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ABSTRACT
Observations in a number of developed countries have shown a stagnating or
declining trend in the level of car use and sparked a heated debate on whether such
trend would persist into the future. While arguments over the potential causes of this
trend remain largely unsettled, the crucial implications of the long-term trends on the
strategic development of transport infrastructure as well as the long-term planning
schemes in the transportation sector are generally agreed upon. This study aims at
providing evidence of the changing trends in an under-researched area with
historically limited car dependence and distinct cultural and social characteristics
through disaggregate analysis on several large-scale datasets. Three separate case
studies were carried out to identify the changes in car ownership, activity-travel
behavior, car use, and personal attitudes towards cars in different Chinese cities,
namely Hong Kong, Shenzhen, and Beijing. Statistical modeling approaches were
applied for the disaggregate analysis at the household and individual levels. Findings
in the case study of Hong Kong suggest that the level of car ownership and car use
has shown indications of levelling-off and even a certain degree of decrease in the
past decade, despite the low level of car dependence for the entirety of the city’s
history. Results in the case of Shenzhen, on the other hand, indicate a surging car
ownership rate in recent years, which is in contrast with the situation in its
neighboring city of Hong Kong. The interactions between built environment and
travel behavior have also changed significantly in Shenzhen, a city undergoing rapid
expansion. The third case study reports that the level of auto-mobility has increased
significantly during the past decade in Shenzhen and all age groups and cohorts
experienced similar uptrends in car ownership and car use. In addition, analysis on
the dataset from Beijing suggests that young adults do not evaluate private cars and
their functions as favorably as the middle-age adults. Findings in this study contribute
to the existing literature by providing empirical evidence on the recent changes in car
ownership, activity-travel behavior, and attitudes towards private cars in the Chinese
context. This study also highlights the importance to expand the range of research
ii

attention out of the developed and motorized countries in order to gain a more
comprehensive understanding of the dynamics in travel behavior and auto-mobility
around the world. Findings also have important policy implications in curbing autodependence in daily travel and planning and managing future transportation.
Keywords: Inter-generational changes, activity-travel behavior, peak car, built
environment, travel attitudes, auto-mobility
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Chapter 1
1.1

Introduction

Research Background

The landscape of transportation has always been dynamic, not only from time to time
but also from generation to generation. Travel patterns evolve over time along with
the development of social, economic, demographical, cultural, and technological
circumstances. For decades during the post-war era, the level of motorization in the
developed world has surged at a rapid pace. As a result, car ownership rate and the
share of motorized travel have maintained at a high level for decades. More recently,
a reverse trend is emerging in many developed and highly motorized countries that
the previously soaring motorization appeared to approach stagnation and some have
shown signs of decline (Puentes and Tomer, 2008; Headicar, 2013; Le Vine et al.,
2009; Goodwin, 2012; Goodwin and Van Dender, 2013). Other relevant measures of
car dependence also started to drop including driving license possession (Delbosc and
Currie, 2013; Kuhnimhof et al., 2012a) and multimodal travel (Kuhnimhof et al, 2011;
Van der Waard et al, 2013). This phenomenon has aroused much heated debate on the
driving forces behind the current trend and its future prospects. The enthusiasm
around this trend is to be expected given that the investigation into long-term trends
in travel behavior is not only valuable for academic research, but also crucial for the
strategic development of the transportation systems and investment in transport
infrastructures (Scheiner and Holz-Rau, 2013). It is widely believed that the observed
reduction in car dependence, if it sustains into the future, would ‘have a bearing on
virtually all major strategic questions of transport policy and commercial operations’
including investment in transportation infrastructure and travel demand management
(Goodwin and van Dender, 2013). Therefore, much research attention has been paid
to the recent changes in motorized travel and car use in the developed world where
the level of motorization is quite high.
1

The debate about this trend, or what is frequently referred to as the ‘peak car’
phenomenon, revolves around the factors contributing to the trend and whether this
would endure in the future. Opinions are split about whether this is merely a
temporary disruption away from the historical trends that are mainly driven by the
current economic environment or a permanent trend which, in a large part, could not
be attributed to the economic factors. The two primary sources of influence in the
realm of economics are the recent global economic crisis beginning in 2008 and the
increase in oil price. Some studies suggest that the conventional variables such as
GDP and oil price are still the most influential determinants in explaining the changes
in car travel (Bastian et al., 2016; Manville et al., 2017). Others argue that the causes
of the recent plateau and decrease in car use go beyond economic factors because the
stagnating signs emerged years before the recession and oil price increase in many
cases (Puentes and Tomer, 2008; Metz, 2010; Millard-Ball and Schipper, 2011;
Stapleton et al., 2017). A number of contributing factors have been cited in different
studies including an aging population with less intention to drive (Goodwin, 2012), a
theoretical saturation level of car and license ownership (Delbosc, 20162017;
Goodwin, 2012; Le Vine and Jones, 2012), the booming growth of ICT, e-commerce,
and telecommuting, which reduces the demand for car travel (McDonald, 2015; Metz,
2013; van Wee, 2015) and potentially alters lifestyle (Lyons, 2015; van Wee, 2015),
changing attitudes towards the ownership and use of cars (Delbosc and Currie, 2013;
McDonald, 2015), and a revived process of urbanization or the so-called ‘urban
renaissance’ (Noble, 2005; Newman and Kenworthy, 2011; Headicar, 2013).
Regardless of the specifics, they represent elements comparatively latent and more
persistent than the periodic economic factors. Therefore, these effects could
potentially sustain in a much longer term and are more likely to affect the future
transportation sector.
Against the backdrop of a stagnant trend in motorized travel, studies also suggest that
younger generations are demonstrating profoundly different travel characteristics than
2

the previous ones. In particular, young adults were found to lead in the reduction in
car travel (Kuhnimhof et al, 2011; Van der Waard et al, 2013) and delay or cancel
acquiring driving license (Noble, 2005; Metz, 2010; Kuhnimhof et al., 2012a;
Delbosc and Currie, 2013). In addition, they were found to turn to alternative modes
or multimodal travel more often (Kuhnimhof et al, 2011; Van der Waard et al, 2013).
In particular, many US-based studies focused on a typical generation, namely the
Millennials, as they are the youngest cohort entering adulthood. They exhibit distinct
features from previous generations (Dutzik et al., 2014) and are labeled by some
scholars as the ‘go nowhere’ generation (Buchholz and Buchholz, 2012) in terms of
their activity-travel patterns. Similarly to their counterparts in other developed
countries, the Millennials have been reported to have lower rate of driving license
possession (Delbosc and Currie, 2013; Sivak and Schoettle, 2011, 2012), lower car
ownership, and fewer trips made by car for shorter time and distance (McDonald,
2015; Polzin et al., 2014). There are also debates as to whether these traits would
remain as young adults age or they would grow to be more like preceding generations
(McDonald, 2015; Garikapati et al., 2016).
In parallel and in contrast with the stagnation or decline in auto-mobility among
many developed countries, massive motorization and urbanization are underway in
many developing countries featured with fast expansion of urban space, rapid
increase in car ownership, and an even faster growing urban population who desire a
middle-class lifestyle that is, in part, symbolled by the access to private vehicles (He
and Thøgersen, 2017). As most of these emerging countries still trail behind the
developed world in terms of per capita car ownership, it is estimated that the
automobile market would keep growing at the current high pace, if not higher. China,
for example, has surpassed the US in 2009 as the largest auto market in the world
(Tang, 2009; Yang et al., 2017). While the proliferation of private cars considerably
improved the level of mobility among the urban population, it also inevitably brought
about some similar problems that the developed countries have encountered.
3

Deteriorating conditions in road traffic and air quality as well as increasing casualties
and economic loss from traffic accidents are among the most alarming issues that
pressure the policymakers to take measures to curb the currently overheated growth.
While some of the economically advanced cities in Asia like Hong Kong and
Singapore have been successful throughout their history in controlling the car
ownership growth through regulations, most major cities in Asian developing
countries have only began to address the challenge. Unlike the heavy taxation and
other economic measures by the Hong Kong government, cities in Mainland China
usually put forward quota-based systems to limit the number of newly issued license
plates. At the same time, a number of studies indicated that young people in India
held more positive attitudes towards cars than those in Hong Kong (Verma et al.,
2016) and college students in China had ‘a latent yet powerful aspiration’ about
owning a car, which the authors largely attributed to ‘a newly wealthy and everexpanding middle class’ (Zhu et al., 2012). Young people in China were also found to
benefit more from the rising car accessibility than the old as the gap between the
young and the old in car use has widened in the recent few years (Feng et al., 2017).
In addition, the urban structure in Chinese cities has also experienced dramatic
change. Previously dominant danwei (work unit) -based systems, in which housing is
usually provided by employers (Wang and Chai, 2009), were gradually phased out
during the land and housing reform. Instead, housing provision was shifted to
commodity market and population was decentralized to suburbs and further from
most jobs that remained in the urban centers (Lin, 2004; Wang, 2009). As a result,
jobs and housing have become more separated and the former ‘spatial bond’ structure
has been largely replaced by the ‘spatial mismatch’ one (Wang et al., 2011b). The
changes in urban structure and built environment could have significantly influenced
the travel behavior of urban residents. The effects of built environment on travel
behavior may have also substantially changed. In all, the fast transformation and the
challenge that follows underscore the necessity of a more in-depth investigation into
4

the recent changing trends of travel behavior, car ownership, and car use in the Asian
contexts that have been largely overlooked in the past literature.
Despite the extensive research attention on the long-term trends in motorized travel
during the past decades, a number of gaps exist in the existing literature. First of call,
the current evidence of the reduction in car use is primarily at the aggregate level and
disaggregate evidence is lacking (exceptions include Oakil et al., 2016 and Vij et al.,
2017). Disaggregate analysis is ‘of great importance as aggregate outcomes are the
net result of change in opposing directions, and not of one overriding common factor’
(Goodwin and Van Dender, 2013). Also, to disentangle the effects of socioeconomic
changes from those independent of the economic factors, disaggregation is called for.
As suggested by Bastian and Börjesson (2015), ‘the key issue in the debate over peak
car is whether the observed trend decline in car use is caused by factors other than the
traditional socioeconomic factors, for instance by changes in preferences, attitudes,
and lifestyles’. Secondly, the existing research is overwhelmingly centered on travel
behavior and mainly car travel. However, the observed declining trend in car use in
the developed world may very well be the result of the restructuring or rescheduling
of daily activities induced by Information and Communication Technologies (ICTs)
and, more recently, by the rise of mobile Internet access. Therefore, it is plausible to
further investigate the changing trends in the time allocation to various types of
activities. In addition, unlike the developed world with relative stable urban form,
which may have contributed to the stagnant trends (Metz, 2010), urban built
environment is fast changing in developing countries. The dynamic relationship
between travel behavior and built environment over time has been mostly ignored.
Furthermore, little attention has been paid to the generational differences in
attitudinal evaluations on cars. As evidence shows that young adults are becoming
less dependent on cars (Noble, 2005; Metz, 2010; Delbosc and Currie, 2013;
Kuhnimhof et al., 2012a; Van der Waard et al., 2013), it would be of great value to
extend the analysis on generational differences in the personal attitudes to private cars
5

in order to gain a more comprehensive insight into the latent factors that could
profoundly influence the future behavior of the young population. Last but not least,
research attention has so far been primarily paid to developed countries in Europe or
North America where car ownership has already risen to a high level. Large-scale
analysis on the changing trends in activity-travel behavior is lacking in non-western
contexts yet the characteristics in behavior and attitude are mostly non-generalizable
across countries due to differences in culture and development stage (Van and Fujii,
2011). It is imperative to focus on the changing trends and the generational
differences in travel behavior (and its relationship with built environment), car use,
and the attitudes towards private cars in Asian countries (e.g. China).
To fill in some of the gaps identified from the exiting literature, this study analyzes
the inter-generational changes in activity-travel behavior, built environment, and
auto-mobility (car ownership, license holding, car use, and attitudes to cars) in the
Chinese context with three different cases. A number of large-scale datasets drawn
from different time periods and/or covering a wide range of characteristics (both
behavior and attitude) are used and several sophisticated statistical methods are
applied to those dataset. The case study of Hong Kong serves to identifying the intergenerational changes in activity-travel behavior that is independent of the
socioeconomic effects. The city of Hong Kong is chosen for this study because of its
advanced economy and developed society with low car dependence and sophisticated
public transport systems. The case study of Shenzhen then demonstrates how the
urban form and travel behavior have concurrently evolved during the recent decades
in a rapidly developing Chinese city. Shenzhen is selected as a young and fastgrowing city with vibrant population and dynamic urban forms. The last case study,
using data from both Shenzhen and Beijing, aims at evaluating the generational
differences in car ownership, car use, and attitudes towards cars. Beijing is selected as
a study area for its long history and developed urban environment. Multiple
generations of residents coexist in the urban area which may have different
6

behavioral and attitudinal traits. Together, these studies contribute to the literature by
providing quantitative evidence of the changes in travel behavior and car dependence
(ownership and use) in the context of China and exploring the potential effects of
different dimensions, including latent factors (e.g. attitudes and preferences), urban
development and expansion, cohort/generation effects, and effects of ageing.
Implications of the findings to both existing literature and policymakers are also
discussed with future outlook.

1.2

Research Objective

As discussed above, this study aims at identifying the inter-generational changes in
the behavioral and attitudinal characteristics that are related to car ownership and
activity-travel behavior in the Chinese context. Thus, this study attempts to fill in
some research gaps by investigating the following:
1.

How has activity-travel behavior changed that are independent of the

socioeconomic influence in the recent decade?
2.

How have urban built environment and its effects on travel behavior evolved

in the context of rapid urban development?
3.

What are the recent trends in car ownership and car use with massive

motorization in large cities and how have the trends emerged for different generations?
4.

Are there prominent generational differences in their attitudes towards cars

and what are the implications of such differences?
Focus of this study includes the inter-generational changes in activity-travel behavior,
travel behavior-built environment relationship, and auto-mobility. It incorporates
three empirical studies using data from different time periods and/or covering
extensive dimensions in different study areas, which together provide a
7

comprehensive insight into the recent developing trends in urban China. Discussions
on the analytical findings would focus on their significance to the literature as well as
their implications for policy making targeting long-term transport planning.

1.3

Organization of Thesis

This thesis is organized as follow, as shown in Figure 1.1. Chapter 2 systematically
reviews the relevant literature and identifies research gaps that this study attempts to
fill in. In particular, the literature on the recent decline in motorized travel in the
developed world and the ‘peak car’ debate is focused on. The theoretical hypothesis
of a constant travel time budget, on which the saturation of travel demand is built, is
also introduced. Previous studies on the theoretical framework and empirical
investigation of the psychological motives and attitudes to car ownership and car use
are also summarized. In addition, studies about the distinct travel behavior and car
dependence of the younger generations are separately presented and discussed.
Chapter 3 describes the theoretical framework, research design, and methods of the
study. Specifically, the framework of the thesis is introduced and the study scopes are
presented in a systematic manner. Conceptual models are then described in relation to
the inter-generational changes, interrelationships between travel behavior and built
environment, and changes in auto-mobility. Data utilized in respective chapters are
introduced and statistical methods are also briefly presented including propensity
score matching (PSM), structural equation modeling (SEM), and multiple-group
confirmatory factor analysis (CFA).
Chapter 4 elaborates on the analysis of the inter-generational changes in activitytravel behavior. More specifically, the inter-generational changes refer to the changes
in activity-travel behavior (car ownership, license possession, travel demand, and
activity time allocation), which are independent of the influence of socioeconomic
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cycles, over a certain period of time. An analytical approach is proposed to
disentangle the effects of latent factors from the observed socioeconomic effects with
the case study of Hong Kong.
Chapter 5 examines the changes in the relationship between built environment and
travel behavior in a fast developing city by demonstrate the changing trends in built
environment, jobs-housing relations, car ownership, and travel behavior. Shenzhen as
a young and fast-growing Chinese megacity is selected for the case study and
structural equation models are developed to identify changes in the interrelationships.
Chapter 6 investigates the generational differences in auto-mobility, including car
ownership, car use, and attitudes towards cars. Two case studies are conducted in the
contexts of both Shenzhen and Beijing. Changes in car ownership and car use over
time and by different age groups or generations are assessed and generational
differences in attitudes are identified. Cohort analysis, statistical testing, and
multiple-group analysis are all applied for the purposes of this study.
Finally, Chapter 7 summarizes the case studies, discusses on the implications of the
findings, points out the current limitations, and indicates the possible directions for
future research.

Figure 1.1 Organization of thesis.
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Chapter 2

Literature Review

This chapter reviews the relevant literature in a comprehensive manner and identifies
some of the research gaps that this study intends to fill in. Most of the reviewed
studies are concerned with long-term trends or generational differences in travel
behavior and auto-mobility. They cover a wide range of subjects and are summarized
and categorized into various common themes as shown in the subsections below.

2.1

Peak Car and Peak Travel

Long-term trends in travel behavior and motorization have long attracted much
research attention. For decades, motorized travel and car use have been steadily rising
in most western industrialized countries. Recent evidence, however, shows a possible
saturation trend with some theoretical supports from previous hypotheses.
Prior to the recent empirical evidence of a saturation in motorized travel, early debate
on the time allocation to travel could be traced back to the 1970s. During this debate,
the concept of travel time budget (TTB) was proposed. It refers to a hypothetical
‘budget’ of time that people are willing to spend on travel. The amount of that time is
assumed to be somewhat stable and people would adjust if their actual travel time
deviates from this ‘budget’ in either direction (Mokhtarian and Chen, 2004). A major
controversy of this hypothesis is that the concept of a stable budget contradicts the
notion that travel time is a disutility to be minimized, which is one of the fundamental
principles in conventional travel behavior theories (Mokhtarian and Salomon, 2001).
Nevertheless, others argue that the concept of TTB actually agrees with the induced
demand theory because it conforms with the common observation that travel distance
tends to increase with elevated travel speed thus keeping travel time relatively stable
(Zahavi and Ryan, 1980; Marchetti, 1994). Despite the dispute, variations at the
individual level are generally agreed upon. Proponents of the TTB hypothesis mostly
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advocate a stable travel time budget across time and space at the national or regional
level with some radical arguments proposing universal constant budgets (Zahavi and
Ryan, 1980; Zahavi and Talvitie, 1980, Schafer and Victor, 2000). However, other
studies have identified increases in travel time per capita over time (e.g., Levinson
and Kumar, 1995; Kitamura et al., 2003; Armoogum et al., 2003), which does not
support the TTB hypothesis. Explanations for the observed stability at the aggregate
level include the neutralization of positively and negatively deviated individuals
(Goodwin, 1981) and the theory of a desired budget that travelers anticipate
(Mokhtarian and Salomon, 2001).
The concept of a stable travel time budget inspired the notion of a saturation level in
travel demand and car mileage (Schafer and Victor, 2000; Metz, 2010). In particular,
Metz (2010) argued that the additional utility from reaching distant destinations
decreases as more nearer ones are passed, which induces the resistance to travel
further given the stability in total travel time. The travel time constraints also
outweigh the positive impact of rising income. As a result, total travel distance tends
to saturate and so does distance traveled by car. This notion is supported by the recent
evidence that car travel has reached a tipping point in many developed countries and
is showing signs of decline (Puentes and Tomer, 2008; Headicar, 2013; Le Vine et al.,
2009). A number of studies have paid much interest in what is termed the ‘peak car’
or ‘peak travel’ phenomenon in recent years, which refers to the leveling off and the
decrease in car use and travel demand (Goodwin, 2012; Goodwin and Van Dender,
2013).
Empirical evidence suggests that travel demand has leveled off or started to decline
(Millard-Ball and Schipper, 2011; Schipper, 2011). For example, Millard-Ball and
Schipper (2011) collected data from eight industrial countries including the US, the
UK, and Germany. Their findings suggest that travel demand has reached a plateau in
all cases and car travel has been dropping in many cases. Kuhnimhof et al. (2012a)
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investigated the recent trends in six developed countries including the US and
Germany. The results indicate a decrease in car accessibility and distance traveled by
car, to various extents, in most of their cases. Following this study, Kuhnimhof et al.
(2013) conducted more in-depth analysis of four cases and decomposed the overall
declining trend into two different types: the shift to other modes in the cases of
Germany and the UK and the reduction in total travel demand in France and the US.
They also extended the period of study to two decades preceding the observed
leveling-off and suggested that the reason why the ‘peak’ phenomenon had been only
recently acknowledged was the fact that ‘a transition can only be recognized in
retrospect’. Findings in other developed European countries including France (Grimal
et al., 2013) and the Netherlands (Van der Waard et al., 2013) are also largely in line
with the above trends of stabilized or declining car travel. For instance, Grimal et al.
(2013) analyzed a series of annual data and found that the stagnation in car use was a
general phenomenon in France. They identified similar trends in different types of
areas and for varying income levels. On the other hand, Van der Waard et al. (2013)
also reported saturation in travel demand and car use in the Netherlands during recent
years and argued that the changes in young adults’ mobility characteristics
contributed substantially to these trends. In a visionary paper, Metz (2013) suggested
that, as a result of the ‘peak car’ trends, we have been entering what he called the
‘fourth era’ of travel, which is characterized by a revival of rail-based transport.
Despite the consensus in empirical evidence, vigorous debates have been aroused
related to the driving forces behind this phenomenon and, in consequence, whether or
not it will persist in the long run. Opinions are split about whether this is merely a
temporary disruption away from the historical trends that are mainly driven by the
current economic environment or a permanent trend which, in a large part, could not
be attributed to the economic factors. The two primary factors in the realm of
economics are the recent global economic crisis beginning in 2008 and the increase in
oil price. Some studies suggest that the conventional variables such as GDP and oil
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price are still the most influential determinant in explaining the changes in car travel
(e.g. Bastian et al., 2016; Manville et al., 2017). In particular, Bastian et al. (2016)
developed what they referred to as the ‘deliberately simplistic models’, using basic
economic variables (fuel price and GDP per capita) to predict vehicle kilometers
traveled (VKT) per capita. They argued that their models were ‘able to explain most
of the trends in VKT per capita’, although they emphasized that their results did not
exactly contradict the findings in studies suggesting influence of other factors
because their analysis was limited to the aggregate level. Nonetheless, this study
actually sparked a mini-debate between the authors (Bastian et al., 2017) and Wadud
and Baierl (2017). The latter scholars argued that the study by Bastian et al. (2016)
was flawed in that their model estimation process included the data observations from
the ‘peak car’ period. Therefore, it introduced a ‘circularity issue’ in which the
parameter were estimated to best fit the ‘peak car’ period observations and the
predicted values based on the resultant model were inevitably biased. They also
provided a solution by only using data prior to the ‘peak car’ period for model
estimation and then predicting the values during that period. Bastian et al. (2017)
responded, while they agreed with the principle of those scholars’ suggested method,
the limitation in its practicability (too few observations with insufficient variation)
prompted them to include all observations for the modeling and compared the results
with previous studies.
On the contrary, many other scholars believe that economic factors are not sufficient
to explain the downturn in (car) travel and some consider those economic effects
‘secondary in importance’ (Metz, 2013). A strong argument is that, in many cases,
the trend has emerged years before the recession or the oil price rise (Puentes and
Tomer, 2008; Metz, 2010; Millard-Ball and Schipper, 2011; Stapleton et al., 2017).
Besides the theoretical saturation in travel demand as mentioned above, a number of
contributing factors have been considered and discussed on in the literature, most of
which indicate latent, more persistent, and even possibly permanent changes. For
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example, many argued that the proliferation of ICT and mobile Internet may have
fundamentally changed the way people arrange and conduct daily activities and the
demand for travel was reduced as a consequence. This implies a shifted lifestyle and
is cited by a number of studies as a potentially crucial cause (e.g. McDonald, 2015;
Metz, 2013; Lyons, 2015; van Wee, 2015). In particular, Lyons (2015) pointed out
the significance of the Internet and the digital age in reshaping people’s activity
patterns and therefore affecting travel demand and automobile dependence. Another
possible source of influence is the changes in attitudes to travel or car use (Grimal et
al., 2013; Delbosc and Currie, 2013; McDonald, 2015). For instance, McDonald
(2015) conducted a quantitative analysis and found that ‘changing attitudes and use of
virtual mobility (online shopping, social media) explain 35% to 50% of the drop in
driving’. In addition, this downward trend in car travel is often found to be
accompanied by a revived urbanization process (Noble, 2005; Newman and
Kenworthy, 2011; Headicar, 2013) or, as coined in the context of the UK, the ‘urban
renaissance’ (Headicar, 2013). Headicar (2013) argued, based on a long-established
finding that car use is negatively related to urban density, the slowing down and
reversal of the historically widespread suburbanization in England could have
contributed to the reduction in car use.

2.2

Travel Behavior of Younger Generations

Against the backdrop of a stagnant or declining trend in motorized travel in the
developed world, several researches have explored the behavior traits of younger
generations that are potentially distinct from previous ones. There is a large degree of
overlap between the studies on travel behavior of younger generations and the ‘peak
car’ literature but the significance of the young populations’ behavior characteristics
to future travel demand merits special attention (Kuhnimhof et al., 2012b; Kuhnimhof
et al., 2013; Delbosc, 2017). In general, studies reported a substantial decline in car
travel (Kuhnimhof et al., 2012a; Delbosc and Currie, 2013; Van der Waard et al,
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2013; Sivak and Schoettle, 2012; Hjorthol, 2016) and driving license possession
(Noble, 2005; Metz, 2010; Kuhnimhof et al., 2012a; Delbosc and Currie, 2013) as
well as an increase in multimodal travel by alternative modes (Kuhnimhof et al,
2012b; Van der Waard et al, 2013) among young adults. For instance, Kuhnimhof et
al. (2012b) found that young adults in Germany were experiencing lower car
availability and mileage and increasing travel by alternative modes. In addition, they
found a certain degree of gender convergence as young men reduced their car travel
more than young women did. In another study, using data from six developed
countries, Kuhnimhof et al. (2012a) found that car accessibility and per capita car
travel of young adults have decreased in most study countries and young men
experienced larger reductions. They also argued that socioeconomics could not ‘fully
explain the observed changes in travel’. Most other relevant studies observed similar
trends in terms of changes in car use by young adults. Decrease in auto-mobility by
young adults has been identified in Northern Europe (Delbosc and Currie, 2013), the
Netherlands (Van der Waard et al., 2013), North America (Sivak and Schoettle, 2012),
and Australia (Delbosc and Currie, 2013). For example, Van der Waard et al. (2013)
reported sharp decrease in car use by young adults in the Netherlands dated back to
1995 and indicated that this trend was in parallel with declining employment rate and
rising participation in higher education among the young population. Oakil et al.
(2016) also found a decline in car ownership among young adults in the Netherlands
and they identified significant effects of urbanization level and household structure
on car ownership.
One of the distinct traits of younger generations is the delay or decline in driving
license acquisition. The decreasing trend of license possession by young adults has
been observed in a number of countries, such as the UK (Noble, 2005; Metz, 2010),
the US (Kuhnimhof et al., 2012a; Sivak and Schoettle, 2012), Germany (Kuhnimhof
et al., 2012b), and other developed nations (Delbosc and Currie, 2013; Kuhnimhof et
al., 2012a; Hjorthol, 2016). Delbosc and Currie (2013) composed a comprehensive
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summary of the findings in license possession of young people and reported that a
decreasing trend had been identified in 9 out of 14 countries, including Sweden,
Norway, the US, and the UK. A number of determinants from previous studies were
documented in their review including an increase in higher education enrollment (van
der Waard et al., 2013), extended stays at the parents’ households (Licaj et al., 2012),
concerns on affordability (Williams, 2011), regulation constraints (Preusser and
Tison, 2007), and also attitudes related to cars (Delbosc and Currie, 2012; van der
Waard et al., 2013). They also argued that, while the majority of young adults in
developed countries would still acquire a driving license and eventually a car, a
growing minority of them was delaying or forgoing license acquisition. Hjorthol
(2016) reported that the percentage of young adults with driving license has dropped
in Norway in recent decades and proposed several possible contributing factors
including increase in young people living in urban areas, extended education, and
delay in forming families. Delbosc (2017), on the other hand, investigated the trends
in driving licensure among young people in the US and Australia. She attempted to
address whether the trends reflected a delay or forgo of youth in acquiring driving
license and argued that trends in young adults’ licensing could be leveraged by
appropriate policies in order to reduce the level of car dominance.
Studies based in the US often focus on a typical generation, namely the Millennials,
which is the cohort born during the 1980s and 1990s and has been entering adulthood
in recent two decades. They exhibit distinct features from previous generations
(Dutzik et al., 2014) and are labeled by some scholars as the ‘go nowhere’ generation
(Buchholz and Buchholz, 2012) in terms of their activity-travel patterns. Similarly to
their counterparts in other developed countries, the Millennials in the US are reported
to have lower rate of driving license possession (Delbosc and Currie, 2013; Sivak and
Schoettle, 2012), lower car ownership and fewer trips made by car for shorter time
and distance (McDonald, 2015; Polzin et al., 2014). And similarly to the ‘peak car’
debate, various arguments were put forward in regard to the cause of the declining
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trend and whether it would persist when Millennials age in the future. McDonald
(2015) argued, based on her comparative analysis across different generations, that
apart from the demographic and economic factors, ‘changing attitudes and
perspectives about driving’ also played important roles. However, a latter study
(Garikapati et al., 2016) delivered mixed results and questioned the stamina of the
Millennials’ travel traits. Their findings suggest the activity time use patterns of the
Millennials, as they approach 30, become more similar to those of the preceding
generation (Generation X) in their early 30s. On that basis, they argued that
‘transformative changes that millennials may bring about in society are not likely to
occur’ but they also acknowledged the necessity of additional cross-generation
analysis for a decisive conclusion. Despite that, reduced driving of the Millennials is
still documented in their results along with increased time spent at home. To what
extent these differences could be attributed to socioeconomic changes or changes in
other factors, such as attitude, preference, value, and technology adaption, remains
unclear. Klein and Smart (2017) used multiple waves of data to investigate the
ownership of automobiles among different generations with a focus on the
Millennials. They found that, while young adults own fewer cars than previous
generations around the same age, the present situation is likely to be attributed to
economic conditions. Thus they cautioned against the enthusiasm about the
possibility of a permanent change as indicated by the ‘peak car’ argument.
Despite the mixed results about the travel behavior of young adults and the future
behavioral traits as they age, most studies agree that young adults are different in
travel and car use than previous generations at comparable ages and the investigation
on their travel characteristics is of great importance (Kuhnimhof et al, 2012a, 2012b).
Metz (2013) pointed out that young adults can be encouraged by proper policies to
further develop non-car lifestyles later in life.
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2.3

Relationship between Built Environment and Travel

Behavior
In addition to the long-term trends in travel demand and car use, the determinants of
travel behavior have also received much attention. As a major source of influence,
built environment and its dynamics have been widely studied on in regard to the
effects on travel behavior.
The influence of built environment on travel behavior has been extensively
investigated and remains a focus in related researches (e.g. Newman and Kenworthy,
1989; Crane, 2000). Many studies contend that various aspects of built environment
have significant effects on travel behavior (Cervero and Kockelman, 1997; Newman
and Kenworthy, 1989). For example, it is widely believed that mixed land use and
high density are effective in reducing travel demand and car dependence (Newman
and Kenworthy, 1989). They are also considered to contribute to shorter trips and
larger shares of non-motorized travel (Khattak and Rodriguez, 2005). Urban
expansion and suburbanization, on the other hand, are found to be associated with
increasing travel distance (Susilo and Kitamura, 2008; Feng et al., 2013) and mode
shift from public transport and non-motorized modes to automobiles (Cervero and
Wu 1998; Schwanen et al. 2001).
In particular, the effect of built environment and urban structure on commuting has
attracted much research attention (Cervero, 1996; Ewing, 1997; Schwanen, et al.
2001). Some studies argued that decentralization tended to reduce commuting
distance and time under the ‘co-location’ hypothesis that jobs and residents adjust
their locations from time to time in order to shorten the commuting trips (Gordon and
Richardson, 1997; Giuliano and Small, 1993). Many others opposed to this argument
(e.g. Cervero, 1996; Newman and Kenworthy, 1989; Ewing, 1997). For example,
Ewing (1997) reported an increase in commuting time across the US and significantly
18

longer commuting in the suburbs than in city centers. Similarly, Næss (2006) found
that suburban residents have longer commuting distance compared to those living in
urban areas in Copenhagen. On the other hand, some studies suggest that jobshousing imbalance contributes greatly to longer commuting trips (Cervero, 1989;
Horner, 2002). For instance, Cervero (1989) contended that the spatial mismatch
between jobs and housing significantly contributed to the increasing commuting
distance in the US. Others questioned the influence of jobs-housing balance on
commuting and travel demand (Hamilton and Röell, 1982; Giuliano and Small; 1993).
Hamilton and Röell (1982) reported that only a small minority of the commuting
distance or time could be explained by home-work separation. Peng (1997) found a
non-linear relationship between jobs-housing balance and per capita vehicle miles
traveled (VMT) and that the effect of jobs-housing balance was only significant in
extremely unbalanced areas.
Some argue that socio-demographic and attitudinal factors are also important
determinants of travel behavior, more so than built environment in many cases
(Kitamura et al., 1997; Timmermans et al., 2003). For instance, Kitamura et al. (1997)
found in their comprehensive study in San Francisco that attitudes explained the most
variance in travel behavior. Timmermans et al. (2003) also argued that attitudes exert
more influence on activity patterns compared to urban structure. Schwanen et al.
(2003) reported that socioeconomics and household characteristics have stronger
effect on commuting by automobile than built environment does. Likewise, Sultana
and Weber (2007) found socioeconomics to be more influential than urban sprawl
relating to lower density in affecting commuting distance. Moreover, some scholars
contended that the observed effect of built environment itself may actually be the
results of personal preference (Wang et al., 2011a). In other words, the choices of
neighborhood stem from residents’ attitudes which latter affects their behavior. It is
often referred to as the ‘self-selection’ issue and has gained much popularity in recent
studies (Mokhtarian and Cao, 2008; Cao et al., 2009). Nevertheless, some studies
19

showed that physical built environment remained a significant factor and, in some
cases, had a stronger effect than attitudes (Cao et al., 2009).
Most of the above-reviewed studies utilized cross-sectional data drawn at a certain
point in time to investigate the relationship between travel behavior and its
determinants. Some studies made use of repeated cross-sectional or panel data to
explore the long-term trends in travel and commuting behavior and the dynamics or
stability in the relationship between built environment and travel behavior (Susilo and
Maat, 2007; Susilo and Kitamura, 2008; Elldér, 2014). In particular, Susilo and Maat
(2007) examined the long-term trends in commuting during a recent decade in the
Netherlands and found that the effect of built environment has significantly changed
in different directions. Susilo and Kitamura (2008) also found that the structural
relationships among travel behavior variables have not been stable across the 20 years
of their study period in Osaka, Japan. Elldér (2014) analyzed the commuting patterns
in terms of home-work separations during the recent decades in Sweden. He applied
multilevel regression to data drawn in different years and reported growing variations
in home-work distance within the same neighborhoods and decreasing effects of
residential location on commuting. However, similarly to the ‘peak car’ debate, these
studies are primarily conducted in the western or developed countries where the
urban structure has remained relatively stable for the recent decades. A few studies
employed longitudinal research design in the context of urban China (e.g. Wang and
Lin, 2017; Feng et al., 2017). Wang and Lin (2017) used panel data in Beijing, China
to examine the effect of residential self-selection. But their research focus was on the
causal relations among travel attitudes, built environment, and travel behavior and the
two waves of survey data were less than two years apart, which were not adequate for
exploring long-term trends in commuting and its determinants. Similarly, the repeated
cross-sectional data utilized by Feng et al. (2017) to investigate changing trends in
travel behavior in Nanjing, China were collected within a three-year period. Qi et al.
(2018) investigated long-term trends in spatial mismatch between population and jobs
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over a decade in Beijing. However, they primarily targeted the degree of spatial
mismatch at spatially aggregated level and utilized aggregate census data.

2.4

Psychological Factors on Car Use

As mentioned above, the attitudinal factors have been acknowledged as an important
subjective dimension that has significant potentials in shaping travel behavior. The
psychological motives to private car use are among the subjects that are the
frequently analyzed.
The effects of psychological factors on travel behavior and auto-mobility have long
been acknowledged and attracted much attention in recent decades (Steg, 2005; Bohte
et al., 2009; Cao et al., 2009). Studies on attitudes to the ownership and use of
automobiles, in particular, gained considerable popularity (Anable, 2005; Saelens et
al., 2003; Steg, 2005; Gardner and Abraham, 2008). Scholars have made great efforts
to offer and assess theoretical models for relevant factors and empirically examine the
effects on car ownership and car use.
On the theoretical front, the attitudinal factors that affect car-related decisions have
been extensively studied on, mainly building on two theories in the domains of
behavioral science and psychology. The first is the Theory of Planned Behavior
(Ajzen, 1991), which assumes that behavior is dependent on people’s intention or
willingness to act. The intention is in turn dependent on people’s attitudes, social
norms and perceived behavioral control. It is frequently cited in the travel behavior
literature as the foundation of the specific models developed to evaluate the effect of
attitudes on travel behavior and mobility decisions (Bohte et al., 2009; Thøgersen,
2006; Donald et al., 2014; Thorhauge et al., 2016). The other one is the model of
material possessions by Dittmar (1992). She contends that the use of material goods
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fulfils three functions: instrumental, symbolic, and affective. This classification has
been widely adopted in the literature to identify various factors or motives to car use.
While the instrumental functions of automobiles, including speed, flexibility, safety,
and capacity, have long been accepted as an important factor on car use (Jensen, 1999;
Steg, 2005), the symbolic and affective factors of cars, or the non-instrumental factor,
have only been emphasized on in recent years. In her seminal work, Steg (2005)
argued that motives other than instrumental functions, e.g. ‘feelings of sensation,
power, superiority and arousal’, also play an important role in influencing car use.
Building on the above two theories and a few others (e.g. Festinger, 1954; Schlenker,
1980; Cialdini et al., 1991), she was able to identify three categories of psychological
motives, which were named ‘instrumental’, ‘symbolic’ and ‘affective’. She also
found, through empirical analysis, that the symbolic and affective motives had
significant effects on the percentage of car commuting and habitual car commuters
evaluated more favorably on all motives than infrequent car commuters did.
In the following years, more studies have been carried out to develop and empirically
validate their models. Extending some earlier works (e.g. Steg and Tertoolen, 1999;
Steg, 2005), two broad subjects have been investigated. The first stream of research
explores the attitudinal effects on car use (Gardner and Abraham, 2008; Lois and
López-Sáez, 2009; Bergstad et al., 2011). For example, Gardner and Abraham (2008)
conducted meta-analyses using 23 different datasets to explore the psychological
correlates of car use. Their results generally supported the ‘predictive utility’ of
psychological variables but suggested evidence was lacking for a reliable policy
intervention. Lois and López-Sáez (2009) applied structural equation modeling to
analyze such effects. Based on Dittmar’s model (Dittmar, 1992), they identified three
psychological motives to car use and found that instrumental and symbolic motives
affect car use indirectly through affective motive. Bergstad et al. (2011), on the other
hand, investigated the ‘mediating effect’ of attitudinal factors between socio22

demographics and car use. Their results suggest that these motives ‘partially mediated’
some effects of a few socioeconomic variables on car use. In a recent study, He and
Thøgersen (2017) explored the determinants of car and public transit use and focused
on attitudinal factors. They identified limited effects of attitudes on car use especially
when car ownership is controlled for.
Another major subject is the intentions of young people to purchase and use cars in
the future and the effect of psychological evaluation on these future decisions. Most
related studies focused on university students as they were considered a potential
group for future car ownership (Zhu et al., 2012; Belgiawan et al., 2016; Verma et al.,
2016). Zhu et al. (2012) explored the effect of attitudinal factors on the desire for cars
among Chinese college students and found non-instrumental factors to be most
influential as determinants and previous car access in parents’ household turned
insignificant once attitudinal factors were accounted for. Sigurdardottir et al. (2013)
investigated the determinants on the intention to commute by car or by cycling of
teenagers. They identified positive effects of various attitudinal factors, including
general interest in cars, positive experience as car passengers, and subjective norms
of car ownership. Willingness to accept limitations of car travel and the perceived
behavioral control were found to be negatively associated with car use intentions.
Belgiawan et al. (2014) conducted a comparative study, targeting students from seven
different countries. They found that students in developing countries expressed higher
desire for cars than those in developed countries did and two of the four identified
factors positively correlated with car purchase intention, namely ‘symbolic-affective’
and ‘independence’. Verma et al. (2016) investigated the relationship between car
ownership decisions and attitudinal factors of college students in India. They reported
that positive attitudes to car travel increased the intention for car ownership while a
‘pro-sustainability’ mindset negatively affected the desire for cars. Belgiawan et al.
(2016) analyzed the effect of attitudes on car purchase motivations among university
students in Indonesia. They found that, among the five identified factors, only
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‘independence’ (positively) and ‘arrogant prestige’ (negatively) significantly affected
car ownership while ‘symbolic-affective’ and ‘comfort (instrumental)’ were both
insignificant.

2.5

Summary and Research Gaps

A wide range of literature has been reviewed in the chapter. Their topics of interest
range from trends in auto-mobility, behavior of young adults, built environment
impacts on travel behavior, as well as psychological factors on auto-mobility.
Notwithstanding the fruitful research findings, several research gaps exit that deserve
further analysis.
In regards to the long-term trends in travel and car use, most existing findings are at
the aggregate level and disaggregate evidence is lacking (exceptions include Oakil et
al., 2016 and Vij et al., 2017). As Goodwin and Van Dender (2013) pointed out,
‘disaggregation is of great importance as aggregate outcomes are the net result of
change in opposing directions, and not of one overriding common factor’.
Disaggregation is also vital to evaluate if the changes in travel demand are caused by
changes in lifestyles, attitudes, or other subjective measures. As suggested by Bastian
and Börjesson (2015), ‘the key issue in the debate over peak car is whether the
observed trend decline in car use is caused by factors other than the traditional
socioeconomic factors, for instance by changes in preferences, attitudes, and lifestyles’. Furthermore, current research is overwhelmingly centered on travel behavior,
mainly car travel. However, the observed declining trend in car travel in the
developed world may very well be the result of the restructuring or rescheduling of
individuals’

daily

activities

induced

by

Information

and

Communication

Technologies (ICTs) and more recently by mobile internet access. It is thus plausible
to go beyond travel behavior and investigate changing trends in activity engagement
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and time use in terms of what activities people are engaged in and how much time
they allocate to various activities.
In addition, most regions that are found to encounter stagnant or declining trends in
auto-mobility share two common traits. The first one is that car ownership has
already reached a high level during their motorization period. The other one is that
the urban form in most cases has stayed relatively stable in recent decades. As
pointed out by Metz (2010), the saturation in travel demand ‘is consistent with a
system in which the structure of the population and the pattern of land use change
only slowly’. As a result, the effect of changes in built environment or land use
patterns has been largely ignored in the ‘peak car’ debate. However, as argued in
many studies, changes in built environment could lead to significant changes in travel
behavior (Susilo and Maat, 2007; Elldér, 2014). While urban structure has remained
relatively stable in the developed world, Chinese cities are currently under massive
development during which built environment characteristics are bound to go through
prominent changes. Trends in travel behavior and its interactions with built
environment in these areas may be significantly different.
As for the attitudinal factors on car ownership and car use, little attention has been
paid to the generational differences in their evaluation. In light of the evidence that
younger generations are exhibiting distinctly different traits in travel behavior and car
use than those of previous generations (e.g. Noble, 2005; Metz, 2010; Delbosc and
Currie, 2013; Kuhnimhof et al, 2012a; Van der Waard et al, 2013), to identify
potential differences in the attitudinal evaluations of cars across different generations
is also of great importance. Different attitudes and perceptions of younger generations
are possible to carry on in the future, resulting in persistent behavioral shifts in
mobility and daily travel. Some studies (e.g. Steg, 2005) included the differences in
factor scores between groups (including age groups). But none of them focused on
the generational differences nor did they provide in-depth analysis and interpretation.
25

Some other studies only focused on the intentions for car ownership of university
students (e.g. Zhu et al., 2012; Belgiawan et al., 2014; Verma et al., 2016).
Comparative analysis on attitudes to cars across different generations is missing and
the generational differences would reflect the attitudes of younger generations
relative to older ones and provide valuable insights into how future car growth could
occur differently.
Last but not least, most related studies are conducted in the western context. The
higher level of car ownership and the stable urban structure are some of the common
traits in the developed world, which may not be shared by other parts of the world. It
is interesting and imperative to investigate the changes in activity-travel behavior in
regions with lower car ownership (e.g. Hong Kong and Mainland China) and in cities
undergoing rapid expansion and fast-changing urban form (e.g. Chinese megacities).
Exceptions include Wang and Lin (2017) and Feng et al. (2017) but most of them
either have a different research focus (e.g. residential self-selection) or only analyzed
data during a short time period. Similarly, studies on psychological factors in the
Asian context (e.g. Zhu et al., 2012; Van et al., 2014; Le Loo et al., 2015) primarily
focused on university students without any comparative analysis across different
generations. Especially in the peak car debate, cities outside of the developed world
are mostly overlooked. A recent study by Gao and Newman (2018) suggests that
similar stagnating trends may have took place in Beijing despite the growing
economy. But their study is mostly based on city-level aggregate statistics with
limited information at the disaggregate level.
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Chapter 3

Research Approach

In this chapter, the conceptual framework is introduced followed by a breakdown in
research topics and approaches of respective chapters, which are based on the review
of existing literature. Next, the conceptual models are described in terms of the
relationships and dynamics to be depicted and the structure of models. The
characteristics of data are also briefly summarized and the applied statistical methods
are introduced.

3.1

Theoretical Framework

This study concerns the inter-generational changes in activity-travel behavior and
auto-mobility. The subjects of interest include all major dimensions of travel
characteristics from long-term decisions such as car ownership to short-term
behaviors, e.g. travel frequency and car use. Activity-travel behavior variables
include possession of driving license, travel frequency, travel time/distance, and
activity time allocation. Auto-mobility, on the other hand, refers to behavioral and
attitudinal attributes related to private cars. Car ownership, car use, and attitudes
towards cars are the aspects of auto-mobility examined in this study.
Inter-generational changes in these dimensions are influenced by a variety of factors.
Changes in socioeconomic and demographic distributions inevitably affect the
behavior of the population, which includes how people conduct daily activities and
therefore how people travel on a daily basis. The socio-demographic factors are
accounted for in the analyses. Changes in built environment or land use would also
induce changes in travel behavior as they often entail shifts in the distributions of
residential and workplace areas as well as various facilities. These changes are within
the research interest and are investigated with the changes in travel behavior. Apart
from these physical environment changes, some latent changes could exert significant
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influence on the behavioral traits. These latent factors include attitudes, preference
related to travel and activity as well as lifestyle and habitual routines. In this study,
the dynamic effects of these determinants on activity-travel behavior and automobility are also identified through statistical modeling.
In investigating the inter-generational changes, three different effects are to be
evaluated, namely cohort effects, period effects, and ageing effects. The cohort effect
refers to the effect of belonging to a certain birth cohort or generation (Hjorthol,
2016). It demonstrates how cohorts behave differently because of the difference in
life experience or common traits shared within each cohort. The ageing effect, on the
other hand, refers to the effect of growing old and it is linked to the physical and
social process of ageing (Reither et al., 2009). It reflects differences in behavior
during different life stages or the effect of certain life events on behavioral
characteristics. The period effect is basically originated from being at a certain point
in time. It results from external factors that presumably affect all groups equally at a
particular time (Yang and Land, 2013). Period effects reflect contextual changes and
are often intertwined with cohort or ageing effects.
In the conventional sense, a generation is defined as a group of individuals born
during the same period of time. The inter-generational changes in this regard mainly
concern the differences between cohorts (cohort effects). This study also aims at
exploring temporal dynamics in travel behavior and its determinants over time.
Therefore the inter-generational changes also involve difference between the matched
populations living in different periods of time. In this sense, the cohort effects are
investigated in conjunction with the period effects. The inter-generational changes are,
in this way, a mixture of the three effects described above.
A conceptual framework of this study is as shown in Figure 3.1 below. Intergenerational changes are examined through the three case studies referring to the
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research questions proposed in Section 1.2. For the first case study, changes in
activity-travel behavior that are free from the confounding influences are identified
(Question 1). In the second case study, instead of controlling for all confounders,
changes in the impact of built environment are focused on (Question 2). In the third
case study, a specific mode of transport, private cars, is emphasized on and the intergenerational changes in auto-mobility are investigated (Question 3 & 4). The case
studies explore different aspects of the inter-generational changes and aim to provide
a comprehensive inspection on the dynamics in the Chinese context.

Figure 3.1 Conceptual framework.
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3.2

Scopes of Studies

This study is organized by a series of case studies with different but connected
themes. These case studies cover different topics of interest that surrounding the
inter-generational changes in travel-related characteristics, including travel behavior,
activity time allocation, built environment and travel, auto-mobility, and attitudes to
private cars. Their research topics are summarized as follow.
The first case study aims at the inter-generational changes in activity-travel behavior
during recent years. Specially, it extends the existing literature to the investigation on
the long-term trends at the disaggregate level and it also includes the less-studied
activity time allocation. By a proper control mechanism, this analysis attempts to
disentangle the potential effects of socioeconomics and other latent factors (e.g.
attitudes, preferences, and lifestyles) exerted on changes in activity travel behavior.
The second case study investigates the dynamic relationships between built
environment and travel behavior in the context of fast urban development. In
particular, several dimensions of built environment that have been through substantial
changes during the urban expansion, e.g. relations between jobs and housing, land use,
and transport accessibility, are examined in terms of their effects on travel behavior,
also measured in multiple dimensions including trip frequency, share of car trips, and
travel time and distance. Dynamics of the built environment impacts are analyzed
with multiple modeling outcomes from data in different time periods.
The third case study focuses on auto-mobility, in terms of car ownership, car use,
attitudes towards cars, in cities with rapid motorization. The recent changes in car
ownership and car use are analyzed and the trends by different age groups and birth
cohorts are also investigated in a comparative manner. The generational differences
in their attitudinal evaluations on private cars are then assessed. Together, this case
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study delivers a comprehensive picture about the trends in auto-mobility and outlines
the possible future development in car dependence, indicated by both the current car
ownership and car use and the attitudes of younger generations.

3.3

Research Design

As mentions, this study examines the inter-generational changes in various aspects of
travel characteristics. Essentially, it puts together three case studies related to the
inter-generational changes. Since the three case studies are thematically connected
but independently conducted, the conceptual models are also separately developed. In
the following, the modeling frameworks of respective case studies are introduced.

3.3.1 Inter-generational changes in activity-travel behavior
As mentioned in previous sections, the focus of this study is the inter-generational
changes in activity-travel behavior. Inter-generational changes are referred to as the
temporal changes that are independent of socioeconomic cycles. This analysis is
helpful to assess whether the changes in activity-travel behavior are due to the
economic and demographic trends or also because of some other latent factors such
as shifts in attitudes (Delbosc and Currie, 2013; McDonald, 2015) or lifestyles (Lyons,
2015; van Wee, 2015).
Identifying the inter-generational changes that are of interest in this study essentially
relies on a counterfactual framework in which the same samples should be exposed to
different conditions for the ‘potential outcomes’ of interest to be compared (Little and
Rubin 2000; Oakes and Johnson, 2006). It is regarded as ‘counterfactual’ because the
ideal of such simultaneous observations are often not attainable and the outcome
under the unobserved condition is called the counterfactual (Oakes and Johnson,
2006), as in ‘counter to fact’ (Winship and Morgan 1999).
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This study builds on such an observational research design in that the activity-travel
behavior of individuals from different time periods is separately ‘observed’, i.e. data
collected independently at different times. As such, the differences in the outcome
variables of interest, i.e. activity-travel behavior, are confounded by the different
distributions in the observed socioeconomic factors. The different socioeconomic
distributions stem from two sources, namely sampling differences and changes in
socioeconomic and demographic development (Gomulka and Stern, 1986;
Micklewright, 1994). In order to isolate the ‘model’ or ‘structural’ changes
independent of these confounding effects, a controlling mechanism is required to
compose comparable samples with an ‘identical’ distribution in confounders. The
conceptual framework of this study is as shown in Figure 3.2. Conceptually, the aim
is to find individuals of ‘identical’ socioeconomic and household backgrounds in two
different time periods and compare their activity-travel behavior. The intergenerational changes are then measured as the mean of the differences between the
two matched samples. Referring to Figure 3.2, two samples, S1 and S2, are originally
drawn from two different time periods. In order to identify the inter-generational
changes, two subsamples (S’1 and S’2) which are composed of individual cases with
similar (close to identical) attributes are extracted from the original samples through a
matching process. Then the changes in activity-travel behavior between the matched
subsamples could be measured and evaluated.
Methodologically, a few approaches have been proposed to accommodate such
research design including conventional matching (Rossi et al., 2003), Stratification
(Rosenbaum, 2002), and the Heckman’s sample selection model (Heckman, 1979). In
this study, Propensity Score Matching (PSM) is selected as the analysis method for its
ability to deal with confounding factors and ease of use. Data samples drawn in two
different years are matched via PSM and their activity-travel behavior variables are
compared with statistical testing to identify the inter-generational changes.
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Figure 3.2 Conceptual framework of inter-generational changes in activity-travel
behavior.

3.3.2 Urban development and travel behavior changes
The purpose of this case study is to examine the changing built environment and
travel behavior as well as the dynamic relationship between the two. The trends in
travel behavior are illustrated through descriptive analysis. The dynamic relationship
between built environment and travel behavior, on the other hand, is identified based
on a series of models in the same structure, which are as shown in Figure 3.3.
Ideally, a panel data analysis framework would be preferred for the traceability of the
changes occurred on the sample. Unfortunately, the data used in the study are from
repeated cross-sectional surveys. Therefore, separate models are developed for
samples in different years and the modeling results are compared to examine the
temporal changes in the effects of built environment variables on travel behavior.
As shown in Figure 3.3, the basic model structure follows the literature on built
environment and travel behavior. The well-documented effects of socioeconomics
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and built environment on car ownership and travel behavior (Cervero and Kockelman,
1997; Newman and Kenworthy, 1989) are modeled. Car ownership, as a long-term
mobility decision, is assumed to have a significant effect on short-term travel
behavior. Due to the lack of attitudinal variables in the datasets and the repeated
cross-sectional nature of data, residential self-selection is not explicitly accounted for
in the models.

Figure 3.3 Modeling framework of dynamic built environment impacts.
To model the interrelationship among socioeconomic, built environment, car
ownership, and travel behavior variables, structural equation modeling (SEM) is
adopted because of its strength in modeling complex interactions (Wang and Chai,
2009; Schumacker and Lomax, 2004). Since latent factors are not included in the
framework, essentially path models are developed and the path coefficients are
compared model-to-model in terms of their significance, signs, and magnitudes to
assess the dynamic relationships.
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3.3.3 Inter-generational changes in auto-mobility
The third case study aims at examining the inter-generational changes in automobility. It is divided into two parts and the conceptual framework is as illustrated in
Figure 3.4. The first part is about the changes in auto-mobility, which is measured by
both car ownership and car use. Car ownership is considered a household decision
and adult household members are assumed to have the same level of ownership. In
other words, all members in car-owning households are considered to have the same
level of access to their private cars. Car use is measured by the number and share of
trips made by car. Ideally, vehicle mileage travelled (VMT) would be a better
measurement of car use. But the data are from single-day surveys and route
information of trips is not available. Therefore, the share of car trips is adopted to
reflect the level of car dependence in daily travel.
A cohort analysis framework is applied to investigate the changes in auto-mobility by
different age groups and birth cohorts. Generally, three different sources of effects are
concerned in the cohort analysis, namely the cohort effect, the period effect, and the
ageing effect. First, overall changes in auto-mobility are assessed. Changes by age
groups are examined to identify potential period effects exerted on all age groups and
possible cohort effects between groups of the same age in different years. Changes by
birth cohorts are also analyzed in order to identify the varying effects of ageing
among different generations.
The second part of the study explores the attitudinal factors on the ownership and use
of private cars. It aims at examining the generational differences in attitudinal
evaluations on private cars. Unlike the previous case studies, this part replies on a
cross-sectional research design instead of a longitudinal one. However, the
generational differences in attitudes towards cars are also of great relevance because
they reveal how different generations evaluate on cars and, more importantly, how
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young adults differ from previous generations in their attitudes which could
significantly influence their future behavior.
Mainly building on the Theory of Planned Behavior (Ajzen, 1991) and the model of
material possessions (Dittmar, 1992) as well as several related studies (e.g. Steg,
2005; Lois and López-Sáez, 2009; Bergstad et al., 2011), attitudinal factors are
identified and modeled. Evaluations on cars are then measured by the modeling
results, including factor means and scores, and are compared across different age
groups (cohorts). Results of the comparative analysis reflect the relative attitudinal
evaluations of various cohorts against one another.

Figure 3.4 Conceptual framework of inter-generational changes in auto-mobility.
To model the attitudinal factors across groups, a multiple-group confirmatory factor
analysis (CFA) approach is applied. In addition, to have a meaningful comparison
across groups, measurement invariance (MI) needs to be tested (Bollen, 1989;
Vandenberg and Lance, 2000). After establishing measurement invariance, the
multiple-group model could be developed and the factor evaluations could be
compared with statistical testing (Little and Slegers, 2005).
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3.4

Data Description

In this section, data used for the respective case studies are introduced. In total, largescale datasets from three different sources are utilized, namely Travel Characteristics
Survey in Hong Kong, Household Travel Survey in Shenzhen, and a household
interview in Beijing.

3.4.1 Hong Kong Travel Characteristics Survey
The data used in the first case study are from two Travel Characteristic Surveys (TCS)
of Hong Kong conducted in 2002 and 2011 respectively. TCS is conducted by the
Transport Department of Hong Kong SAR Government roughly every ten years to
collect up-to-date information about travel characteristics (Transport Department,
2014) for predicting future travel demand. Respondents are required to report detailed
information about all trips made on a reference weekday as well as personal and
household information. In both the 2002 and 2011 surveys, a random sample of
quarters was selected from the Frame of Quarters maintained by the Census and
Statistics Department of Hong Kong. All households within the sampled quarters
were approached for face-to-face interview. Survey data were collected from
household members and live-in visitors aged 2 or above through face-to-face
interviews during household visits. The 2002 survey successfully interviewed 29,981
households (about 1.4% of households of Hong Kong in 2002) involving 92,520
individuals. The 2011 survey gathered data from 35,401 households (about 1.5% of
households of Hong Kong in 2011) with 101,385 inhabitants. Housing type,
household size and monthly income, and car ownership are recorded for each
household. Key personal demographics including gender, age, and employment status
are recorded for each individual. In addition, trip-making details including the origin
and destination (in terms of location and place type), departure and arrival times, and
transport mode for each trip segment are collected.
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Surveys were carried out by the same corporation and the questionnaire and sample
designs were largely consistent in both surveys. This ensures that the two datasets are
mostly comparable and compatible in terms of the questions asked and the way
questions were answered. Nevertheless, there are a few differences between the two
surveys that need to be acknowledged. First of all, types of activities conducted at
destinations were explicitly asked in the 2002 survey but not in the 2011 survey.
Instead, the types of places were recorded and served as a proxy of activity types. To
minimize the mismatch between types of activities and types of places visited, out-ofhome activities are coarsely classified into subsistence and non-work activities. The
other issue is that, walk-only trips (trips entirely on foot) were recorded for all
members in the sample in the 2002 survey, but only for a subsample of about 5000
respondents in the 2011 survey.

3.4.2 Shenzhen Household Travel Survey
The data used in the second and third case studies are from the Household Travel
Survey of Shenzhen (深圳市居民出行调查, HTS), which has been conducted by the
municipal government of Shenzhen roughly every five years since 1990, for the
purpose of collecting up-to-date information about the travel characteristics of urban
residents and providing data support for future transport planning. The travel survey
covers a wide range of household, personal, and trip making information reported by
the respondents. A multistage sampling approach was usually applied from jiedao
(sub-district), shequ (community), to census tract. The sampling rate was kept around
2-3% of the residential population in recent surveys.
Data from the recent four surveys (2000, 2005, 2010, and 2016) were processed and
the person-level datasets were made available for our study. Household
characteristics including number of members, yearly household income, types of
housing, walking time to the nearest public transit facility, and the number of private
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vehicles of various kinds are recorded. Detailed address is not available for privacy
concerns and residential location is recorded at the Traffic Analysis Zone (TAZ) level.
Personal attributes include gender (excluded in the 2010 survey for unknown reasons),
age, employment status, hukou status, and workplace location (at the TAZ level).
Trip-making information on a typical weekday, e.g. number of trips, total travel time,
and travel distance (Euclidian distances between origins and destinations), is also
included at the personal level.

3.4.3 Household survey data in Beijing
Data from a comprehensive interview survey conducted in Beijing, China during
September and November, 2016 are also used in the third case study. The
respondents were selected by multi-level probability-proportional-to-size (PPS)
sampling from all urban and inner-suburban districts of Beijing and a series of inhome interviews by door-to-door visits to the selected households. A total number of
800 households with 1,884 individuals aged 12 or above were successfully
interviewed and they consist of the sample to be analyzed in the present study.
This survey was designed to gather comprehensive information on the respondents’
travel related characteristics. Background information includes all major household
and personal attributes. The survey also includes detailed activity-travel diaries for
each respondent on one typical weekday and one typical weekend day. More
importantly, various questions regarding the respondents’ attitudes to, preferences
about or opinions on some related subjects were also included. Evaluations were
given by respondents about their neighborhood environments, living conditions,
overall travel, car travel, and travel by various other modes, all of which were
constructed by a 5-level Likert scale. A number of statements related to car use were
presented to the respondents and they responded with scores from 1 to 5, with 1 being
‘strongly disagree’ and 5 being ‘strongly agree’. These statements cover different
aspects of the attitudes towards private cars. In addition, various socio-demographical
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variables as well as travel diaries are also included with a specific focus on age for
the present study. In the present study, only adults are included in our analysis since
they have relatively stable views on various subjects and they usually make car and
travel related decisions more independently. Also, only adults could legally drive in
China. Thus the sample size for analysis is 1,633.

3.5

Statistical Methods

Statistical approaches employed in this study are elaborated on in this section. All
methods used have been widely used in various disciplines including transportation
research. Specifically, propensity score matching is used for identifying intergenerational changes in activity-travel behavior; structural equation modeling is
applied to explore the dynamic relationship between built environment and travel
behavior; multiple-group confirmatory factor analysis is utilized for generational
differences in attitudes towards cars.

3.5.1 Propensity score matching
Propensity score matching (PSM) aims at identifying treatment effects with
confounding factors in observational research. It builds on a counterfactual
framework within which the same subject is exposed to different levels of treatment,
which may lead to different outcomes. The outcome differences then indicate the
casual effect of the treatment (Oakes and Johnson, 2006). The confounding variables
are usually, and hereafter, referred to as covariates. PSM utilizes a scalar
measurement called the ‘propensity score’ to account for the effects of confounding
variables and isolate the treatment effects by pairwise matching the treatment and
control groups (Rosenbaum and Rubin, 1984). A propensity score is the conditional
probability of a unit being in a certain group given (𝑡 = 1) the observed covariates
(𝑥𝑖 ), as formulated below:
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𝑝(𝑥𝑖 ) = 𝑝𝑟(𝑡 = 1|𝑋𝑖 = 𝑥𝑖 ),

(3.1)

The propensity score has the ability to balance observed differences in covariates
while treatment assignment and the observed covariates are conditionally
independent given the propensity score (Rosenbaum and Rubin, 1983). It also has a
balancing property in that if the potential outcomes under treatment and control
(𝑦1 , 𝑦0 ) and treatment assignment t are conditionally independent given covariates 𝑥,
they are also independent conditionally on the propensity score 𝑝(𝑥):

(𝑦1 , 𝑦0 ) ⊥ 𝑡|𝑥 ⇒ (𝑦1 , 𝑦0 ) ⊥ 𝑡|𝑝(𝑥),

(3.2)

which suggests that 𝑝(𝑥) could substitute the covariate vector 𝑥 in the matching
process (Blundell and Dias, 2009). In this sense, the matched samples could be
regarded as the ‘same’ group under two different conditions of treatment and the
average treatment effect 𝜏 could be calculated by their mean differences in the
outcome variable:

𝜏 = 𝐸(𝑦1 |𝑝(𝑥), 𝑡 = 1) − 𝐸(𝑦0 |𝑝(𝑥), 𝑡 = 0) = 𝐸[𝑦1 − 𝑦0 |𝑝(𝑥)]

(3.3)

Propensity score is usually estimated using a logit or probit model and used to match
the samples based on one of the many measures including nearest neighbor, caliper,
or kernel. After that, values of the outcome variables are then compared across
groups to assess the treatment effects.
In this study, the treatment variable, t, refers to the sample (or year) that the
individual case belongs to; the outcome variables (y) include all dimensions of
activity-travel behavior that are of interest; and the covariates (X) is the set of
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confounding factors considered to affect the outcome variables, including
socioeconomics, household characteristics, and demographic attributes.
Sample covariates need to be balanced by estimated propensity scores for the analysis
of treatment effect to be valid. A commonly used measure to assess covariate balance
is the standard difference (D’Agostino, 1998), which is formulated as the following
equation:

𝛿=

100(𝑥̅ 𝑇 − 𝑥̅𝐶 )
2
2
√𝑠𝑇 + 𝑠𝐶
2

,

(3.4)

where 𝑥̅ 𝑇 and 𝑥̅𝐶 are the mean values of a given covariate for the treatment and
control groups respectively and 𝑠𝑇2 and 𝑠𝐶2 are the corresponding variances of this
covariate. As a rule-of-thumb, a standard difference needs to fall within ±10% for the
covariate to be considered balanced (Oakes and Johnson, 2006). If a covariate fails to
achieve this, its higher-order forms as well as interactions with other covariates could
be added to the model until it is balanced. Apart from the variable-specific balance
measure, two additional indicators proposed by Rubin (2001) and namely Rubin’s
Bias and Rubin’s Ratio, are often used to measure the overall balance of all
covariates. The accepted values for a balanced matching are below 25% for Rubin’s
Bias and between 0.5 and 2 for Rubin’s Ratio.
In addition to its strength in dealing with confounding factors, PSM also has several
other methodological and practical advantages. As the model is used to estimate
propensity scores for prediction purposes, it is not required to test for multicolinearity
or independency among variables, which are often needed by commonly used
statistical models such as regression analysis (Cao, 2010). Furthermore, unlike other
methods such as sample selection models (e.g. Heckman’s model), PSM is not
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strictly based on the assumption of normality, which is often violated in empirical
data (Brownstone and Golob, 2009). PSM also holds an edge over the exact matching
techniques (i.e. matching based on the complete set of covariates) in that it reduces
the dimension of covariates to a single scalar (according to Equation 3.2), therefore
avoids the problem of frequently unmatchable cases caused by multidimensionality
(Blundell and Dias, 2009). For this reason, PSM is favored particularly when a large
set of covariates is involved.
PSM has been applied to address the residential self-selection issue in land use and
transportation studies (e.g. Cao, 2010; Cao et al., 2010; Parady et al., 2014), which
usually made use of cross-sectional data to investigate the effects of residential
environment on travel behavior, taking into account the residential self-selection
issue. In the present study, the use of PSM is extended to repeated cross-sectional
(longitudinal) data to assess the inter-generational changes in activity-travel behavior.
In that spirit, individuals that have ‘identical’ socioeconomic features from samples
drawn in different time periods are to be matched.

3.5.2 Structural Equation modeling
Structural

equation modeling (SEM) is

applied to

model the

dynamic

interrelationship between built environment and travel behavior. SEM is an effective
statistical tool to model and test hypothesized complex relationships among multiple
variables (Wang and Chai, 2009; Schumacker and Lomax, 2004). It essentially
incorporates path analysis and factor analysis into an integrated modeling framework
(Schumacker and Lomax, 2004). Complex interactions are converted into a network
of paths among variables and evaluated with multivariate data (Bollen, 1989).
Philosophically, SEM is a confirmatory analysis method but could also extend to the
testing of a priori models or model building (Jöreskog, 1993) thus it could also be
viewed as a mix of confirmatory and exploratory analyses (Kline and Santor, 1999).
An SEM model could have two major components, a measurement model, which
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defines latent constructs based on several observed manifest variables, and a
structural model, which depicts the interdependencies among latent and observed
variables (Aditjandra et al., 2012). SEM holds an edge over other multivariate
methods, e.g. single-equation regression or correlation analysis, in its ability of
simultaneously evaluating multiple-equation model construct (Thøgersen, 2006). In
principle, an SEM model could have any number of exogenous and endogenous
variables (Golob, 2003). In addition, SEM differs from OLS regression in estimation
as it applies covariance analysis and the hypothesized model is assessed based on
how well the estimated variance-covariance matrix reflects the observed sample
variance-covariance matrix (Thøgersen, 2006).
In the case study of the dynamic relationship between built environment and travel
behavior, all variables are observed and no latent constructs are included. Therefore,
the models developed are essentially path analysis models, which could be expressed
as the follow matrix notation (Mueller, 1999; Cao et al., 2007):

𝑌 = 𝐵𝑌 + 𝛤𝑋 + 𝜁,

(3.5)

where Y is a m-by-1 vector of endogenous variables (m is the number of endogenous
variables), X is a n-by-1 vector of exogenous variables (n is the number of exogenous
variables), B is a m-by-m matrix of coefficients representing the direct effects among
endogenous variables, Γ is a m-by-n matrix of coefficients representing the direct
effects of exogenous variables on endogenous variables, and ζ is a m-by-1 vector of
error terms. The two coefficient matrices and two other matrices, including an n-by-n
matrix for covariance among exogenous variables and an m-by-m matrix for
covariance among error terms, together determine the model.
A number of methods have been proposed for model estimation including maximum
likelihood (ML), generalized least squares (GLS), weighted least squares (WLS), and
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asymptotically distribution free weighted least squares (ADF), each of which suits in
various scenarios in regard to data distribution and model formality. Among them,
ML estimator is the most frequently used and is considered fairly robust against nonnormal distributions with adequate sample sizes. As for the sample size requirement,
some recommend a minimum size of 200 (Kline and Santor, 1999), at least 15 times
the number of observed variables (Stevens, 2012), or 5-10 times the number of free
parameters (Bentler, 1995; Hoogland and Boomsma, 1998). In addition, a wide range
of indicators have been proposed to assess the goodness-of-fit, including model Chisquare, root mean square error of approximation (RMSEA), comparative fit index
(CFI), Tucker-Lewis Index (TLI), and so on.
SEM has gained much popularity in urban and transport studies (Golob, 2003; Wang
and Chai, 2009). In the domain of travel behavior research, SEM has been applied to
studies on travel demand modeling (e.g. Fujii and Kitamura, 2000), latent attitudes or
perceptions (e.g. Levine et al., 1999; Sakano and Benjamin, 2000), built environment
impacts on travel behavior (e.g. Scheiner and Holz-Rau, 2007; Wang and Chai, 2009;
Wang et al., 2011a), and residential self-selection issues (e.g. Mokhtarian and Cao,
2008; Cao et al., 2009; Lin et al., 2017; Wang and Lin, 2017).

3.5.3 Multiple-group confirmatory factor analysis
To examine the attitudes to cars among different generations in a comparative manner,
multiple-group confirmatory factor analysis (CFA) is adopted. CFA is essentially a
special case of SEM in that it only contains measurement models for latent constructs.
In particular, the multiple-group CFA is useful in making cross-group comparisons
because it allows for 1) simultaneous estimation of all parameters across groups
including means and 2) direct statistical comparisons of the parameters across groups
(Little and Slegers, 2005). By doing so, factor means and variances could be
compared across groups with statistical testing and significance levels. In a multiplegroup CFA model, parameters (factor loadings, intercepts, residual variances, and
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factor means and variances) could be either fixed or free across groups. The common
default is to fix loadings and intercepts while free the remaining parameters.
In order to have a meaningful comparison in factor means and variances among
groups, it is required that the measurement model is equivalent for all groups. In other
words, groups should have a common constructs of the latent factors based on the
observed indicators. Conceptually, it means that each item of interest should have the
same meaning to subjects of different groups (Hui and Triandis, 1985). For instance,
in some cultures, certain items are considered to be a part of a latent construct while
they are not included in some other cultures (different factor structures). On the other
hand, even when the latent construct is built on the same set of items, some groups
may prioritize one item over others while the others would focus on another item, e.g.
price versus performance while shopping for goods (different factor loadings). These
are all circumstances where the measurement models are not equivalent across groups.
This is generally referred to as the issue of ‘measurement invariance’ (Bollen, 1989;
Vandenberg and Lance, 2000). In essence, testing measurement invariance usually
requires a stepwise procedure as there is a hierarchical sequence of invariance
(Jöreskog, 1971), namely the configural, metric, scalar, and strict invariance
(Meredith, 1993; Vandenberg and Lance, 2000). Configural invariance requires the
basic factor structures (e.g. number of factors) to be the same across groups. Metric
invariance, or weak invariance, requires the factor loadings to be equal across groups.
Scalar invariance, or strong invariance, requires the intercepts to be equal as well.
Lastly, the strict invariance requires the residuals of component items to be equal
across groups.
Therefore, the test is based on a series of nested factor models. The configural
invariance is tested by developing a multiple-group model with no constraints across
groups and evaluating the model fit. After that, a series of models are estimated with
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the same factor structure but varying level of constraints (loadings, intercepts, and
then residual variances) on the parameters to test the next levels of invariance. Chisquare difference (𝛥𝜒 2 ) test is performed against the difference in the degree of
freedom (𝛥𝑑𝑓) between two consecutive models (Byrne et al., 1989). It tests the null
hypothesis that the more constrained model does not perform worse than the previous
one and, if it holds, this level of measurement invariance is established.
After that, the multiple-group CFA model could be developed similarly to a standard
SEM with ML or other estimator and assessed by a series of model fit indicators (e.g.
Chi-square, RMSEA, CFI, TLI, etc.). Factor means are estimated and could be
compared group-to-group and factor scores could be calculated for further analysis.
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Chapter 4

Inter-generational Changes in Activity-

travel Behavior: a Disaggregate Approach
This chapter is based on and modified from a research article recently published in a
peer-reviewed journal: Zhou, M., & Wang, D. (2018). Investigating intergenerational changes in activity-travel behavior: a disaggregate approach.
Transportation, 1-45.

4.1

Introduction

Investigation into the long-term trends in travel behavior is crucial for the strategic
development of transport systems and the decisions about investment in transport
infrastructures (Scheiner and Holz-Rau, 2013). For decades, there has been a debate
about if there is a constant amount of time allocated for travel and thus an upper limit
to the demand for daily travel (Mokhtarian and Chen, 2004). Recent studies
suggested that travel demand and car use might have leveled off in the developed
world (Kuhnimhof, et al., 2011; Goodwin and van Dender, 2013; Metz, 2010;
Millard-Ball and Schipper, 2011). If substantiated, this so-called ‘peak car’ or ‘peak
travel’ phenomenon will ‘have a bearing on virtually all major strategic questions of
transport policy and commercial operations’ (Goodwin and van Dender, 2013).
Despite the abundant evidence in the developed world, there are also some challenges
to these findings. One argument is that the existing research has mainly analyzed
aggregate trends, which are not sufficient to answer the question whether the
observed trend is caused by cyclical changes in socioeconomic environments or
changes in travel attitude or in lifestyle (McDonald, 2015). The answer to this
question is important because the latter suggests long-term and structural changes in
travel behavior and it would supplement the literature on the influence of attitude and
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lifestyle on travel behavior (Mokhtarian and Chen, 2004). A further challenge to the
existing research findings is that current studies primarily focused on developed
countries in Europe and North America where car ownership is usually very high and
thus the ‘peak travel’ phenomenon may be related to the ‘peak car’ observation. One
may wonder if a similar trend has also emerged in developed societies such as
Singapore and Hong Kong where car ownership is very low. Even if the declining
trend in travel demand in the developed world can be confirmed, the existing studies
provide little evidence on whether this is the result of the restructuring or
rescheduling of daily activities induced by information and communication
technologies and more recently by mobile internet access (Goodwin and van Gender,
2013). Given the profound implications of ‘peak travel’ for transport policies and
long-term investments in transport infrastructures, it is important and imperative to
address the above questions and deepen the understanding of the long-term trends in
travel demand with case studies from other parts of the world.
This chapter aims to fill some of the research gaps noted above by widening the
existing study scope and applying an analytical and modeling approach that is able to
separate the effects of cyclical changes in socioeconomic environments from those of
latent changes such as lifestyle or travel attitude. Specifically, propensity score
matching (PSM) is applied to match individuals of similar socioeconomic
background from different time periods and their travel behavior variables are
compared. As such, socioeconomic factors will be controlled for and the intergenerational changes in activity-travel behavior indicating attitude shift and lifestyle
change will be identified. Two large-scale datasets from the Travel Characteristics
Surveys conducted a decade apart in Hong Kong are acquired and analyzed. This
study attempts to answer the question if individuals’ demand for daily travel in a
public-transport dominated developed society has stabilized. This research enriches
and complements the existing literature on the long-term changes in travel behavior
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with empirical findings from the case study that differs from existing researches in
terms of mobility, culture and level of development.

4.2

Study Area and Data

4.2.1 Study area
Hong Kong is situated on the southeastern coast of China, adjoining Shenzhen
Special Economic Zone. The total area of Hong Kong is around 1,104 square
kilometers. Most of the land in Hong Kong is too mountainous and hilly for human
activities. As a result, the built-up areas are concentrated on the relatively flat but
narrow coastal margins or restricted intermountain lowlands. With a total population
of more than 7.2 million, Hong Kong is among the most densely populated cities in
the world with a population density of 6,544 persons per square kilometers (Census
and Statistics Department, 2012). Hong Kong is divided into three regions, namely,
Hong Kong Island, Kowloon peninsula and New Territories. The Central Business
Districts are concentrated in Hong Kong Island and Kowloon peninsula. New
Territories is the newly developed region, where new towns were built in the last
decades to accommodate population decentralized from the overcrowded areas in
Hong Kong Island and Kowloon peninsula. There are, in total, 18 administrative
districts in the territory of Hong Kong, which are as shown in Figure 4.1 below.
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Figure 4.1 Overview of Hong Kong.
Despite an advanced economy and a modernized society, private car ownership in
Hong Kong has been low. As estimated in 2011, the percentage of households with
private cars is below 20% (17.8%, calculated from Census and Statistics Department,
2011), which is substantially lower than that in most developed countries. The low
car ownership rate is partly due to the limited land area and a well-developed public
transit system. In particular, the rail transit is very efficient and extensive with 10
lines and 89 stations, which has become the ‘transport backbone’ of the city
(Transport and Housing Bureau, 2014). In addition, there are hundreds of routes of
buses and minibuses and over 18 thousand taxis in operation as of 2015 (GovHK,
2016). According to an official report, about 88% of the daily trips in 2011 were
made by public transport (Transport Department, 2014). In parallel with the
dominance of public transport, transport policies in the territory have discouraged car
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ownership and car use for decades. Car purchase in Hong Kong is subject to a first
registration tax ranging from 35% to 100% of the vehicle price (Tang and Lo, 2008).
In addition, fuel is also heavily taxed to discourage car use (Mottershead, 2004). In
comparison, bus operators are only required to pay a negligible registration tax and
are exempted from fuel tax (Tang and Lo, 2008). High parking and garage cost is
another restrictive element on car use. All of the above greatly contribute to the
comparatively low level of car dependence and the dominance of public
transportation in Hong Kong. Nevertheless, the study by Cullinane and Cullinane
(2003) showed strong car dependence among car owners in Hong Kong.
Apart from the above policy measures, the government has also studied and proposed
an electronic road pricing scheme (Hau, 1990) but its implementation was on halt for
many years due to public opposition. The scheme was reconsidered in recent years,
though there has not been any tangible plan or timetable for implementation. This and
other related societal changes including surging housing price and an aging
population are all potentially contributory factors to the changes in activity-travel
behavior of Hong Kong citizens.

4.2.2 Travel Characteristics Survey Data
As mentioned above, data used in this study are from two Travel Characteristic
Surveys (TCS) of Hong Kong conducted in 2002 and 2011 respectively. A
description of the TCS has been given in Chapter 3. Specifically to the data used in
this study, the 2002 survey database contains information gathered from 29,981
households (about 1.4% of households of Hong Kong in 2002) with a total of 92,520
individuals. The 2011 survey dataset covers 35,401 households (about 1.5% of
households of Hong Kong in 2011) with 101,385 inhabitants. Housing type,
household size and monthly income, and car ownership are recorded for each
household. Key personal demographics including gender, age, and employment status
are recorded for each individual. In addition, trip-making details including the origin
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and destination (in terms of location and place type), departure and arrival times, and
transport mode for each trip segment are collected.
Table 4.1 below compares the two surveys with the corresponding population
censuses on some key socio-demographic variables including gender, age, household
size, household income and car ownership. From the table, it is clear that the samples
represent the populations very well on gender composition, average household size
and percentages of working population. In terms of median household income, data
of the TCS 2002 was about 16% lower than that of the 2001 population census.
Further, car ownership was underrepresented in both surveys especially in TCS 2011.
Table 4.1 Comparisons on key socio-demographics between TCSs and Censuses.
TCS 2002

Census 20011

TCS 2011

Census 20111

Number of cases / population

92,520

6,708,389

101,385

7,071,576

Gender (Male %)

48.08%

48.97%

46.63%

46.71%

Age (median)

36

36.7

40

41.7

% of working population

47.95%

48.49%

51.00%

50.17%

Average household size

3.09

3.1

2.86

2.9

Household income (median)2

$18,0003

$21,0404

$21,000

$20,500

Number of cars owned (per capita)

0.048

0.0505

0.051

0.0615

Note: 1 Main source: 2011 Population Census Main Report: Volume 1 (Census and Statistics
Department, 2012); 2 Source: TCS 2011 Final Report (Transport Department, 2014); 3 Converted
from 2002 to 2011 prices based on Composite Consumer Price Index growth (+15.2%) between 2002
and 2011; 4 Converted from 2001 to 2011 prices based on Composite Consumer Price Index growth of
about +12%; 5 Source: Hong Kong Annual Digest of Statistics (Census and Statistics Department,
2002, 2011).
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4.3

Analysis Approach

4.3.1 Propensity score matching
As introduced earlier, PSM is applied to identify the inter-generational changes in
activity-travel behavior from the two datasets on travel characteristics collected in
2002 and 2011 respectively. Any differences in activity-travel behavior identified
through simple comparisons of the two samples may be composed of the following
components (e.g., Gomulka and Stern, 1986; Micklewright, 1994): a) distributional
effects that are caused by differences in sample compositions; b) travel behavior
changes attributed to socioeconomic developments; and c) travel behavior changes
caused by adjustments in lifestyle or travel attitudes. The objective of this study is to
identify the third component of changes, which are structural, and are referred to as
the inter-generational changes in activity-travel behavior. To that end, PSM is used to
isolate the third component of changes from the other components.
As mention in Chapter 3, in the PSM framework, a logit or probit model is firstly
developed for the estimation of propensity scores. After that, cases are matched from
the two groups based on their similarities in propensity scores. When covariate
balance is achieved based on Equation 3.4, outcome variables of the matched samples
are compared and the mean differences are assessed in terms of their magnitude and
statistical significance.
In the present study, the use of PSM is extended to analyzing repeated cross-sectional
data to assess the inter-generational changes in activity-travel behavior. In that spirit,
it is intended that individuals with ‘identical’ socioeconomic features from samples
drawn in different time periods to be matched. Since the sample ascription is
independent of the socioeconomic confounding factors and the outcome car
ownership and travel behavior variables, the issue of reverse causality or simultaneity
(Wooldridge, 2002) is considered to be ignorable.
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4.3.2 Covariates and outcome variables
A number of outcome variables are of interest in the present study that measure both
household car ownership and individual activity-travel behavior. They cover different
dimensions including car ownership, license possession, trip frequency, travel time,
and activity times. This study aims at identifying the inter-generational changes in
these variables. Table 4.2 lists the outcome variable.
Changes in car ownership are analyzed at the household level in terms of changes in
the proportions of households with 1) one car and with 2) multiple (two or more) cars.
Therefore, the two outcome variables in this analysis are dichotomous. One indicates
if the household has one private car (value 1) or not (value 0) and the other denotes
whether the household has more than one car (value 1) or otherwise (including just
one car, value 0). As for individuals’ activity-travel behavior, it is of interest to
examine the inter-generational changes in time allocation to different types of
activities as well as in trip making behavior in terms of trip frequencies, modal split
and duration. Changes in individuals’ license possession are also analyzed. In that
sense, outcome variables include a binary indicating whether or not the individual
possess a driving license, a set of count variables measuring the numbers of trips
made in total and by various modes (by car, by public transport, and by nonmotorized modes), and a set of numerical variables measuring the times (in minutes)
spent for different activities (home, work, out-of-home non-work, and travel).
To account for the confounding factors as much as possible, covariates considered to
be influential in affecting outcomes should be included and controlled. Table 4.3
presents the covariates, which include both household- and individual-level variables.
Household variables include household size, household income, housing source,
presence of children and elderly, etc. Individual-level covariates comprise of gender,
age and employment status, etc. The value coding of the covariates needs to be
unified since the data used in this study are not collected together. In particular,
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income is adjusted based on the official Composite Consumer Price Index growth
(+15.2%) between 2002 and 2011.
Table 4.2 Descriptions of outcome variables.
Outcome variable

Description

Owning one car

Whether household has one car

Owning multiple cars

Whether household has two or more cars

Holding a license

Whether individual has a driving license

Trip frequency

Total number of trips

Count

Trip frequency by car

Number of trips by car

Count

Number of trips by public transit

Count

Number of trips by non-motorized modes

Count

Travel time

Total time spent in travel (minutes)

Numerical

Commuting time

Time spent for commuting (minutes)

Numerical

Time spent at home

Time spent at home (minutes)

Numerical

Time spent for subsistence
activities
Time spent for non-work
activities

Time spent for subsistence activities, including working
and schooling (minutes)
Time spent for out-of-home non-work activities
(minutes)

Trip frequency by public
transit
Trip frequency by nonmotorized modes

Value
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1 yes; 0
no
1 yes; 0
no
1 yes; 0
no

Numerical
Numerical

Table 4.3 Descriptions of covariates.
Covariates

Description

Value

Household size

Number of household members

Count

Household income

Monthly household incomes in HKD,
transferred to 2011 price (in categories)

1: below $4,000…12: above $60,000

Housing source

Source of housing

1: public housing; 2: subsidized sale;
3: private housing; 4: temporary

District

Districts where the households reside
in

A list of 17 districts in Hong Kong

Average age

Average ages of household members

Numerical

Presence
of
domestic helper

Whether household has a domestic
helper
Whether household has children1 and
how many

Household-level

Number of children

1: yes; 0: no
0: none; 1: one; 2: two or more

Presence of elderly

Whether household has elderly2

1: yes; 0: no

Number
of
employed workers
Percentage of male
members

Number of employed workers in the
household
Percentage of male members in the
household

0: none; 1: one; 2: two; 3: more than
two

Car ownership3

Whether household has car(s)

1: yes; 0: no

Numerical between 0 and 1

Individual-level variables
Gender

Gender of respondent

1: male; 0: female

Age

Age of respondent

Numerical

Holding a license4

Whether respondent has a driving
license

1: yes; 0: no

Employment status

Employment status of respondent

1: employed; 2: unemployed; 3:
student; 4: homemaker; 5: retired; 6:
other

Note: 1 Children are defined as those younger than 18 years old, according to United Nations
Convention on the Rights of the Child (UNICEF, 2017); 2 the elderly is defined as anyone above 65
years old, according to Senior Citizen Card Scheme by the Social Welfare Department of Hong Kong
(Social Welfare Department, 2017); 3 only for activity-travel behavior and license possession models;
4 only for activity-travel behavior models.
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4.3.3 Analysis setups
As described, the analysis consists of two parts targeting household car ownership
and individual activity-travel behavior respectively. In addition to the analysis on the
overall sample population, a series of analyses are conducted for several typical
subsamples with distinct characteristics. Households are classified by the source of
housing (public versus private), the presence of children, the presence of elderly, and
the number of employed workers. Individuals are categorized by gender, economic
status (employed, unemployed, student, homemaker, retired etc.), and age group.
Each of the subsample analysis follows the same procedure for the full-sample.
As for the specifics of analysis setup, logit models are adopted to estimate the
propensity score. The dependent variable is a binary variable indicating whether a
household or an individual belongs to the 2002 sample and the independent variables
include all relevant covariates at the household or individual level. In addition, owing
to the large sample sizes, nearest neighbor matching is applied because of its
advantage in covariate balance and efficiency of calculation. Following the common
standard, all covariates need to have a standard difference (Equation 3.4) within ±10%
after the matching to be considered balanced (Oakes and Johnson, 2006). Apart from
the variable-specific balance measure, two additional indicators proposed by Rubin
(2001) and namely Rubin’s Bias and Rubin’s Ratio, are often used to measure the
overall balance of all covariates. The first is defined as the absolute standardized
difference in the means of the propensity scores between the two matched groups and
the second is the ratio of the variances of the propensity scores for both groups. For
details of these indexes, please refer to Rubin (2001). In general, the smaller the Bias
and the closer the Ratio is to 1, the better the matching balance is. The accepted
values for a balanced matching are below 25% for Rubin’s Bias and between 0.5 and
2 for Rubin’s Ratio.

58

4.4

Results

4.4.1 Descriptive statistics
Table 4.4 lists the descriptive statistics of variables on household car ownership and
activity and travel characteristics in 2002 and 2011 respectively. From the table, it is
clear that household car ownership level remained rather stable over the period. The
percentage of households with one car stays at the same level in both years, with
slight changes to the percentages of households without a car and with multiple cars.
In terms of trip frequencies, it seems that there are significant decreases in all
categories. In Chapter 3 it is mentioned that the 2011 data did not include samples
that only made walk trips on the survey day, which may explain the substantial
differences in trips by non-motorized transport modes between the two years. Both
total travel time and commuting time have decreased over the period. In terms of time
allocation to different daily activities, there is a subtle but visible shift of time from
subsistence and in-home activities to out-of-home non-work activities.
As indicated in the beginning of Section 4.3.1, the differences in activity-travel
behavior between the survey years shown in Table 4.4 are attributed to distributional
effects resulted from differences in sample compositions, activity-travel behavior
changes induced by socioeconomic developments, or travel behavior changes caused
by adjustments in lifestyle or travel attitudes. In the following, results are repented
from the PSM-based analysis to disentangle the travel behavior changes induced by
factors other than socioeconomic confounders, which are referred to as the intergenerational changes in activity-travel behavior and household car ownership.
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Table 4.4 Descriptive statistics of car ownership and activity-travel behavior.
2002

2011

Percentage of households with
No car

86.72%

86.92%

One car

11.88%

11.88%

Multiple cars

1.39%

1.21%

Total

2.707

2.234

By car

0.215

0.158

By public transit

1.980

1.899

By non-motorized modes

0.502

0.172

Total

93.393

89.023

Commuting

73.210

70.157

Mean travel frequency

Mean travel time (min)

Mean activity time spent (min)
At home

852.302

846.723

For subsistence activities

447.059

445.838

For non-work activities

47.246

58.416

4.4.2 Changes in household car ownership
Table 4.5 below shows the results of covariate balance concerning the analysis on
household car ownership. Variables that may influence household car ownership such
as household income, presence of children and the elderly, and household size are
included as covariates. The table indicates that all covariates are successfully
balanced (the standard difference is within 10% for all matched covariates),
suggesting that the samples in the treatment and control groups are well matched. The
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two overall balancing indicators show that the overall balancing for all covariates is
also acceptable (Rubin, 2001).
Table 4.5 Matching balance for car ownership analysis (%).
Covariates

Unmatched

Matched

Household size

16.6

9.4

Household income

-58.7

1.1

Housing source

-8.0

-3.0

Home district

1.3

4.6

Average age

-26.1

-2.0

Presence of a domestic helper

-8.5

-3.1

Number of children

21.0

7.5

Presence of the elderly

-4.7

-3.0

Number of employed workers

2.6

4.6

Percentage of male members

7.5

3.1

Overall balancing

Unmatched

Matched

Bias (%)

89.7

14.4

Ratio

1.59

0.91

Results of the inter-generational changes in household car ownership are shown in
Table 4.6. An obvious and interesting result is that, while the differences in car
ownership between the two samples before matching are basically ignorable, that
between the matched samples are much more prominent. The unmatched (trivial)
differences could have been confounded by the sample composition in
socioeconomics and sampling bias (as demonstrated in Table 4.1 where car
ownership in the sample are underreported compared to census) and the matched
differences reflect changes that are mainly caused by more latent factors. The
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percentage of households with one or more cars decreased from over 13% in 2002 to
around 10% in 2011, suggesting that households with similar socioeconomic
backgrounds were less likely to own a car in 2011 than in 2002, which may be
attributed to either rising living expenses (e.g. housing costs) or shift in attitude
towards a car. This finding partly echoes the ‘peak car’ argument that the
attractiveness of owning a private car has reduced in many places (Van der Waard et
al., 2013; Oakil et al., 2016). It suggests that, even in Hong Kong where cars have
never become a dominate transport mode, the willingness to own a car may also have
been declining.
Table 4.6 Inter-generational changes in household car ownership.
Proportion of households with
One car

Multiple cars

2002

2011

Difference

Unmatched

0.119

0.119

0.000

Matched

0.119

0.095

-0.023**

Unmatched

0.014

0.012

-0.002*

Matched

0.014

0.005

-0.009**

*significant at the 0.05 level
**significant at the 0.01 level

On the other hand, Table 4.7 shows the inter-generational changes in household car
ownership for different subsamples. Covariate balance is achieved for all subsamples
(test results are listed in the Appendices). The table shows that almost all subsamples
of households experienced statistically significant decrease in car ownership after
matching. The magnitudes of decrease are mostly consistent across the subsamples
especially for those stratified by the presence of children/elderly and the number of
workers. It indicates that the changes are largely independent of household structure
as well. There is a visible difference in the changes of households with different
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housing sources. Households living in private housing experienced more significant
decrease in car ownership than those living in public housing did. It could be
attributed to the fact that car ownership rate is always much higher for private
housing households (hence a larger decrease in magnitude). In fact, percentage-wise,
public housing residents have a larger decline than private housing dwellers do.
Nevertheless, it also suggests the possible effects of rising housing prices and rents on
the mounting burdens of living expenses and the budget spared for owning a private
car.
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Table 4.7 Inter-generational changes in household car ownership by subsamples.
Subsamples

Public housing

% of households with

2002

2011

Diff.

2002

2011

Unmatched

0.030

0.021

-0.010**

0.161

Matched

0.030

0.010

-0.021**

Unmatched

0.001

0.000

Matched

0.001

0.000

One car

Multiple cars

Private housing

Without children

With children

Diff.

2002

2011

Diff.

2002

2011

Diff.

0.157

-0.004

0.103

0.097

-0.006#

0.144

0.167

0.023**

0.161

0.122

-0.038**

0.103

0.072

-0.031**

0.144

0.122

-0.022*

-0.001*

0.020

0.017

-0.003**

0.013

0.009

-0.004**

0.015

0.018

0.003*

-0.001**

0.020

0.009

-0.011**

0.013

0.005

-0.009**

0.015

0.009

-0.006#

Subsamples

Without elderly

% of households with

2002

2011

Diff.

2002

2011

Unmatched

0.139

0.144

0.005#

0.065

Matched

0.139

0.108

-0.031**

Unmatched

0.016

0.014

Matched

0.016

0.007

One car

Multiple cars

With elderly

Single/no-worker

Dual/multi-worker

Diff.

2002

2011

Diff.

2002

2011

Diff.

0.058

-0.007*

0.073

0.074

0.001

0.171

0.171

0.000

0.065

0.045

-0.020**

0.073

0.044

-0.029**

0.171

0.141

-0.030**

-0.002#

0.008

0.007

-0.002#

0.006

0.004

-0.002**

0.023

0.021

-0.002

-0.009**

0.008

0.002

-0.006**

0.006

0.002

-0.004**

0.023

0.010

-0.013**

#significant at the 0.1 level
*significant at the 0.05 level
**significant at the 0.01 level
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4.4.3 Changes in activity-travel behavior
Before presenting the changes in activity-travel behavior, results of the matching
balance are listed in Table 4.8. Variables that may influence activity-travel behavior
such as gender, age, employment status, household income, and household size are
included as covariates. The balancing results for different dimensions of the activitytravel behavior are given in different columns because their propensity score
estimation models are developed with different covariates. The table shows that the
covariates are successfully balanced (within ±10%) for all matched cases. The overall
balancing is also achieved for all matched cases with the Biases much smaller than 25%
and Ratios very close to 1.
Table 4.8 Matching balance for activity-travel behavior analysis (%).
License possession

Number of trips

Time allocation

Covariates

Unmatched

Matched

Unmatched

Matched

Unmatched

Matched

Gender

-3.5

-1.8

-2.2

-0.5

-3.5

-1.3

Age

-29.4

2.6

-23.7

1.5

-29.4

1.2

License possession

-

-

-0.9

-1.5

0.4

-2.0

Employment status

-2.5

2.7

-2.8

-3.5

-2.5

1.6

Household size

19.2

3.3

17.6

6.3

19.2

1.9

Household income

-7.2

-3.3

-66.6

1.0

-7.2

-1.3

Housing source

-9.6

-0.9

-9.8

-4.0

-9.6

-0.3

District

2.8

3.6

-0.3

5.4

2.8

2.7

Household car ownership

0.5

1.1

0.2

-1.5

0.5

0.2

Overall balancing

Unmatched

Matched

Unmatched

Matched

Unmatched

Matched

Bias (%)

34.1

7.7

84.8

10.2

34.7

5.1

Ratio

0.96

0.99

2.06

0.94

0.97

0.97
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Table 4.9 lists the inter-generational changes in activity-travel behavior for the full
samples. The table shows that in most cases, changes are significant but vary in
magnitude. In terms of the possession of a driving license, there was a slight but
insignificant increase from 2002 to 2011 before the samples are matched. However,
significant decrease is observed after they are matched, which suggests that people
with similar socioeconomic backgrounds were less likely to hold a driving license in
2011 than in 2002. This finding is consistent with the results from previous studies
concerning a downward trend in percentage of people holding a driving license (e.g.
Delbosc and Currie, 2013; Kuhnimhof et al., 2012a).
In terms of trip frequency, Table 9 shows that there were significant decreases from
2002 to 2011 in both the total number of trips and the trips by different transport
modes. Such significant decreases are observed both before and after the samples are
matched. Decreases in the total number of trips and in that by public transport as well
as by non-motorized modes become more prominent after matching. On the other
hand, decrease in trip frequencies by car slightly lessened after matching but remain
very significant. The declining trend in car use after matching is supposed to be
attitude-motivated or at least not so much related to the socioeconomic trend. This
finding seems to support the hypothesis that people have started to reduce car use for
daily trip making (e.g. Goodwin, 2012; Goodwin and Van Dender, 2013; Metz, 2013).
Table 4.9 also shows that both total travel time and time for daily commuting
decreased from 2002 to 2011. The decrease is significant both before and after the
samples are matched, though the magnitude became larger after matching for the total
travel time and smaller for the commuting time. Similar declining trend is observed
for time spent in home. Nevertheless, Time for out-of-home activities including
subsistence activities have increased especially after matching. Table 4.9 shows that
people with similar socioeconomic background spent almost 10 minutes more for
daily work and about 4 minutes more for other out-of-home activities in 2011 than in
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2002. The results indicate a shift in time allocation from home and travel to out-ofhome especially subsistence activities.
Table 4.9 Inter-generational changes in activity-travel behavior.
% of individuals with
A driving license

2002

2011

Difference

Unmatched

0.278

0.280

0.002

Matched

0.278

0.235

-0.043**

2002

2011

Difference

Unmatched

2.708

2.233

-0.475**

Matched

2.708

2.207

-0.502**

Unmatched

0.206

0.152

-0.053**

Matched

0.206

0.160

-0.045**

Unmatched

1.992

1.905

-0.086**

Matched

1.992

1.893

-0.099**

Unmatched

0.502

0.170

-0.332**

Matched

0.503

0.149

-0.353**

2002

2011

Difference

Unmatched

93.393

89.023

-4.371**

Matched

93.425

88.161

-5.264**

Unmatched

73.210

70.157

-3.053**

Matched

73.242

71.553

-1.689**

2002

2011

Difference

Unmatched

852.302

846.723

-5.579**

Matched

852.167

843.622

-8.545**

Unmatched

447.059

445.838

-1.221

Matched

447.190

457.015

9.826**

Unmatched

47.246

58.416

11.170**

Matched

47.218

51.201

3.983*

Number of trips made
Total

By car

By public transport

Non-motorized
Travel time (min)
Total

Commuting

Time allocation to activities (min)
In-home

Out-of-home subsistence

Out-of-home other
*significant at the 0.05 level
**significant at the 0.01 level
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The decrease in the total number of trips and travel time indicates a decline in the
overall travel demand, which echoes the argument of ‘peak travel’. Similarly, the
finding on the reduction in trip frequencies by private car renders support to the ‘park
car’ hypothesis (Manville et al., 2017). These findings suggest that the ‘peak car’ and
‘peak travel’ phenomenon observed in the Western world is also present in Hong
Kong. Moreover, the reduction in trip frequencies by all modes, instead of modal
shifts from private car to other modes, indicates the trends in Hong Kong is more
similar to those in France and the US (reduction in total travel demand) than those in
Germany and the UK (modal shift), according to Kuhnimhof et al. (2013).
To probe into more detailed changes, Table 4.10 lists the inter-generational changes
in activity-travel behavior for different subsamples stratified by gender, age group,
and employment status. While other subsample classifications are self-explanatory,
age groups are classified into young adults (18-30 years old), junior middle-age (3145 years old), senior middle-age (46-64 years old), and the elderly (65 years old and
older). Children under 18 are not included in ‘age group’ analysis as most of them fall
into the category of ‘students’. Matching balance test is conducted for all subsample
analyses and the results are included in the Appendices, which show that balance is
successfully achieved both for covariates individually and as a whole in all subsample
analyses.
Table 4.10 shows that, in general, there is a high level of consistency especially in
terms of the signs of coefficients between the results for subsamples and that for the
whole sample presented Table 4.9. Compared with the female subsample, the male
subsample experienced a more prominent decrease in license possession, trip
frequency (total and by car) and total travel time. Since males lead females in license
possession and trip frequencies in both years, this result indicates a narrowing gender
gap in travel behavior. This finding is in agreement with that from previous studies
(e.g. Kuhnimhof et al., 2012a; Frändberg and Vilhelmson, 2011) that indicate a
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gender convergence in travel behavior. As for subsamples stratified by employment
status, in general the employed and student groups had prominent changes in more
dimensions of activity-travel behavior than the other groups. Those who were not
employed did not have significant changes in time allocation to daily activities and
travel. Their probabilities of holding a driving license and making trips by private car
remained stable and did not significantly change. A point worth noting is that
students spent significant more time for out-of-home activities in 2011 than in 2002,
while employed workers had an insignificant change in activity time allocation. It
suggests the significant shift in time allocation identified for the full sample is largely
attributed to the increase in schoolwork for students while the work schedule of
average workers in Hong Kong has maintained relatively stable in comparison. It is
also interesting to note that homemakers experienced an increase in the number of
trips by private cars. The percentage of homemakers in the population has dropped
from 10.83% in 2001 to 7.90% in 2011 (calculated from Census and Statistics
Department, 2012). The rising cost of living during the study period might have
pushed some homemakers to paid jobs and as a result homemakers in 2011 were, on
average, more economically privileged and thus more likely to own and use private
cars for daily trips. As for different age groups, significant decrease in license
possession is recorded for the young adults and junior middle age groups, whilst no
significant changes are observed for the senior-middle age and elderly groups. This
finding is consistent with that of previous studies, which suggest that young adults are
delaying and even forgoing license acquisition (Delbosc and Currie, 2013;
Kuhnimhof et al., 2012a). Apart from that, there is little evidence of prominent
differences between age groups in terms of travel demand and activity time allocation,
which is partly consistent with the results reported by Kuhnimhof et al. (2013), which
suggests that reduction in car travel occurred for most age groups.
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Table 4.10 Inter-generational changes in activity-travel behavior (subsamples, only
show matched changes).
Matched differences in Driving license Number of trips
Subsamples

Total

By car

By public transport By non-motorized

Male

-0.048**

-0.510** -0.098** -0.067**

-0.339**

Female

-0.023**

-0.491** -0.009

-0.109**

-0.370**

Employed workers

-0.063**

-0.550** -0.106** -0.075**

-0.363**

Unemployed

-0.044

-0.518** -0.077

-0.125*

-0.312**

Students

-0.005*

-0.282** 0.020#

-0.072**

-0.229**

Homemakers

-0.006

-0.761** 0.147**

-0.206**

-0.702**

Retired persons

0.055**

-0.506** 0.018

-0.077*

-0.447**

Young adults

-0.078**

-0.410** -0.035** -0.095**

-0.276**

Junior middle-age

-0.064**

-0.648** -0.084** -0.083**

-0.475**

Senior middle-age

0.016

-0.573** -0.066** -0.095**

-0.406**

Elderly

0.013

-0.441** 0.041#

-0.390**

Matched differences in

Travel time (min)

-0.098**

Time allocation to activities (min)

Subsamples

Total

Commute In-home Subsistence

Male

-5.355**

-1.322#

-12.135** 13.666**

3.824#

Female

-4.638**

-1.809*

-9.575** 7.875#

6.338**

Employed workers

-6.435**

-2.163** 2.589

Unemployed

-6.07

-

Students

-2.558**

-3.603** -27.609** 20.325**

9.843**

Homemakers

-3.343

-

-12.535

-

13.71

Retired persons

-9.509**

-

-8.649

-

19.094#

Young adults

-5.854**

-3.264** -4.872

3.669

7.056*

Junior middle-age

-7.561**

-1.652

2.968

1.863

2.73

Senior middle-age

-7.358**

-2.034

5.474

0.182

1.702

Elderly

-5.851**

-0.18

3.569

-9.402

11.683

12.626

#significant at the 0.1 level
*significant at the 0.05 level
**significant at the 0.01 level
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Other

1.044

2.802#

-

-4.46

4.5

Discussions

This chapter examines the inter-generational changes in activity-travel behavior by
identifying the differences between populations from two different decades. The
study area is Hong Kong, a developed Asian city with a low level of car ownership,
with data from two travel characteristics surveys conducted in 2002 and 2011
respectively collected for analysis. The propensity score matching method is applied
to identify differences in travel behavior of people with similar socioeconomic
background but living in 2002 and 2011 respectively. Results indicate that
households and residents with similar socio-demographical background had distinctly
different car ownership and activity-travel patterns in 2002 and 2011, suggesting that
prominent changes in car ownership and travel behavior occurred during this period.
Specifically, a clear trend of decline in household car ownership is identified as the
proportions of households owning car(s) have significantly decreased both for the full
sample and subsamples stratified by sources of housing, number of workers, and the
presence of children and the elderly in the households. More importantly, the
significance of the reduction increased after the samples are matched, indicating the
driving forces of this change are likely independent of household economic
backgrounds and demographic trends to a large extent. Similarly, the percentage of
individuals holding a driving license is also found to decline significantly. The two
combined indicate a decreased enthusiasm towards owning and using private cars.
Results also show a downtrend in time spent for daily travel as well as trip making
behavior in terms of the total number of trips and that by different transport modes
including private car. In terms of activity time allocation, a significant shift from time
spent at home and on the road to time spent for out-of-home activities is identified.
The shift in time allocation is mostly because of the increased schoolwork of students.
By and large, findings from the present study provide additional empirical evidence
on the saturation or declining trend in daily travel and car ownership. The findings in
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this study offer support to the ‘peak car’ and ‘peak travel’ phenomenon observed in
the Western context (e.g. Millard-Ball and Schipper, 2011; Kuhnimhof et al., 2012a;
Kuhnimhof et al., 2012b). Results from subsample analysis also echo some previous
studies indicating similar declining trends for different age groups (e.g. Kuhnimhof et
al., 2013) and a closing gap in travel behavior between genders (e.g. Kuhnimhof et al.,
2012a). In addition, the reduction in total travel demand, instead of the modal shift
from private cars to other modes, favors the notion of ‘peak travel’ over ‘peak car’
(Manville et al., 2017). Although the two hypotheses are more complementary than
conflicting in that they both suggest declining car dependence, they indicate different
patterns of development, i.e. reduced travel demand and reshuffled modal share
respectively (Kuhnimhof et al., 2013). Moreover, results from the matched samples
analyses suggest that socioeconomic trends could not explain such decline (Puentes
and Tomer, 2008; Metz, 2010; Millard-Ball and Schipper, 2011) and some inherent
and latent changes may be in effect (Lyons, 2015; van Wee, 2015; McDonald, 2015).
Findings from this research suggest that car ownership and travel demand may also
have reached a saturation level in Hong Kong, a developed society with a very low
car ownership. Besides the hypothesized shifts in latent factors, there are some
distinct elements in the context of Hong Kong that may have contributed to the
general trend in travel and car ownership. First, the government policies concerning
passenger transport in Hong Kong have always given priority to public transport.
This is evident by the high cost of owning and using cars, which has deterred
people’s enthusiasm towards owning private cars and using them for daily travel. As
mentioned earlier, the registration tax of private cars has been between 35% and 100%
of the vehicle price with higher tax imposing on higher priced vehicles. The rate of
registration tax was lowered to between 40% and 60% in 1994 and restored to the
original level in 2004 (Tang and Lo, 2008). This raise in tax may have had some
influence on the stagnant/declining car ownership.
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Second, the recent declining trend in car use observed in Western countries is often
coupled with a re-urbanization process or the so-called ‘urban renaissance’ (Noble,
2005; Newman and Kenworthy, 2011; Headicar, 2013). The historical process of
suburbanization has been reversed and more residents are reported to prefer urban
living, especially those of the younger generations (McDonald, 2015; Manville et al.,
2017). Development in Hong Kong, on the other hand, has always been hyper dense
due to the limit in land supply and tight regulations on land development especially in
the countryside. The development of New Towns in New Territories has only begun
in the 1970s to ease the pressure of the over-populated urban centers. Despite the
ongoing effort to decentralize the population to the New Territories, concentration of
jobs in the urban core has hardly changed. As a result, travel to the city center
become intensified, which may hinder the growth in car ownership and travel by
private cars.
Findings of this study add to the existing literature with more detailed and in-depth
understanding on the recent trends in activity-travel behavior, which may be relevant
for long-term transport planning. Certain limitations exist and some improvements
could be made in future researches. The data used are from a single-day travel diary,
which may not be informative enough to show the regularity of activity-travel
behavior (Bhat et al., 2005; Kang and Scott, 2010; Nurul Habib et al., 2008).
Although the large sample sizes could remedy this potential shortcoming to some
extent, analyses using multi-day data would yield more convincing and
comprehensive outcomes, if such data with comparable sample sizes are ever made
available. In addition, only two waves of data are acquired and analyzed as the
Transport Department of Hong Kong SAR Government only conducts the survey
every decade or so. The fluctuation within the decade is therefore not detectable. On
the other hand, if more waves of data could be made available, the findings could be
more conclusive. Last but not least, the focus of the present study is the intergenerational changes in activity-travel behavior. In other words, the research focus is
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on the differences in activity-travel behavior of people with similar sociodemographic background (e.g., age) in different time periods. Age is controlled for
instead of birth year for that purposes. Another interesting topic is the changes in
activity-travel behavior within each cohort over time, or the intra-generational
changes. The investigation on these changes may shed new lights on the ageing
effects in various cohorts and reveal how travel behavior has evolved differently
across different cohorts over time. It may also contribute to a better understanding on
how cohort-specific and age-specific factors influence activity-travel behavior. Future
studies could extend to the analysis on this front.
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Chapter 5

Travel Behavior and Built Environment
Impact under Rapid Urban Expansion

5.1

Introduction

For the past few decades, developments in China have kept at an astonishing pace.
Since the economic reform in the 1980s, China has maintained a fast economic
growth and is currently the third largest economy in the world after the US and the
EU (International Monetary Fund, 2017). Accompanying that is the massive
urbanization process with rapidly expanding cities and a huge influx of migrant
workers from rural areas. It is reported that, in 2012, the urban population surpassed
the rural one for the first time in the history of China (The Telegraph, 2012) and the
population growth in cities is expected to continue for years to come. This enormous
transformation inevitably brings change in the organization and spatial configuration
of the urban space.
In particular, changes in the built environment and the distributions of housing and
jobs are dramatic. Before the reform era, urban employment market is dominated by
the so-called danwei (work unit) system where employees and their families were
often provided with housing in or near their workplaces (Wang and Chai, 2009).
Since the reform era, this system has been gradually replaced. Land and housing
reforms removed the responsibility of housing provision from danwei and commodity
housing became the main sourcing. The development of housing market is coupled
with the restructuring of urban economy. Industrial compounds are relocated to urban
fringes and the tertiary sector (e.g. commercial, finance, and other services)
concentrates in city centers and becomes the main provider of jobs (Lin, 2004; Wang,
2009). As a result, the urban areas have shifted from a so-called ‘spatial bond’ to a
‘spatial mismatch’ in China (Wang et al., 2011b).
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The expansion of cities and the changing spatial arrangements are followed by the
massive investment in transport infrastructure and the exponential growth in car
ownership. China has surpassed the US in 2009 as the largest auto market in the
world (Tang, 2009). The total number of private passenger vehicles has increased
from less than quarter of a million in 1990 to over 127 million in 2015 (National
Bureau of Statistics, 2016b). A study projects that around a quarter of urban
households will be car owners and thus China will surpass the US to be the country
with the largest vehicle fleet (Chamon et al., 2008). Meanwhile, major Chinese cities
also have also poured a huge amount of investment into transport infrastructure
including roadway and public transit systems. China now has the largest expressway
system in the world with 123,500 kilometers in total length as of 2015 (National
Bureau of Statistics, 2016b). Also, a total of 30 cities in Mainland China have been
equipped with mass rail transit systems by the end of 2016 with a total length of
4,152.8 kilometers. Out of the top ten busiest metro systems in terms of ridership,
four of them are in China. These developments substantially enhanced the mobility of
urban population with increased travel demand (Ng et al., 2010).
In light of the changes in built environment and transportation sector, it is safe to
assume that the travel behavior of urban residents as well as its determinants has been
undergoing substantial changes. While the relationship between built environment
and travel behavior has received much research attention (Newman and Kenworthy,
1989; Crane, 2000), studies on the dynamic changes in built environment and travel
behavior as well as their relationships over long-term periods are still largely limited.
Exceptions include Susilo and Maat (2007), Susilo and Kitamura (2008), and Elldér
(2014) but most of them were conducted in western cities with comparatively stable
urban structure during the last few decades. Similarly, recent studies on the so-called
‘peak travel’ phenomenon, which indicates a saturation level in travel demand and
car use (Metz, 2010; Millard-Ball and Schipper, 2011; Kuhnimhof et al, 2012a), have
primarily targeted developed countries with comparatively stable urban built
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environment. The Chinese case serves as a contrast and examining the recent trends
in travel behavior in the urban China would enrich the understanding on the
interrelationship between built environment and travel behavior as well as its
structural dynamics over time. In all, there lacks strong empirical evidence about the
long-term trends in built environment and travel behavior as well as their
interrelationship in rapidly developing Chinese cities.
Therefore, the objective of this study is to investigate the changes in built
environment and travel behavior in Shenzhen, a major Chinese metropolis. By
leveraging large-scale travel survey databases from 2000 to 2016, this study attempts
to demonstrate the changing trends in built environment, jobs-housing relations, car
ownership, and travel behavior. Structural equation models are developed to identify
changes in the interrelationships among those variables. Findings of this study
contribute to the existing literature on both the effect of built environment on travel
behavior and the ‘peak travel’ debate. This study makes the relatively rare efforts to
quantify the long-term changes in travel behavior and the built environment effects at
the disaggregate level. Based on the reviewed literature and the characteristics of
Chinese megacities, some basic hypotheses are put forward. First, the fast urban
development has led to prominent expansion of built-up areas and, as a consequence,
the degree of separation between jobs and housing has enlarged. Second, travel
distance and travel time have also increased with urban expansion and jobs-housing
separation. In addition, the surge in car ownership has induced more automobile use
in daily travel. Finally, the interrelationships among built environment, jobs-housing
relations, car ownership, and travel behavior have undergone substantial changes.
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5.2

Study Area and Data

5.2.1 Study area
The city of Shenzhen is selected for the case study. Shenzhen is located in the Pearl
River Delta, north of Hong Kong Special Administrative Region and the South China
Sea. With around 2,000 kilometers of land area and a population of nearly 12 million
(Statistics Bureau of Shenzhen Municipality, 2017), it is among the most densely
populated cities in China. Shenzhen is also one of the most economically advanced
cities with a per capita GDP over 25,000 US dollars as of 2016 (calculated from
Statistics Bureau of Shenzhen Municipality, 2017). Figure 5.1 below shows the
geographic layout and the current administrative divisions of Shenzhen. Among the
eight districts and two new districts, Luohu is the oldest urban district and Futian is
the current urban center. Nanshan serves as the technology and education hub and
Yantian hosts a major maritime port and several coastal scenery spots. Apart from
these four districts that formed the original territory of the Special Economic Zone
(SEZ), Bao’an and Longgang are the two suburban districts with industrial zones,
farms, and natural reserves. Longhua and Pingshan are the youngest districts which
used to be subordinated new districts of Bao’an and Longgang respectively while
Guangming and Dapeng are the two current new districts.
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Figure 5.1 Overview of Shenzhen.
As the first Special Economic Zone and a pioneer of the economic form, Shenzhen is
characterized with some unique features compared with most other Chinese cities.
First, the development pace of Shenzhen is unparalleled even in modern China.
Before its establishment as a SEZ in 1979, the area of Shenzhen (named Bao’an
County at the time) used to be a small finishing village and market town. Merely
within three decades, it managed to rise to a first-tier megacity and was once
considered to be among the fastest-growing city in the world. Figure 5.2 shows the
fast growth in population and the built-up areas. Second, the success of Shenzhen is
largely credited to the huge influx of migrant workers from around the country
seeking better job opportunities. As a result, the city has a vibrant population with
constant migration. As of 2016, only about one-third of the residents in Shenzhen
have local hukou (registration) status1 (calculated from Statistics Bureau of Shenzhen
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Municipality, 2017) and the majority of them have migrated from elsewhere.
Furthermore, unlike other Chinese cities, the traditional danwei system has never
really dominated the employment market in Shenzhen, largely due to a short history
and the priority for market-oriented economy. The percentage of workers employed
by state- or collectively-owned work units peaked during the 1980s at around 60%
(Statistics Bureau of Shenzhen Municipality, 2017), which is about the same as the
nationwide average and that in Beijing and Chongqing in 2001 (Wang and Chai,
2009), and it drastically dropped to below 10% in the 2000s. Instead, the majority of
residents have lived in self-built houses in ‘urban villages’ or commodity housing
units for most of the city’s history.
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Figure 5.2 Growth in population and built-up area in Shenzhen (source: Statistics
Bureau of Shenzhen Municipality, 2017; National Bureau of Statistics, 2016a).
Shenzhen has also developed a large-scale and sophisticated transportation system.
The total length of road doubled from about 750 kilometers in 1980 to over 1,500
kilometers in 2016 (Statistics Bureau of Shenzhen Municipality, 2017). In terms of
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public transit, the number of bus routes increased five-folds during the last 15 years
and the length of rail lines increased ten-folds since the launch of the first metro line
in 2004 (Statistics Bureau of Shenzhen Municipality, 2017). At the same time, the car
ownership surged in Shenzhen. In 2000, there were only about 176 thousand
passenger cars. The number rose to over 2.8 million by the end of 2016 (Statistics
Bureau of Shenzhen Municipality, 2017). To curb the growth in car ownership, the
government followed the steps of Beijing and Shanghai and introduced the quota
mechanism for license plate in December 2014 (South China Morning Post, 2014).
The rapid urban development, population growth and decentralization, the fast
expanding transportation system and changing mobility, and the unique
characteristics of housing and employment compared to other Chinese cities make
Shenzhen an interesting case for the study of long-term changes in built environment
and travel behavior.

5.2.2 Household Travel Survey Data
As mentioned in Chapter 3, the data used in this study are from the Household Travel
Survey of Shenzhen (深圳市居民出行调查, HTS). Data from the recent four surveys
(2000, 2005, 2010, and 2016) were processed and the person-level datasets were
made available for this study. Table 5.1 shows the sociodemographic characteristics
of the samples compared with official statistics from statistical yearbooks. As shown,
samples are mostly representative in terms of gender, hukou status, employment, and
district of residence. The 2000 sample over-represents residents with local hukou.
The 2010 and 2016 samples under-reported employment rates and the latter also
over-represented residents living in central districts. All samples over-reported per
capita car ownership to some extent.
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Table 5.1 Sample profiles compared with official statistics.
Year

2000

2005

2010

2016

Source

Survey

Official

Survey

Official

Survey

Official

Survey

Official

Male (%)

49.06

52.201

51.43

53.151

NA

53.071

52.57

51.141

Age (mean)

28.82

NA

29.42

NA

29.06

NA

31.03

NA

Hukou status (%)

27.71

17.81

17.45

21.98

20.37

24.20

35.79

32.29

Employment (%)

70.95

67.73

72.03

69.62

68.9

73.09

66.95

77.79

Per capita number of
cars

0.07

0.03

0.11

0.07

0.16

0.13

0.32

0.24

Luohu

16.66

14.80

11.1

10.39

9.18

8.91

16.44

8.43

Futian

20.66

18.12

27.79

14.09

10.8

12.72

16.30

12.61

Nanshan

16.46

11.66

13.25

11.06

11.9

10.50

14.34

11.39

Yantian

2.78

2.85

6.27

2.61

2.51

2.02

5.84

1.90

Bao’an2

25.91

30.42

23.32

40.09

38.19

43.44

28.65

43.06

Longgang3

17.53

22.15

18.27

21.76

27.42

22.41

18.45

22.61

Residential district (%)

Source of official statistics: Shenzhen Statistical Yearbook 2001, 2006, 2011, and 2017; 1: for hukou
(registered) residents only; 2: including Longhua and Guangming; 3: including Pingshan and Dapeng.

Supplementary data include the geographical layouts of TAZs2 and the land use data
at the 1 km×1 km grid level, both in the format of ArcGIS shapefile. Unfortunately,
these spatial data in 2000 are not available so the land use variable is only applicable
to the remaining three years’ samples.

5.3

Methodology

5.3.1 Model structure of built environment impact
To capture the dynamic interrelationships between built environment and travel
behavior, a structural equation modeling (SEM) approach is applied to the data
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samples. SEM has gained much popularity in urban and transport studies (e.g. Golob,
2003; Wang and Chai, 2009; Wang and Lin, 2017) and is well-suited to model causal
relations among several different factors with simultaneous estimation of multiple
equations (Wang and Chai, 2009). A more comprehensive description of SEM and its
application in travel behavior study can be found in Golob (2003). The conceptual
framework of this study is already given in Chapter 3 (Figure 3.3). The basic model
structure follows the classical travel behavior literature and models are separately
developed for the samples in different years. Changes in the relationships and effects
of interest are then identified by comparing the paths between models in terms of
statistical significance, signs, and magnitudes. In terms of the structure of the specific
model, a diagram is given in Figure 5.3 below.

Figure 5.3 Model structure.
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The structure of models is proposed based on the review of related literature and the
availability of data. The effects of socioeconomics and built environment on car
ownership and travel behavior are well-documented in the literature (Cervero and
Kockelman, 1997; Newman and Kenworthy, 1989) and are modeled in the present
study. As demonstrated by Wang and Chai (2009) and Wang et al. (2011a), homework distance and source of housing are two important determinants on travel
behavior and car ownership. In their case studies of Beijing, housing source is
divided into danwei housing, commodity housing, and others. In this study, however,
home ownership is used as the indicator for housing type based on the characteristics
of Shenzhen. Socioeconomics are also assumed to have effects on housing type and
home-work distance, in accordance with Wang and Chai (2009) and Wang et al.
(2011a). As last, the significant effect of car ownership on travel behavior is also
well-received and included in the models. Due to the lack of attitudinal variables and
the cross-sectional nature of data, residential self-selection is not controlled for in the
models. Therefore, models in this study are considered to be standard path models
with only observed variables.

5.3.2 Variables and procedure
A list of the variables included in the structural equation models is as shown in Table
5.2 below. Socioeconomic variables include gender, age, hukou status, household size,
household income, and the residential district of the household. Exogenous built
environment indicators include transport accessibility, measured by the self-reported
walking time to the nearest transit facility (bus stop or rail station), and land use
balance/mix based on entropy (Cervero and Kockelman, 1997), which is as calculated
below:

𝑛

𝑆 = −∑
𝑖

𝑝𝑖 × 𝑙𝑛(𝑝𝑖 )
,
𝑙𝑛(𝑛)
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(5.1)

where 𝑝𝑖 is the proportion of the i-th (i=1, 2, …, n) type of land use and n is the total
number of land use types in the area. The value ranges between 0 and 1, with 0 being
perfect homogeneity (only one land use type) and 1 being perfect heterogeneity (even
distribution of all types). Here, based on official codes (MOHURD, 2011), land use is
categorized into eight major types: residential, administrative (government, public
service etc.), business, industrial, logistics (e.g. warehouses), transportation (road,
stations, parking etc.), greenspace (parks, public squares etc.), and others.
As for the endogenous variables, home and car ownership are self-explanatory and
are measured in dichotomy. Home-work distance represents the spatial relation
between job and housing. Since locations are recorded at the TAZ level, this is
approximated by the Euclidian distance between the centroids of the two TAZs of
home and workplace. For those who live and work in the same TAZ, the home-work
distance is approximately measured as the ‘radius’ of the TAZ:

2

𝑟 = √𝑎𝑟𝑒𝑎/(2𝜋)

(5.2)

Among the travel behavior variables, trip frequency represents the travel demand;
share of trips by car reflects the level of car dependence in daily travel; total travel
distance and total travel time measure the travel cost in both spatial and temporal
dimensions. Trip frequency and share of trips by car are assumed to be correlated and
so are travel distance and travel time.
Ideally, population density and jobs-housing ratio, which are two important predictors
often cited in related literature (Cervero, 1996; Wang and Lin, 2013), should be
accounted for. However, data are only available at the district level and the job
distribution only covers fully-employed workers (small business and self-employed
not included, which make over half of the workforce in Shenzhen as of 2016).
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Another caveat is that the categories of household income have not been unified
between different samples. Due to the fast economic growth, the average income in
Shenzhen has increased dramatically. Even after adjusting for inflation to samples in
earlier years to the 2016 price based on official indices (e.g. CPI), the vast majority of
households would still fall into the lowest categories. Therefore, the original
classification of income in each year is kept unchanged and the magnitudes of the
related path coefficients are not comparable across samples. It is also worth-noting
that the travel distance of each trip is measured by the straight-line distance from the
origin to the destination instead of the route distance. Admittedly, this measurement
is not as accurate. But since the present study concerns mainly about the effects of
urban development on travel behavior changes, the straight-line representation may
be better than the actual route because it reflects the ‘need’ for spatial displacement in
the urban space while the latter is also affected by the transport provision.
Models are estimated using the maximum likelihood estimator (ML) with
bootstrapping adjustment since two endogenous variables are binary which violates
the normality assumption. A number of widely used goodness-of-fit indexes are
selected to assess model fit including Chi-square and its ratio, the Comparative Fit
Index (CFI), the Tucker-Lewis index (TLI), the root mean square error of
approximation (RMSEA), the standardized root mean square residual (SRMR), and
the coefficient of determination (CD).
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Table 5.2 Descriptive statistics of variables.
Variable

Value

Mean /%

Year

2000

2005

2010

2016

Observation

270,034

179,503

200,992

154,373

Gender

1: female; 0: male

50.94

48.57

NA

47.43

Age

Numerical

28.82

29.42

29.06

31.03

Hukou status

1: with; 0: without

27.71

17.45

20.37

35.79

Household size

Count

5.23

5.05

2.95

2.72

Household income1

Ordinal

Omitted

Omitted

Omitted

Omitted

Residential district (ref. = Luohu)
Futian

1: yes; 0: no

20.66

27.79

10.80

16.30

Nanshan

Ditto

16.46

13.25

11.90

14.34

Yantian

Ditto

2.78

6.27

2.51

5.84

Baoan

Ditto

25.91

23.32

38.19

28.64

Longgang

Ditto

17.53

18.27

27.42

18.45

Walking time to nearest public transit from home (ref. = below 5 min)
6-10 min

1: yes; 0: no

27.85

31.29

46.55

38.11

11-15 min2

Ditto

8.64

6.45

13.05

6.47

>15 min2

Ditto

7.78

4.95

3.49

1.60

Land use balance

Between 0 and 1

NA

0.75

0.72

0.74

Home ownership

1: yes; 0: no

32.40

24.86

21.22

33.85

Home-work distance

In kilometers

1.59

2.11

2.74

3.84

Car ownership

1: yes; 0: no

6.90

10.19

14.26

30.37

Trip frequency

Count

1.85

1.59

2.35

1.76

Share of trips by car

Between 0 and 1

0.03

0.04

0.07

0.10

Total travel distance

In kilometers

3.43

3.38

5.33

6.16

Total travel time

In minutes

32.66

33.79

48.98

44.17

Note: NA: not applicable; 1: in different categories across samples; 2: cutoff value is 20 min for the
2010 sample.

87

5.4

Descriptive Analysis

Before presenting the results about the dynamic relationships between built
environment and travel behavior, the recent trends in built environment are illustrated
to reflect on the urban development process and changes in travel behavior are also
presented and analyzed.

5.4.1 Urban expansion, suburbanization, and jobs-housing
imbalance
Figure 5.2 above has shown the rapid growth in population and built-up area since the
establishment of Shenzhen as a municipal. Specifically during the study period from
2000 to 2016, population increased from 7 million to nearly 12 million. The built-up
area also increased from 136 square-kilometers in 2000 to 900 square-kilometer in
2015. Therefore, though the population density based on total land area surged
rapidly, the population density based on built-up area has actually decreased during
the recent decade from 50 thousand to around 12 thousand per square-kilometer.
Also, as shown in Table 5.1, there has been a clear trend of suburbanization in terms
of residential population. In 2000, around 50% of the residents lived in suburban
districts of Bao’an and Longgang (or guanwai, meaning ‘out-of-SEZ’3). The
percentage rose to 60% in 2005 and around 65% in both 2010 and 2016. The rapid
development of the suburban districts and the later established New Districts has led
to the population shift towards these areas. As for the distribution of jobs, statistics at
the district-level are only available in 2010 onwards and only counted ‘formally
employed’ persons. Nonetheless, the percentage of employed persons in suburban
districts increased during this 6-year span from 39% to 50% (Statistics Bureau of
Shenzhen Municipality, 2017).
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As a result, the jobs-housing relations have also changed significantly. Figure 5.4
below shows the trend in jobs-housing relations by various measures, all based on the
sample data. Here, the spatial mismatch (dissimilarity) index, also known as the as
Duncan and Duncan Index4 (1955), measures the imbalance between the number of
jobs and the number of employed residents. The percentage of cross-district
commuters measures the proportion of workers live and work in two different
districts (the six-district division for the sake of comparability). Home-work distance
is as defined in the above section. Statistics are calculated for the employed
subsamples only.
It is clear that by all accounts, the overall jobs-housing relation in Shenzhen is
moving towards imbalance. The spatial mismatch between jobs and worker
population has increased. The index is likely underestimated in 2016 because, as
shown in Table 5.1, the 2016 sample over-represents residents in central districts
compared to census statistics. The percentage of cross-district commuters increased
substantially and so did the average home-work distance.
6
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% of cross-district commuters (right axis)

2016

Figure 5.4 Trends in jobs-housing relations (for the employed population).
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5.4.2 Increasing car ownership and car use
As shown in both Table 5.1 and Table 5.2, car ownership has increased drastically
during the past 16 years. Specifically, the percentage of people in car-owning
household rose from 6.9% to over 30%, a four-fold increase. Accordingly, the share
of trips by car increased from 3% to 10%, despite a fluctuated overall trip frequency.
This is consistent with previous studies (e.g. Schwanen et al. 2001). Although the per
capita car ownership and the share of car trips are comparatively low compared to
those in developed countries, the sheer population and the limited land resource for
roads all indicate that the current pace of development is not sustainable, which is a
main rationale for the restrictive quota policy by the authority.

5.4.3 Lengthened travel with more time
It is hypothesized that the urban development with expanding areas and residential
suburbanization has led to an increase in travel expenditure. Figure 5.5 demonstrates
the changes in travel time and distance. Here, a clear upward trend can be observed
for all variables. Total travel distance has increased significantly during the study
period, which is in agreement with previous findings (Susilo and Kitamura, 2008;
Feng et al., 2013). Since the distance is measured by straight-lines, it is mostly
independent from the configuration of transport systems and reflects the spatial
displacement needed for daily activities that are largely induced by the expansion of
urban space. Total travel time increased, especially from 2005 to 2010, and slightly
decreased in 2016. It indicates an improvement in average travel speed or a shift from
slow to fast modes. Similarly, largely due to the intensified jobs-housing imbalance,
commuting distance and time also experienced significant increase, especially from
2010 to 2016.
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Figure 5.5 Trends in travel behavior (commuting behavior only for the employed
population).
All in all, results suggest that the overall trends in travel behavior in terms of car
ownership, car use, and travel expenditure are in an opposite direction of that in
developed countries where downward trends have been observed in many cases. The
observed trends are also different from those identified in Chapter 4. Since the data
used in this two chapters are comparable in collection time, results indicate that the
changes in travel behavior during the recent decade are complete different between
Hong Kong and Shenzhen who are geographically adjacent but different in
development path and stage. In addition, the generally parallel trends of population
decentralization, jobs-housing imbalance, and travel behavior changes suggest that
urban development plays a critical role in shaping travel behavior and the stability in
urban form may be one of the contributing factors in the western ‘peak travel’
phenomenon (Metz, 2010).
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5.5

Modeling Results

5.5.1 Goodness-of-fits
Table 5.3 below shows the goodness-of-fit indexes of the models. Based on the Chisquare indicators, all models could be rejected. However, since Chi-square statistics
are very sensitive to sample size and tend to reject models with large samples
(Jöreskog and Sörbom, 1993), the models are considered acceptable based on the
massive sample sizes and the values of other indicators. CFI and TLI are above 0.95
in all models. RMSEA is much lower than the 0.05 threshold and SRMR is negligible
in all models. The coefficients of determination are also reasonably large in all
models.
Table 5.3 Summary of model fit.
Model

2000

2005

2010

2016

Sample size

270,034

179,583

204,259

137,558

Likelihood ratio χ2 (df)

232.352 (6)

176.689 (6)

104.286 (6)

69.428 (6)

CFI

1

0.999

1

1

TLI

0.989

0.984

0.996

0.996

RMSEA

0.016

0.016

0.009

0.009

SRMR

0.002

0.002

0.001

0.001

Coefficient of determination

0.715

0.622

0.596

0.660

5.5.2 Changes in interactions among endogenous variables
The full modeling results are given in the Appendices. First, the interrelationships
among the endogenous variables are examined, i.e. home ownership, home-work
distance, car ownership, and travel behavior. Results are as shown in Table 5.4 and
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Table 5.5. At a glance, it is clear that most paths are statistically significant and the
signs are consistent among different models. It validates the model structure that
assumes a significant interaction among these factors.
As expected, home-work distance is found to have a significantly positive effect on
car ownership, according to Table 5.4. Those who live further away from their
workplaces are more likely to own cars, presumably for commuting purposes. In
addition, the magnitude of the impact has remained relatively stable with a marginal
drop in 2016. Home ownership is also found to have a positive effect on home-work
distance and car ownership.
Table 5.4 Effects on home-work distance and car ownership.
Effects on

Home-work distance

Car ownership

Effects of

Direct

Total

Direct

Total

0.790

0.790

0.129

0.131

0.003

0.003

0.199

0.204

0.003

0.003

0.297

0.301

0.003

0.003

0.256

0.257

0.002

0.002

2000
Home ownership
Home-work distance
2005
Home ownership

1.628

1.628

Home-work distance
2010
Home ownership

1.557

1.557

Home-work distance
2016
Home ownership

0.744

0.744

Home-work distance
All significant at the 0.01 level
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According to Table 5.5, home ownership has a positive effect on trip frequency and
the share of trips by car. The effect on trip frequency has declined, suggesting that the
travel demand of home owners and renters is converging. Effects of home-work
distance have remained relatively stable and mostly consistent with findings from
previous studies (e.g. Wang et al., 2011a; Lin et al., 2017). Car ownership has
positive effects on trip frequency and, obviously, the share of car trips. The gap
between car owners and non-car-owners in travel demand has also shrunk. All
determinants have significantly positive total effects on total travel distance, although
the direct effects of home ownership and car ownership fluctuated in terms of sign
and significance. In particular, the effect of trip frequency has remained stable with a
slight decrease from 2000 to 2010 but rapid increased in 2016, suggesting a longer
distance per trip. The share of car trips also has a stable effect except for a drop in
2010 and it reflects how longer travel is induced by the dependence on private cars
for longer trips. Home ownership and home-work distance are positively associated
with total travel time, with a general decrease in magnitude from 2005 onward. As
expected, car ownership has a negative effect on total travel time. The effect
increased from 2000 to 2010 but substantially declined from 2010 to 2016, which
may indicate a worsened traffic due to the exponential car growth.
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Table 5.5 Effects on travel behavior.
Effects on
Effects of

Trip freq.

Car trip share

Travel distance

Travel time

Direct

Total

Direct

Total

Direct

Total

Direct

Total

Home ownership

0.384**

0.413**

0.012**

0.050**

0.010

2.059**

2.064**

10.468**

Home-work distance

0.008**

0.009**

0.006**

0.006**

1.700**

1.739**

3.265**

3.414**

Car ownership

0.172**

0.172**

0.261**

0.261**

-0.021

1.360**

-2.152**

1.460**

Trip frequency

1.167**

1.167**

14.252**

14.252**

Car trip share

4.524**

4.524**

4.467**

4.467**

2000

2005
Home ownership

0.249**

0.289**

0.012**

0.083**

0.318**

3.068**

6.841**

16.043**

Home-work distance

0.009**

0.009**

0.005**

0.006**

1.414**

1.441**

3.027**

3.204**

Car ownership

0.124**

0.124**

0.307**

0.307**

-0.488**

0.660**

-3.742**

0.766

Trip frequency

0.937**

0.937**

14.975**

14.975**

Car trip share

3.359**

3.359**

8.624**

8.624**

2010
Home ownership

0.042**

0.073**

0.028**

0.151**

-0.280**

2.934**

5.972**

11.900**

Home-work distance

0.002**

0.002**

0.006**

0.007**

1.921**

1.929**

3.666**

3.719**

Car ownership

0.094**

0.094**

0.380**

0.380**

0.053

0.494**

-5.009**

-1.672**

Trip frequency

0.920**

0.920**

11.145**

11.145**

Car trip share

0.932**

0.932**

6.019**

6.019**

2016
Home ownership

0.145**

0.157**

0.008**

0.082**

0.038

1.272**

1.750**

5.994**

Home-work distance

0.007**

0.007**

0.004**

0.004**

1.030**

1.054**

1.966**

2.111**

Car ownership

0.026**

0.026**

0.277**

0.277**

-0.157**

0.744**

-2.312**

-0.445#

Trip frequency

1.611**

1.611**

18.907**

18.907**

Car trip share

3.098**

3.098**

4.933**

4.933**

#significant at the 0.1 level
**significant at the 0.01 level
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5.5.3 Changes in effects of built environment factors
Other than home ownership and home-work distance, two other exogenous built
environment variables are assumed to affect travel behavior, namely transport
accessibility and land use balance. Table 5.6 and 5.7 report their dynamic effects on
car ownership and travel behavior variables, respectively.
In general, better access to public transit actually relates to higher car ownership
(further away from transit, less likely to own cars), except in 2005. A possible
explanation is that housing price is often higher in areas adjacent to public transit and
private cars are more affordable to those live in these areas. The effect increased from
2010 to 2016, which echoes the recent surge in housing price and transit expansion in
Shenzhen. Proximity to transit also associates with lower frequency of travel but the
effect largely diminished after 2010. Interestingly, access to public transport has little
impact on the share of trips by car, or in other words, dependence on cars for travel.
This finding is in disagreement with some previous studies (e.g. Krizek, 2003; Lin et
al., 2017) who reported negative effects of access to public transport on driving or
preference for cars. However, it echoes some previous studies that suggest car
dependence is difficult to restrain once the car is acquired (Dargay, 2001). Several
studies have found that driving habits are difficult to break (Anable, 2005; Ding et al.,
2016; Fujii et al., 2001) and the effect of built environment, including transport
accessibility improvement, could be offset or overweighed (He and Thøgersen, 2017).
Cullinane and Cullinane (2003) found an advanced public transport system has very
limited power in reducing car dependence of car owners in Hong Kong, a public
transport-dominated city. Transport accessibility has a mixed effect on total travel
distance. Better access to transit used to associate with longer travel distance but the
effect reversed in 2016, though the magnitudes have never been typically large. This
echoes the argument that the straight-line distance adopted in this study reflects
mostly spatial displacements that are somewhat independent of transport provisions.
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Table 5.6 Effects of variable “walking time to nearest public transit” (Reference:
within 5 min).
Effects on

2000

2005

2010

Car ownership

Direct

Total

Direct

Total

Direct

Total

Direct

Total

6-10 min

-0.006**

-0.006**

0.007**

0.007**

-0.003*

-0.003*

-0.028**

-0.028**

11-15 min

-0.014**

-0.014**

0.004#

0.004#

-0.017**

-0.017**

-0.058**

-0.058**

>15 min

-0.021**

-0.021**

-0.020**

-0.020**

-0.006#

-0.006#

-0.085**

-0.085**

Trip frequency

Direct

Total

Direct

Total

Direct

Total

Direct

Total

6-10 min

0.179**

0.177**

0.135**

0.136**

0.016**

0.016**

0.028**

0.028**

11-15 min

0.229**

0.227**

0.160**

0.160**

-0.012

-0.014#

0.009

0.007

>15 min

0.031**

0.028*

-0.193**

-0.195**

-0.103**

-0.104**

0.002

0.000

Car trip %

Direct

Total

Direct

Total

Direct

Total

Direct

Total

6-10 min

0.003**

0.001

0.000

0.003**

0.000

-0.001

0.002

-0.006**

11-15 min

0.001

-0.002*

0.000

0.001

-0.001

-0.008**

-0.001

-0.017**

>15 min

-0.002#

-0.007**

-0.006**

-0.012**

-0.001

-0.004

-0.006

-0.030**

Travel distance

Direct

Total

Direct

Total

Direct

Total

Direct

Total

6-10 min

-0.257**

-0.046#

-0.153**

-0.020

-0.229**

-0.215**

0.186**

0.217**

11-15 min

-0.131**

0.122**

-0.092#

0.061

-0.201**

-0.222**

0.207*

0.176*

>15 min

-0.100*

-0.100*

0.244**

0.031

-0.018

-0.118#

0.162

0.083

Travel time

Direct

Total

Direct

Total

Direct

Total

Direct

Total

6-10 min

0.378**

2.924**

1.209**

3.244**

4.160**

4.348**

3.698**

4.255**

11-15 min

3.250**

6.499**

1.623**

4.016**

7.152**

7.040**

6.095**

6.283**

>15 min

2.768**

3.174**

3.966**

1.014#

7.632**

6.480**

6.045**

6.088**

#significant at the 0.1 level
*significant at the 0.05 level
**significant at the 0.01 level
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2016

The effect on travel time, on the other hand, is more consistent in signs and mostly
significant. Generally, the closer to transit facility the less time is spent on travel,
which is consistent with several previous researches (e.g. Ewing and Cervero, 2010;
Wang and Lin, 2017). Also, the magnitude of effect prominently increased in 2010
and 2016 compared to the earlier two years. It implies that the effectiveness of public
transport in reducing travel time largely replies on its scale. Launching in 2004,
Shenzhen Metro expanded massively during the study period between 2005 and 2016.
When the network has not yet spread out in 2005, the effect of transport accessibility
on time saving has not enhanced compared to that in 2000 when there was no rail
transit. When the network evolved to reach abundant destinations, the benefit of
transport accessibility increased significantly.
According to Table 5.7, the effect of land use balance has not been typically
prominent on car ownership. As an exception, those living in more balanced areas are
more likely to own private cars in 2010. Mixed results are obtained in terms of the
effects on trip frequency and travel distance. Also, contradictory to some previous
studies (Newman and Kenworthy, 1989; Khattak and Rodriguez, 2005), mixed land
use is consistently associated with larger share of trips by car and longer travel time.
The effect on car trip share, in particular, has increased during the study period. The
effect on travel time has also been consistently significant. Results here challenge the
policy measures targeting land use balance in promoting non-car lifestyle or reducing
travel in the context of rapid urban expansion and development. A possible
explanation is that residents who choose to live in areas with mixed land use may
have stronger preference to conduct out-of-home activates. In other words, the effect
of residential self-selection that is not accounted for in this study may have exerted
some influence.
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Table 5.7 Effects of land use balance.
Effects on
Car ownership

Trip frequency

Share of car trips

Total travel distance

Total travel time

2005

2010

2016

Direct

-0.007#

0.053**

0.018

Total

0.002

0.065**

0.024*

Direct

-0.203**

0.085**

-0.008

Total

-0.196**

0.090**

-0.015

Direct

0.016**

0.023**

0.026**

Total

0.013**

0.038**

0.025**

Direct

1.952**

-1.006**

2.617**

Total

0.678**

-4.408**

0.621*

Direct

10.682**

15.440**

11.308**

Total

5.756**

9.981**

7.261**

#significant at the 0.1 level
*significant at the 0.05 level
**significant at the 0.01 level

5.5.4 Changes in effects of socioeconomics and household attributes
The effects of gender have been relatively stable during the study period. Female has
a higher probability of owning house, a shorter home-work distance, a lower chance
of owning cars, fewer trips, a lower share of trips by car, and a shorter travel
distance/time. Similarly, the effects of age have also kept steady. The effects of hukou
status on home ownership and home-work distance have remained stable. Its effect
on car ownership, however, significantly increased. Residents with local hukou are
more likely to own cars and more so after 2010 than in 2000 or 2005. Employment
status has significant and mostly consistent influence on most endogenous variables.
Two findings are noteworthy. First, the positive effect of employment on the share of
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car trips enlarged, indicating rising car dependence of commuters. Second, the effect
on travel time also increased prominently, suggesting increasing travel cost for
commuting purposes.
As mentioned, the coefficients of household income could not be compared across
models because the coding cannot be unified. Nonetheless, the effects of income on
the endogenous variables are mostly intuitive. Those from households with higher
income are more likely to be home and car owners. Income also has a positive effect
on home-work distance and share of trips by car.
No consistent trends have been identified in terms of the differences in endogenous
variables among different districts. Most differences are district-specific and there are
no clear generalizable trends. It highlights the importance of detailed characteristics
(e.g. population and job density) at finer scales in explaining the spatial distribution
of travel behavior, which are not attainable in this study due to data constraints.

5.6

Discussions

While a stagnant trend has been observed in many developed countries in terms of
motorized travel (Metz, 2010; Millard-Ball and Schipper, 2011; Kuhnimhof et al,
2012a), the rapid urbanization and development in China may have led to different
changes in travel behavior compared to those in the western context with stable urban
form. This chapter analyzes the recent trends in urban development and travel
behavior in a rapidly expanding Chinese city. Based on the analysis on multiple travel
survey datasets collected during the past two decades, the recent trends in urban
expansion and changes in travel behavior are identified and the dynamic
interrelationships among built environment, car ownership, and travel behavior are
examined.
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More specifically, population has grown massively and the built-up area has
expanded drastically during the past decades in Shenzhen. Also, a clear trend of
suburbanization can be identified in terms of residential population and, with less
solid evidence, employment. The relations between jobs and housing have become
more imbalanced and separated, likely due to those development trends to a large
extent. As a consequence, travel distance and travel time have shown significant
upward trends, echoing previous findings in the Asian context (Susilo and Kitamura,
2008; Feng et al., 2013). In addition, car ownership and the level of car dependence
in daily travel have also surged, also consistent with some earlier studies (Schwanen
et al. 2001).
The interrelationships among various domains of interest have changed significantly.
For example, the differences between home owners and tenants in home-work
distance and travel time have narrowed while the gap in car ownership widened. The
gaps in trip frequency between home/car owners and non-owners have declined. The
effect of car ownership in saving travel time decreased most recently, indicating
worsened road traffic. The effects of transport accessibility on car ownership and car
use are somewhat counterintuitive, with residents living near public transit more
likely to own cars and having larger share of trips by car. Transport accessibility has a
significant impact on reducing travel time and the effect has grown over the years.
Also in contrast to previous literature, mixed land use is associated with larger share
of car trips and longer travel time in all years, possibly due to the undetected effect of
residential self-selection. The effects of socioeconomics and household variables are
mostly as expected and have been mostly stable.
Findings of this study highlight the significance of built environment variables in
affecting car ownership and travel behavior. More importantly, results demonstrate
how rapid urban development, featuring population growth, built-up area expansion,
and suburbanization, influences the dynamic changes in daily travel characteristics. In
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particular, the prominent increase in travel and car use in Shenzhen is coupled with
the urban growth progress, which is in contrast with the recent trend in the developed
world where urban form largely remains stable and motorized travel approaches
stagnation (Metz, 2010; Millard-Ball and Schipper, 2011; Kuhnimhof et al, 2012a).
Among the factors considered determinants of this stagnation are the reversal trends
of suburbanization and revived urban cores (Newman and Kenworthy, 2011;
Headicar, 2013). It also emphasizes on the importance of broadening the scope of
research context to less-focused areas with different social and development settings
from the western world that remains dominant in transport and urban studies. In the
context of urban China, especially in the newly established metropolis, changes in
urban form and population have been strikingly prominent. The observed increase in
travel distance, travel time, and dependence on cars for travel could be largely
attributed to the urban development in conjunction with rising motorization level.
Moreover, the dynamic effects of various determinants are also potentially driven by
the changes in urban structure.
Several findings are deemed worth discussing for their implications in both research
and policy. First, the closing gaps between some groups, e.g. home owners and
tenants, in certain dimensions indicate that the economically unprivileged may have
been affected in a larger degree during the expansion process. Specifically, tenants
experienced a greater increase in home-work distance and also total travel time in
recent years. Difference in trip frequency has also diminished between home/car
ownership groups. It may raise the concern about transport inequality in fast growing
cities (Zhao and Li, 2016). Second, the changing effect of transport accessibly
delivers somewhat conflicting suggestions. On the one hand, the insignificant impact
of transport accessibility on the level of car use, which is inconsistent with some
previous findings (e.g. Krizek, 2003; Lin et al., 2017), implies that public transport
development is not typically effective in curbing car dependence. It echoes some
studies arguing that car dependence tended to grow after car acquisition and is
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difficult to reduce (Dargay, 2001) even in places with advanced public transport
systems (Cullinane and Cullinane, 2003). To more effectively curb car use, according
to Cullinane and Cullinane (2003), control of car ownership should be the focus of
policy. The findings here largely conform to this argument and, in a way, justify the
restrictive measures by the city government to limit car plate issuance. On the other
hand, the increasing benefit of transport accessibility in travel time saving indicates
that the impact of public transit requires a certain scale. It needs to reach a point of
‘critical mass’ in terms of passengers and accessible destinations. In the case of
Shenzhen, the first metro line was launched in 2004 with very limited spatial
coverage. The effect of transport accessibility in the 2005 model, therefore, is not
much different from that in the 2000 model. The network was formed and expanded
during the following years and so did the bus system. The effects in the latter two
models are much larger in comparison. This finding also echoes the so-called
‘Mohring effect’ (Mohring, 1972) that suggests increase in capacity would benefit all
passengers as a whole in travel cost reduction. Lastly, mixed land use is found to
relate to longer travel time and larger share of car trips instead of reducing them. It
contradicts some previous studies (Newman and Kenworthy, 1989; Khattak and
Rodriguez, 2005) and questions the effectiveness of land use balance in the context of
rapid urban expansion. Although the undetected impact of residential self-selection
could have been a contributing factor, the stable and consistently positive effects of
mixed land use on travel time and car dependence still suggest that merely providing
balanced land use in quantity would not be sufficient in dealing with transport-related
problems.
Despite the interesting findings, several limitations exist in the present study. The
repeated cross-sectional nature of the data prevents a truly longitudinal (panel)
analysis in which changes are traceable. The large sample sizes remedy this drawback
to some extent but a real panel research design could potentially generate more
insightful outcomes. In particular, the unobserved influence of self-selection may
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have certain impacts on the models. Although the significant effects of the built
environment factors could not be solely attributed to residential self-selection (Cao et
al., 2009) and results in this case study have led to some insightful findings, it would
be more conclusive to account for this issue given more available data. In addition,
this study primarily focuses on travel behavior, largely due to data constraint. Further
studies could include changes in activity time allocation (like in Chapter 4) to provide
a more comprehensive picture. Also, the data are based on single-day travel diaries
and multi-day travel data could provide more reliable and less biased estimates. Last
but not least, attitudes and other subjective factors are neglected also due to data
limits. As found in many previous studies, travel attitudes play a rather important role
in shaping travel behavior (Kitamura et al., 1997; Timmermans et al., 2003) and are
dynamic over time (Wang and Lin, 2017). If relevant data could be made available,
analysis could be extended to examining the changing effect of travel attitudes and its
relationship with changes in built environment.
Note
1. Hukou refers to the household registration system in China. All households are
required to register in an administrative area with information of members recorded
and it is closely tied to social welfare and many other benefits. The place of
registration is usually where the household resides in and it could be transferred to a
new location upon relocation. Many migrant workers and their families in large cities,
however, are not able to re-register for a local hukou or have to go through a long
waiting list because of the restrictive measures by local governments for population
control purposes. Instead, they are categorized as ‘floating population’ (流动人口)
and their hukou remain in the last registered area before migration.
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2. The area of Shenzhen is divided into 491 TAZs as of 2011 with an average land
area of 4.72 square kilometers. The number has changed marginally during recent
decades due to land reclamation projects along the coastal regions.
3. When Shenzhen was first established as a Special Economic Zone, the territory of
the SEZ only includes the four urban districts, namely Luohu, Futian, Nanshan, and
Yantian. Bao’an and Longgang, though still under the jurisdiction of Shenzhen
Municipal Government, were separated from the SEZ by a boundary with
checkpoints. This system is commonly called ‘erxianguan’ (translated to ‘the second
boundary’, the first being the border between Shenzhen and Hong Kong) and people
used to need a special travel document (‘bianfangzheng’ or ‘border pass’) to enter the
SEZ region until the late 2000s. Later in 2010, the SEZ expanded to the whole area of
Shenzhen and the checkpoints on this boundary were effectively abolished.
4. The dissimilarity index is calculated as follow (Wang et al., 2011b):

𝑛

1
𝑝𝑖 𝑒𝑖
𝐷 = ∑ | − |,
2
𝑃 𝐸

(5.3)

𝑖

where 𝑝𝑖 and 𝑒𝑖 are the population and the number of jobs in the spatial unit i and P
and E are the total population and total number of jobs in the whole area. n denotes
the number of spatial units.
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Chapter 6

Inter-generational Changes in Car

Ownership, Car Use, and Attitudes towards Cars
The second part of this chapter is based on an extended abstract that has been
accepted for presentation in the upcoming 15th International Conference on Travel
Behavior Research (IATBR 2018) titled ‘Generational differences in the attitudes
towards private cars: evidence from a less car-dependent megacity’ by ZHOU Meng
and WANG Donggen.

6.1

Introduction

The industrialized countries have experienced decades of motorization and growth in
automobile ownership and car use. In recent years, however, an opposite trend has
been observed in regard to car ownership and car use. Empirical evidence strongly
indicates the growth in car travel has slowed down, stagnated, or even reversed to a
decrease in many developed countries (Goodwin, 2013; Goodwin and Van Dender,
2013; Headicar, 2013). This phenomenon is usually referred to as ‘peak car’.
Moreover, younger generations are found to show significantly lower level of car
travel than older ones (Kuhnimhof et al, 2012a; Van der Waard et al, 2013; Delbosc
and Currie, 2013). In addition, among the many possible driving forces behind this
trend, the changing preferences and attitudes towards the ownership and use of cars
are often cited (Delbosc and Currie, 2013; McDonald, 2015).
In contrast to the stagnation in the developed world, fast growth in car ownership and
motorization has only recently started in a number of emerging countries, usually
along with rapid urbanization (Van et al., 2014). In China, for example, the number
of private cars has increased from less than a quarter of a million in 1990 to over 127
million in 2015 (National Bureau of Statistics, 2016b). With this massive demand for
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private cars, China has overtaken the US as the biggest automobile market in 2009
(Tang, 2009; Yang et al., 2017). Although the nationwide per capita car ownership is
still relatively low at around 93 per 1000 people as if 2015 (National Bureau of
Statistics, 2016b), major metropolitan cities in China have already encountered severe
problems caused by the exponential growth of vehicles. Moreover, the motorization
in China and other emerging countries is likely to continue and most of the future car
growth will occur in these developing countries (Sperling and Gordon, 2010).
Therefore, it is imperative to investigate the changing trends of car use in fast
developing countries for the purposes of facilitating sustainable transportation
planning (Zhu et al., 2012; Verma et al., 2016). The fast pace of development in
China has also led to a prominent difference among generations (Sun and Wang,
2010). The different traits related to the ownership and usage of private cars exhibited
by different generations could have profound implications for the future transport
landscape.
In addition, as mentioned above, shifts in preferences and attitudes towards cars and
car use have been identified as a potential contributing factor to the ‘peak car’ trend
in the west (Delbosc and Currie, 2013; McDonald, 2015) and young adults are
reducing car dependence to a larger extent (Kuhnimhof et al, 2012a; Van der Waard
et al, 2013). The significance of attitudinal factors in affecting car related decisions
has been widely acknowledged (Anable, 2005; Saelens et al., 2003; Steg, 2005;
Gardner and Abraham, 2007) in the western context. However, related researches in
developing countries are largely limited and the travel-related attitudes are mostly
non-generalizable across countries due to differences in culture and development
stage (Van and Fujii, 2011). A few studies examined the attitudes and perceptions to
private cars in the Asian context (e.g. Zhu et al., 2012; Van et al., 2014; Le Loo et al.,
2015) but their target population is mostly limited to college students. What is
missing in the existing literature is a comparative analysis of the attitudes towards
cars of different generations. Such differences would reflect the distinct
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characteristics of the young in their attitudinal evaluations on private cars relative to
older generations and provide valuable insights into how future car growth could
occur differently.
It is the objective of this study to investigate the recent changes in car use over time
and between different cohorts as well as the generational differences in the attitudinal
evaluations on private cars in the Chinese contexts. Specifically, two separate case
studies are conducted. The first examines the recent changes in car ownership and car
use in a fast developing Chinese city. Trends are broken down by age groups and
birth cohorts to identify potential effects of ageing and inter-generational differences.
The second investigates the generational differences in their attitudinal evaluations on
private cars. This part of the study also correlates the varying attitudes towards cars
with car ownership, license possession, and car use.

6.2

Inter-generational Changes in Car Ownership and Car

Use
This part of the study explores the recent trends of car ownership and car use in
Shenzhen, a major metropolis in South China. It illustrates the growth in car
ownership and the share of car trips during the past 16 years along with changes in
population, transport system, and urban form. In addition, to identify potential intergenerational differences and their different changing paths, trends are broken down
by age groups and cohorts, separately examined, and comparatively analyzed.

6.2.1 Study area and data
The city of Shenzhen is selected for the case study. The major characteristics of
Shenzhen have been introduced in Chapter 5. Like many other major Chinese cities,
Shenzhen has witnessed massive growth in motorization and vehicle ownership. In
2000, there were only about 176 thousand passenger cars. The number rose to over
108

2.8 million by the end of 2016 (Statistics Bureau of Shenzhen Municipality, 2017).
To curb the growth in car ownership, the government followed the steps by Beijing
and Shanghai and introduced the quota mechanism for license plate in December
2014 (South China Morning Post, 2014). Shenzhen has also developed a
sophisticated public transportation system., the number of bus routes increased fivefolds during the last 15 years and the length of rail lines increased ten-folds since the
launch of the first metro line in 2004 (Statistics Bureau of Shenzhen Municipality,
2017).
The data used in this analysis are from the Household Travel Survey of Shenzhen (深

圳市居民出行调查, HTS), from 2000 to 2016. The same databases are also used in
Chapter 5 with the purpose of identifying dynamic relationships between built
environment and travel behavior. In this chapter, on the other hand, auto-mobility is
focused on and a cohort analysis framework is applied to examine the varying trends
by cohorts and age groups.

6.2.2 Methods and variables
This study examines the inter-generational trends in car ownership and car use.
Multiple data samples spanning across 16 years are used to quantify relevant
indicators and identify the temporal changes during this time period. First, the overall
trends are presented to show the changes in auto-mobility and population over the
years. To identify differences among generations, samples are then separated by age
groups and their trends in car ownership and car use are assessed separately and
compared statistically. Moreover, to account for potential effects of ageing, various
typical cohorts are examined in terms of their changes during the process of ageing.
Results are also interpreted against the population trends and urban development to
establish possible driving forces behind the trends in car-related variables.
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Two aspects of auto-mobility are investigated, namely car ownership and car use. Car
ownership concerns the long-term decision about travel while car use reflects daily
travel characteristics. Car ownership is mostly a household decision and household
members are assumed to have the same level of car ownership. Car use is measured
by the number and share of trips made by cars. Ideally, vehicle mileage travelled
(VMT) would be a better measurement of car use. But the data are from single-day
surveys and route information of trips is not available. Therefore, the number and
share of car trips are adopted to reflect the level of car dependence in daily travel.
Following the well-accepted social norm, a decade-based classification is used to
define different generations. Specifically, the following generations are examined,
namely the Post-50s (born between 1950 and 1959), the Post-60s (born between 1960
and 1969), the Post-70s (born between 1970 and 1979), the Post-80s (born between
1980 and 1989), and the Post-90s (born between 1990 and 1999). The first two
generations are born and grew up before the economic reform of China; the Post-70s
grew up during the early years of reform era while the youngest two generations
roughly correspond to the Millennials in the US and are the generations growing up
during the economic boost and the rise of Internet. The classification of age groups is
also decade-based for the ease of analysis. They are divided as follow: young adults
(aged 18 to 29); junior middle-age adults (aged 30 to 39); senior middle-age adults
(aged 40 to 49); senior adults (aged 50 to 59); and the elderly (aged 60 and older).

6.2.3 Overall trends in auto-mobility and urban growth
Figure 6.1 below shows the population and economic growth and expansion in builtup areas in Shenzhen since its establishment. A clear and fast upward trend can be
identified. Specifically in the study period between 2000 and 2016, population rose
from 7 million to nearly 12 million. Built-up area increased more than six-folds and
the per capita GDP increased from 32,800 yuan to 167,411 yuan. All these indicate a
fast-growing and expanding city with rising economic strength.
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Figure 6.1 Population growth and urban development (source: Statistics Bureau of
Shenzhen Municipality, 2017; National Bureau of Statistics, 2016a).
At the same time, automobile fleet and transport infrastructure increased significantly.
As shown in Figure 6.2, road mileage increased significantly, typically during the
1990s and 2000s. More rapid is the growth in the number of passenger cars. The
increase has mostly been exponential until 2015 where the rate of increase flattened
prominently, largely due to the restrictive measure put forward in December 2014
(South China Morning Post, 2014). The drastic increase in car ownership has already
caused much trouble in daily traffic despite the steadily growth in road space.
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Figure 6.2 Increase in road infrastructure and car fleet (Note: the statistical standards
of road mileage have been adjusted from 2008 on).
Consistent with the upward trends in urban growth, car ownership and car use have
increased significantly based on the survey data. Table 6.1 shows the level of car
ownership, both at household and personal levels, and car use in various measures.
All indicators show prominent increases over the 16 years of study period. The
percentage of households with private car(s) increased threefold and the increase is
especially dramatic between 2010 and 2016. The increase in car ownership is at a
similar pace measured at the personal level. Although the level of car ownership is
still low compared to the developed countries, the increasing trend is rather similar to
that in the developed world during the post-WWII era (Millard-Ball and Schipper,
2011; Kuhnimhof et al, 2012a; Grimal et al., 2013) and in some other major Chinese
cities (Feng et al., 2017; Yang et al., 2017).
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Accompanying the growth in car ownership, car use has also shown an uptrend. The
average number of daily trips made by car was only 0.09 in 2000 and it increased to
0.22 in 2016. The share of trips by car, against total trip frequency, also rose from
less than 3% to over 10% during the study period. Accordingly, the average time
spent in traveling by car increased from about 2 minutes in 2000 to over 6 minutes in
2016. Again, the increasing trend in car use also demonstrates the fast motorization
and growing dependence on private cars in daily travel, despite a low car use level in
comparison to that in the developed world. The rise in motorization is coupled with
the urban expansion process, as is the case in many western countries (Schwanen et al.
2001; Headicar, 2013).
Table 6.1 Car ownership and car use of survey samples.
Year

2000

2005

2010

2016

No. of households

68,664

57,943

98,526

68,029

% of households with cars

7.14%

10.33%

13.41%

24.74%

No. of individuals

270,034

179,503

200,992

154,373

% of residents from car-owning households

6.90%

10.18%

14.04%

30.02%

No. of trips by car

0.09

0.10

0.17

0.22

Share of trips by car

2.92%

4.33%

7.20%

10.69%

Average travel time by car (minutes)

1.92

3.00

5.20

6.71

Average travel time per car trip (minutes)

23.35

32.10

31.26

30.84

The driving forces behind this trend are naturally multifaceted. Economic growth is
clearly part of the picture. Not only did household and personal wealth increase that
made automobiles more affordable, also the economic power of the city grew
tremendously which enabled the construction of roads, parking, and other transport
facilities. Changes in attitudes and lifestyles may have also exerted some influence
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but the magnitude and ways of that influence remain unclear, mainly due to data
constraints. Nonetheless, Table 6.2 indicates that the growth in car use could largely
be attributed to growing car ownership. Although there has been an increase in the
share of trips by car and travel time by car among car owners from 2000 to 2010,
both figures dropped in 2016 despite the steady increase based on overall samples.
The increase from 2000 to 2010 is also modest and car use of non-car-owners has
mostly not increased. It could be argued that the enthusiasm in using cars has not
risen prominently although attitudes towards owning cars still could have changed.
Table 6.2 Car use by car ownership and employment status.
Dimension

No. of trips by car

Share of trips by car

Travel time by car (minutes)

Car owners?

No

Yes

No

Yes

No

Yes

2000

0.03

0.90

0.96%

29.41%

0.67

18.79

2005

0.02

0.78

0.87%

34.91%

0.62

23.93

2010

0.03

1.07

1.14%

44.33%

0.84

31.95

2016

0.02

0.68

0.95%

33.38%

0.63

20.88

Employed?

No

Yes

No

Yes

No

Yes

2000

0.02

0.11

0.81%

3.57%

0.42

2.38

2005

0.04

0.11

1.68%

4.99%

0.96

3.50

2010

0.10

0.18

4.17%

7.62%

2.27

5.61

2016

0.05

0.27

2.27%

13.45%

1.34

8.47

6.2.4 Changes by age groups: cohort effects
To investigate potential generational differences in car ownership and car use and
their recent trends, trends among different adult age groups are examined. Figure 6.3
and Figure 6.4 show the changing trends in car ownership and car use, measured by
the share of trips by car, of different age groups. From the figures, it is clear that the
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paths of development among different age groups are similar to a large extent.
Consistent rising trends in car ownership can be identified for all age groups except
for the elderly over 60 whose car ownership slightly decreased from 2005 to 2010.
Also, car ownership is positively associated with age among working-age samples
(aged between 18 and 59). Detailed year-to-year changes and their t-test-based
significance levels are included in the Appendices. From there, it is clear that changes
of almost all age groups are positively significant.
Trends in car use of different age groups show two different patterns of growth,
mostly by working-age and non-working-age groups. For working-age groups (young
adults and middle-age groups), the level of car use has steadily increased. For nonworking-age groups (senior and elderly), the level of car use increased from 2000 to
2010 and slightly declined in 2016. In addition, Table 6.2 shows that the employed
group had a continued increase in car use and the ‘not employed’ group had a similar
trend with non-working-age groups. It indicates that the rise in car use, typically in
the most recent 6 years, is mostly driven by changes in commuting patterns. As
shown in Figure 6.1, there has been a rapid expansion in urban built-up areas in
Shenzhen for most of its history, which could have led to lengthened commuting
distance. Figure 6.5 largely confirms that, showing increases in distance between
home and workplace among all working-age groups. From the Appendices, it is clear
that most changes in both car use and home-work distance are significant based on ttest indicators.
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Figure 6.3 Trends in car ownership by age groups.
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Figure 6.4 Trends in the share of trips by car by age groups.
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Figure 6.5 Changes in home-work distance (in kilometers) by age groups (for
employed population).

6.2.5 Changes by birth cohorts: ageing effects
To account for the effects of growing old, or the ageing effects, of different
generations, changes in car ownership and car use among different birth cohorts over
the study period are examined, as shown in Figure 6.6 and 6.7 respectively. Here,
instead of years, x-axes denote the age brackets of respective cohorts in those years.
For example, the Post-90s were between 1 and 10 years old in 2000 and between 6
and 15 years old in 2005 and so forth. Because the last survey (2016) was not
conducted 5 years apart from the previous one, there is a one-year discrepancy in age
brackets between two consecutive cohorts (e.g. 16-25 years old in 2005 of the Post80s versus 17-26 years old in 2016 of the Post-90s). This disparity is ignored for the
consistency and ease of analysis.
From Figure 6.6, it is clear that most cohorts had increasing car ownership while
ageing. The downtrends of the Post-80s and the Post-90s from adolescence to early
adulthood are largely due to moving out of parents’ households and therefore losing
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access to their (if any) private cars. Another finding is that younger generations
experienced larger increase in car ownership than the immediately previous cohorts
during the same ageing period. This is, however, probably the result of a period effect
instead of different paths of ageing since that the rate of increase is mostly
comparable during a same time period (e.g. the Post-80s from 21-30 to 27-36 versus
the Post-70s from 31-40 to 37-46, which occurred both between 2010 and 2016).
Similarly, the trends in car use of different cohorts resemble those in ca ownership,
according to Figure 6.7. The youngest cohort, the Post-90s, has not shown prominent
changes in car use. Older generations mostly experienced visible increase in car use
as they aged. The plummeting in car use of the Post-50s during the last period is
largely due to the drastic drop in employment rate (from 81% to 16%) as they
gradually entered retirement ages. In all, results indicate that the effect of ageing is
largely consistent across adult age groups as prominent uptrends can be identified
during most adulthood stages. Also, it echoes the previous subsection that those in
similar ages at a later time period had higher level of ownership and use of cars.
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Figure 6.6 Trends in car ownership by cohorts.
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Figure 6.7 Trends in the share of trips by car by cohorts.

6.2.6 Discussions
From this part of the study, a prominent trend of rising auto-mobility can be
identified in the city of Shenzhen, a tier-one Chinese megacity. In parallel with a
massive growth in population, economic strength, and built-up areas, car ownership
and the level of car use increased significantly during the study period between 2000
and 2016. The concurrent trends of urban expansion and motorization echo some
western-based studies that indicated the effect of suburbanization on increasing car
dependence (Crane, 2000; Schwanen et al., 2001). The growth in car ownership may
be attributed to the joint effect of economic growth, urban development, and changes
in attitudes and preferences. Although information about attitudinal factors on cars is
not available, the increase in car use could be mainly the result of rising car
ownership instead of a more car-oriented lifestyles or favorable attitudes. Trends in
car ownership of different age groups are in a similar upward manner. Car use of the
working-age groups shows consistent increase while non-working-age groups
experienced a slight decrease during the last time period. Changes in car ownership
and car use of different cohorts are also rather consistent. Most cohorts had rising
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auto-mobility while ageing expect for the oldest cohort entering retirement ages.
Younger generations have a visibly larger increase than older ones during the same
age stages, though it is due to a period effect to a larger extent since changes
(typically in car ownership) of different cohorts during the same time periods (as
opposed to ages) are more similar.
Based on the results in this part, it appears that the increase in auto-mobility into the
foreseeable future is inevitable given the continued economic growth and urban
expansion. Official policies do play an important role in the Chinese context, as
shown in Figure 6.2 where car ownership growth drastically flattened after the
implementation of a restrictive measure in late 2014. Interestingly, the per capita car
use for car owners has also decreased in 2016 compared to that in 2010. Therefore,
the uninterrupted growth in car use for the full sample, at least after 2010, is mainly
due to rising car-owning population and not increasing enthusiasm to use cars. The
deteriorated road traffic may be a factor in the reduced car use by car owners, which
also motivated the restrictive measure by the government. From another perspective,
the expanding urban areas with decentralization in population led to increased
separation of homes and workplaces. Results here indicate that the lengthened
commuting of the employed workforce could be a contributing factor in the increase
in car use. These also echo results in Chapter 5 where home-work distance is found to
have a significant and positive effect on car use in all models. This trend of
suburbanization is rather pervasive in Chinese cities (Cervero and Day, 2008; Wang
et al., 2011b) and results here again highlight the importance of land use and urban
built environment in affecting travel behavior and auto-mobility.
A few limitations exist in the present study. First, as mentioned, information about
attitudes or other subjective measures related to cars is not available in these largescale surveys. Therefore, attitudinal effects are not accounted for. Second, data used
are from repeated cross-sectional surveys and are not panel data. This may introduce
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a certain level of bias, typically in examining the ageing effects of different cohorts as
the ageing process is not technically tracked over time. In addition, the single-day
travel diary may also lead to some uncertainty in car use measures. These two
drawbacks are remedied by the large sample sizes to some extent. But if panel data
and/or multi-day travel diaries could be made available, more precise and in-depth
analysis could be carried out. In addition, the analysis in this case study is mostly
descriptive in nature. More advanced statistical tools could be utilized in future
research to gain a more in-depth and decisive insight into the trends in auto-mobility
and their potential causes.

6.3

Generational Differences in Attitudes towards Cars

This part of the study aims at assessing the generational differences in attitudes
towards cars that are unaccounted for in the above case study, albeit in another study
area. The significance of attitudes on car ownership and car use is summarized in
Chapter 2. This part contributes to the literature by identifying varying evaluations on
cars by age groups or generations, typically between young adults and older
generations. Attitudinal factors are also linked to car ownership and car travel to
examine their interrelationships.

6.3.1 Study area and data
Beijing, the capital of China located in the North China Plain, is selected for our case
study. Among the largest and most densely populated cities in China and East Asia,
Beijing is home to around 20 million residents as of 2015 (Beijing Municipal Bureau
of Statistics, 2016) with 1401.01 square kilometers of built-up area (MOHURD,
2016). It is also one of the most economically advanced cities in the region with a
nominal GDP of around US$374 billion and a per capita GDP of US$ 17,795
(National Bureau of Statistics, 2016c). In addition, as a historically established city
with rapid urbanization in recent decades, both Beijing natives of several generations
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and first- or second-generation migrants are well-represented in the population. The
city is currently divided into 16 county-level districts with 6 urban, 6 inner suburban,
and 4 outer suburban (former rural) districts. With a typical monocentric spatial
structure, the urban area is carved up by a series of ring roads. Dongcheng and
Xicheng, located mostly within the second ring road, are the city center where most
central government agencies and a number of historical sites are located in. The other
urban districts, namely Haidian, Chaoyang, Fengtai, and Shijingshan, are mostly
located between the second and the fifth ring road. The six inner suburban districts
are connected through the sixth ring road and the four outer suburban districts were
once subordinate rural areas that have been recently upgraded to the district-level.
The geographical overview of Beijing is as shown in Figure 6.8.

Figure 6.8 Overview of Beijing.

122

Despite an advanced public transit and a historical dominance of bicycles before
rapid motorization (Zhao, 2014), the number of vehicles has been rapidly growing in
Beijing. The total number of passenger vehicles has reached 4.4 million in 2015
(Beijing Municipal Bureau of Statistics, 2016), making Beijing one of the most
motorized cities in China. Such a huge vehicle fleet has heavily intensified some
serious issues including congestion and air pollution and the administrators
introduced a series of restrictive measures to curb the growth of car ownership.
Beginning in 2010, the issuance of new vehicle plates is subject to a lottery system
where all applicants planning to purchase a car enter and are selected randomly for
the permission of vehicle registration. On top of that, a road space rationing policy
was introduced during the 2008 Olympics and basically remained effective since,
according to which vehicles are restricted to join the road traffic each day based on
the odd/even-ness of their plate numbers.
The data used to examine the generational differences in attitudes towards cars came
from a comprehensive interview survey conducted in Beijing, China during
September and November, 2016. The respondents were selected by multi-level
probability-proportional-to-size (PPS) sampling from all urban and inner-suburban
districts of Beijing, with sampling levels conforming to the territorial administrative
hierarchy. In the first level, the sample size in each district is in proportion to the total
number of households in that district; likewise, in the second level, the sample size in
each sub-district (jiedao) is in proportion to the total number of households in that
sub-district. A series of in-home interviews were conducted by door-to-door visits to
the selected households and a total number of 800 households with 1,884 individuals
aged 12 or above were successfully interviewed. This survey was designed to gather
comprehensive information on the respondents’ travel related characteristics.
Background information includes all major household and personal attributes.
Various questions regarding the respondents’ attitudes to, preferences about or
opinions on some related subjects were included. Evaluations were given by
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respondents based on a 5-level Likert scale from ‘strongly disagree’ to ‘strongly
agree’. A number of statements related to car use were presented to the respondents
and they responded with scores from 1 to 5, with 1 being ‘strongly disagree’ and 5
being ‘strongly agree’. These statements cover different aspects of attitudes towards
private cars. A list of included statements, translated to English, is given along with
the descriptive statistics of related variables in Table 6.3.
Table 6.3 Dimensions of attitudes towards cars and their basic statistics.
Variable coding

Statements

Mean

Std. deviation

V1

I like driving

3.60

0.91

V2

I need a car for daily routines

3.69

0.91

V3

It is inconvenient to commute without a car

3.63

1.00

V4

I think car travel is safer than walking

3.56

0.90

V5

I think car travel is safer than public transit

3.52

0.94

V6

I think car travel is safer than cycling

3.59

1.00

V7

For me, a car is a symbol of identity

3.44

0.97

V8

I drive just for fun

3.35

1.01

V9

I feel free and unrestricted when I drive

3.54

0.97

V10

No (or fewer) car(s) will not matter to us too much

3.42

1.04

V11

It does not matter to me what type of car that I use

3.54

0.94

V12

For me, driving is merely for the convenience of travel

3.59

0.92

Note: all evaluated from 1 to 5.

Various socio-demographical variables as well as travel diaries are also included. The
variable of age is categorical, coded from 1 to 7. Only household members aged 12 or
above were interviewed so the first category is ‘12 to 18 year-olds’ or, in others
words, pre-adulthood teenagers. The rest of the categories are incremental at a ten124

year interval, i.e. ‘19-29 year-olds’, ‘30-39 year-olds’, and so forth. The last two
categories, i.e. ‘60-69 year-olds’ ‘70 years old and above’, only make up less than 3%
of the sample population. As a result, these respondents are merged into the ‘50-59
year-olds’ category in present study, making it ‘50 years old and above’. The
distribution of adult age groups is as shown in Table 6.4. In the present study, only
adults are included in our analysis since they have relatively stable views on various
subjects and they usually make car and travel related decisions more independently.
Also, only adults could acquire driving license and legally drive in China. Thus the
sample size for analysis is 1,633.
Table 6.4 Distribution of age groups in both genders.
Age

Label

Male

Female

Total

19-29

Young adults

184 (22.49%)

219 (26.87%)

403 (24.68%)

30-39

Junior middle-age adults

284 (34.72%)

339 (41.60%)

623 (38.15%)

40-49

Senior middle-age adults

241 (29.46%)

171 (20.98%)

412 (25.23%)

50+

Senior and elderly

109 (13.33%)

86 (10.55%)

195 (11.94%)

Note: percentages in brackets

6.3.2 Methodology
As mentioned in Chapter 3, multiple-group CFA is applied in this study. In addition,
the issue of measurement invariance (MI) is addressed prior to the CFA modeling to
ensure a meaningful comparison across groups. Specifically, different classifications
of age group are tested for MI and Chi-square difference ( 𝛥𝜒 2 ) and degree of
freedom difference ( 𝛥𝑑𝑓 ) are used for statistical testing (Byrne et al., 1989).
Common indicators such as Chi-square, RMSEA, CFI, and TLI are adopted to
evaluate the goodness-of-fit of the CFA model.
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Based on previous literature on the psychological factors of private cars (Steg, 2005;
Lois and López-Sáez, 2009; Bergstad et al., 2011; Van et al., 2014) and the results
from exploratory factor analysis (as shown in the Appendices), the model structure is
designed to be as shown in Figure 6.9 (variable coding corresponds to that in Table
6.3). The instrumental factor reflects the utilitarian and practical aspects of private
cars, e.g. convenience, speed, and safety. The symbolic-affective factor relates to the
non-instrumental aspects, including identity, emotions, and feelings. The third factor,
named ‘entirely functional’ hereafter, indicates the extent to which one regards
automobiles exclusively as a mean of transport (as oppose to an item to express
identity or emotions). Here, the grouping variable is the age group category. Based on
this multiple group CFA model, the differences in attitudinal evaluations among
generations are identified in terms of the means and variations of the factors.

Figure 6.9 Model structure of multiple-group CFA.
After the modeling process, the factor scores of different age groups are correlated
with the car accessibility (ownership and license) and car travel (number and share of
car trips) to examine the varying associations between latent attitudes and observed
car-related variables across different age groups.

6.3.3 Descriptive analysis
The basic statistics of different attitudinal indicators are given in Table 6.3. As shown,
all items received positive ratings (mean value over 3). It is possibly, in part, due to
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the acquiescence bias of Likert scale questions that respondents tend to provide
neutral-to-positive answers to avoid actually answering or to appeal to the questioners
(Watson, 1992). The detailed distributions of all items by age groups are listed in the
Appendices. From there, it is also apparent that 3 (neutral) and 4 (agree) have much
higher percentages in almost all categories compared to either negative ones (1 and 2:
‘(strongly) disagree’) or extreme ones (1 and 5: ‘strongly (dis)agree’).
Nonetheless, some differences could be identified among different age groups. Based
on Chi-square statistics (in Figure a6.1-a6.12 of the Appendices), all items except
V10 (‘No (or fewer) car(s) will not matter to us too much’) show significantly
different distributions in ratings among age groups. Figure 6.10 below demonstrates
how different age groups rate various dimensions of the attitudinal factors. Here,
codes on the x-axis correspond to the variable coding in Table 6.3 and Table a6.4 (in
Appendices). From Figure 6.10, it is clear that middle-age adults in their 30s and 40s
have higher ratings on most items compared to young and senior adults. More
specifically, the middle-age groups evaluate the utility-related aspects (V2: ‘I need a
car for daily routines’ and V3: ‘It is inconvenient to commute without a car’) the
most positively and also much higher than the other groups do. They also have higher
assessments on the non-instrumental factors including V7 (‘symbol of identity’) and
V9 (‘feeling of freedom’). V8 (‘driving for fun’) is an exception where all groups rate
less positively than they do for other items, though the middle-age groups still
outperform slightly. It indicates that, in the context of Beijing, people have not yet
associated much of the affective benefits with car use, compared to other
functionalities of private cars.
On the contrary, senior adults evaluate almost all items less positively. Typically,
senior adults do not view cars as a safer mode to travel as much as the younger
generations do. The mean rating of the relative safety against public transit (V5) is
exceptional low for senior adults and the comparatively higher ratings for the other
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two safety-related items (V4 and V6) against active modes (walking and cycling)
may be attributed to the physical constraints of the elderly to conduct active traveling.
Young adults evaluate most indicators slightly above those by seniors but less
favorably than middle-age adults do. They have the lowest ratings to the item for
‘symbol of identity’ (V7) and they also have less favorable evaluations on most
indicators of instrumental and affective functions of cars. Interestingly, young adults
are the least in agreement with the statements about cars exclusively as transport tools
(V11 and V12). It indicates, while young adults have less favorable attitudes than
middle-age adults in both instrumental and symbolic-affective aspects, the ‘relative’
importance of symbolic-affective attachment, against instrumental factors, may
actually be higher for them.

Figure 6.10 Average ratings on all items by age groups.
Car accessibility and car use of different age groups are as shown in Figure 6.11 and
Figure 6.12. Young adults are shown to have the lowest levels of car accessibility and
car use. They have the lowest car ownership and the percentage of driving license
holders is only higher than that of senior adults (those aged 70 or above are not
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eligible to drive). Young adults also have the lowest level of car use by all measures.
Middle-age adults travel substantially by car more than young adults do. Also, they
have the highest percentage of car commuters. These results are largely consistent
with the western studies in which young adults were found less dependent on cars
(Noble, 2005; Metz, 2010; Delbosc and Currie, 2013).
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Figure 6.11 Car accessibility by age groups.
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Figure 6.12 Car use by age groups.
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6.3.4 Generational differences in attitudes
Four sets of group divisions are tested for measurement invariance, as shown in Table
6.5. There are three 3-group settings and the original 4-group setting (same as Table
6.4). Table 6.5 also shows the result of configural invariance testing. All
unconstrained models are acceptable with the first one performing slightly better.
Therefore, configural invariance is considered to be established. Results of invariance
testing at next levels are as shown in Table 6.6. It is clear that only the model based
on the first group setting could be considered invariant, though it also fails the strict
invariance which is not required for cross-group comparisons (Little and Slegers,
2005). Therefore, the multiple-group CFA is developed based on this setting and the
mean factor scores of different groups can be compared directly with built-in
statistical testing. The distinction between the two combined groups, i.e. ’40-49’ and
‘50+’, could be done by calculating individual factor scores and comparing the means
in follow-up analysis.
Table 6.5 Group settings and configural invariance testing results.
No.

1

2

3

4

Group division

19-29;
30-39;
40+

19-39;
40-49;
50+

19-29;
30-49;
50+

19-29;
30-39;
40-49;
50-59;

Chi-square (df)

231.112 (153)

269.116 (153)

277.493 (153)

331.857 (204)

RMSEA

0.045

0.051

0.051

0.052

CFI

0.968

0.960

0.958

0.955

TLI

0.942

0.928

0.927

0.925

SRMR

0.035

0.037

0.038

0.040
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Table 6.6 Test results of measurement invariance.
No.

1

2

3

4

Metric

33.340 (24)

51.948** (24)

66.300** (24)

70.457** (36)

Scalar

35.466 (24)

42.863** (24)

52.409** (24)

64.274** (36)

Strict

37.213* (24)

72.664** (24)

72.380** (24)

92.020** (36)

*significant at the 0.05 level
**significant at the 0.01 level

Multiple-group modeling results are as shown in Table 6.7 and Table 6.8. From Table
6.7, all loadings and intercepts are statistically significant. Residual variances are also
significant but are not included since they are non-invariant (i.e. varying across
groups). More importantly, Table 6.8 shows how different groups differ in their
evaluations on the three factors. Here, the factor means of the first group (young
adults) are fixed at 0 and used as references. Consistent with the descriptive statistics,
middle-age adults in their 30s have significantly more favorable evaluations on all
fronts. They evaluate the instrumental and symbolic-affective aspects of private cars
more positively than young adults do but they also value the relative importance of
instrumental functions over non-instrumental benefits to a larger extent. The
insignificant means of instrumental and symbolic-affective factors of the third group
are largely caused by the combination of the ‘40-49’ and the ‘50+’ group. According
to the descriptive statistics (Figure 6.10), the ‘40-49’ group has higher ratings than
young adults while the ‘50+’ group has similar and sometimes lower ratings on
relevant indicators of these two factors. Thus the factor evaluations of these two
original groups may be canceled out in the multiple-group model when combined.
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Table 6.7 Multiple-group CFA model results: measurement model.
Factor

Instrumental

Item

V1

V2

V3

V4

V5

V6

Loading

1

0.953**

1.042**

1.030**

1.106**

1.111**

Intercept

3.530**

3.621**

3.559**

3.488**

3.442**

3.511**

Factor

Symbolic-affective

Entirely functional

Item

V7

V8

V9

V10

V11

V12

Loading

1

1.272**

1.201**

0.871**

1

0.907**

Intercept

3.385**

3.271**

3.471**

3.368**

3.447**

3.511**

**significant at the 0.01 level

Table 6.8 Cross-group comparison of factors.
Mean

Variance

Factor / age group

19-29

30-39

40+

19-29

30-39

40+

Instrumental

01

0.128**

0.055

0.283**

0.277**

0.331**

Symbolic-affective

01

0.102**

0.054

0.247**

0.282**

0.322**

Entirely functional

01

0.112*

0.146**

0.257**

0.428**

0.401**

Note: 1 fixed at 0
*significant at the 0.05 level
**significant at the 0.01 level

In order to further distinguish the attitudinal evaluations among the four age groups,
individual factor scores are calculated and compared across age groups. Figure 6.13
shows the results. As expected, in comparison to young adults, the two middle-age
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groups have more favorable evaluations on all three factors. The senior/elderly group
has less favorable ratings on instrumental and symbolic-affective factors than young
adults, although not by much. This group also has the highest evaluation on the
‘entirely functional’ factor. In addition, as shown in Table a6.5 in the Appendices, the
differences in average factor scores are all significant between the two middle-age
groups and young adults. The only significant difference between young adults and
senior/elderly is in the ‘entirely functional’ factor while the senior/elderly group
differs from the middle-age groups in the first two factors. The two middle-age
groups are mostly homogeneous in their attitudinal evaluations on cars.
0.20
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Instrumental
Symbolic-affective
Entirely functional

0.10

0.05

0.00
20-29

30-39

40-49

50+

-0.05

Figure 6.13 Average factor scores by age group.
In summary, results here suggest that young adults have less favorable evaluations on
private cars, both in instrumental and symbolic-affective aspects, compared to two
previous generations. It actually contradicts some previous studies that reported
higher evaluations by young adults, especially on non-instrumental factors (e.g. Steg,
2005; Lois and López-Sáez, 2009). Their findings resulted from simple comparisons
among age groups without accounting for measurement invariance, which could have
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introduced some bias. It could also due to cultural differences between eastern and
western societies (Van and Fujii, 2011). A study based on South-East Asian cities
reported that age has no significant effects on psychological factors (Le Loo et al.,
2015). A Chinese based study suggested that Chinese students had strong and
planned intentions for car ownership (Zhu et al., 2012) but they did not conduct
comparative analysis across generations. Instead, findings in the present study echo
the ‘peak car’ literature indicating that the attractiveness of cars is declining among
younger generations (Kuhnimhof et al., 2012a; Sivak and Schoettle, 2012).

6.3.5 Linking attitudes to auto-mobility
Factor scores are linked to car ownership and car use indicators to examine the
associations between attitudes and behavior about private cars. Table 6.9 shows the
correlations between attitudinal factors and behavioral variables. Generally,
attitudinal factors are not closely correlated with car ownership and car use. For the
full sample, instrumental and symbolic-affective factors are significantly correlated
with car ownership and driving license possession. The instrumental factor is also
significantly associated with the share of trips by car on weekdays. The share of trips
by car on weekends, on the other hand, is negatively correlated with the ‘entirely
functional’ factor. In other words, the more one treats private cars only as means for
transport, the less he/she uses them on weekends. However, in subgroup analysis,
attitudes are mostly not significant correlates of car ownership or car use. For young
adults, attitudinal factors are insignificant in their relationship with car ownership and
only instrumental factor shows significant association with license possession.
Similarly, those in their 30s basically have insignificant correlations between
attitudes and auto-mobility. Car ownership is significantly correlated with
instrumental and symbolic-affective factors for those aged 40 or older. Car use on
weekdays is only significantly correlated with attitudes for the senior/elderly group.
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Table 6.9 Correlations between attitudinal factors and car ownership/car use.
Age group

Total

19-29

30-39

40-49

50+

Factor

Car
ownership

Driving
license

% of car trips
(weekday)

% of car trips
(weekend)

Commuting
by car

I

0.092**

0.127**

0.059*

-0.002

0.001

S

0.065**

0.087**

0.029

-0.005

-0.003

E

0.021

0.017

-0.005

-0.057*

-0.018

I

-0.007

0.121*

-0.012

-0.068

-0.047

S

-0.038

0.075

-0.038

-0.062

-0.058

E

-0.075

0.020

-0.067

-0.125*

-0.088#

I

0.026

0.032

0.048

-0.027

0.007

S

0.017

-0.012

0.020

0.002

0.020

E

-0.004

-0.013

-0.006

-0.074#

0.000

I

0.126*

0.013

-0.037

-0.018

-0.101*

S

0.118*

0.012

-0.062

-0.044

-0.111*

E

0.067

-0.017

-0.071

-0.056

-0.123*

I

0.261**

0.345**

0.241**

0.160*

0.204*

S

0.168*

0.298**

0.200**

0.100

0.171#

E

-0.049

0.066

0.080

-0.002

0.082

Note: I: Instrumental; S: Symbolic-affective; E: Entirely functional
#significant at the 0.1 level
*significant at the 0.05 level
**significant at the 0.01 level

In all, results indicate that attitudinal factors are not typically significant correlates of
auto-mobility, especially car use. Results contradict some previous studies (e.g. Steg,
2005; Lois and López-Sáez, 2009; Sigurdardottir et al., 2013) who reported
significant effect of psychological factors on car use or car purchase intention. Some
studies also found insignificant effects of attitudes on car use (He and Thøgersen,
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2017) or motivations to purchase cars (Belgiawan et al., 2016). Although the singleday travel survey that generated the data may have introduced some uncertainty in
measuring short-term car use, results suggest that attitudinal factors are not typically
relevant with travel behavior by car and other factors may play more important roles,
which is actually consistent with a recent study (Kroesen et al., 2017).

6.3.6 Discussions
The present study examines the generational differences in attitudes towards private
cars. A multiple-group analysis framework is applied with the concept of
measurement invariance for cross-group comparison. Theoretical frameworks of
psychological factors on private cars from previous studies (e.g. Steg and Tertoolen,
1999; Steg, 2005; Lois and López-Sáez, 2009) are partly adopted for the purposes of
this study. Models are developed based on both previous literature and exploratory
analysis to the data and empirical analysis is conducted in Beijing, China.
Results generally show that young adults have a lower level of auto-mobility
represented by the possession of car and/or driving license as well as the average
number and percentage of trips made by car, which echoes the findings in western
based studies (e.g. Noble, 2005; Metz, 2010; Delbosc and Currie, 2013; Van der
Waard et al, 2013) where younger generations are less car dependent. As many have
argued in the ‘peak car’ debate, the decrease in car use could not be attributed to
economic factors alone (Metz, 2010; Millard-Ball and Schipper, 2011) and shifts in
lifestyles and attitudes may have exerted more influence (Delbosc and Currie, 2013;
Lyons, 2015; van Wee, 2015; McDonald, 2015). Results in this study suggest that, in
the context of Beijing, young adults show less favorable attitudes towards cars. Their
level of appraisal to car ownership and car use is similar to that of the senior/elderly
generation and is visibly lower than that of the middle-age groups. The multiplegroup CFA model also show that young adults have significantly lower evaluations
on both the instrumental and symbolic-affective factors than middle-age generations
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do, which is inconsistent with some previous studies (e.g. Steg, 2005; Lois and
López-Sáez, 2009) but echoes the ‘peak car’ literature suggesting declining
attractiveness of cars among younger generations (Kuhnimhof et al., 2012a; Sivak
and Schoettle, 2012). It also highlights the importance of broadening the research
context because of the different development stages and social norms between
western and eastern societies (Van and Fujii, 2011). Attitudinal factors are found to
be insignificantly associated with car use in most cases and only partly correlated
with car ownership and license possession.
There are some possible generational characteristics that may have contributed to
their differences in attitudes towards cars. Elderly and senior adults mostly grew up
during the pre-reform era in China. They are used to the daily travel routines by nonmotorized modes and have not experienced the motorization process during their
early adulthood. Therefore, they may have not developed habits of using cars and
have had limited affections to them. Middle-age adults, on the other hand, grew up
during the transformative period. Many of them have the memory of going places by
bike or on foot and, at the same time, experienced the enhanced mobility by the
proliferation of private cars. As a result, their evaluations on private cars are more
favorable than their predecessors. On the contrary, young adults are mostly born after
the beginning of economic reform. They are more used to motorized travel just as
their grandparents are used to cycling. They may not feel the rising mobility because
of private cars as middle-age adults do. Instead, the worsened traffic and air quality in
recent years may have left a negative impression of cars on them. On top of that, the
expansion of public transport, especially rail networks, provides a competitive
alternative. Accordingly, young adults hold a less favorable attitudes towards cars
than middle-age adults do.
There are some implications in the present study for policy targeting the reduction of
car dependency. First, the lower level of car use and license holding among young
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adults provide a hint about the possibility of reducing auto-dependency of younger
generations. More importantly, unlike current car ownership and car use which could
be temporarily limited by economic powers or life-course stages, attitudinal
evaluations on private cars of young adults are also significantly less favorable than
those of previous generations. Although situation may vary case to case and could
still change, findings in the present study show an optimistic sign that, in a rapidly
developing society with surging car ownership, the future of car related problems
may turn out to be less severe than many of the dire predictions. Although the level of
motorization is most likely to continue rising in China, the lower enthusiasm
exhibited by young adults indicates that they could be encouraged by proper policies
to develop a ‘non-car lifestyle’, as argued by Metz (2013).
There are some limitations of the current study that should be addressed in future
research. First of all, the cross-sectional nature of our data prohibits a more decisive
exploration on the causal relationships between attitudes and behavior. Also, the lack
of panel data limits the scope of analysis to the differences among age groups, i.e. the
analysis of cohort effects, while the changes in attitudes of the same subjects over
time (aging effects) could not be detected. This is forth looking into since various
studies have documented the important role of life-course events in shaping ones’
attitudes and behaviors (Prillwitz et al., 2006; Lanzendorf, 2010; Oakil et al., 2014).
Finally, in-depth qualitative interviews and analyses could remedy the inherent
acquiescence bias of Likert scale surveys (Watson, 1992) to a large extent and also
provide new perspectives on the attitudes to automobiles and their influences on the
decisions about car ownership and use.

6.4

Conclusions

This study explores the inter-generational differences in car ownership, car use, and
attitudes towards cars. It consists of two case studies in Chinese megacities. The first
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one concerns the recent trends in car ownership and car use in Shenzhen, a young and
rapidly growing city in southern China. Leveraging large-scale travel survey data,
this case study examines the changes in auto-mobility across a 16-year time period
and the varying trends of different age groups and birth cohorts. The second case is
conducted in Beijing, the capital of China, and the focus is on the generational
differences in attitudes towards private cars. Applying multiple-group analysis,
varying evaluations on cars by different generations are identified and compared.
Results show that the level of auto-mobility in major Chinese cities has increased
tremendously both in terms of ownership and usage. The soaring auto-mobility is
accompanied by massive urban expansion in both population and built-up areas. This
concurrent trend suggests the significant effect of suburbanization and expansion on
rising car dependence which has been documented in western based literature (Crane,
2000; Schwanen et al., 2001). Car ownership growth could be attributed to the joint
effect of economic growth, urban development, and the undetected shifts in attitudes
and preference that are partly brought about by the developments. The increase in car
use appears to be mainly the result of car ownership growth instead of rising caroriented attitudes. All major age groups exhibit upward trends in auto-mobility and
most cohorts show increases while ageing except for the Post-90s during early
adulthood (leaving parents’ households) or the Post-50s entering retirement ages.
Results from the second case study show that young adults have both lower car
ownership and car use, consistent with the ‘peak car’ literature in the west (Delbosc
and Currie, 2013; Van der Waard et al, 2013; Kuhnimhof et al., 2012a; Sivak and
Schoettle, 2012). Also echoing some studies that argue the importance of attitudes,
preference, and lifestyle (Delbosc and Currie, 2013; Lyons, 2015; van Wee, 2015;
McDonald, 2015), findings in this study show that young adults have less
appreciation of private cars than middle-age adults do both in terms of instrumental
and symbolic-affective aspects.
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Based on the findings in this study, a double-sided outlook about the auto-mobility in
China is suggested. On the one hand, the level of car ownership and car use is most
likely to continue growing in Chinese cities. Although the per capita measures about
car ownership and car use in China are still relatively low compared to western
countries, the sheer population density in many large cities makes future
transportation unsustainable, if not already today, if car mobility increase keeps at the
current pace. It is argued that reducing the amount of cars is the most effective
measure to alleviate the negative impacts (Matsumoto et al., 2012), which largely
justifies the restrictive measures introduced to curb automobile ownership growth by
a number of local governments in China (He and Thøgersen, 2017). Results here also
show that institutional factors do matter in the Chinese context, as shown in Figure
6.2 where car ownership increase in Shenzhen substantially slowed down after the
introduction of license plate rationing in late 2014. On the other hand, the
comparatively less favorable attitudes to cars demonstrated by young adults indicate
the possibility to leverage this attitudinal trend to at least mitigate future growth in car
dependence. As pointed out by Metz (2013), young adults could be encouraged by
proper policies to develop a ‘non-car lifestyle’. Young adults in the sample of this
study exhibit lower enthusiasm towards car ownership and car use, which could be a
somewhat positive sign for planners and administrators to deal with problems from
automobiles in the future. Proper policy measures including investment in public
transit and land-use planning have the potential to alleviate the car-related issues.
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Chapter 7
7.1

Summary and Discussions

Summary

It is important to gain a comprehensive understanding on the dynamics of travel
behavior, both for the academic research on human mobility and for the planning and
management practices. In recent years, much research attention has been made to the
trends in travel demand and car use in industrialized countries and a stagnant or even
declining trend is observed in many cases. In contrast to the development in the
developed world, many cities in developing countries such as China are experiencing
massive urbanization and motorization. Therefore, it is of great value to assess the
recent trends in travel characteristics against this rapid development. This study
intends to extend the research on travel behavior to the investigation of the intergenerational changes in the Chinese context. To this end, several research questions
have been raised in the first chapter, as listed below.
1.

How has activity-travel behavior changed that are independent of the

socioeconomic influence in the recent decade?
2.

How have urban built environment and its effects on travel behavior evolved

in the context of rapid urban development?
3.

What are the recent trends in car ownership and car use with massive

motorization in large cities and how have the trends emerged for different generations?
4.

Are there prominent generational differences in their attitudes towards cars

and what are the implications of such differences?
Several case studies with varying yet related thematic topics are conducted to address
these research questions. Different aspects of changing trends or generational
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differences in the domain of travel behavior research are examined including travel
behavior, auto-mobility, attitudinal evaluations, and built environment impacts. The
cases of Chinese cities serve as alternatives to those in the developed world in that
they have distinctly different features including urban form, car ownership, and also
culture and social norms.
A number of studies related to the subjects of interest in the research questions are
first reviewed in Chapter 2, followed by the research framework and specific research
approaches in Chapter 3. After the first three chapters, the three case studies are
elaborated on in the following three chapters to answer the research questions. The
three case studies explore different aspects of the inter-generational changes in
activity-travel behavior and auto-mobility. They are interconnected by the common
theme of investigating temporal changes in long-term periods and identifying
generational changes/differences in behavioral and attitudinal traits.
Chapter 4 elaborates on the inter-generational changes in activity-travel behavior in
an advanced city with dominant public transport systems. It addresses the first
research question by leveraging and analyzing two large-scale datasets collected a
decade apart by the Hong Kong Government to identify the inter-generational
changes in activity-travel behavior that are independent of the socioeconomic trends.
Results suggest that, after controlling for external confounders, recent trends in Hong
Kong show a surprisingly high level of resemblance to those in some developed
countries (e.g. Millard-Ball and Schipper, 2011; Kuhnimhof et al., 2012a; Kuhnimhof
et al., 2012b) even though the car ownership level is much lower. Specifically,
household car ownership has dropped after matching, indicating a lowering
enthusiasm towards owning cars. At the individual level, the percentage of driving
license holders has also declined. Moreover, travel demand also shows signs of
decline after matching, both measured by trip frequencies and travel time. In terms of
the less-focused activity time allocation, a shift of time from home to out-of-home
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activities is observed but the change is mainly due to the increase in schoolwork for
the students. Empirical evidence from this study indicates that the level of car
ownership and daily travel in Hong Kong with a low car ownership may have also
been approaching stagnation.
To answer the second research question, Chapter 5 presents the case study on the
dynamic interrelationships between built environment and travel behavior over time,
in the context of rapid urban development. With multiple large-scale travel survey
datasets spanning across 16 years in Shenzhen, a growing Chinese megacity, this
study identifies the concurrent trends in urban expansion and travel behavior. As
shown in this chapter, the scale of the city has grown dramatically both in terms of
population and built-up area during the last decade. Spatial relations between jobs
and housing have moved towards imbalance and the travel time and distance have
increased as well. In regard to the interrelationships between built environment, car
ownership, and travel behavior, significant changes have also occurred. Some effects
have intensified (e.g. transport accessibility on travel time), some influence has
narrowed down (e.g. home/car ownership on trip frequency), while others fluctuated
or remained stable. Results indicate that daily travel and car ownership have
increased significantly in this major Chinese, which is in contrast to the saturating
trends in the west and also the findings in Chapter 4 but similar to findings in other
Asian cities (e.g. Susilo and Kitamura, 2008; Feng et al., 2013). This study also
highlights the important role of built environment in shaping travel characteristics
and the prominent dynamic in their interactions.
Chapter 6 elaborates on the case studies focusing on the third and the last research
questions. This chapter targets the behavioral and attitudinal characteristics related to
private cars and their changes over time and between generations. This chapter is
composed of two case studies: the first examines the inter-generational changes in
auto-mobility in Shenzhen, with the same datasets used in Chapter 5; the second
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identifies the generational differences in attitudes towards cars using a travel survey
dataset recently collected in Beijing with self-reported attitudinal evaluations. Results
show that, against the background of fast urban growth, auto-mobility has risen
significantly in recent years both in terms of car ownership and car use. The
simultaneous trends of urban expansion and car growth echo the findings in some
previous studies (e.g. Crane, 2000; Schwanen et al., 2001) and the multifaceted
causes of the trends are not yet decisively recognized. Despite the undetected
influence of attitudes and preferences, the rise in car use is more likely to be driven
by the growth in car ownership since the level of car use for (non-)car owners stayed
relatively stable. Expanded commuting may also be a determinant as employed
workers show more prominent increase in car use. Different age groups and birth
cohorts exhibited relatively consistent changes in their auto-mobility with general
upward trends at similar rates which suggests that period effects during the time span
played a more influential role. In terms of the generational differences in attitudes
towards cars, young adults are found to have a less favorable evaluations than
middle-age groups while the elderly holds the least positive views, once again
echoing the ‘peak car’ literature (Delbosc and Currie, 2013; Van der Waard et al,
2013; Kuhnimhof et al., 2012a; Sivak and Schoettle, 2012). Based on the studies that
argue the importance of attitudinal factors on future car use (Delbosc and Currie,
2013; Lyons, 2015; van Wee, 2015; McDonald, 2015), young adults may be able to
develop less car-oriented lifestyles than those of some older generations, which
would immensely benefit future transportation.

7.2

Discussions

This thesis examines the inter-generational changes in activity-travel behavior with
several empirical studies. Findings from these case studies contribute to the travel
behavior literature by providing alternative evidence about the recent trends in travel
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characteristics in the context of lower car dependence and/or rapid urbanization. At
the same time, they also have some policy implications that are worthy of discussion.

7.2.1 Linking to current literature
First of all, this study contributes to the current debates on the ‘peak car’ and ‘peak
travel’ phenomena. The first case study suggests that the occurrence of saturation is
not limited to the car-dependent cities in the west but rather may have spread out to
places with low car ownership. In addition, the controlled and matched results
support the argument that socioeconomic factors are not the only influential
determinants on the changes (Puentes and Tomer, 2008; Metz, 2010; Millard-Ball
and Schipper, 2011) and other latent influences are in effect such as attitudes and
lifestyles (Lyons, 2015; van Wee, 2015; McDonald, 2015). The second study shows
that, in the context of fast urban development, travel cost in time and spatial
displacement and car use have all increased significantly. It highlights the
significance of built environment on travel behavior, which is missing in the existing
‘peak car’ debate. Findings also echo the observations in the ‘peak car’ research that
the saturation in car use often took place in parallel with revived urban cores (Noble,
2005; Newman and Kenworthy, 2011; Headicar, 2013). These two case studies also
demonstrate the opposite paths in two geographically adjacent cities with different
development histories and urban environment. The third case study resonates with the
second one in that it shows how auto-mobility has risen in a Chinese megacity for
practically all cohorts and age groups. Findings about the generational differences in
attitudes, however, deliver a somewhat positive tone that young adults hold less
favorable views on private cars than some older generations, which also echo some
findings in the ‘peak car’ literature (Delbosc and Currie, 2013; Van der Waard et al,
2013; Kuhnimhof et al., 2012a; Sivak and Schoettle, 2012). In all, these studies
suggest that the possible saturation in car use and travel is closely related to the
development stage of urban areas and the level of car ownership.
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On the other hand, this thesis also contributes to the literature on the dynamic travel
behavior in the Chinese context or, more broadly, in non-western contexts. To the
best of the author’s knowledge, little attention has been paid to the longitudinal
changes in travel behavior and auto-mobility in China. Case studies in this thesis
provide the relatively rare evidence about the recent changes as well as the possible
contributing factors to those changes. Specifically, the first case study shows how
activity-travel behavior evolved in recent years in Hong Kong, a developed Chinese
city with advanced public transit systems and car ownership under control. In
addition, it explores the changes in activity time allocation, which has received little
research attention in the Chinese context (Wang and Zhou, 2017). The second case
study examines the dynamic interrelationships between built environment and travel
behavior in a fast-growing Chinese city with a longitudinal design, which is also
under-researched typically in the Chinese context despite the massive transformation
of urban environment (Wang and Zhou, 2017). Results show that travel behavior and
the effects of built environment changed significantly during the urban expansion.
The third case study extends the analysis to the inter-generational changes in automobility. In particular, cohort analysis is applied to examine the changes in car
ownership and car use by age groups and birth cohorts. Moreover, this study explores
the attitudinal factors on private cars and adds to the current literature by showing
how different generations in Chinese cities evaluate private cars for both functional
and psychological aspects.
Methodologically, this thesis highlights the importance of disaggregate approaches
and a cohort analysis framework. In the ‘peak car’ debate, the overwhelming majority
of the studies examining long-term trends were conducted at the aggregate level,
using per capita car use or travel demand as indicators of interest. The disaggregate
approach contributes to the existing literature with more in-depth analysis on the
potential driving forces behind the observed changes in travel behavior. It also
presents a more accurate depiction of the changes by unmasking interpersonal
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heterogeneity in travel behavior changes as well as shifts in other dimensions. While
authentic panel data are not available, large-scale repeated cross-sectional data
provide a plausible alternative to analyze the trends at personal levels. Also, the use
of proper statistical mechanism would facilitate the control of confounding factors
when attempting to identify effects of more latent factors. Propensity score matching
mainly serves to this end. Structural equation modeling then helps to establish
complex relationships and makes cross-sample comparisons possible. Multiple-group
analysis contributes to the comparative analysis on attitudes (or other latent factors)
across different (age) groups. The comprehensive investigation on the different types
of effects in the cohort analysis contributes to a more in-depth understanding of the
inter-generational changes in travel behavior and motorization.

7.2.2 Implications on policy making
In addition to the contribution to existing literature, some policy implications could
be raised based on the results in these case studies. One of them is the importance of
instructional factors in affecting travel-related decisions, or more specifically, carrelated choices. Although in different forms, governments in Hong Kong and
Mainland large cities have all introduced certain policies with the purpose of limiting
growth in car ownership and dependence. Findings in the case studies suggest that
these measures could have significant impact on the decisions about private cars and
travel behavior in general. In addition, it is suggested that some latent factors,
including attitudes and preferences, could exert prominent influence on the long-term
trends in activity-travel behavior and should be explicitly addressed.
In terms of some more specific policy implications in different contexts, situations
differ mainly between Hong Kong and Mainland cities. For the case of Hong Kong,
the general approach of the Hong Kong Government to tackling car-related problems
has always been focused on limiting car ownership. Taxation, both on vehicle and
fuel, is the main part of the policies and it is rather successful in controlling vehicle
147

fleet growth. Results in Chapter 4 indicate that the level of motorized travel and car
use has not increased during the recent decade and it shows signs of decline when
socioeconomic factors are controlled for. While the policy limiting car ownership and
the hyper dense urban form may have contributed to the non-increasing trends, rising
economic burdens and shifting lifestyles or attitudes may have also played important
roles. It is recommended that Hong Kong continue its policies in maintaining the car
ownership level and expanding public transit by both rail and buses. In terms of land
use, the development of New Towns should be accompanied by improvement of
public transit in the areas and jobs could be decentralized to a certain extent to ease
the burden of long-distance commuting.
Policies in Mainland China concerning car ownership control, on the other hand, have
only be proposed and implemented in recent years. Unlike Hong Kong, megacities in
the Mainland often come up with restrictive measures directly targeting car purchase
(via licensure) and car use (via plate rationing). While they may appear to be a ‘last
resort’, their effectiveness (and necessity) is evident. Moreover, it is suggested in this
study that measures about built environment may have mixed outcomes. While
transport accessibility is found to have significant (and increasing) effects on saving
travel time, land use balance appears not effective in reducing travel demand or car
use. The expanded urban space and the imbalanced jobs-housing relationships largely
negate the benefits of land use policies and transport provisions and it seems the
travel behavior is set to grow in the future as cities continue to expand and even form
clustered metropolitan areas (‘城市群’, or city clusters). While the increase is likely
inevitable, appropriate measures, e.g. transit oriented development or compact design,
could still alleviate some of the problems to some extent. Development of highquality public transit systems should remain a priority of the local governments as an
effective measure to tackle traffic-related problems. Policy interventions in restricting
car purchase should remain in megacities while complimented by other less forceful
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measures on car use (e.g. road pricing). In addition, it has been suggested in the
literature that the rise of Internet and mobile devices could change the behavior and
lifestyles which then affect activity-travel patterns (McDonald, 2015; Metz, 2013;
Lyons, 2015; van Wee, 2015). In China, the growth in e-commerce and, more
recently, mobile payment and shared mobility (e.g. ridesharing and bike-sharing)
could help addressing the increasing auto-mobility, as also suggested in the western
context (McDonald, 2015). Policies should encourage and regulate these emerging
technologies and their applications in daily lives.
Lastly, results also suggest that the attitudes and preferences of younger generations
should be emphasized on because their travel behavior and car use would basically
define future urban transportation. They do show lower enthusiasm towards cars and
also lower level of car dependence in daily travel, as least in this study case, but how
their attitudes and behavior may evolve is still largely inconclusive. Nonetheless,
findings indicate that young people could be encouraged by policies promoting carless lifestyles (Metz, 2013). Related to the findings about young peoples’ attitudes,
the per capita car use of car owners has declined in recent years in Shenzhen, which
also suggests the attractiveness of using cars may have stagnated, possibly due to the
deteriorated road traffic conditions. Together, these findings indicate a possible shift
in latent factors that could affect auto-mobility in the future. Policymakers and
planners should pay more attention to the changes in behavior and attitudes of young
people in order to adjust for various scenarios in the future.

7.3

Limitations and Future Work

Lastly but not least, this section summarizes the limitations of the current study and
proposes some directions for future research.
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While the case studies in this thesis provide abundant empirical evidence, a more
integrated analysis is still to be developed. Although their topics are mostly
connected, data constraints and research/modeling design prohibited a more unified
research framework. At the same time, to examine different aspects of the behavioral
traits, cases in this study focused on different attributes of the activity-travel behavior
and/or auto-mobility. While analyses with specific emphases delivered some
insightful findings, investigating similar characteristics across different study areas
may also be of great value. Also due to the data constraints, analyses are mostly
based on (repeated) cross-sectional observations instead of panel data. While panel
data are difficult to collect especially at large scales, analyzing such data would
provide more in-depth and decisive conclusions. In addition, the single-day travel
diaries that the data came from might have introduced some biases. Again, the large
sample sizes could remedy this drawback but if large-scale multiple-day survey data
could be made available, research findings could become more reliable. The repeated
cross-sectional data are also several years apart which limit the temporal resolution of
analysis. Understandably, the onerous task of collecting large-scale data hinders more
frequent collections. In addition, the modeling approaches adopted in these studies
could be further developed. While they generally suit well to the research objectives
raised in the thesis, there are also some limitations to their applications. For instance,
PSM as a control mechanism is not capable of accounting for unobserved
confounders. The cross-sectional SEMs, mainly limited by data availability, could not
effectively address the residential self-selection without appropriate additional
variables as mentioned above. The current analysis on the inter-generational changes
in car ownership and car use relies mostly on descriptive analysis and basic statistical
testing, which hinders a more in-depth understanding.
Besides the abovementioned limitations of the current study, some research agendas
are worth exploring in the future. First of all, this study builds on a quantitative
research design and the objective attributes (behavior) as well as the subjective
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indicators (attitudes) are self-reported in numerical values and quantitatively analyzed.
In-depth qualitative interviews and research could contribute to a better
understanding on the inter-generational differences in travel behavior and attitudes. In
addition, the present study mainly identifies the inter-generational changes and recent
trends in travel behavior and relates them to the evolving urban environment. Future
studies could pay more attention to the differences in cultural and social norms in
China compared to other countries to reflect on the latent impacts. Finally, mobility
big data such as GPS traces, mobile phone tracking data, and transit card transactions
has been increasingly utilized in the domain of human mobility and urban geography
(González et al., 2008; Song et al., 2010; Zhou et al., 2016; Yue et al., 2017; Chen et
al., 2017). Future research could extend to the analysis on these large-scale mobility
data to identify changes in travel behavior at larger scales and finer resolutions. The
integrated analysis of big data and survey data is also promising in generating results
that are both large-scale and, at the same time, comprehensive (Kusakabe and
Asakura, 2014; Chen et al., 2016).
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Appendices
Contents in the Appendices mainly provide detailed outcomes of the analysis that do
not fit into scope of the main text. Among these tables and figures, Table a4.1-a4.5
present several testing and detailed matching results from Chapter 4. Table a5.1-a5.4
show the detailed modeling results from Chapter 5. Table a6.1-a6.5 and Figure a6.1a6.12 demonstrate some analytical outcomes from Chapter 6.
For all relevant tables and figures:
NA: not applicable
#significant at the 0.1 level
*significant at the 0.05 level
**significant at the 0.01 level

152

Table a4.1. Balancing scores of household car ownership models
Models for

Public housing Private housing Without children With children

Covariate balancing (%)

U

M

U

M

U

M

U

M

Household size

23.6

8.9

14.1

9.7

6.1

12.2

12.4

8.8

Household income

-50.5

2.6

-61

0

-53.6

0.4

-80

-0.1

Housing source

NA

NA

-6.5

-5.8

-3.9

-4.4

-14.7

-4.7

District

-3.6

2.5

1.5

1.9

-1.5

0.8

3.7

4

Average age

-24.8

-8.6

-29.4

3.7

-19

4.5

-26.9

8.9

Presence of domestic helper

-6.5

0.9

-7.7

-1.9

-13.6

-3.1

-13.3

-5.5

Number of children

23.7

7.8

20.1

5.7

NA

NA

21.6

2

Presence of elderly

-5.4

-7.7

-6.5

0.7

-0.3

0.7

-1.6

3.3

Number of employed workers

2.4

2.8

5.3

5.8

5.3

8.8

-10.9

-2.6

Percentage of male members

9.2

1.7

6.2

3.6

8.7

2.9

6.1

3.5

Overall balancing

U

M

U

M

U

M

U

M

Bias (%)

92.5

11.6

90.6

16.6

85

18.1

98.4

16.8

Ratio

1.59

1.07

1.61

0.79

1.45

0.99

1.81

0.87

Models for

Without elderly With elderly

Covariate balancing (%)

Single/no-worker Dual/multi-worker

U

M

U

M

U

M

U

M

Household size

18.3

6.8

12.2

4.3

25.5

6.1

9.2

4.6

Household income

-65.3

-0.1

-55.3

3.1

-66.4

1.8

-72.2

-1.4

Housing source

-10.2

-4.8

-4.7

3.6

-8.7

-1.3

-7.3

-2.6

1.6

5.2

-1

-1.4

3.1

1.1

-0.7

6.6

Average age

-36.3

6.5

-23.1

-5.8

-27.4

-0.5

-31.1

2.7

Presence of domestic helper

-5.2

-0.2

-17.7

-6.6

-12.5

0.6

-9.3

-0.5

Number of children

22.6

7.6

14.1

2.2

29.1

6.4

11.8

3.5

Presence of elderly

NA

NA

NA

NA

-6.7

-1.4

-1.6

1.2

Number of employed workers

0.1

3.7

4

2.7

5.3

3.8

0.9

-1.2

Percentage of male members

6.1

1.2

9.9

6.4

8.2

3

7.1

2.1

Overall balancing

U

M

U

M

U

M

U

M

Bias (%)

89.4

19.6

93.9

12.8

97.7

19.8

87

11.2

Ratio

1.59

0.83

1.31

0.88

1.04

1.03

2.2

0.93

District

U: unmatched; M: matched
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Table a4.2. Balancing scores of driving license possession models
Models for
Male
Female
Covariate balancing (%)
U
M
U
M
Gender
NA
NA
NA
NA
Age
-27.3
1.9
-32.3
1.7
Employment status
-1.1
2.1
-3.1
4.8
Household size
17.9
0.5
20.7
3.1
Household income
-8.4
-6.3
-6
-6
Housing source
-11.8
-0.1
-7
-1.6
District
2.1
4.8
3.5
2.8
Household car ownership
-1
1.1
2.2
0.3
Overall balancing
U
M
U
M
Bias (%)
32.9
7.9
35.5
8.6
Ratio
0.97
0.85
0.95
0.92
Models for
Students
Homemakers
Covariate balancing (%)
U
M
U
M
Gender
-0.5
-1.4
-2.4
-3
Age
-18.4
8.3
-30.1
1.8
Employment status
NA
NA
NA
NA
Household size
20.8
-0.7
17
-7.1
Household income
-2.6
-3.3
5.1
-7.2
Housing source
-13.3
-3.3
10.6
2.5
District
0.3
2.2
2
7.6
Household car ownership -8.7
-1.9
9.9
-1.2
Overall balancing
U
M
U
M
Bias (%)
32.9
9.2
33.7
12
Ratio
0.95
0.87
1.05
0.8
Models for
Junior middle-age Senior middle-age
Covariate balancing (%)
U
M
U
M
Gender
-9
-3.9
-10.4
0.5
Age
-1.9
4.4
-21.3
1.3
Employment status
3.8
-1.1
-7.3
4.6
Household size
10.8
2.7
20.2
0.1
Household income
-12.1
-2.6
-2.9
-5.5
Housing source
-9.7
-1.7
-14.7
-0.7
District
6.4
1
-1.2
6.5
Household car ownership
1.2
1.1
-0.7
-0.1
Overall balancing
U
M
U
M
Bias (%)
22
6.8
33.4
9.4
Ratio
1.23
1.07
1.09
0.89

U: unmatched; M: matched
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Employed Unemployed
U M
U
M
-3.4 -3.4 -9.9 -4.9
-26 3.7 -23.8 -3.3
NA NA NA NA
13.5 5 19.7 6.4
15.2 0.1 36.1 -4.7
-10.5 1.2 -13.5 -6.1
2.6 0.6 -1.8 -6.3
2 2.7 -3.3 -2.3
U M
U
M
30.9 7.4 55.3 18.5
0.93 0.95 1.63 1.04
Retired Young adults
U M
U
M
-5 1.2 0.2 -5.5
0.6 5.1 -10.1 -4.3
NA NA -7
6.2
14.2 -2.7 8.5
4.9
-4.7 1 -10.7 -4.7
2.1 -0.8 -6.6 -1.3
8.8 3.8 -2
0.1
3.7 -4.5 6.5 -0.1
U M
U
M
17.9 7.9 22.8 10.7
1.2 0.88 1.28 1.09
Elderly
U M
-2.7 5.3
-16.8 3.5
-11 -0.5
10.6 -4.8
-14.9 1
1.3 1.4
5.7 2.1
2.8 -2.6
U M
26 8.9
0.72 1.02

Table a4.3. Balancing scores of individual trip frequency analysis
Models for
Male
Female
Covariate balancing (%)
U
M
U
M
Gender
NA
NA
NA
NA
Age
-22.4
0.3
-25.3
-1.2
License possession
0.1
-0.2
-1
0.3
Employment status
-3.2
-7.7
-2
0.4
Household size
15.8
6.8
19.4
4.6
Household income
-69.9
2.7
-63.4
0.1
Housing source
-11.8
-3.6
-7.8
-1.2
District
-1.5
3.8
0.9
2.4
Household car ownership -1.5
2.7
2
-1.8
Overall balancing
U
M
U
M
Bias (%)
87.4
11.8
82.4
5.8
Ratio
2.03
0.83
2.1
1.03
Models for
Students
Homemakers
Covariate balancing (%)
U
M
U
M
Gender
-1.6
0.4
-1.4
-2.1
Age
-16.2
5.6
-32.7
3.6
License possession
-1.4
3.4
-1.8
8.3
Employment status
NA
NA
NA
NA
Household size
20.6
-2.1
19.8
-6.4
Household income
-78.2
-4
-72.6
-7.8
Housing source
-14.2
-8
-2.4
-1.4
District
-0.7
3.5
-2.4
9.2
Household car ownership -8.1
-5.1
5.7
-9.1
Overall balancing
U
M
U
M
Bias (%)
94.8
10.6
98.8
14.8
Ratio
1.79
0.91
1.71
0.61
Models for
Junior middle-age Senior middle-age
Covariate balancing (%)
U
M
U
M
Gender
-5.1
-6.8
-7.7
-2
Age
-2.8
7.2
-19.2
0.4
License possession
-6.4
-4
8.1
0.9
Employment status
8
0.6
-4
-10
Household size
10.3
10.2
19.8
5.8
Household income
-69.4
1
-70.5
0.6
Housing source
-10.6
0.7
-14.4
-2
District
2.8
6.7
-6
5.5
Household car ownership -0.2
-0.4
-0.9
1.4
Overall balancing
U
M
U
M
Bias (%)
77.4
15.7
89.1
13.7
Ratio
2.57
0.95
1.97
0.94

U: unmatched; M: matched
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Employed Unemployed
U M
U
M
-2.6 -1.8 -5.5
0
-23.4 1.7 -14.6 -4
-5.1 0.7 5.8
4.7
NA NA NA NA
12.2 4.4 26.9 14
-67.7 0.8 -75
2.4
-9 2.2 -14.7 -7.8
-1 5.3 -1.1 -9.5
1.6 1.3 -0.3
-7
U M
U
M
80.9 8.3 102.2 19.3
2.41 0.95 1.14 1.04
Retired Young adults
U M
U
M
-0.7 -2.2 1.2
0
-0.9 3.6 -6.8 -3.5
15.3 1.2 -16.7 2.9
NA NA -7.6 2.1
17.1 0.2 8.7
6.4
-62.4 -5.6 -68.5 -1
-4.4 -0.3 -5.4 -4.9
2.4 0.3 -4.6 2.3
3.7 -2.9 6.8 -4.6
U M
U
M
90.7 8 82.9 8.9
1.28 1.03 2.36 1.19
Elderly
U M
-0.4 1.1
-19.9 -0.6
5.8 7.6
-10.9 -3.6
12.4 -0.9
-57.7 -1.7
-2.4 -2
2.9 8.9
3.7 -6.9
U M
88.8 13.1
1.26 0.87

Table a4.4. Balancing scores of individual time allocation analysis
Models for
Male
Female
Covariate balancing (%)
U
M
U
M
Gender
NA
NA
NA
NA
Age
-27.3
1.7
-32.3
0.8
License possession
1.8
1.9
0.8
0
Employment status
-1.1
0.2
-3.1
3.6
Household size
17.9
3.8
20.7
3.1
Household income
-8.4
-8.3
-6
-2.8
Housing source
-11.8
-1.7
-7
-0.1
District
2.1
2.3
3.5
1.8
Household car ownership
-1
-1.6
2.2
-0.2
Overall balancing
U
M
U
M
Bias (%)
33.7
8.5
35.8
6
Ratio
0.99
0.85
0.96
0.99
Models for
Students
Homemakers
Covariate balancing (%)
U
M
U
M
Gender
-0.5
-1.2
-2.4
-0.8
Age
-18.4
5.8
-30.1
6.9
License possession
-1.2
1.4
-6
0.9
Employment status
NA
NA
NA
NA
Household size
20.8
2.3
17
-6.9
Household income
-2.6
-5
5.1
-8.3
Housing source
-13.3
-4
10.6
-2.2
District
0.3
4.5
2
5.9
Household car ownership -8.7
0.1
9.9
1.3
Overall balancing
U
M
U
M
Bias (%)
33.6
9.7
33.9
12.6
Ratio
0.95
0.91
1.05
0.85
Models for
Junior middle-age Senior middle-age
Covariate balancing (%)
U
M
U
M
Gender
-9
-2.9
-10.4
-2.4
Age
-1.9
4
-21.3
0.7
License possession
-8.5
-1
7
0.3
Employment status
3.8
0.7
-7.3
2.1
Household size
10.8
4.6
20.2
-0.9
Household income
-12.1
-7.7
-2.9
-4.1
Housing source
-9.7
-2.8
-14.7
2
District
6.4
3.1
-1.2
4.1
Household car ownership
1.2
0.9
-0.7
0.2
Overall balancing
U
M
U
M
Bias (%)
23.3
9.3
35.3
7.3
Ratio
1.21
0.85
1.05
0.88

U: unmatched; M: matched
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Employed Unemployed
U M
U
M
-3.4 -3.2 -9.9 -3.8
-26 0.8 -23.8 -1.8
-4.6 -2.4 9.7 -4.5
NA NA NA NA
13.5 4.9 19.7
5
15.2 1 36.1 -4.9
-10.5 0.9 -13.5 -4.8
2.6 0.6 -1.8 -5.3
2 2.4 -3.3 1.2
U M
U
M
31.6 6.2 55.6 17.8
0.96 0.9 1.6 0.99
Retired Young adults
U M
U
M
-5 -2.2 0.2 -1.8
0.6 6.6 -10.1 -1.9
13.3 5.7 -16.6 -2.1
NA NA -7
4.6
14.2 -4.1 8.5
4.8
-4.7 0.7 -10.7 -1.9
2.1 1.7 -6.6 0.3
8.8 2
-2
1.9
3.7 -6.3 6.5 -0.6
U M
U
M
24.1 10.4 30.2 8.2
1.09 0.88 1.27 1.06
Elderly
U M
-2.7 -3.9
-16.8 1.5
4.6 -0.2
-11 -0.9
10.6 -5.2
-14.9 -5.3
1.3 2.6
5.7 5
2.8 1.9
U M
27.7 10.9
0.78 1.01

Table a4.5. Full results of inter-generational changes in activity-travel behavior
Models for

Male

% of individuals with
Driving license

By car
By public transit
Non-motorized
Multimodal
Travel time (min)
Total
Commuting

Employed

Unemployed

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

U 1.611

1.602

-0.009#

1.848

1.845

-0.003

0.395

0.373

-0.023**

0.247

0.29

0.043#

M 1.611

1.659

0.048**

1.848

1.87

0.023**

0.396

0.332

-0.063**

0.245

0.2

-0.044

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

U 2.696

2.217

-0.479**

2.721

2.249

-0.472**

2.759

2.237

-0.521**

2.744

2.269

-0.474**

M 2.697

2.186

-0.510**

2.721

2.231

-0.491**

2.759

2.209

-0.550**

2.742

2.224

-0.518**

U 0.265

0.195

-0.071**

0.143

0.109

-0.034**

0.254

0.171

-0.083**

0.164

0.129

-0.034

M 0.265

0.167

-0.098**

0.143

0.134

-0.009

0.254

0.147

-0.106**

0.162

0.084

-0.077

U 1.943

1.855

-0.088**

2.042

1.956

-0.086**

1.984

1.89

-0.094**

2.047

1.919

-0.127**

M 1.944

1.877

-0.067**

2.042

1.934

-0.109**

1.985

1.91

-0.075**

2.049

1.924

-0.125*

U 0.476

0.162

-0.315**

0.53

0.179

-0.351**

0.509

0.171

-0.338**

0.529

0.217

-0.313**

M 0.477

0.138

-0.339**

0.53

0.16

-0.370**

0.509

0.146

-0.363**

0.527

0.215

-0.312**

U 0.011

0.005

-0.005**

0.006

0.004

-0.002*

0.012

0.006

-0.006**

0.004

0.004

0

M

0.01

0.004

-0.006**

0.006

0.003

-0.003*

0.012

0.006

-0.006**

0.004

0.001

-0.003

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

Number of trips made
Total

Female

U 95.903 91.276 -4.626**

90.542

86.634 -3.907** 102.112

95.598 -6.515**

89.42

78.839 -10.581**

M 95.922 90.568 -5.355**

90.587

85.949 -4.638** 102.121

95.686 -6.435**

89.47

83.401

-6.07

U 78.129 76.156 -1.974**

67.62

63.801 -3.819** 87.406

85.797 -1.610**

NA

NA

NA

M 78.153 76.831

67.645

65.836

85.253 -2.163**

NA

NA

NA

-1.322#
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-1.809*

87.416

Activity time allocation (min) 2002
In-home
Out-of-home subsistence
Out-of-home other

By public transit
Non-motorized
Multimodal
Travel time (min)

2011

Diff.
-2.127

2002

2011

Diff.

2002

2011

Diff.

769.023 769.937

0.914 1084.877 1103.995 19.118

871.78 -9.575** 769.024 771.612

2.589 1085.663 1098.289 12.626

U 478.34 484.995 6.655** 411.518 404.348 -7.170** 541.278 546.354 5.076**

NA

NA

NA

M 478.529 492.195 13.666** 411.505 419.381

NA

NA

NA

U 39.13

47.792 8.663**

M 39.041 42.865

3.824#

7.875#

541.282 542.326

1.044

56.468

69.673 13.205** 27.586

28.111

0.525

241.378 245.494

4.115

56.553

62.891

30.376

2.802# 240.411 235.952

-4.46

Students

6.338**

27.573

Homemakers

Retired

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

U 0.011

0.01

-0.001

0.211

0.187

-0.024*

0.14

0.189

0.049**

M 0.011

0.006

-0.005*

0.212

0.206

-0.006

0.145

0.2

0.055**

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

U 2.387

2.143

-0.244**

3.293

2.437

-0.856**

2.743

2.23

-0.512**

M

Number of trips made

By car

2002

M 826.507 814.372 -12.135** 881.355

% of individuals with

Total

Diff.

U 826.627 815.936 -10.691** 881.472 879.344

Models for

Driving license

2011

2.39

2.108

-0.282**

3.289

2.529

-0.761**

2.754

2.248

-0.506**

U 0.077

0.084

0.006

0.271

0.209

-0.063**

0.097

0.116

0.019

M 0.076

0.096

0.020#

0.261

0.408

0.147**

0.099

0.117

0.018

U 1.976

1.93

-0.045**

2.076

1.966

-0.110**

2.022

1.925

-0.098**

M 1.977

1.905

-0.072**

2.08

1.874

-0.206**

2.022

1.945

-0.077*

U 0.332

0.127

-0.204**

0.942

0.259

-0.683**

0.622

0.187

-0.435**

M 0.335

0.105

-0.229**

0.945

0.243

-0.702**

0.632

0.185

-0.447**

U 0.002

0.002

-0.001

0.004

0.004

0

0.001

0.002

0.001

M 0.003

0.001

-0.001

0.004

0.005

0.001

0.001

0.001

0

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.
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Total
Commuting

U 76.499 77.427

M 76.569 74.011 -2.558**
U 70.152 69.796

Out-of-home subsistence
Out-of-home other

Driving license
Number of trips made
Total
By car
By public transit
Non-motorized

2011

Diff.

79.093

73.954 -5.139 ** 78.592

73.12

-5.473**

79.049

75.706

-3.343

79.132

69.623 -9.509**

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

2002

2011

Diff.

2002

2011

Diff.

U 935.111 891.914 -43.197** 1158.636 1145.505 -13.132* 1140.694 1133.222 -7.472
M 935.233 907.624 -27.609** 1157.994 1145.459 -12.535 1136.233 1127.585 -8.649
U 409.324 441.511 32.187**

NA

NA

NA

NA

NA

NA

M 409.269 429.594 20.325**

NA

NA

NA

NA

NA

NA

U 19.066 29.148 10.082** 198.101 217.696 19.594** 219.499 232.912 13.413*
M 18.929 28.772 9.843** 198.756 212.466

Models for
% of individuals with

-0.357

M 70.197 66.594 -3.603**

Activity time allocation (min) 2002
In-home

0.929#

Young adults

13.71

Junior middle-age

223.374 242.467 19.094#
Senior middle-age

Elderly

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

U 0.257

0.189

-0.069**

0.455

0.413

-0.042**

0.349

0.383

0.034**

0.123

0.139

0.015

M 0.257

0.18

-0.078**

0.456

0.392

-0.064**

0.349

0.365

0.016

0.127

0.14

0.013

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

U 2.607

2.212

-0.395**

2.946

2.284

-0.662**

2.772

2.246

-0.526**

2.683

2.214

-0.470**

M 2.607

2.197

-0.410**

2.949

2.301

-0.648**

2.774

2.201

-0.573**

2.69

2.249

-0.441**

U 0.123

0.068

-0.055**

0.334

0.21

-0.124**

0.241

0.197

-0.044**

0.08

0.095

0.015

M 0.123

0.087

-0.035**

0.328

0.245

-0.084**

0.235

0.17

-0.066**

0.081

0.122

0.041#

U 2.055

1.977

-0.078**

1.979

1.884

-0.095**

1.961

1.864

-0.098**

2.003

1.932

-0.071**

M 2.056

1.961

-0.095**

1.984

1.901

-0.083**

1.967

1.872

-0.095**

2.003

1.905

-0.098**

U 0.421

0.164

-0.257**

0.621

0.184

-0.437**

0.56

0.179

-0.381**

0.6

0.184

-0.415**
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Multimodal
Travel time (min)
Total
Commuting

M 0.421

0.145

-0.276**

0.624

0.149

-0.475**

0.561

0.156

-0.406**

0.605

0.216

-0.390**

U 0.008

0.003

-0.004**

0.013

0.006

-0.006**

0.01

0.006

-0.004*

0.001

0.002

0.002

M 0.008

0.004

-0.004#

0.013

0.006

-0.006#

0.01

0.004

-0.006#

0.001

0.006

0.005

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

U 102.411 97.884 -4.527** 100.301

92.767 -7.534** 95.852

90.354 -5.497** 79.937

75.302

-4.635**

M 102.405 96.551 -5.854** 100.348

92.787 -7.561** 95.931

88.574 -7.358** 80.379

74.528

-5.851**

U 86.19

77.456

77.397

-0.06

69.198

66.648 -2.550** 15.757

12.797

-2.960**

77.521

75.869

-1.652

69.298

67.263

-2.034

16.289

16.108

-0.18

2002

2011

Diff.

2002

2011

Diff.

2002

2011

Diff.

Out-of-home subsistence
Out-of-home other

-0.117

M 86.235 82.971 -3.264**

Activity time allocation (min) 2002
In-home

86.072

2011

Diff.

U 801.721 796.07

-5.651*

806.869 799.696 -7.172** 845.921 851.603

5.682 1079.614 1096.374 16.761*

M 801.593 796.722

-4.872

806.571 809.539

5.474 1074.435 1078.004

2.968

845.343 850.816

U 497.142 506.489 9.346** 488.305 503.817 15.512** 434.056

423.99 -10.065* 101.907

M 497.393 501.062

3.669

488.549 490.412

1.863

434.485 434.667

U 38.726 39.558

0.832

44.525

43.72

-0.805

M 38.609 45.665

7.056*

44.532

47.262

2.73

U: unmatched; M: matched
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0.182

3.569

77.194 -24.713**

104.42

95.019

-9.402

64.171

74.052 9.881** 178.542

191.13

12.587*

64.241

65.943

180.766 192.449

11.683

1.702

Table a5.1. Modeling result for the 2000 sample
Effect on
Home ownership Home-work distance Car ownership
Trip frequency
% of car trips
Travel distance
Travel time
Effect of
Direct
Total
Direct
Total
Direct
Total
Direct
Total
Direct
Total
Direct
Total
Direct
Total
Gender (female)
0.014** 0.014** -0.301** -0.290** -0.004** -0.003** -0.231** -0.229** -0.023** -0.026** -0.252** -1.129** -0.857** -5.145**
Age
0.005** 0.005** -0.024** -0.020**
0
0.001** -0.021** -0.019** 0.000** 0.001** 0.039** -0.015** 0.048** -0.274**
Hukou status
0.663** 0.663** 0.658** 1.182** 0.012** 0.101** 0.369** 0.651** 0.027** 0.068** -0.149** 2.931** -1.128** 13.459**
Employment status -0.165** -0.165** 1.555** 1.424** -0.020** -0.037** 0.055** -0.003 0.055** 0.051** -0.647** 2.001** -0.05
4.523**
Household size
-0.015** -0.015** -0.074** -0.086** -0.004** -0.007** -0.076** -0.084** -0.003** -0.005** -0.063** -0.330** -0.373** -1.887**
Household annual income (ref. = below 20,000 yuan)
20,000-40,000 yuan 0.048** 0.048** 0.160** 0.198** 0.010** 0.017** 0.085** 0.108** -0.001 0.005** 0.061* 0.547** -0.014 2.261**
40,000-60,000 yuan 0.104** 0.104** 0.272** 0.354** 0.040** 0.055** 0.115** 0.167** 0.005** 0.023** 0.140** 1.039** 0.427** 4.163**
60,000-100,000 yuan 0.150** 0.150** 0.399** 0.517** 0.094** 0.115** 0.179** 0.261** 0.012** 0.047** 0.233** 1.628** 0.454* 6.128**
>100,000 yuan
0.198** 0.198** 0.598** 0.754** 0.195** 0.223** 0.228** 0.348** 0.030** 0.094** 0.409** 2.520** 0.951** 8.721**
Residential district (ref. = Luohu)
Futian
-0.009** -0.009** 0.452** 0.445** 0.020** 0.020** -0.060** -0.056** 0.004** 0.012** 0.085* 0.829** -0.886** -0.242
Nanshan
-0.042** -0.042** 0.235** 0.202** 0.002 -0.003 0.034** 0.020# -0.002 -0.002 0.274** 0.633** -5.401** -4.552**
Yantian
-0.038** -0.038** -0.187** -0.218** -0.014** -0.019** 0.455** 0.435** -0.005** -0.012** 0.265** 0.351** -7.431** -2.031**
Baoan
-0.035** -0.035** -0.035* -0.063** 0.044** 0.040** -0.226** -0.233** -0.003** 0.006** -0.280** -0.631** -11.593** -15.246**
Longgang
-0.012** -0.012** -0.201** -0.210** 0.025** 0.022** -0.363** -0.366** -0.003** 0.002# -0.120** -0.897** -9.854** -15.820**
Walking time to nearest public transit from home (ref. = below 5 min)
6-10 min
-0.006** -0.006** 0.179** 0.177** 0.003** 0.001 -0.257** -0.046# 0.378** 2.924**
11-15 min
-0.014** -0.014** 0.229** 0.227** 0.001 -0.002* -0.131** 0.122** 3.250** 6.499**
>15 min
-0.021** -0.021** 0.031** 0.028* -0.002# -0.007** -0.100* -0.100* 2.768** 3.174**
Home ownership
0.790** 0.790** 0.129** 0.131** 0.384** 0.413** 0.012** 0.050** 0.01 2.059** 2.064** 10.468**
Home-work distance
0.003** 0.003** 0.008** 0.009** 0.006** 0.006** 1.700** 1.739** 3.265** 3.414**
Car ownership
0.172** 0.172** 0.261** 0.261** -0.021 1.360** -2.152** 1.460**
Trip frequency
1.167** 1.167** 14.252** 14.252**
% of car trips
4.524** 4.524** 4.467** 4.467**
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Table a5.2. Modeling result for the 2005 sample
Effect on
Home ownership Home-work distance Car ownership
Effect of
Direct
Total
Direct
Total
Direct
Total
Gender (female)
0.015** 0.015** -0.317** -0.293** -0.004** -0.002
Age
0.006** 0.006** -0.033** -0.023** 0.001** 0.002**
Hukou status
0.556** 0.556** 1.086** 1.990** 0.071** 0.187**
Employment status
-0.197** -0.197** 2.149** 1.829** -0.034** -0.068**
Household size
-0.018** -0.018** -0.109** -0.138** -0.008** -0.012**
Household annual income (ref. = below 20,000 yuan)
20,000-40,000 yuan 0.051** 0.051** 0.052# 0.135** 0.020** 0.031**
40,000-60,000 yuan 0.125** 0.125**
0.04
0.243** 0.039** 0.065**
60,000-80,000 yuan 0.172** 0.172** 0.174** 0.454** 0.069** 0.105**
80,000-100,000 yuan 0.213** 0.213** 0.302** 0.648** 0.112** 0.156**
100,000-150,000 yuan 0.244** 0.244** 0.397** 0.794** 0.141** 0.191**
150,000-200,000 yuan 0.306** 0.306** 0.684** 1.183** 0.216** 0.280**
200,000-300,000 yuan 0.343** 0.343** 1.016** 1.574** 0.266** 0.339**
>300,000 yuan
0.428** 0.428** 1.145** 1.843** 0.423** 0.513**
Residential district (ref. = Luohu)
Futian
-0.031** -0.031** -0.149** -0.200** 0.071** 0.064**
Nanshan
-0.008** -0.008** 0.738** 0.724** 0.022** 0.022**
Yantian
-0.008* -0.008* -0.318** -0.331** 0.002 -0.001
Baoan
-0.062** -0.062** -0.369** -0.470** 0.044** 0.030**
Longgang
-0.019** -0.019** -0.558** -0.590** 0.034** 0.029**
Land use balance
-0.007# 0.002
Walking time to nearest public transit from home (ref. = below 5 min)
6-10 min
0.007** 0.007**
11-15 min
0.004# 0.004#
>15 min
-0.020** -0.020**
Home ownership
1.628
1.628 0.199** 0.204**
Home-work distance
0.003** 0.003**
Car ownership
Trip frequency
% of car trips
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Trip frequency
Direct
Total
0.004
0.004
-0.019** -0.018**
0.149** 0.328**
0.295** 0.253**
-0.020** -0.027**

% of car trips
Direct
Total
-0.022** -0.024**
0.000** 0.001**
0.044** 0.119**
0.074** 0.061**
-0.002** -0.007**

Travel distance
Direct
Total
-0.210** -0.693**
0.029** -0.016**
-0.193** 3.412**
-0.559** 2.437**
-0.053** -0.295**

Travel time
Direct
Total
-2.776** -3.689**
0.026* -0.266**
0.955* 16.014**
2.967** 11.719**
-0.778** -1.732**

-0.144**
-0.249**
-0.296**
-0.376**
-0.373**
-0.220**
-0.004
-0.408**

-0.126**
-0.208**
-0.237**
-0.298**
-0.281**
-0.099**
0.137**
-0.222**

-0.003*
-0.002#
-0.002
0.006**
0.017**
0.025**
0.036**
0.035**

0.008**
0.020**
0.035**
0.060**
0.082**
0.121**
0.152**
0.207**

0.236**
0.289**
0.352**
0.362**
0.311**
0.406**
0.282*
0.592**

0.335**
0.514**
0.893**
1.191**
1.430**
2.352**
3.089**
3.572**

1.939**
2.127**
2.083**
2.805**
1.815**
2.998**
3.058**
9.978**

0.759#
0.539
1.002*
1.694**
1.665**
7.194**
12.264**
15.038**

0.210**
0.062**
0.188**
-0.151**
-0.563**
-0.203**

0.209**
0.069**
0.184**
-0.167**
-0.570**
-0.196**

0.005**
0.004*
-0.001
-0.001
0.006**
0.016**

0.023**
0.014**
-0.003
0.005**
0.012**
0.013**

-0.246**
-0.142**
-0.242**
-0.601**
-0.633**
1.952**

-0.296**
0.979**
-0.549**
-1.439**
-1.981**
0.678**

-1.039*
-2.190**
-6.696**
-8.156**
-6.376**
10.682**

1.230**
1.013#
-5.021**
-12.573**
-16.832**
5.756**

0.135**
0.160**
-0.193**
0.249**
0.009**
0.124**

0.136**
0.160**
-0.195**
0.289**
0.009**
0.124**

0
0
-0.006**
0.012**
0.005**
0.307**

0.003**
0.001
-0.012**
0.083**
0.006**
0.307**

-0.153**
-0.092#
0.244**
0.318**
1.414**
-0.488**
0.937**
3.359**

-0.02
0.061
0.031
3.068**
1.441**
0.660**
0.937**
3.359**

1.209**
1.623**
3.966**
6.841**
3.027**
-3.742**
14.975**
8.624**

3.244**
4.016**
1.014#
16.043**
3.204**
0.766
14.975**
8.624**

Table a5.3. Modeling result for the 2010 sample
Effect on
Home ownership Home-work distance Car ownership
Effect of
Direct
Total
Direct
Total
Direct
Total
Gender (female)
Age
0.004** 0.004** -0.002 0.005** 0.001** 0.002**
Hukou status
0.525** 0.525** 0.680** 1.497** 0.101** 0.261**
Employment status
-0.182** -0.182** 1.459** 1.175** -0.064** -0.115**
Household size
-0.001* -0.001* -0.200** -0.201** -0.003** -0.004**
Household annual income (ref. = below 20,000 yuan)
20,000-40,000 yuan 0.016** 0.016** 0.099** 0.123** 0.010** 0.015**
40,000-60,000 yuan 0.059** 0.059** 0.310** 0.403** 0.030** 0.049**
60,000-80,000 yuan 0.123** 0.123** 0.660** 0.852** 0.073** 0.112**
80,000-100,000 yuan 0.213** 0.213** 0.928** 1.260** 0.145** 0.211**
100,000-150,000 yuan 0.273** 0.273** 1.161** 1.586** 0.218** 0.303**
150,000-200,000 yuan 0.329** 0.329** 1.204** 1.715** 0.316** 0.418**
200,000-300,000 yuan 0.358** 0.358** 1.322** 1.879** 0.400** 0.511**
>300,000 yuan
0.441** 0.441** 1.809** 2.495** 0.511** 0.648**
Residential district (ref. = Luohu)
Futian
-0.039** -0.039** -0.456** -0.518** 0.046** 0.033**
Nanshan
-0.061** -0.061** 0.565** 0.469** 0.021** 0.004
Yantian
-0.017** -0.017** -0.512** -0.539** 0.003 -0.004
Baoan
-0.050** -0.050** -0.615** -0.694** 0.060** 0.043**
Longgang
-0.015** -0.015** -0.533** -0.557** 0.060** 0.054**
Land use balance
0.053** 0.065**
Walking time to nearest public transit from home (ref. = below 5 min)
6-10 min
-0.003* -0.003*
11-20 min
-0.017** -0.017**
>20 min
-0.006# -0.006#
Home ownership
1.557** 1.557** 0.297** 0.301**
Home-work distance
0.003** 0.003**
Car ownership
Trip frequency
% of car trips

Trip frequency
Direct
Total

% of car trips
Direct
Total

0
0
0.001** 0.002**
0.061** 0.110** 0.017** 0.140**
-0.099** -0.116** 0.090** 0.049**
0.002
0.001 -0.002** -0.005**

Travel distance
Direct
Total
0.012**
-0.088*
-0.092*
0.046**

0.023**
2.886**
2.149**
-0.344**

Travel time
Direct
Total
-0.030** 0.015
1.934** 11.323**
2.166** 4.965**
-1.010** -1.752**

0.027**
0.016#
0.005
-0.066**
-0.096**
-0.133**
-0.129**
-0.136**

0.029**
0.024**
0.022*
-0.035**
-0.053**
-0.077**
-0.063**
-0.052#

-0.003*
0.002
0.007**
0.019**
0.027**
0.044**
0.075**
0.093**

0.004* -0.141** 0.122 -1.470** -0.649#
0.025** -0.046 0.758** 0.543
2.543**
0.057** -0.006 1.676** 3.118** 7.016**
0.112** 0.016 2.460** 3.346** 8.468**
0.159** 0.05 3.137** 1.591** 7.897**
0.222** 0.033 3.394** 0.816
7.459**
0.290** 0.083 3.831** 1.354
8.867**
0.366** 0.124 5.120** 0.596 10.756**

-0.134**
-0.078**
0.432**
0.176**
-0.034**
0.085**

-0.133**
-0.079**
0.430**
0.176**
-0.031**
0.090**

0.002
0.010**
0.012**
0.013**
0.013**
0.023**

0.010**
0.013**
0.007#
0.024**
0.029**
0.038**

0.206**
0.172**
0.076
-0.317**
0.315**
-1.006**

-0.889**
1.029**
-0.552**
-1.448**
-0.748**
-4.408**

0.163
-1.461**
-10.611**
-10.729**
-9.104**
15.440**

-3.561**
-0.935#
-7.834**
-11.681**
-11.671**
9.981**

0.016**
-0.012
-0.103**
0.042**
0.002**
0.094**

0.016**
-0.014#
-0.104**
0.073**
0.002**
0.094**

0
-0.001
-0.001
0.028**
0.006**
0.380**

-0.001
-0.008**
-0.004
0.151**
0.007**
0.380**

-0.229**
-0.201**
-0.018
-0.280**
1.921**
0.053
0.920**
0.932**

-0.215**
-0.222**
-0.118#
2.934**
1.929**
0.494**
0.920**
0.932**

4.160**
7.152**
7.632**
5.972**
3.666**
-5.009**
11.145**
6.019**

4.348**
7.040**
6.480**
11.900**
3.719**
-1.672**
11.145**
6.019**
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Table a5.4. Modeling result for the 2016 sample
Effect on
Home ownership Home-work distance Car ownership
Trip frequency
% of car trips
Travel distance
Travel time
Effect of
Direct
Total
Direct
Total
Direct
Total
Direct
Total
Direct
Total
Direct
Total
Direct
Total
Gender (female)
0.007** 0.007** -0.362** -0.357** -0.006** -0.005* -0.041** -0.042** -0.047** -0.050** -0.287** -0.876** -1.420** -3.139**
Age
0.005** 0.005** -0.013** -0.010** 0.001** 0.002**
0
0.001** 0.001** 0.002** 0.017** 0.013** 0.019** 0.025**
Hukou status
0.454** 0.454** 0.564** 0.903** 0.092** 0.210** -0.293** -0.216** 0.050** 0.115** 0.978** 1.901** 4.065** 2.640**
Employment status
-0.033** -0.033** 3.469** 3.445** -0.012** -0.014** 0.583** 0.600** 0.131** 0.140** 0.336** 5.287** 7.581** 26.373**
Household size
0.010** 0.010** -0.040* -0.032# 0.044** 0.046** -0.071** -0.068** -0.004** 0.009** -0.205** -0.326** -0.457** -1.849**
Household annual income (ref. = below 100,000 yuan)
100,000-200,000 yuan 0.120** 0.120** 0.523** 0.612** 0.077** 0.109** 0.041** 0.065** 0.004* 0.038** 0.374** 1.213** 2.188** 4.764**
200,000-300,000 yuan 0.345** 0.345** 0.658** 0.915** 0.294** 0.384** 0.080** 0.147** 0.029** 0.142** 0.518** 2.087** 0.673* 5.656**
300,000-500,000 yuan 0.456** 0.456** 0.587** 0.927** 0.449** 0.567** 0.082** 0.169** 0.059** 0.223** 0.295* 2.142# -0.671 4.943**
>500,000 yuan
0.468** 0.468** 0.616** 0.965** 0.507** 0.629** 0.105** 0.197** 0.065** 0.247** -0.084 1.910** -1.054 5.143**
Residential district (ref. = Luohu)
Futian
0.013** 0.013** -0.104# -0.095 0.021** 0.024** 0.043** 0.045** 0.010** 0.017** -0.553** -0.529** -3.158** -2.444**
Nanshan
0.054** 0.054** 0.332** 0.372** -0.008* 0.006# 0.040** 0.051** 0.002 0.006* -0.178* 0.306** 0.689* 2.491**
Yantian
0.027** 0.027** -0.139#
-0.12 0.050** 0.057** 0.011
0.015
0.003 0.019** -0.167# -0.216** -5.108** -5.048**
Baoan
-0.067** -0.067** -0.198** -0.248** 0.034** 0.016** 0.035** 0.024** 0.017** 0.020** -0.592** -0.751** -5.958** -6.051**
Longgang
0.003
0.003 0.673** 0.676** 0.069** 0.071** -0.066** -0.059** 0.008** 0.030** -0.195** 0.488** -1.299** -1.089**
Land use balance
0.018 0.024* -0.008 -0.015 0.026** 0.025** 2.617** 0.621* 11.308** 7.261**
Walking time to nearest public transit from home (ref. = below 5 min)
6-10 min
-0.028** -0.028** 0.028** 0.028** 0.002 -0.006** 0.186** 0.217** 3.698** 4.255**
11-15 min
-0.058** -0.058** 0.009
0.007 -0.001 -0.017** 0.207* 0.176* 6.095** 6.283**
>15 min
-0.085** -0.085** 0.002
0
-0.006 -0.030** 0.162
0.083 6.045** 6.088**
Home ownership
0.744** 0.744** 0.256** 0.257** 0.145** 0.157** 0.008** 0.082** 0.038 1.272** 1.750** 5.994**
Home-work distance
0.002** 0.002** 0.007** 0.007** 0.004** 0.004** 1.030** 1.054** 1.966** 2.111**
Car ownership
0.026** 0.026** 0.277** 0.277** -0.157** 0.744** -2.312** -0.445#
Trip frequency
1.611** 1.611** 18.907** 18.907**
% of car trips
3.098** 3.098** 4.933** 4.933**
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Table a6.1. Changes in car ownership by age groups
Age group / time period

2000 to 2005 2005 to 2010 2010 to 2016

Total

0.03**

0.04**

0.16**

Young adults (18-29)

0.01**

0.02**

0.10**

Junior middle-age (30-39)

0.04**

0.04**

0.15**

Senior middle-age (40-49)

0.07**

0.03**

0.16**

Senior (50-59)

0.06**

0.06**

0.12**

Elderly (60+)

0.11**

0

0.17**

Table a6.2. Changes in the share of trips by car by age groups
Age group / time period

2000 to 2005 2005 to 2010 2010 to 2016

Total

0.01**

0.03**

0.03**

Young adults (18-29)

0.01**

0.01**

0.02**

Junior middle-age (30-39)

0.01**

0.03**

0.04**

Senior middle-age (40-49)

0.03**

0.03**

0.05**

Senior (50-59)

0.02**

0.07**

-0.03**

Elderly (60+)

0.01**

0.02**

-0.02**

Table a6.3. Changes in home-work distance of employed population by age group
Age group / time period

2000 to 2005 2005 to 2010 2010 to 2016

Young adults (18-29)

0.48**

0.58**

1.98**

Junior middle-age (30-39)

0.59**

0.16**

1.77**

Senior middle-age (40-49)

0.66**

0.01

1.87**

Senior (50-59)

0.58**

0.69**

2.03**
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Table a6.4. Exploratory factor analysis results
No.

Item

Factor1

Factor2

Factor3

- Variance

3.343

2.98

1.849

- Proportion of variance

0.279

0.248

0.154

V1 I like driving

0.646

0.119

0.017

V2 I need a car for daily routines

0.819

-0.187

0.052

V3 It is inconvenient to commute without a car

0.759

-0.076

-0.036

V4 I think car travel is safer than walking

0.637

0.05

0.131

V5 I think car travel is safer than public transit

0.522

0.234

0.078

V6 I think car travel is safer than cycling

0.362

0.492

-0.085

V7 For me, a car is a symbol of identity

0.059

0.79

-0.255

V8 I drive just for fun

0.122

0.554

0.195

V9 I feel free and unrestricted when I drive

0.263

0.517

-0.035

V10 No (or fewer) car(s) will not matter to us too much

-0.375

0.765

0.345

V11 It does not matter to me what type of car that I use

0.128

-0.056

0.819

V12 For me, driving is merely for the convenience of travel

0.041

-0.004

0.776

Table a6.5. Differences in average factor scores by pairwise comparison
Instrumental Symbolic-affective Entirely functional
19-29 vs. 30-39 0.128**

0.102**

0.112**

19-29 vs. 40-49 0.095**

0.083**

0.135**

19-29 vs. 50+

-0.031

-0.009

0.172**

30-39 vs. 40-49 -0.032

-0.019

0.023

30-39 vs. 50+

-0.159**

-0.111**

0.06

40-49 vs. 50+

-0.126**

-0.092*

0.037
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Figure a6.1. Distributions of ratings on Item V1 by age groups (Δχ2= 110.59**)

Figure a6.2. Distributions of ratings on Item V2 by age groups (𝛥𝜒 2 = 47.09**)
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Figure a6.3. Distributions of ratings on Item V3 by age groups (𝛥𝜒 2 = 50.38**)

Figure a6.4. Distributions of ratings on Item V4 by age groups (𝛥𝜒 2 = 44.65**)
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Figure a6.5. Distributions of ratings on Item V5 by age groups (𝛥𝜒 2 = 40.52**)

Figure a6.6. Distributions of ratings on Item V6 by age groups (𝛥𝜒 2 = 33.17**)

169

Figure a6.7. Distributions of ratings on Item V7 by age groups (𝛥𝜒 2 = 35.72**)

Figure a6.8. Distributions of ratings on Item V8 by age groups (𝛥𝜒 2 = 35.85**)
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Figure a6.9. Distributions of ratings on Item V9 by age groups (𝛥𝜒 2 = 73.37**)

Figure a6.10. Distributions of ratings on Item V10 by age groups (𝛥𝜒 2 = 14.60)
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Figure a6.11. Distributions of ratings on Item V11 by age groups (𝛥𝜒 2 = 26.49**)

Figure a6.12. Distributions of ratings on Item V12 by age groups (𝛥𝜒 2 = 23.92*)
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