of other small-sized US towns, as the UC Davis campus is easily
accessible by bus, bicycle, walking, and driving, though car parking is relatively costly.
On the other hand, the variety of transport modes allows the study of multimodal travel
more fully than is possible in other US cities of this size. In particular, the remarkable
bicycle infrastructure and high level of bicycle commuting in Davis allows us to study
switching from and to bicycle commuting.

With respect to our research question, differences between life stages may be less
pronounced in a university population since students, staff, and faculty have relatively
flexible work schedules and may be less time-constrained compared to non-university
workers of the same age group. On the other hand, this study may be more likely to
capture the causal effects of life events on change in travel behavior because of the rela-
tively universal public transport and bicycling infrastructure within Davis. Although the
university sample may diverge in the beforementioned aspects from the general popula-
tion, it also provides advantages for the purposes of this study.
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Definition of modality types

We classify respondents into modality types to account for a set of travel modes that share
similarities or complement each other (Kroesen 2014). It is assumed that modality styles
reflect latent modal preferences that are based on travel-related attitudes, lifestyle choices,
and/or emotional constraints (Vij et al. 2013). In the survey, participants were asked to
indicate their primary mode of travel to campus on each day of the preceding week. Par-
ticipants could choose from among five transport modes for each weekday: walking, bik-
ing, driving alone in a car, carpooling, and using transit. We defined four modality types
based on the responses to this question. The first modality type encompasses active travel-
ers who either only bicycle or only walk or bicycle and walk to campus over the week (at
most 5 days). The second modality type includes car users: persons who only drive alone
to campus, persons who only carpool, or persons who only do both. Persons who only use
transit to travel to UC Davis are placed in the third modality type, transit users. The fourth
type comprises multimodal users who are not in one of the previous types. They mostly
bicycle to campus (on average two out of 5 days), also use transit (on average 1.3 days),
drive alone in a car (about 1 day on average), but walk and carpool less often to campus.
It is important to note that in this study, multimodal travel behavior relates to the different
primary modes chosen over a week for traveling to campus and not different modes used
on one trip.

Definition of life course events

Five life events are included in the analysis: residential relocation, changes in household
size, changes in the role at UC Davis, and changes in the option to drive alone and to car-
pool. Residential relocation, the first type of life event, includes changes in residence within
Davis and relocation from another town to Davis or vice versa. Residential moves are typi-
cally included in mobility biography analyses since spatial activity patterns may change
and individuals must deliberate their mode choice in planning their travel (Chatterjee et al.
2013; Holz-Rau and Scheiner 2015). Changes in the number of persons living in the house-
hold are also considered life events. Several studies have found evidence that changes in
travel behavior are significantly related to the moving out of children, cohabitation with
partners, or moving out of partners (Miiggenburg et al. 2015). Life events may mark a tran-
sition from one life stage to another as an increase in household members may indicate the
beginning of parenthood. Since we cannot distinguish between childbirth or the moving
in or out of a partner, child or another family member, we use the more general life event
(i.e. change in household size). Changes in the role at UC Davis are considered to be a life
event because they may be associated with changes in income, professional responsibil-
ity or advances in professional career, which have been found to be influential for travel
behavior change (Dargay 2001; Oakil et al. 2014). Changes in role at UC Davis include any
changes between the following groups: undergraduate student, graduate student, faculty,
staff, visiting scholar, post doc, recent graduate, and retiree. Changes in the availability of a
car to ride as a passenger or to drive alone in a car alter the mobility resources available for
travel and are defined as the fifth type of life event. In the mobility biography literature, car
ownership is considered to be part of the mobility domain (based on Lanzendorf’s (2003)
concept). Several studies have analyzed the effect of life events on car ownership (Oakil
et al. 2014; Zhang 2017) whereas we consider changes in the possibility of driving in a
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car alone or carpooling as a life event. Endogeneity problems may arise since choosing
the car-orientated modality type depends on having the option to carpool or to drive alone,
while the latter might also be the outcome of a desire for the former. Still, we include the
acquisition of the ability to drive or carpool as a life event because we are interested in
how changes in these mobility tools affect the probability of choosing other modality types
(active modes, transit, or multimodal travel.

Other life events are also of interest (e.g. children moving out) but could not be included
in this analysis because the information was not collected, was not precise enough, or did
not make sense in the context of this sample (e.g. employment changes). We consider the
direction of change for all life events (except role at UC Davis) since the literature has
shown that direction of change matters [e.g. for car ownership (Dargay 2001), for house-
hold size (Oakil et al. 2014)].

Definition of life stages and hypotheses

We define four life stage groups: millennials (currently aged 18-36) living alone or with
roommates, millennials living with their partners, parents (of any generation) living with
their children, and non-millennial adults (above 36 years old) living without their children.
Our analysis is driven by several hypotheses about the effect of life stage groups.

The first two life stage groups include millennials at different life stages to contribute to
the discussion on whether millennials behave differently due to delayed life stages. Several
studies have reported changes in travel behavior for the millennial generation (as noted in
the Literature Review). We distinguish millennials who live alone, in dorms, or in shared
apartments (first life stage group) from millennials living with their partners (second life
stage group). The first life stage group includes mostly undergraduate and graduate stu-
dents who may have greater flexibility in their schedules and fewer professional responsi-
bilities that affect their daily travel. Some researchers have found that young persons were
somewhat “mode agnostic” individuals who chose the mode best suited in the given cir-
cumstances (Delbosc and Nakanishi 2017) and more likely to change their travel behavior
than older individuals (Kroesen 2014). Our hypothesis related to the first life stage group is
as follows:

Millennials living alone or with roommates use more modes in their commutes and
are more likely to change their mode in the presence of life events because they are
less constrained by the travel needs of others or by professional responsibilities.

The second life stage group comprises millennials who live with their partners. On one
hand, members of this group might have more constraints on residential location, which
must meet the needs of two people, and on travel, which must be coordinated with the part-
ner, than millennials living on their own (Oostendorp 2014). On the other, they are likely to
share mobility resources and trips with their partners (Scheiner and Holz-Rau 2013). This
categorization may allow us to investigate whether cohabitation makes a difference how
millennials react to life events. Our hypotheses related to the second life stage group is as
follows:

Millennials who live with their partners are more likely to use a car, particularly to
carpool, because they may share mobility resources. They may use different modes
including the car over the week. They are more responsive to life events than millen-
nials living alone or with roommates or parents living with their children because
they are generally less constrained and have greater financial and mobility resources.
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The third group is distinguished from other life stages by parenthood. Previous studies
have shown that parenthood is an important life stage in an individual’s life course that
affects travel behavior (e.g. De Haas et al. 2018; Lanzendorf 2010). Parents may be more
car-dependent than other life stage groups since they may transport their children to vari-
ous activities (Lanzendorf 2010). They face major time and financial constraints that may
alter their travel behavior compared to persons of the same age group without children. Our
hypotheses related to the third life stage group include:

Parents living with their children are less likely to change their travel behavior fol-
lowing a life event because their travel also depends on the travel needs of other
household members.

Finally, the fourth life stage group encompasses non-millennial adults living without
children. Persons in this group are older than 36 years and probably more advanced in their
professional careers with higher incomes. They have more financial resources to acquire
new mobility tools but may be less flexible switching commute modes during the week due
to their professional and private responsibilities. Over the life course, persons tend to stay
loyal to car driving and are less likely to give away their car (Beige and Axhausen 2008;
Dargay 2001; Fatmi and Habib 2016). This group also includes some emeriti faculty who
tend to be less constrained by their working situation. Hypotheses related to the fourth life
stage group are:

Non-millennial adults are less time-constrained and have greater financial resources,
for instance to invest in a new car or bicycle, and are more likely to switch modes in
the presence of life events.

Persons in other life stages such as retired persons or parents with children at different
ages would have been interesting to explore but we are not able to distinguish them in the
present dataset. But the life stages defined in this study allow us to investigate whether
young persons differ significantly from parents and older adults in their responses to life
events. This analysis may contribute to recent discussions about decline or stagnation in
car ownership and use. In addition, we compare two millennial groups at different life
stages, the results of which may add to discussions about generational differences or delay
in life stage.

Other covariates

Previous studies have highlighted factors that are associated with mode choice: socio-
demographic characteristics, availability of mobility tools, built environment indicators,
attitudinal and trip related factors (e.g. Clark et al. 2016; De Haas et al. 2018). Since the
survey did not consistently assess income, we include educational attainment as an indi-
cator for socioeconomic status. Other socio-demographic characteristics are age, gender,
household size, and perceived availability of the options to drive and to carpool. The avail-
ability of a car may provide a better indicator compared to the number of cars in a house-
hold because it reflects the allocation of cars within the household (Scheiner and Holz-
Rau 2013). Numerous studies include mobility tools in transport mode choice models
though some discuss potential endogeneity with respect to related mode choices (Dargay
and Hanly 2004). We decided to include options to drive alone and to carpool because
we are interested in the effect of these mobility tools on modality types other than the car-
orientated modality type. Since travel-related attitudes have been shown in prior studies
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to significantly explain mode choice (Bamberg 2006; Busch-Geertsema and Lanzendorf
2017; Girling et al. 1998; Molin et al. 2014), we include attitudinal indicators as well.
Participants responded to attitudinal statements related to the value of travel time, liking of
biking, liking of driving, and the need for a car on a five-point Likert scale, from “strongly
disagree” (1) to “Strongly agree” (5).

All commute trips have the same destination, the university campus, with a few excep-
tions of off-site locations. We include two self-reported transit accessibility variables:
access to bus and access to train. While 75% of the sample population has access to bus
only, seven percent have access to train services near their residence (cf. Table 1). We did
not include any other built environment variables since Davis is relatively homogeneous
with respect to its population density and bicycle infrastructure. All residential areas are
well served by the university-run public transit system. We account for the different built
environment that persons who live outside of Davis experience by including a residential
location variable. Also, distance from residence to campus is not included since Davis is a
small town with approximately a three-mile radius from the center to the city limits. The
homogeneous built environment may increase the likelihood that we captured the causal
effects of life events, because changes in travel behavior may be less likely to be linked to
changes in unobserved variables, such as mobility culture or accessibility. The residential
location variable (living in Davis, living outside of Davis) captures differences in the envi-
ronment between Davis and other cities, at least in a coarse way.

Statistical analysis

We implement a Manifest Markov Model (see Vermunt and Magidson 2017) in the sta-
tistical software program Latent Gold 5.0. A Manifest Markov Model enables the estima-
tion of the probability of belonging to a modality type, the transition probability of switch-
ing modality types over time, and the response probability measuring the influence of the
latent variable on survey indicators (i.e. number of days traveled with a specific mode).
This type of model is well suited for answering our research questions because it assesses
membership and transition probabilities in one model. We are particularly interested in the
effect of changes in different life domains on changes in travel behavior. Another modeling
approach, for instance a multinomial logit model, would require 12 categories of switch-
ing between modality types and 4 categories of loyal ones. Manifest Markov Models allow
us to directly estimate transition probabilities of switching modality types considering
life events and life stage at the same time, an advantage over multinomial logit models.
The Manifest Markov Model also differs from a Latent Markov Model' (also known as a

! The Latent Markov Model calculates the probability that an individual chooses a response from a cat-
egorical variable (observed/survey data) based on three probabilities: the initial probability of choosing a
modality type at time point 1 (membership probability), the transition probabilities, and the response prob-
ability for an individual i at time t. Latent Markov Model: (cf. Vermunt and Magidson 2016, pp. 92-93):

K¢ K4 K4

T, T;
Pl =Y Y Y ) T] Pe i ) [T POl
=1 xi=] it =0

d —
xp=1

The probability of choosing response y for individual i is defined by the probability to choose a latent state
(in our case a modality type) at time point 0 P(xg), by the transition probability P(x[" |x;’_ |) and the response
probability P(yj’lx‘f ). A Latent Markov Model assumes that state membership at point t only depends on
state membership of the previous period (t—1) (first order Markov assumption) (Vermunt and Magidson
2016). The response at point t depends only on the current modality type membership not on previous ones.
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latent transition analysis), with which readers may be more familiar. In contrast to a Latent
Markov Model, by using a Manifest Markov Model we assume that observed categorical
responses (on transport mode choice) are deterministic measures of the true “latent” states
(modality types). By using deterministic modality types, we assume that the response prob-
ability P(yf |x§’ ) is one for the modality type an individual is classified in and zero for other
modality types. The probability of being in a modality type is modelled as a standard logis-
tic regression while the transition model is estimated via a transition logit model (Vermunt
and Magidson 2016).” This Manifest Markov Model is extended so that the membership
and transition probabilities include covariates, life stage groups and life events.

In specifying the model, we first estimate the influence of covariates (socio-demo-
graphic characteristics, travel-related attitudes) on our deterministic modality types. All
covariates in the membership equation interact with life stage. Second, the transition prob-
ability depends on life events that interact with life stage and the previous modality type.
It also includes a time interval variable interacting with the previous modality type (but
not with life stage). The time interval variable measures the distance between the reported
periods, to account for the fact that 32% of the persons answered their second survey at
a later point than 1 year after the first; this is a recommended approach for accounting
for heterogeneity in response intervals (cf. Markov Model with time-heterogeneous effects,
Vermunt and Magidson 2015).

Our first research question asks whether life events lead to changes in modality types.
Our second research question asks whether life stage moderates the impact of life events on
change in modality types. We estimate two models. In the first model, life events interact
with life stage and previous modality type in the transition probability model. In the second
model, life events only interact with the previous modality type and not with life stage in
the transition probability model. We compare both models based on the likelihood ratio
test and the p value. However, model comparison based on the likelihood ratio Chi squared
statistic and p values do not hold in the case of sparse data (Vermunt and Magidson 2015,
p- 107). Our model includes 732 parameters with the conditional effect of life stage and
336 without the conditional effect of life stage. Although our panel is a considerable size
with 6942 points of observations, we may still have sparsity problems due to the three-way
interaction of life events, life stage and previous modality types. We use the Bayesian Infor-
mation Criterium (BIC) as suggested by Vermunt and Magidson (2015, p. 107) in the case
of sparse data. Kroesen (2014) also used the BIC due to data sparsity to compare differ-
ent models in a latent class transition analysis. The model without the interaction effect
of life stages in the transition probability provided a lower, better BIC (—12963) than the
model with conditional life stage effect (— 10217). In addition, almost all interaction effects
between life events and life stages in the transition probability were insignificant. Based
on these two factors, we chose the model without conditional life stage effect because it

2 Transition Logit Model:
P

= Yars0 + Z yxm‘p * Zitp
=1

P(

4
PG4 = rlxil =7,X,2;)

ey

=slx! | =rxz)

The transition logit model calculates the ratio of the probability of switching from one modality type to
another and the probability of not switching at all. The transition logit model compares the probabilities of
switching to the probability of staying in the same latent state (modality type) with r standing for the origi-
nal and s for the destination state (modality type) and r unequal s since parameters for no transition are fixed
to zero for identification (cf. Vermunt and Magidson 2016, pp. 92-93).
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performs better in terms of parsimony and expected out-of-sample predictive ability. This
may not be a definitive assessment of a potential moderating effect of life stage, however.
In the following section, we provide results for the model that includes only life events to
explain transitioning from one modality type to another.

Table 1 shows descriptive statistics for the variables included in the membership and
transition models for the first wave.

Results

Our findings support the results of other studies that observe a relationship between the
occurrence of life events and changes in travel behavior. In this section, we first character-
ize the modality types and describe the incidence of life events in relation to life stage. Sec-
ond, we present results from the membership model that highlight modality type profiles
for different life stages. Finally, we explore the effect of life events on modality types.

Descriptive statistics
Modality types

Socio-economic characteristics and attitudes differ in significant and largely predictably
ways between the four modality types (active travelers, car users, transit users, and multi-
modal travelers) (Table 1). Active travelers mostly bicycled to campus and walked only to
a small extent. Likewise, car users mostly drove alone by car and only carpooled to a small
extent. Multimodal travelers mostly bicycled (on average 2 days) and used transit to travel
to campus but also drove alone by car to the university to a small extent.

Modality types and life stage

The share of active travelers decreases over the life stages but is the smallest for parents
who live with their children (Fig. 2). Half of the millennials who lived alone, in a dorm,
or in a shared apartment are active travelers. The share of persons who carpooled or drove
alone to campus increases sharply when millennials start living with their partners and fur-
ther increases throughout the life stages. The share of persons in the multimodal modality
type is approximately equal across life stage groups; the use of different modes does not
seem to depend on life stage. Non-millennial adults living without their children have the
highest share of car users. Transit use decreases for older life stage groups.

As highlighted in Fig. 3, the incidence of life events differed between life stage groups.
Millennials who lived alone, in a dorm, or in a shared apartment were more likely to
change their residence than other groups. More specifically, millennials living with their
partners or parents living with children relocated more often than other life stage groups
to another town. Only a small fraction in each group relocated to Davis from outside the
city. Parents who lived with children were the most likely to change household size, which
may relate to the birth of children, marriage, separation, or divorce, or children moving out
of the house. Parents living with children and non-millennial adults had more consistent
access to driving alone compared to their younger counterparts. Millennials living alone or
in a shared apartment switched their position or role at UC Davis more often.
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Fig.2 Distribution of modality types across life stage groups. Life stages: M “millennials living alone or
shared apartments”, MwP “millennials living with their partners”, P “parents living with their children”;
and A “adults older than 36 years living without their children”

Results from the membership model: differences in modality type profiles
between life stages

This section shows the results from the membership model for modality types. The results of
the membership model suggest that socio-demographic and attitudinal characteristics deter-
mine modality type and have a different impact depending on the life stage. In the model, we
specified all constants and covariates for the modality type membership model to be condi-
tional on the life stage. Almost all interaction effects between covariates and life stage are sig-
nificant. Table 2 shows the results of the membership model, i.e. the estimated probabilities to
be in a specific modality type, summarizing the shares and mean values for each covariate-life
stage interaction with the corresponding p values in parentheses. Table 4 shows the parameter
estimates for the membership model and indicates whether a response pattern (an interaction
between a covariate and life stage) differs significantly between modality types. In this sec-
tion, we discuss the results of the membership model based on Table 2.

Gender differences

Gender differences are the greatest for active travelers in comparison to other modes.
More men travel with active modes than women. Gender differences seem to be linked
to life stage: the share of female active travelers decreases over the life stages. Women
and men are almost equally represented in the active traveler group when they are still
millennials who live alone, in a dorm, or in shared apartment. For parents who live with
their children or non-millennials, the share of male active travelers is twice as high as
the share of women. Also, women are more likely than men to drive or carpool when
they live with their children. In general, gender-differences stand out for parents and
non-millennials across all modality types. These results suggest that gender disparities
increase over the life cycle but may also indicate that millennials may behave differently
than older generations in fundamental ways.
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Fig.3 Percentage of persons who experienced a life event out of the total sample per life stage group. Life
events: a changes in household size, b changes in residential location, ¢ changes in role at UCD, d changes
in the option to drive alone, e changes in the option to carpool, life stages: millennials (1) = “millennials
living alone or shared apartments”, millennials (2) = “millennials living with their partners”, parents (3) =
“parents living with their children”; and non-millennials (4)="‘adults older than 36 years living without
their children”

Decrease

Residential location

The share of persons who only use a car to travel to campus is considerably higher for
those living outside of Davis across all life stage groups.® This difference is slightly
more pronounced for millennials living alone, in dorms, or in shared apartments and for

3 A small percentage of persons walked or bicycled to campus although they live outside of Davis. These
persons provided a different usual mode to travel to campus indicating that in the reporting week they may
have stayed in Davis and hence could walk or bicycle to UC Davis.
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Table 2 Modality type profiles and differences between life stages based on the membership model

Active travelers Car users Transit users Multi-

modal
travelers
Class size 1432 770 461 808
Indicator variables (mean)
# of days walked 0.6 0.0 0.0 0.2
# of days bicyclied 42 0.0 0.0 2.0
# of days driven alone 0.0 3.6 0.0 0.9
# of days carpooled 0.0 0.8 0.0 0.4
# of days used transit 0.0 0.0 4.7 1.3
Life stage group (p=0.00) M 55% 7% 14% 23%
MwP  31% 37% 9% 23%
P 25% 41% 4% 29%
A 29% 47% 4% 19%
Age (p=0.00) M 21 24 21 21
MwP 26 26 25 26
P 46 42 42 42
A 53 50 52 51
Gender (p=0.00)
Male M 65% 5% 10% 20%
Female M 52% 8% 16% 24%
Male MwP  37% 35% 8% 19%
Female MwP  27% 38% 9% 26%
Male P 33% 29% 7% 31%
Female P 17% 53% 2% 28%
Male A 43% 36% 6% 15%
Female A 18% 55% 3% 23%
Household size (p <0.03) M 3.5 3.5 3.8 3.3
MwP 1.9 2.0 1.9 2.1
P 2.7 22 2.8 29
A 1.7 1.7 1.5 1.7
Residential location (p <0.00)
Residence in Davis M 58% 5% 14% 23%
Residence outside of Davis M 4% 70% 1% 24%
Residence in Davis MwP  55% 11% 5% 28%
Residence outside of Davis MwP 4% 66% 14% 16%
Residence in Davis P 43% 21% 1% 35%
Residence outside of Davis P 4% 67% 8% 21%
Residence in Davis A 50% 25% 1% 24%
Residence outside of Davis A 3% 72% 8% 17%
Option to drive alone (p <0.00)
0 M 64% 1% 17% 18%
M 46% 14% 11% 29%
0 MwP  52% 13% 16% 19%
1 MwP  26% 2% 8% 24%
0 P 40% 30% 5% 25%
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Table 2 (continued)

Active travelers Car users Transit users ~ Multi-

modal
travelers
1 P 23% 42% 4% 30%
0 A 42% 40% 8% 10%
1 A 28% 48% 4% 20%
Option to carpool (p <0.00)
0 M 61% 6% 14% 19%
1 M 45% 13% 15% 27%
0 MwP  33% 39% 9% 19%
1 MwP  29% 45% 9% 17%
0 P 29% 46% 6% 19%
1 P 14% 64% 0% 23%
0 A 37% 43% 4% 16%
1 A 15% 68% 5% 11%
Access to bus (p <0.00)
0 M 72% 19% 1% 8%
1 M 52% 6% 17% 25%
0 MwP  19% 65% 7% 9%
1 MwP  39% 27% 11% 24%
0 P 19% 67% 3% 11%
1 P 29% 36% 6% 29%
0 A 18% 67% 3% 12%
1 A 37% 42% 5% 16%
Access to train (p <0.00)
0 M 19% 67% 3% 11%
1 M 29% 36% 6% 29%
0 MwP  18% 67% 3% 12%
1 MwP  37% 42% 5% 16%
0 P 55% 8% 15% 22%
1 P 62% 13% 1% 23%
0 A 37% 39% 5% 19%
1 A 5% 52% 30% 14%
Disutility of travel time (p=0.00) M 2.9 34 33 3.1
MwP 2.7 3.6 3.0 3.1
P 3.1 34 2.1 2.8
A 2.8 3.1 2.3 3.0
Liking of bicycling (p =0.00) M 4.3 33 33 4.1
MwP 43 3.6 4.0 4.0
P 44 39 44 4.1
A 4.7 3.7 3.8 43
Liking of car driving (p=0.00) M 34 3.7 34 3.6
MwP 29 34 3.1 33
P 3.0 3.6 2.6 3.6
A 29 35 2.4 3.1
Perceived need of a car (p=0.00) M 2.8 4.3 3.1 33

@ Springer



Transportation (2021) 48:1089-1124 1109

Table 2 (continued)

Active travelers Car users Transit users Multi-

modal
travelers
MwP 3.0 4.3 3.1 3.6
P 3.5 4.3 2.9 3.8
A 2.8 4.1 3.1 3.7

Life stages: M “millennials living alone or shared apartments”, MwP “millennials living with their part-
ners”, P “parents living with their children”, A “adults older than 36 years living without their children”

The value in parentheses behind covariates indicates the p value for the Wald test statistic assessing the sta-
tistical significance of a set of parameter estimates for one indicator

non-millennials. Millennials who live outside of Davis and with their partners have a
higher share of transit use than other life stage groups. Millennials who live alone or in
shared apartments and outside of Davis have the highest share of multimodal users com-
pared to other life stage groups. Persons of the first life stage group who live outside of
Davis like biking and driving slightly less than persons of other life stage groups who live
outside of Davis.

Attitudinal statements

Across all life stage groups, car users agree more strongly with the statement “Travel time
is generally wasted time.” Parents and non-millennials who use transit to travel to campus
have the lowest agreement with this statement. Active and multimodal travelers appreci-
ate bicycling the most, with non-millennials scoring highest. Millennials who live without
children or a partner and use transit agree more with the statement “I like driving” while
non-millennials are rather neutral. Car users reported the highest agreement with the state-
ment “I need a car to do many of the things I like to do.” Members of the second, third, and
fourth life stage groups who are multimodal tend to have a higher agreement, too. Parents
in general have a higher agreement with this statement except when they use transit.

Loyalty to modality types and the influence of life events

Transition probabilities in Table 3 describe the probability of switching from one modal-
ity type to another from one year to the next. The reference level is individuals who do
not experience any life event. For instance, it is less likely for active travelers to switch to
multimodal use if the household size decreases or increases compared to active travelers
who do not experience any change in household size. A decrease in household size makes a
switch from strict car use to active travel less likely.

Almost all constants are significant and negative, indicating that travel behavior tends
to be stable (Table 3). In particular, persons who only drive alone or carpool to campus
(car users) tend to stick with their modality type with a probability of 83% (Table 3). This
suggests that driving may be a stronger habitual behavior than other travel patterns. Multi-
modal travelers are rather unstable and have the highest probability of switching to active
travel but also to car use compared to other modality types. Residential relocation within
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Table 3 Comparing transition probabilities between modality types and from wave 1 (rows) to wave 2 (col-
umns) in the presence of life events. (Color table online)

General transition probabiliies
1 2 3 4

1 0.59 0.06 0.12 0.23
2 0.06 0.83 0.03 0.08
3 0.15 0.08 0.52 0.25
4 0.28 0.22 0.13 0.37
Decrease in household size No change in household size Increase in household size

1 2 3 4 1 2 3 4 1 2 3 4
1067 013 006 059 008 006 027 068 012 007
2 Xl o7+ o011 010 010 079 003 008 (X7l o030 004 012
3 0.15 0.21 0.37 0.27 0.04 0.25 0.51 0.19 0.15 0.08 0.54 0.23
4 0.24 0.39 0.10 0.27 0.24 0.38 0.06 0.33 0.26 0.28 0.08 0.38
No change in residence Relocating within Davis Relocating to another city

1 2 3 4 1 2 3 4 1 2 3 4
1077 005 003 015 060 006 | 010 024 005 | 071 047
2 0.05 0.83 0.07 0.06 0.07 0.77 0.04 0.12 0.01 0.72 0.11 0.17
3 0.10 0.09 0.54 0.27 0.16 0.14 0.46 0.23 0.00 0.98 0.02 0.00
4 0.27 0.32 0.09 0.32 0.29 0.29 0.12 0.30 0.03 0.73 0.07 0.18
Relocatingto Davis No change in role at UCD Change in role at UCD

1 2 3 4 1 2 3 4 1 2 3 4
1 085 KO o001 o014 068 013 003 016 052 013 | 014 021
2 0.39 0.30 0.09 0.22 0.05 0.80 0.05 0.10 0.11 0.64 0.10 0.15
3 0.34 0.00 0.37 0.29 0.10 0.19 0.46 0.25 0.17 0.23 0.41 0.19
4 033 014 049 021 042 004 033 020 MM o019 030
Decrease in access to DA No change in access to DA Increase inaccess to DA

1 2 3 4 1 2 3 4 1 2 3 4
1 0.68 0.02 0.10 0.20 0.61 0.14 0.07 0.18 0.54 0.20 0.08 0.18
2 0.10 0.54 0.13 0.22 0.08 0.79 0.03 0.10 0.06 0.74 0.11 0.10
3 0.16 0.10 0.44 0.29 0.12 0.20 0.46 0.23 0.13 0.33 0.38 0.16
4 0.38 0.29 0.12 0.21 0.21 0.40 0.07 0.32 0.23 0.23 0.16 0.39
Decrease in access to carpool No change in access to carpool Increase in access to carpool

1 2 3 4 1 2 3 4 1 2 3 4
1 o070 EXCHN o007 059 015 007  0.19 057 014 010 019
2 0.17 0.64 0.08 0.11 0.06 0.75 0.07 0.12 0.06 0.76 0.05 0.13
3 017 0.09 0.53 0.21 0.09 0.25 042 0.24 0.15 0.23 0.40 0.21
4 0.19 0.40 0.15 0.26 0.29 0.27 0.09 0.35 0.23 0.33 0.09 0.35
Time interval of 1 year

1 2 3 4
1 0.63 0.09 0.09 0.19
2 0.09 0.69 0.09 0.13
3 0.15 0.14 0.48 0.24
4 0.27 0.23 0.12 0.39
Time interval of 2 years Time interval of 3 years Time interval >3 years

1 2 3 4 1 2 3 4 1 2 3 4
1 0.60 0.14 0.09 0.18 0.62 0.13 0.08 0.17 0.56 0.21 0.03 0.20
2 0.12 0.67 0.12 0.09 0.02 0.86 0.00 0.12 0.05 0.81 0.00 0.14
3 0.12 0.15 0.46 0.28 0.23 0.26 0.19 0.32 0.00 0.43 0.57 0.00
4 0.29 0.28 0.15 0.27 0.17 0.41 0.10 0.32 0.21 0.58 0.00 0.21

Modality types: 1 active travelers, 2 car users, 3 transit users, 4 multimodal travelers. Grey cells indicate a
significant increase in the probability to switch from one to another modality type and dark cells a decrease

Davis positively affects the probability of transitioning between modality types: from active
travel to transit or multimodal travel, from car to multimodal travel and from transit to
active travel. Relocating to another town makes a switch from active travel to car and tran-
sit travel more likely because the distance to the campus in most cases becomes too long
for active modes. Likewise, switching from car use to multimodal travel and vice versa
becomes more likely if persons relocate to another town. Relocating to Davis significantly
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reduces the probability of switching from multimodal to strict car use but increases the
likelihood of switching from transit to active travel.

Persons who no longer have the option to drive alone in a car are also less likely to
switch from active travel to strict car use whereas a switch from car or multimodal use to
all other modes is more likely. An increase in the option to drive alone makes transition-
ing from active travel and transit to car use more likely. If carpool becomes unavailable,
persons are more likely to switch from strict car use to active travel or from multimodal to
transit. Persons who gain access to carpool are more likely to switch from transit to active
travel. Transit users seem to be less affected by life events in general than other modality
types.

Heterogeneity in the time interval in which respondents answered the survey affects the
probability of transitioning to another mode. Table 3 shows the probabilities of switching
to another modality type with a time interval of two, three and more than 3 years relative to
a l-year time interval. The probability of switching to strict car use significantly increases
over time (with duration between two survey responses). With few exceptions, this signifi-
cant increase appears only for strict car users. Loyalty to a modality type, other than strict
car use, decreases over time.

Discussion and conclusions

Our first research question was the extent to which life events effect change in travel behav-
ior. The results of this study highlight the importance of life events in explaining travel
behavior change, specifically shifts in modality type. Residential relocation, changes in
household size, changes in the option to drive alone or to carpool, and changes in role at
UC Davis significantly affect the probability of switching between modality types. A move
from Davis to another town, which necessarily means an increase in commute distance, is
associated with a switch towards car, transit, or multimodal travel. Conversely, moving to
Davis, which necessarily decreases commute distance, increases the chance of switching to
active and multimodal travel. Transition may be explained in part by the fact that Davis has
extensive bicycle infrastructure and a strong bicycling culture. However, only one percent
of the sample actually relocated to Davis. Active travelers seem to be more affected by
changes in household size, which is consistent with findings that the share of active travel-
ers decreases throughout the life stages. For instance, previous research revealed that per-
sons are likely to stop bicycling when they become a parent (Oakil et al. 2016).

Almost all modality types showed state dependence, meaning that modality type is more
likely to not change than it is to change, though car users showed the highest behavior prob-
ability of staying loyal to their modality type. These results suggest a rigidity in travel once
participants have adopted the modality type of car travel. Our results are consistent with Kro-
esen (2014) and De Haas et al. (2018), who found that unimodal users were more likely to
stick to their modes than multimodal users. Interestingly, in our study, an increase in carpool
access does not affect the probability of transitioning to another modality type (except for
transit users switching to active travel) whereas an increase in the possibility of driving alone
increased the probability for all respondents (except for multimodal travelers) of switching
to strict car use. This result suggests that policies that incentivize carpool over driving alone
may discourage strict car use and allow persons to reach destinations only accessible by car.
In general, transit users seem to be less affected by life events than other modality types,
which may indicate that transit users are captive riders and cannot freely switch between
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modes. Kroesen (2014) found that persons were more likely to switch to public transport
when they also switched employment, a life event that we did not include in our analysis.

With our second research question, we investigated whether life events affect travel
behavior differently at distinct life stages. Life stage did not moderate the effect of life
events on travel behavior, as we had hypothesized. We propose several explanations for this
result. This analysis considered the life stage situation of the first wave for the membership
model although individuals may switch life stage groups by the second wave. In fact, life
events may trigger a transition from one life stage to another, marking the beginning of
a new life stage such as the birth of a child marking the beginning of parenthood. Previ-
ous studies highlight the interdependence of life events, life stage and travel behavior (e.g.
Beige and Axhausen 2008; Zhang 2017). Life events and life stage may be correlated and
not as distinguishable as our research questions suggests. This may explain some of the
insignificant moderating effects of life stages in our study. Another explanation may relate
to the fact that we mix generation and life stage since millennials can also be in the third
life stage group. In addition, the three-way interaction of life stage, life event, and previous
modality type may lead to insufficient variation in the data. For these reasons, this study is
not a definitive test of the moderating effect of life stage on the impact of life events.

However, life stage did significantly influence membership in one of four modality types.
Millennials living with partners or parents more often relocate to another town, possibly reflect-
ing specific preferences for more space and comfort at this life stage as well as high housing
prices in Davis. Pressures in the housing market may drive young couples or parents to locate
in more car-dependent areas (Delbosc and Nakanishi 2017; Gehrke et al. 2019; Thierstein et al.
2016). Millennials who live alone or in shared apartments are more dynamic: they change their
residence within Davis, their role at UC Davis and car availability more often than other life
stage groups. This could reflect the fact that they are at the beginning of their career and experi-
ence more change with respect to their socioeconomic status and mobility resources, as sup-
ported by previous studies (Beige and Axhausen 2008; Dargay and Hanly 2004; Oakil et al.
2016). Life stage significantly affects active traveling and car use. The share of active travelers
decreases over the life stages and is particularly low for parents. A possible explanation for this
might be that it gets more difficult to combine the travel needs of other persons and professional
responsibilities with active travel at this life stage (Oakil et al. 2016). Contrary to our hypoth-
esis, all life stage groups have an approximately similar share of multimodal travelers; life stage
seems to not affect multimodal travel. We acknowledge, however, that our sample is drawn from
a university population and a university town that offers a greater variety in available transport
modes and modal split compared to other small-sized US towns.

Another important finding is that gender differences play a role in explaining modality
type membership and may also be linked to life events and life stage. The share of women
who are active travelers decreases throughout the life stages, as also found in other studies
(e.g. Scheiner 2014). Since we group respondents into life stages that also correspond to
different generations it is not clear whether gender disparities increase over the life cycle or
generational differences play a role in explaining gender disparities. If we split our sample
into millennials with children and without children, female and male millennials without
children are equally represented in the active travelers group while only a quarter of mil-
lennial active travelers with children are women. However, female non-millennials have the
same share in the active traveler group regardless of their status of parenthood. This obser-
vation suggests that millennials may fall back into gender disparities of travel behavior of
former generations when they become parents. These results support the argument of other
studies that behavioral differences of millennials may be temporal and partly due to delayed
life stage (Delbosc and Currie 2013). Since the numbers of observations in our dataset are
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relatively small in each category these results should be treated with caution and tested with
a larger sample. Nevertheless, these results raise several questions for future research: Do
millennials change their travel behavior to become more similar to non-millennials as they
pass through the life cycle? More specifically, are gender disparities between millennials
more or less pronounced compared to non-millennials as they move through the life cycle?

As pointed out in the literature, life events represent a potential “window of opportu-
nity” for triggering changes in travel behavior. According to our results, it seems that this
momentum for change is not moderated by the life stage of a person. Interventions might
target recent movers or persons who change their household composition, regardless of
life stage. Our results highlight that individuals tend to change their travel behavior after
relocation. In particular, moving to locations at larger distance from the workplace was
often associated with an increase in car use. These results put emphasis on the fact that
residential and travel choices are interlinked and suggest that some transportation policies
may be more effective if planned in accordance with housing policies. Also, policies that
incentivize better use of mobility resources within and between households through shar-
ing and pooling and discourage the purchase of an additional car may be more effective
if targeted towards recent movers who may need a car for their commute. For example,
providing this group with the possibility of borrowing a second car occasionally when
needed may promote lower car ownership. Our results show that a considerable number
of persons switched from strict car use to multimodal travel in the presence of life events,
suggesting that multimodal travel might be a more promising strategy for reducing car use
than attempts to shift commuters from driving entirely to another mode. Car users might
be open to reducing car travel on some days and thus could be good targets for interven-
tions that provide positive experiences with active modes. Several countries provide local
programs fostering bicycling to work during the month of May and may provide starting
points to encourage multimodal use and hence active travel (for the UK: European Cyclists’
Federation 2019; for the US: Nordback 2014; League of American Bicyclists 2019). Policy
programs that encourage multimodal travel may address a diverse population since multi-
modal travel seems to not depend on life stage, according to our results.

Further research on these questions is required since many travel surveys only capture
the primary mode of transport and provide limited understanding about multimodal and
intermodal behavior. This is also a limitation of this study since we asked for the primary
mode to travel to campus on a given day and assessed multimodality based on the vari-
ety of selected modes over the week. Future studies could explore methods for more pre-
cisely measuring intermodal travel. Research on the motivation for multi- and intermodal
travel, using qualitative as well as quantitative methods, could provide needed evidence to
improve the effectiveness of travel demand management programs as well as transportation
planning in general.

In this study we measure the effect of life events on travel behavior in most cases for a
1-year interval, although behavioral responses may require more or less time, and travel
behavior may change several times between 2 years or even lead to changes in anticipation
of future travel needs (e.g. car acquisition before a childbirth). Time-lagged effects in behav-
ioral responses make it difficult to causally link life events to changes in travel behavior. Sev-
eral studies raise the issue of the temporal dimension of life events, life stage, and behavio-
ral response (e.g. Lanzendorf 2003, 2010; Holz-Rau and Scheiner 2015; Oakil et al. 2014)
though only a few studies empirically consider time-lagged effects (Miiggenburg et al. 2015).
Most of the quantitative studies consider time-lagged effects of life events on car ownership
(Dargay 2001; Oakil et al. 2014; Wang et al. 2018). The literature mentions several reasons to
explain delayed effects of life events: learning and experience induce continuous change in a
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transition process (Holz-Rau and Scheiner 2015), financial or mental restrictions (Oakil et al.
2014; Wang et al. 2018), time constraints, persuasiveness of habits, inertia, high searching
costs, uncertainty, and imperfect information (Dargay 2001). Others put emphasis on the idea
that individuals constantly adapt their travel behavior (Scheiner et al. 2016).

Capturing time-lagged effects with quantitative data is methodologically challenging.
Further research based on qualitative data may provide more precise information on tem-
poral intervals that could help to inform survey design (e.g. retrospective and prospective
questions) and improve quantitative data collection that would provide deeper insights
into individuals’ planning, adaptation, and delay in behavioral responses to life events and
choices such as inertia, periods of change, and transitioning. In general, the mobility biog-
raphy approach is useful in linking short-, medium-, and long-term decisions and in under-
standing the temporal dimension of travel-related choices.
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Appendix

The parameter estimates in Table 4 indicate the probability to be in one of the three modal-
ity types (car, transit users, or multimodal travelers) instead of being in the active trave-
ler modality type conditional on the specific life stage-covariate interaction. For instance,
female millennials who lived alone, in a dorm, or in shared apartments have a higher prob-
ability than male millennials to be strict car users instead of being in the active traveler
group. Millennials who were strict car users and lived with their partner were more likely
to agree with the statement “Travel time is generally wasted time” (Disutility of travel
time) compared to active traveling millennials living with their partner.
See Table 5.
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