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Preface

When I began my PhD study in 2009, I knew almost nothing about travel behaviour of people,
given that my former research proposal was about Polycentric Urban Region, a very different
domain from the current one. What is worse was that I also had no interest on the behaviour
topic. However, after four years studying and working on this subject, this area is not so blank
for me now and I am becoming more and more interested on the topic. I so rejoice at the
opportunity the research provides to me that I get to know travel behaviour of people and the
underlying reasons for that.
In writing my thesis, I benefited enormously from remarks and support of many people.
Firstly, I would like to thank my three supervisors: Martin Dijst, Bart Wissink and
Jan Prillwitz. Martin’s insightful comments and constructive criticisms at different stages of
my research were thought-provoking and they helped me to stay focus. Without his
encouragement, mentorship, and constant guidance, this research might never have been
completed. Bart went above and beyond the call of duty in helping me to develop my
theorizing and writing skills. Your thoroughness and dedication to work showed me what are
the qualities a successful researcher should possess. Jan taught me various analytical and
modelling knowledge and skills with great patience. The open attitude of both my supervisors
made it possible for me to discus all kinds of issues with them, which certainly made writing
my thesis easier. Busy as they are, I am still amazed on how quick my supervisors can review
and give detailed feedback on my material for our biweekly meeting. Their generous supply
of insight and patience was essential to the development of virtually all of the ideas contained
in this work.
Secondly, I am grateful to many faculty and staff members made these years a
formidable and enriching experience. I want to express my thanks to Dr. Dick Ettema for his
advices on mathematics modelling. Tom de Jong for his generous help with GIS calculation
and Flowmap software. Gideon Bolt for his training in SPSS program. Chris Huijgen for
being such a great mentor in the doctoral program. My gratitude also goes to the board of
Urban and Regional research centre Utrecht (URU) for partly funding this research project
and the extension of my employment contract. I also thank faculty administrators and
secretaries who help me out with obtaining residence permit and other practical problems,
thus allowing me to stay focus on my research. Thanks also go to many people who help me
with finishing the manuscript. Margot Stoete at GeoMedia for designing the cover page,
standardising Tables, Figures, and finalising layout of the manuscript.
Thirdly, I would like to thank my fellow PhD students, particularly Xu Huang, Hong Hu,
Jingwei Zhang, Fangfang, Hao Pu, Jaap, Yafei Liu, Can Cui and Ying Liu for sharing good
and bad time. Patrick, I really appreciate your kind help with the translation of some official
documents in Dutch for me. Brenda and Peter, thanks for parties held in your house.
To me, writing a thesis was certainly not a lonely process. I enjoyed the many social
contacts during the last four years. I am thankful to Chinese students in Utrecht for making
my student life in Utrecht full of joy and happiness. Thanks for did not run away when I
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asked for help with moving house for several time within last four years. Yuting, Heyuan
Xuan Ma and A Li for being like family.
Specially, I would like to thank my Chinese supervisor Prof. Hongyang Wang. You are
the soul mentor for me. If without your help and guidance, I will not become a PhD student,
let along to finish it.
Finally, I would like to thank my family in particular my wife Yaling, and my parents.
You have all been there for me personally, academically and emotionally. I can imagine that
having husband or son living far away from home for the past four years has been more
difficult for you than you have led me to believe. However, despite the distance that has
separated us, having strong family as a base has given me the support which has allowed me
to pursue my dreams.

Jianxi Feng
November 2013
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1 Introduction

1.1 Changing travel behaviour in China: an urgent issue
At the start of the twenty-first century, cities are facing an unprecedented diversity of
problems, including environmental destruction, resource depletion, global warming, social
segregation, congestion and inequality (Ieda, 2010). Transport plays a considerable role in
most of these issues, and it is therefore not surprising that they receive considerable attention
from transport professionals around the world (Buehler, 2010). This attention is all the more
important in view of projections suggesting that existing transport trends might aggravate
existing problems. For instance, the worldwide number of private cars increased from 500
million in 1985 to 900 million in 2005, and this number is expected to reach 1.5 billion by
2020 (Figure 1.1; Stacy et al., 2012). This would also increase the share of the polluting
emissions of the transport sector dramatically. Transport sector CO2 emissions represent 23%
(globally) and 30% (OECD) of overall CO2 emissions and the sector accounts for
approximately 15% of overall greenhouse gas emissions in 2010 (ITF, 2010). Sustainable
transport development – reduction of car use by promoting walking and cycling in short
distances and public transport for long distances, technological improvements of cars, fuels
and infrastructure, smarter transport by using vehicles more efficiently – might be the only
viable way to cope with this situation (Worldwatch Institute, 2009).

Source: Stacy et al., 2012
Figure1.1 Number of cars owned around the world
Recent years have also seen a growing social exclusion caused by transport problems
(SEU, 2003; Cass et al., 2005; Kenyon, 2011). Inadequate mobility and low accessibility have
prevented people from accessing key local services or activities, such as jobs, learning,
healthcare, food shopping or leisure around the world. For instance, it was reported that 38 %
of jobseekers considered that transport (lack of personal transport or poor public transport) is
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a key barrier to getting a job in the UK (SEU, 2003). More importantly, it is the disadvantaged
people including persons of low income, the elderly and disabled persons that tend to
experience more serious conditions (Stanley et al., 2011). Those people usually live far away
from various facilities and do not have money for personal transport tools or public transport,
or just do not have the ability to move (SEU, 2003; Stanley et al., 2011; Kenyon, 2011).
Given that the world is becoming more polarized in income and the world population is aging
(WHO, 2002), it can be expected that there will be even more severe transport problems and
concomitant social exclusions (Stanley et al., 2011).
These challenges are especially important for urban China. It is by now well-documented
how China has shifted from a centrally planned economy to a market economy since 1978
(Woo et al., 2012). This shift resulted in a year-on-year GDP growth of about 9.0 %, more
than 5 % higher than the world average (Figure 1.2; NDRC, 2009). The related rapid
economic, social and spatial changes already result in serious challenges, and changes are
more than likely to continue in the future. The intense urbanisation of China is a case in point
(See Figure 1.3; United Nations, 2008). While there are already more than 100 cities with
populations over one million people, only 50 % of the total population currently lives in cities
(Zegras, 2010). This share is expected to increase to 60 % over the next 20 years (United
Nations, 2008). This directly relates to potential changes in transport behaviour. For instance,
China is still in the early stages of motorisation. In 2007, there were 9 cars per 1000 persons
in China, 457 in the Netherlands and 740 in the US (Ng et al., 2010). With rising incomes and
cheaper cars, levels of motorisation are bound to increase further. These and other trends and
related changes in travel behaviour will have considerable effects on the political issues
discussed above. Therefore, knowledge of changing travel behaviour in China is urgently
needed.

Source: NDRC, 2009
Figure 1.2 Economic growth of China and the world
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Figure 1.3 Urbanisation growths in China and the world
The need for knowledge of travel behaviour in China becomes all the more apparent
when studying the existing literature on travel behaviour. This literature draws
disproportionally on data from North American, North-western Europe, Australia and Japan
(Hanson, 2003; Schwanen and Paez, 2010; Wang et al., 2011). There is little knowledge of
travel behaviour outside the western world, including China. As a result, present
transport-planning practices in China are heavily influenced by western ideas and concepts.
But as the context of urban China is different in several respects – development stage,
socio-cultural norms, institutional setting, and built environment – policy results often turn
out to be disappointing (Vasconcellos, 2001). An empirical study into travel behaviour in
China could thus have important practical relevance in helping to adjust transport-planning
practices to the Chinese context.
Next to this practical relevance, a study on the determinants of travel behaviour in
Chinese contexts can also have scientific relevance. As most of the literature so far is based
on ‘western’ contexts, a study in China could enrich the research base of non-western
countries. On the one hand, this could help to understand the importance of different settings
for transport behaviour. On the other hand, it could help to get a deeper, more complete
understanding of travel behaviour and its determinants in general. In view of these two
arguments, it is not surprising that several researchers have already called for increased
empirical research in transport geography in developing countries (Vasconcellos, 1997;
Hanson, 2003 and 2010). This dissertation aims to help fulfil this goal, with an empirical
analysis of the development of travel behaviour and its determinants in the Chinese context.

1.2 The context of urban China
Various studies have shown that travel behaviour is not just about the individual, but about the
individual as embedded in, and interacting with, the household, family, community and larger
society (Vasconcellos, 2001; Hanson, 2010). It is impossible to think about travel behaviour
without simultaneously considering social, cultural and geographical contexts. It is therefore
necessary to discuss the context of urban China when investigating the travel behaviour of the
residents in urban China.
Generally speaking, in the pursuit of modernization, the development of urban China
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resembles westeern countries in severall ways, incluuding indusstrialization in the econoomic
spheere, urbanizaation and suuburbanizatioon in spatiall respect, moore and morre individuaalized
lifesstyles in social and cultuural dimensions, etc. (Reedfern and Crawford,
C
20010; Mol, 20006).
Urbaan China is also
a experienncing the prooblems of weestern countrries such as growing
g
dispparity
betw
ween the rich
h and poor, ecological
e
isssues, etc (Mool, 2006). Ho
owever, urbaan China alsoo has
its specificity
s
w
with
respect to developm
ment stage, scale and pace
p
of urban developm
ment,
socio-cultural noorms, instituutional settingg, and built environmentt. Despite off the influencce of
globbalization annd modernizzation, we like
l
to arguue that thesee specificitiees tend to have
enduuring impaccts on the Chinese
C
sociiety. This section will elaborate on
o these speecific
conttexts.

1.2.11 The stage of developm
ment in transport
t
g from a stagge in which non-motorise
n
ed transport modes
m
dominnated
Urbaan China is transforming
into a stage of massive mootorisation. In
I 1985, theere were app
proximately 285,000 prrivate
vehiicles on the roads
r
in Chinna. This num
mber skyrockketed to 59.44 million in 2010,
2
an incrrease
withh a factor of 208 in 25 years. Despitee such rapid motorisationn, the Chinese car ownerrship
ratioo and usage are still low
w in comparison to westtern countriees. Only 10 % of all tripps in
Chinnese cities arre made by car. Non-m
motorised traansport and public
p
transpport are still the
dom
minant travel modes (Ng et
e al., 2010).
Muller (199
95/2004) sugggests that th
he evolving form
f
and stru
ucture of thee U.S. metropolis
mayy be traced within
w
the framework
fr
of four transpportation-related eras (F
Figure 1.4). Each
E
grow
wth stage is dominated by a particcular movem
ment technology and nettwork expannsion
proccess that shappes a distincct pattern of intra-urban spatial organnisation. He argues that there
t
is a strong interrrelationship between
b
the intra-urban ttransport sysstem and the spatial form
m and
orgaanisation of the metroppolis. Howeever, due too the lack of disaggreegated data, this
interrrelationshipp has not been
b
system
matically reesearched frrom an anaalytical-empiirical
persspective. Carrs had alreaddy become the
t dominannt transport mode
m
in wesstern cities when
w
disaaggregated daata became available.
a
Thhe special devvelopment sttage of urbann China provvides
an unique oppportunity to investigatee empiricallly the relattionship bettween the built
enviironment and travel behhaviour in a transitionaal era from non-motorissed to motorised
transsport.

M
(19955/2004)
Sourrce: Muller Muller
Figuure 1.4 Intra-urban transport eras and metroppolitan grow
wth patternss of the U.SS. (I)
Walkking-Horseca
ar Era, (II) Electric Sttreetcar Era,, (III) Recreeational Autto Era, and (IV)
Freeeway Era
13

1.2.2 The unprecedented scale and pace of changes
Urban China is undergoing an unprecedented speed and scale of economic, spatial and social
changes. Fast economic growth of about 9% per year has greatly facilitated increase of
individual affluence (CSB, 2000-2011). According to statistics, the average income of urban
residents tripled in the last five years (CSB, 2000-2011). With respect to urbanisation,
statistics show that annually, about 12 million people move to Chinese cities (CSB,
2000-2011). This migration is only one of the factors that support the rapid expansion of cities.
As a result, the speed of growth of urban areas is over 2.29 times that of the growth of urban
populations in mega-cities in Eastern China like Shanghai, Nanjing, and Hangzhou (Feng and
Zhou, 2005). Another factor is fast suburbanisation, as luxury villas and gated communities
for a growing class of car-driving homeowners are developed in the suburbs (Feng and Zhou,
2005).
At the same time, Chinese municipal governments also invest heavily in (sub)urban
public transport systems, including subways, light rail systems and rapid bus transport. From
2009 to 2015, China is estimated to construct 87 mass transit rail lines, totalling 2,495 km in
25 cities at the cost of 98.9 billion EUR (Business Sohu, 2010). In addition, China has
embarked on a massive highway construction program, with an estimated 53,000 km of
expressways built before 2007 (compared to a total of 75,000 km in the United States)
(United States Central Intelligence Agency, 2010).
Coupled with economic and spatial changes, changes in social values also take place
rapidly. Due to the tendency towards recreation and a consumerist society, more and more
urban residents are prone to have out-of-home activities rather than staying at home (Chao
and Myers, 1998; Stockman, 2000). Another change is the ‘rise of the individual and the
consequential individualisation of society’ (Yan, 2010, p. 489). Individuals in Chinese society
gradually are becoming more independent from previous social categories, such as family,
kinship, gender, etc., and show more individualistic behaviours, such as self-reliance and
pursuit of personal interests (Inglehart and Baker, 2000).
Indeed, it seems that China has compressed 100 years of change into a little more than 20
year (Ding and Song, 2007). Unlike western countries, which developed at a much slower
speed and had more time to tackle problems that emerged during developments, the massive
changes taking places in a very short time in urban China seems to create enormous conflicts
with potentially severe consequences (Lin et al., 2003). The fast and voluminous
developments of urban China make the research of travel behaviour all the more relevant.
1.2.3 Socio-cultural specificity
Chinese culture is heavily influenced by Confucianism which proposes a complete ethical
system as a framework for a person’s regulation of individual issues and interpersonal
relationships (Ieda, 2010). Understanding the basis of Confucianism is crucial for
understanding social behaviour in China.
Firstly, due to Confucianism’s emphasis on relationships group goals are weighed more
heavily than individual goals (Tucker and Berthrong, 1998). Individualism, which is
considered similar to selfishness and to some extent as ‘showing-off’, is discouraged (Ieda,
2010). As a result, compared with people in western countries, Chinese people show more
collectivistic and less individualistic characteristics (Chan, 1994; Oysrman et al., 2002). These
14

differences can influence people’s choice of transport modes, whether they tend to stay at
home or are more inclined to participate in out-home activities, with whom to have leisure
activities, etc. These generalized characterisations of cultures don’t mean that within more
individualistic oriented societies many people may have collectivistic/communitarian believe
systems. Reverse, in collectivistic oriented societies inhabitants who are individualist are
present as well.
Secondly, Confucian traditions and norms also impact on gender roles (Kamo, 1994;
Quah, 1998). Confucian ideologies describe strict gender rules and requirements for men and
women. Husband and wife manage different tasks in society, with women being in charge of
domestic chores and men working outside the family (Zuo and Bian, 2001). The influence of
traditional gender ideologies is profound. In 2000, 43.8% of the investigated men and 37.4%
of the investigated women in Shanghai agreed that men’s first responsibility was out-of-home
social activities and women’s was domestic household tasks (The second Chinese women’s
social status survey team, 2001). This gender ideology can influence the household task of
men and women and consequently, the related activity-travel patterns.
Thirdly, Confucianism emphasises respect for seniors and parents (Ieda, 2010). The
Confucius teaching of filial piety (xiao) commands young people to take material as well as
emotional care of their aged parents. The pattern of co-residence of parents with their married
children is still quite prevalent (Logan and Bian, 1999; Chen and Silverstein, 2000). However,
there are also practical reasons for co-residence, as parents and their adult children can
provide for each other’s needs. For the older parents, the family serves as the primary source
of old-age support. For their adult children, the aged parents provide care for their
grandchildren and share some of the household responsibilities such as daily shopping and
cooking (Goh, 2009). Specifically, there are two household types which are rare in western
countries: extended families where the elderly live together with their children and
grandchildren, and adult families where the elderly live together with their (un)married adult
children. The special households composition could have impacts on the allocations of
household responsibilities and in turn can influence related activities and travel behaviour
(Srinivasan and Athuru, 2005; Srinivasan and Bhat, 2005; Lee et al., 2007).
It is worth noting that though China is on the way to modernization and getting more
individualized as has mentioned above, China will probably not follow exactly the western
pattern (Yan, 2010). Modernization is “probabilistic, not deterministic” (Inglehart and Baker,
2000), meaning that modernization tends to transform a given society in a predictable
direction, but the process and path are not inevitable and are contingent on the historical and
cultural context of the society in question. In other words, modernization does not necessarily
imply cultural convergence. The traditional cultures can manifest in the way of modernization,
i.e. the social-cultural specificity of urban China can have enduring influences on society even
under modernization.

1.2.4 Institutional settings
Socialism’s stress on gender equality
As a socialist country, China has several distinct characteristics, which are different from
western countries. A prominent aspect relates to the socialism’ stress on gender equality. The
Marxist perspective contends that capitalism’s inevitable outcome is a dualistic and polarised
15

society, where women entering the labour market take up unskilled, low-paid jobs which
would further aid capital accumulation (Beechey, 1986). Instead, state socialism places
women at work side by side with men and promises them equal opportunities and rewards.
The socialist attempt to promote gender equality was nowhere more profound than the state’s
massive mobilisation of women to enter the labour force. Mao’s famous statement that
“women carry half of the heavens on their shoulders” summarises a Marxist version of gender
ideology, one that emphasises economic production (Fan and Regulska, 2008). This ideology
resulted in very high employment ratios for women in China. It is estimated that more than 80%
of urban Chinese women between the ages of 16 and 54 are employed, accounting for nearly
40% of the total urban labour force. More than 90% of urban families are headed by working
parents (Wang et al., 2010).
It is worthwhile to note that the socialism’ stress on gender equality seems to have
opposite effects than Confucianism’s norms about gender roles. However, there are also other
scholars that argued the socialism’s promotion of women’s participation in labour market will
add the second burden on the shoulders of women in that they have to combine their
traditional duties in the private sphere and their production roles outside the home (Bauer et
al., 1992). In any case, the two conflicting norms make the case of urban China a fascinating
setting to investigate the gender relations in travel.
Legal retirement age
The legal retirement age in China is much younger than that of western societies: 60 for men,
55 for women in managerial functions, and 50 for all other women (SCPRC, 1978). As a
result, Chinese people enter into their ‘old life’ with relatively better health. This also means
that old people in China can help their adult children with household responsibilities much
easier, while they are also likely to be more mobile.
One-child policy
China established a one-child policy in 1979. According to this policy, urban families can
only have one child. When the first generation of law-enforced single-children became
parents themselves, grandchildren were left with the task to provide for his or her two parents
and four grandparents. In response to this so-called "4-2-1 problem", all provinces have
decided that couples are allowed to have two children if both parents were only children
themselves (Hesketh et al., 2005). Nonetheless, the one-child policy has important social
implications. On the one hand, in China, relatively speaking parents have fewer child caringand household responsibilities. On the other hand, the one-child policy has accelerated aging
due to a sharp decline in fertility. The World Health Organisation (WHO, 2002) predicts that
from 1995 to 2020, China will experience a dramatic aging of the population with the share of
old people increasing from 6.1% to 11.5%. It is projected that in 2020, of every four older
persons in the world, there will be one residing in China (James, 2002).
The above institutional settings of urban China can influence travel behaviour in various
ways. For example, the high employment ratio of women implies that women on average tend
to make more work-related trips and thereby have less time for other activities than their
counterparts in western countries. The one-child policy might result in relatively less
child-caring work in Chinese households and therefore have implications for travel behaviour.
These special institutional contexts of urban China may lead to differences in travel compared
to western countries.
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1.2.5 Built environment
Chinese cities also have from western countries deviating spatial structures and configurations.
The most notable characteristics are their high density and high level of mixed land use.
Chinese cities usually have a very high residential density compared to western cities. The
average urban density in the six big cities (Beijing, Shanghai, Tianjin, Guangzhou, Hangzhou,
and Ningbo) is 146 persons per ha, which is approximately ten times the density in cities in
America, Australian and New Zealand (15 persons per ha), and over 2.5 times the density in
western European cities (55 person per ha) (Kenworthy and Hu, 2002).
Danwei-the legacy of socialism-is another important difference in urban structure
between China and western countries. Danwei ‘… is a generic term denoting the Chinese
socialist workplace and the specific range of practices that it embodies’ (Bray, 2005). Danweis
can be enterprises (e.g. shops, factories), public institutions (e.g. schools, hospitals, research
institutes), party organs, government departments and military units (Wang and Chai, 2009).
In the pre-reform era, danweis formed an institutional context that integrated urban productive
activities and social life in the same location. Apart from salary, it provided its employees
with a comprehensive package of welfare and services (including housing), daily life facilities
such as dining halls, bathing houses, shops, and education, recreation, medical care facilities
and other urban services. The danwei system is actually a cellular multifunctional work-unit
structure (Douglass et al., 2012).
However, since the early 1980s, the government launched land and housing reforms
which aimed to transform the socialist welfare-oriented housing system into a market-oriented
system through the privatization of housing ownership (Huang, 2004; Huang and Clark, 2002).
As a result, most people acquired commodity housing estates from market resources. In the
meanwhile, the former rather uniform functional integration of work-unit urbanism has made
way for a more and more fragmental urban structure including mono-functional gated
communities, urbanized villages, specialized shopping streets, shopping malls, university
towns, and special economic zones (Douglass et al., 2012). It is notable that urban village is
another typical spatial phenomenon of urban China. Urban villages, literally meaning
engulfed by the expansion of urban areas, are produced by the rapid pace of Chinese
urbanization (Liu et al., 2010). Urban villages are either located near to the city centre or in
the peri-urban areas. Houses in urban villages are self-built by the villagers and provided to
rural migrants and some low-income urban citizens at quite low price (Tian, 2008).
Due to the ‘experimental and gradual’ process in which the old planned system and new
market system continue to coexist in the transformation in China, there are still some state
danweis providing subsidies and allocated housing for employees (Wang and Murie, 1999;
Wu, 1996). In other words, there are several types of neighbourhoods including danwei
housing, commodity housing, urban village, etc. co-existing in Chinese cities (Wu, 2004).
However, since our dataset do include the information of urban villages, we have to confine
our analyses to danwei and commodity housing.
Moreover, Chinese cities are also different from western countries in retail structure
(Wang and Jones, 2002). It is quite prevalent that lots of small stores providing all kinds of
daily goods in communities within walking distance from home. In addition, due to the
development stage, informal jobs play an important role in Chinese labour markets to provide
employment for rural-urban migrations and urban layoff workers (Vasconcellos, 1997). Those
informal employees usually take the form as paddlers and vendors in the streets to provide all
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kinds of community services (Cooke, 2006). Those retail structures deviate much from the
urban structure in most western countries and should have implications for travel behaviour
(Wang and Jones, 2002). However, in the newly-built mono-functional gated communities in
the suburban the retails usually take a more modern form, such as super market and shopping
mall (Douglass et al., 2012).

1.3 Research aims and questions
1.3.1 Aims of the study
Researchers have explicitly noted that contextual differences are crucial to understanding
travel behaviour (Hanson, 2000; Vasconcellos, 2001). China’s unique political, economic, and
cultural characteristics provide favourable research grounds to extend this understanding of
the influence of context variation to the Chinese setting. Therefore, the main aim of this
dissertation is to improve our understanding of the influence of the special Chinese context on
travel behaviour. Such an understanding is especially important in view of the fact that most
of existing academic literature on travel behaviour draws on data from western cities.
Additional empirical research in China serves two aims: on the one hand, an improved
understanding of Chinese travel behaviour will help to support effective and efficient
transport policies that are geared towards the Chinese situation (the practical aim of this
dissertation). On the other hand, empirical knowledge of travel behaviour in China will help
to supplement the existing scientific literature on the determinants of travel behaviour with
empirical evidence from another context (the scientific aim of this dissertation).
1.3.2 Research questions
This dissertation brings together a collection of academic papers that have already been
submitted to or published in international scientific journals. As a consequence, there is some
unavoidable overlap in the description of the research design and methodology used in each
of the following individual chapters. As another consequence, the research questions of the
individual papers will also be the specific research questions of this dissertation. The reasons
and background of those questions are documented below.
1. All else being equal, what are the mode choices in Nanjing and what are the
underlying determinants?
This question is taken up in Chapter 2. Mode choice in urban China is labelled as more
sustainable than western countries for the high share of non-motorised transport modes
(Kenworthy and Hu, 2002). However, several changes in recent years –rapid economic
growth, demographic transition, large-scale urbanisation – put great pressure on the transport
system (Wang and Chai, 2009; Ng et al., 2010). Fast motorisation has resulted in a decline in
non-motorised and public transport (Ng et al., 2010; NICTP, 2008), increasing traffic
congestions, air pollution and fatal casualties (Pucher et al., 2007). These developments
suggest that cities in China are transforming rapidly from sustainable non-motorised urban
systems into car-dependent systems. However, there is limited empirical research in urban
China on this topic, which could support policy-making. Using multi-logistic regression
models, Chapter 2 therefore analyses the influence of both socio-demographic factors and the
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attributes of the built environment on mode choice.
2. All else being equal, what are the differences in daily travel time and distance in
Nanjing, China, and the Randstad, Netherlands, which factors determine these
characteristics in Nanjing and the Randstad and what does this suggest about travel
behaviour in the future?
It is widely believed that the evolution of transport could lead to changes in urban form,
and that changes in land use could also have transport consequences. Through linear
regression models, Chapter 3 presents a comparative analysis of travel behaviour in Nanjing
and the Randstad, supporting a better understanding of interdependencies between transport
modes and urban form in different stages of metropolitan development. A comparative study
could also benefit both sides in practical perspectives. For China, comparing transport
characteristics in Chinese cities with that in more established economies might lead to
pointers about the future transport situation in China. For the Randstad, despite the large
contextual differences, an analysis of the use of sustainable transport modes in Chinese cities
– which are still dominated by non-motorised transport – can deliver insights for organizing
daily life in future low carbon cities.
3. All else being equal, what are the main changes in travel behaviour in Nanjing,
China; and how can we explain these?
This is the central research question of Chapter 4. Urban China is experiencing an
unprecedented pace and scale of economic, social and spatial transitions. The resulting
increase in incomes for some and related growing car ownership, polarised income gap,
growing individualisation of society, accelerating urbanisation and growing public transport
investments all have important implications for travel behaviour. We expect that travel
distances will increase considerably, and that the share of the private car and public transport
will grow considerably at the expense of non-motorised transport modes. To date, most of the
existing literature on the determinants of travel behaviour draws on cross-sectional data,
which are gathered at a single point in time. There is limited knowledge of the dynamic
relationship between the built environment and travel behaviour over time. To fill this gap,
Chapter 4 deploys changing parameter models to investigate changes in travel behaviour and
the underlying determinants on the basis of data from the repeated cross-sectional Nanjing
Residents Travel Survey (NRTS) from 2008 and 2011.
4. All else being equal, what are the effects of household structure on the travel
behaviour of seniors and young parents in Nanjing?
This question is central to the fifth Chapter. The allocation of household tasks and related
activity-travel patterns for household members have been a hot topic for sociologists,
geographers and transport researchers for more than three decades. Existing studies have put
an overwhelming emphasis on the interactions between partners/spouses or on parent-young
child interactions (Srinivasan and Bhat, 2005; Srinivasan and Athuru, 2005; Schwanen, 2007).
Fewer efforts have been devoted to investigate the interactions with other household members,
like older parents. As the presence of older parents is quite common in China, Chapter 5
explores the interactions of the older parents and their adult children, through an investigation
of travel behaviour within two special household types – the extended family and the adult
families. The chapter will focus on the travel frequency, travel distance and travel time of
seniors as well as young parents.
19

5. All else being equal, what are the impacts of co-residence with older parents in
households on gender differences in trip frequency and travel distance for commuting
and shopping and what is the influence of land use characteristics on these gender
differences?
Gender differences in travel behaviour constitute another hot topic for academics and
policy-makers in the last three decades (Hubers et al., 2011).The so-called Household
Responsibility Hypothesis (HRH) suggests that household responsibilities are the main reason
for these gender differences. Chapter 6 tests the relevance of the HRH for the specific context
of urban China. Specifically, it focuses on the effects of the co-residence of aged parents and
adult children in extended families. The chapter discusses the impacts of both
socio-demographic attributes and urban form characteristics on gender differences for
commuting and shopping travel frequencies and distances. In addition, given the fact that
existing literature pays scant attention to the influence of land use on gendered differentiation
in travel behaviour, this chapter also investigates how land use may interact with gender to
influence travel patterns.

1.4 Case study area and data
1.4.1 Case study area
Most of the existing research on urban China takes Beijing, Shanghai or Guangzhou as case
study areas. In contrast, this thesis chooses Nanjing as the research location. This city is the
capital of Jiangsu Province, and the second largest commercial centre in East China. It covers
an area of 4,723 square kilometres, with a permanent population of 5.41 million in 2008
(Nanjing Statistic Bureau, 2008). As a former national capital, the city also has a prominent
place in Chinese history and culture (Cotterell, 2008). Different from Beijing, Shanghai and
Guangzhou, which are the three biggest cities in China, Nanjing is a second tier city that
started to develop later (Table 1.1). However, as such, it is representative for a multitude of
Chinese cities with a comparable size, such as Wuhan, Hangzhou and Shenyang. As much of
the future urbanisation will take place in these second tier cities, understanding travel
behaviour in Nanjing will help to understand changes to come.
Table 1.1 Some attributes of some capital cities in China
City
Nanjing

Population
(million)
5.4

Built-up area (Sq
km)
592.0

GDP per
(EUR)
7816.6

Beijing

11.6

1311.0

Shanghai

13.2

Hangzhou

4.2

Shenyang
Haerbin
Wuhan

5.1

461.0

Guangzhou

6.5

895.0

Chendu

5.1

428.0

Xi'an

5.5

273.0

person

Road
area
( m2/per person)
16.3

Bus per thousand
people
107.0

7919.0

7.7

185.6

2429.0

9152.8

6.6

125.4

367.0

10951.8

10.0

165.7

5.1

370.0

8111.6

8.9

102.0

4.8

340.0

5286.7

6.0

102.0

6764.5

11.3

131.8

10470.0

--

149.8

4978.2

10.5

133.8

3666.3

8.5

110.4

Data from “Urban Statistical Yearbook of China, 2009”
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Nanjing has two CBDs (the old CBD and the Hexi New CBD) and three sub-centres:
Pukou sub-centre, Qixia sub-centre and Jiangning sub-centre (Figure 1.5). The old CBD –
Xinjiekou CBD – is the largest urban centre in the city. The new CBD in Hexi area was
planned in 2001. Hexi area was almost empty before the government initiated the plan. After
10 years of construction, with strong city government support, it has become a new centre
with many high-rises. However, the area is criticised for its lack of employment,
entertainment, education and shopping [add source]. The same challenges exist for two of the
sub-centres, Pukou and Qixia. Pukou sub-centre was formerly an industrial development zone
lacking basic residential and manufacturing services. City government intended to supply
more facilities so that the zone would become a self-containing city centre. However, so far
the effects have been limited. Qixia sub-centre used to be a university town, where the new
campuses of several universities were concentrated. Compared with Pukou sub-centre, the
dearth of services and facilities here is even worse. The third sub-centre, Jiangning sub-centre,
has the best services. This sub-centre was founded at the former city centre of Jiangning
County, which was transformed into the combined Jiangning district and Jiangning
Development Zone in December 2000. As a result, Jiangning sub-centre provides various
shopping, education and recreation services, while the development zone provides
employment.

Figure 1.5 Urban structure of Nanjing
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1.4.2 Datasets
Our data on travel behaviour in Nanjing is taken from the Nanjing Residents Travel Survey
(NRTS; in Chinese: Nanjingshi jumin chuxing chouyang diaocha). The NRTS survey is
conducted by the Nanjing Urban and Transport Planning and Designing Institution Limit
Cooperation (Nanjingshi chengshi yu jiaotong guihua sheji yanjiuyuan youxian zeren gongsi).
The survey is sponsored by the Nanjing Transport Planning Committee and is used for ‘The
Nanjing Comprehensive Transport Planning 2009’. The survey covered ten Nanjing districts
and includes 5400 individuals of 1800 households. The dataset is rather expensive. By leaving
out two districts (1506 respondents), we were able to get the data of eight districts with 3894
respondents for free (Figure 1.6). After removing the outliers and the records of children, we
finally have 2989 respondents. The two missing districts have similar socio-demographic
compositions, built environments and development histories as the adjacent included districts.
Therefore, we assume that the travel behaviour of the residents of the two missing districts are
represented by the other districts. The sub-sample size of each district is proportional to its
population. More Traffic Analysis Zones (TAZs) are selected in the districts with large
populations. In each TAZ, about 150 respondents are randomly selected. This travel database
includes the socio-economic and demographic attributes of the respondents such as gender,
age, educational level, occupation, the number of pre-school children, household income,
household car ownership and detailed information derived from a one-day travel diary on
Tuesdays, Wednesdays and Thursdays in June 2008.
It should be noted that in Chapter 4 we also use the NRTS 2011. The survey in 2011
includes 3400 samples in total, which is much smaller than that in 2008. The large difference
in the sample sizes of 2008 and 2011 result from the fact that in 2008 an additional number of
samples were collected in view of research for Nanjing Transport Planning Committee’s ‘The
Nanjing Comprehensive Transport Planning 2009’. We have the travel diaries of 2486
individuals of the same 8 districts as in 2008. After removing the outliers and the records of
children, we finally have 1990 respondents in 2011.

Figure 1.6 Sample distribution
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It is useful to discuss the delineation of TAZs in Nanjing. There are totally 200 TAZs. As
the basic unit to collect data and forecast traffic volume, the delineation of the TAZ usually is
based on the following rules:
 Compactness: a TAZ should have a compact shape spatially.
 Spatial contiguity: units composing a zone should be adjacent to each other.
 Homogeneity: a single predominant land use and homogeneous socioeconomic
characteristics are desired within a zone.
 Boundary: TAZs should follow existing administrative boundaries as far as possible; if
there are major roads, railways, canals, and other physical barriers, it is better to take
these as boundaries.
 Size: the average size of the TAZ is 1-2 sq km. However, the spatial extent of zones
varies in different districts of the city, ranging from very large areas (2-3 sq km) in the
exurb to as small as city blocks in the central city (0.3-1sq km).

Figure 1.7 Traffic analysis zones in Nanjing

1.5 Organisation of the dissertation
The contents of Chapters 2 to 6 have been briefly described above. Table 1.2 summarises the
contents of the empirical analysis and the explanatory variables of each of these chapters.
Following these five chapters, Chapter 7 then returns to the research questions. The
implications of the empirical findings for transport planning in the Nanjing metropolitan area
are discussed as well.
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Table 1.2 Dissertation outline
Chapter
2

Phenomena to be explained

Mode choice for commuting and
shopping- leisure travel

Explanatory factors

Personal and household attributes

Danwei/commodity/mix housing

Accessibility

Transport provision

3



Total travel time in Nanjing and the
Randstad
Total travel distance in Nanjing and
the Randstad




Household structure
Land use characteristics

Mode choice commuting and
shopping- leisure travel in 2008 and
2011
Total travel distance in 2008 and
2011





Household structure
Land use characteristics
Transport provision

Trip frequency for commuting,
shopping and leisure for seniors and
young parents
Travel distance for commuting,
shopping and leisure for seniors and
young parents
Travel time for commuting, shopping
and leisure for seniors and young
parents






Household structure
Other personal and household attributes
Land use characteristics
Transport provision

Trip frequency for commuting and
shopping for male and female
Travel distance for commuting and
shopping for male and female






Household structure
Other personal and household attributes
Land use characteristics
Transport provision


4




5





6
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context: the case of Nanjing metropolitan area, Tijdschrift voor Economische en Sociale
Geografie (forthcoming).
.
Abstract
In post-reform China, rapid motorisation causes various problems like traffic congestion,
diminishing road safety, and air pollution. Adequate policies necessitate an understanding of
the forces behind changing mode choices, but the rapidly developing literature is not
complete yet. This chapter aims to help fill that gap with an analysis of mode choice for
commuting and shopping-leisure trips in Nanjing. Using the Nanjing Residents Travel Survey,
we find that models with the same independent variables explain mode choice in Nanjing
better than in cities in other places in the world. Gender, age, occupation, work duration, car
ownership, and neighbourhood type are the most influential determinants. Comparatively,
members of adult families use public transport and walking more often than the private car
and bicycle. And inhabitants of ‘danwei’ neighbourhoods walk more often than residents in
commodity housing estates. These conclusions suggest that unchallenged on-going
socio-spatial transformations will push mode choice in China further towards private car use.

2.1 Introduction
Rapid economic growth, a rapid demographic transition, and large-scale urbanisation put
great pressure on the transport system in post-reform China (Wang and Chai, 2009; Ng et al.,
2010). Fast motorisation has resulted in a decline in non-motorised and public transport (Ng
et al., 2010), increasing traffic congestions, air pollution and fatal casualties (Pucher et al.,
2007). The average travel speed for motor vehicles at peak hours in the three largest cities –
Beijing, Shanghai and Guangzhou – is now 8-12 km per hour which is slower than riding a
bicycle (China Today, 2004). These developments suggest that cities in China are
transforming rapidly from sustainable non-motorised urban systems into car-dependent
systems.
This large scale and rapid transformation of transport and urban systems takes place in a
country that is in various senses different from western countries. In comparison to the USA
and many European countries the Chinese society shows more collectivistic, based on
traditional bonds among similar others, instead of individualistic treats, such as self-reliance
and pursuit of personal interests (Oysrman et al., 2002; Yan, 2010). In addition, in China, the
spoils of growth are distributed highly unevenly, resulting in limited choice opportunities for
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large parts of society (Yang, 1999; Ding and Wang, 2008). It can be expected that that these
combined differences in financial opportunities, transport supply, and ‘worldviews’ will have
profound effects on people’s travel behaviour.
Second and related to this, limited means and collectivistic lifestyles are expressed in the
dominance of the extended family with three generations living together (Chen, 2005; Logan
and Bian, 1999). For the same reasons, adult children remain at home much longer (Logan
and Bian, 1999). Divergent household compositions might impact travel behaviour as well.
Third, the urban structure of Chinese cities contrasts with cities abroad (Wu et al., 2007;
Douglas et al., 2012). On the one hand, these cities consist of urban villages, traditional
neighbourhoods, and former ‘danwei’ that all combine housing, retail, work, education,
recreation, and medical facilities into functionally integrated neighbourhoods (Bray, 2005).
On the other hand, post-reform suburban commodity housing estates, display high levels of
functional specialisation. This specific urban structure will impact travel behaviour as well.
In the past few years, new studies have been published on mode choice in China (e.g. Liu,
2007; Wang and Chai, 2009; Pan et al., 2009; Zhao et al., 2010). Our study distinguishes in
three respects from this recent literature. First, the studies focus on commuting while mode
choices for other travel purposes and the determinants involved remain largely unknown.
Second, to our knowledge, the existing literature does not discuss the influence of the special
household structure in China – co-residence of older parents with their adult children – on
travel behaviour. Third, most of this recent research on mode choice in China draws on data
from Beijing (e.g. Wang and Chai, 2009; Zhao et al., 2010) and Shanghai (e.g. Liu, 2007; Pan
et al., 2009). These are China’s main and biggest cities. Nanjing is an example of a so-called
‘second tier’ city. These are much smaller in size, and have less developed fast public
transport systems. As the majority of future Chinese urban residents will live in these second
tier cities, more empirical data on travel behaviour in cities like Nanjing are urgently needed
to increase understanding of the effects of different transport contexts for travel behaviour in
China in the future.
Together, these reasons suggest that specific research is urgently needed into travel
behaviour and more specific in this chapter into mode choice in China and its determinants. It
is the objective of this chapter to help generate such knowledge, thereby facilitating potential
policy responses in the future. We will base that knowledge on the Nanjing Residents Travel
Survey 2008 (NRTS). Following the existing literature, we will analyse the impacts of
socio-demographic factors as well as attributes of the urban environment in this dataset. And
we will analyse these effects for two types of trips: commuting and shopping-leisure trips.
We will address these issues in the remaining four sections. After this introductory
paragraph, we start with a review of relevant literature on mode choice. The third section
presents an overview of the data and methods used. Next, we turn our attention to a
descriptive analysis of our dataset. This is followed by a number of regression models. The
results of this analysis will be further discussed in the concluding section.

2.2 literature on the determinants of mode choice
There is an extensive literature studying the determinants of mode choice. As we will see,
unfortunately, this literature derives its conclusions mainly from western urban contexts that
have considerable socio-cultural, socio-economic and spatial differences with the Chinese
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context. Thus, we will conclude that additional research is really needed. But first we will
focus on the existing studies. These studies focus on two types of determinants of mode
choice: socio-demographic attributes of travellers and factors relating to the built environment.
Generally, the models analysing both factors in western countries have a low explanatory
power, indicating considerable variations in individual travel patterns (for instance, see
Schwanen et al. (2001) for the Netherlands and Cervero (2002) for the US).
In comparison, socio-demographic characteristics have a more important role in the
explanation of travel patterns than built environment variables (Susilo and Maat, 2007;
Limtanakool et al., 2006). Amongst these, studies especially focus on the impact of gender,
age, household structure, income, education, occupation, and household car ownership on
mode choice. Gender is often considered an important factor for mode choice. Results show
that women are more inclined to take public transport and less likely to cycle and drive to
work than men (e.g., see Commins and Nolan (2011) for the Greater Dublin Area and Pooley
and Turnbull (2000) for Britain). Potential reasons for these differences are limited access to
the family car, combined with a higher consciousness for safety risks associated with cycling
and driving in urban traffic for female participants (Law, 1999). Age also has significant
impact on travel mode choice. Zhang (2004) observes that in Hong Kong and Boston young
commuters are more likely to use cars to go to work, whereas older people tend to be more
committed to public transport. Regarding household structure, the presence of children in the
family increases the use of cars and decreases the use of public transport. Households without
children are less likely to take the car for commuting trips and shopping-leisure trips than
households with children (Dieleman et al., 2002). Little is known about the impact of elderly
people in the household on travel behaviour. This might result from the fact that in western
countries, adult children usually live apart from their parents.
Some authors conclude that household income has a positive influence on the number of
car trips (Cao et al., 2006) and a negative impact on the propensity to walk and cycle
(Schwanen et al., 2001; Buehler, 2010). However, others find no significant relationship
between household income and mode choice (Chen et al., 2008; Palma and Rochat, 2000). On
the influence of education conclusions differ as well. Commins and Nolan (2011), using a
case study of the Greater Dublin Area, see a negative impact of educational level on private
car use: with higher education levels it becomes less likely that the car is chosen as the main
mode of transport. This might result from a higher awareness of environmental impacts of car
use of participants with higher educational levels. However, Dieleman et al. (2002) and
Schwanen et al. (2001) all claim that car use is more likely for people with a higher education
in the Netherlands. They explain this from the fact that higher educated persons have more
specialised jobs and preferences for shopping and leisure activities. Palma and Rochat (2000)
find no significant impact from education on mode choice in Geneva. Occupation receives
limited attention in research on mode choice. Commins and Nolan (2011) find that people of
higher professional occupations are significantly less likely to walk, cycle and travel by
public transport to work. Wang and Chai (2009) conclude that occupation has no significant
impact on mode choice for residents in Beijing. Studies seem to agree on the impact of car
ownership on mode choice. Higher levels of car ownership result in increased car trips and
diminishing trips through other transport modes (Dieleman et al., 2002; Schwanen et al., 2001;
Buehler, 2010).
As stated above, compared to these socio-demographic factors, the effects of built
environment variables on mode choice are more limited. These built environment variables
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have been named the ‘three Ds’ (Cervero and Kockelman, 1997): density, diversity, and
design. Recently, two additional D’s have been discerned: destination accessibility and
distance to transit (Ewing and Cervero, 2010). Population density turns out to be the variable
most studied (Forsyth et al., 2007). Research shows inconsistencies in the impact of density
on mode choice. Many studies see a positively association of between population density on
the one hand and public transport and non-motorised modes on the other (e.g., see Zhang
(2004) for Hong Kong and Chen et al. (2008) for the New York Metropolitan Region). Others,
however, conclude that the impact is negligible (e.g., see Filion et al. (2006) for Toronto and
Forsyth et al. (2007) for the US). One reason for the conflicting results might be the
mediation of other built environment attributes. For example, Forsyth et al. (2007) observe a
small impact of density on mode choice when this does not go together with mixed land uses.
Badoe and Miller (2000) argue that the impact of density is mediated by accessibility.
A large number of studies focus on the impact of accessibility on mode choice (e.g.
Handy, 1992; Cao et al., 2006). Despite this large body of research, the conclusion remains
inclusive. This might result from the use of divergent accessibility measures. Commonly used
accessibility indicators are the number of various activity opportunities within certain travel
distances, the distance to different transport facilities, or combined indicators of opportunities
and travel times for different transport modes. Handy and Clifton (2001) observe that the
accessibility of local shopping opportunities in six neighbourhoods in Austin, Texas, hardly
reduces car use. Cao et al. (2006) find that the distance to the nearest facility in the same city
represents an important factor for the frequency of shopping trips on foot. Using a logsum
measure of accessibility, derived from a random utility model, Limanond and Niemeier (2003)
conclude that accessibility influences mode choice for shopping travel in Puget Sound, WA.
Here, a higher accessibility increases the likelihood of walking to shopping facilities within
the neighbourhood. For accessibility to public transport facilities, Kitamura et al. (1997)
observe that distance to the nearest bus stop negatively correlates to the number of
non-motorised trips and positively associates with the number of car trips. And Cervero (1994)
shows that in California the proportion of transit journeys decreases with increasing distance
from the transit station, while the impact on pedestrian travel is insignificant.
Besides population density and accessibility, the special context of housing provision in
China might also exert influence on residents’ mode choice. However, with almost no studies
on this relationship, little is known about these impacts. Wang and Chai (2009) provide one
exception. They apply a structure equation model to the effects of housing provision on travel
behaviour in Beijing and find that commuters that live in ‘danwei’ – or work unit – estates
have shorter commuting trips and increased non-motorised transport modes than residents of
commodity housing estates (see Douglas et al., 2012 on the differences between these housing
settings). In post-reform China, commodity housing estates have become the prevalent form
of residential development. While commodity housing estates are also developed in the
inner-city areas, they are more common in suburban areas where larger pieces of land are
available. Residents of these estates in general have higher incomes (Wang et al., 2011). As a
result, we might expect that residents of commodity housing estates travel more by car.
Our review of the literature shows that literature on mode choice is largely based on
western urban contexts. We have argued in the introduction that the socio-cultural,
socio-economic and spatial structure here might differ substantially from the Chinese context.
Therefore, results from these studies might not be applicable directly to China. Especially, we
hypothesize that:
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Because of relative low incomes, many of Nanjing’s residents have limited financial
opportunities to choose their transport modes (for most this mainly includes walking, cycling,
and public transport) and travel destinations (most will visit shopping and leisure destinations
close to the home). The poor public transport system – low and declining bus services and an
inadequate provision of transit networks – limits people’s choices as well. In addition, due to
a relative stronger collectivist orientation, traditional categories like age and gender seem to
have a stronger structuring effect on individual behaviour of people in China (Yan, 2010). In
western countries this seems to be different. With higher financial standards of living,
individuals here can afford to “choose from various options in their consumption (and, more
specifically, travel) behaviour” (Scheiner, 2010 p.679). For instance, there are more variations
in choices regarding travel modes and travel destinations. The use of this choice-set is
supported by a culture, that values individual expression and freedom of choice (Scheiner and
Holz-Rau, 2007; Ohnmacht et al., 2009). As a consequence, we expect a larger explanatory
power of classical socio-demographic variables in China than in western countries (our first
hypothesis).
The second hypothesis is related to the prevalence of differing household structures in
China, with co-residence of the older parents and their adult children (and grandchildren).
Co-residence with the elderly who tend to share considerable household responsibilities might
reduce the spatial-temporal constraints of adult children, who are thus less likely to use a car.
After all, trip-chaining combining commutes with shopping and other trips and the resulting
complex travel patterns will diminish. Therefore, we expect that the special household types –
the extended family and the adult family – might have implications for divisions of tasks and
choices for transport modes resulting in reduced car usage.
Regarding the third hypothesis we observe that most existing research on the effects of
the ‘danwei’ draws on data from Beijing (e.g. Wang et al. 2009 and 2011). It remains
unknown whether those findings are also relevant for other Chinese cities. We therefore argue
for additional empirical research into the effects of ‘danwei’ on mode choice in other Chinese
cities like Nanjing and hypothesize that the existence of mixed-use neighbourhoods – former
‘danwei’ – with housing in proximity to work, shopping and leisure might result in a higher
proportion of non-motorised transportation for all trip purposes.

2.3 Research design
We will analyse our hypotheses on the basis of the Nanjing Residents Travel Survey (NRTS
2008; in Chinese: Nanjingshi jumin chuxing chouyang diaocha). Nanjing is the capital of
Jiangsu Province, and the second largest commercial centre in East China. It covers an area of
4,723 square kilometres, with a total population of 6.24 million in 2008 (NSB, 2009). As a
former national capital, the city has a prominent place in Chinese history and culture
(Cotterell, 2008). The Nanjing Residents Travel Survey is conducted by the Nanjing Urban
and Transport Planning and Designing Institution Limit Cooperation (in Chinese: Nanjingshi
chengshi yu jiaotong guihua sheji yanjiuyuan youxian zeren gongsi). The survey is sponsored
by the Nanjing Transport Planning Committee and was used for ‘The Nanjing Comprehensive
Transport Planning 2009’. The survey covered 10 districts of Nanjing and includes 5400
individuals of 1800 households. The dataset is rather expensive. By leaving out two districts
(1506 respondents), we were able to get the data of 8 districts with 3894 respondents for free
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(Figure.1). The two missing districts have similar socio-demographic compositions, built
environments and development histories as the adjacent districts that were included in the
survey. Therefore, we reasonably expect that the other districts represent the travel behaviour
of the residents of the two missing districts as well. The sub-sample size of each district is
proportional to its population. More Traffic Analysis Zones (TAZs) are selected in the districts
with large populations. In each TAZ, about 150 respondents are randomly selected. This travel
database includes the socio-economic and demographic attributes of the respondents such as
gender, age, educational level, occupation, the number of pre-school children, household
income, and household car ownership, as well as detailed information derived from a one-day
travel diary on Tuesdays, Wednesdays and Thursdays in June 2008.

Figure 2.1 The map of Nanjing in China
The dependent variable in the analysis is mode choice (Figure 2.2). We distinguish
between five categories of mode choice: walking, cycling (including e-bike), public transport
(by bus and metro), car and other (mainly motorcycle, taxi). With regard to travel purposes,
we consider two categories – commuting trips and shopping-leisure trips. We have two
reasons to combine shopping and leisure trips. On the one hand, the dataset makes no
distinction between daily and non-daily shopping, but the nature of non-daily shopping is
similar to leisure trips. Thus it becomes hard to differentiate between both travel purposes. On
the other hand, shopping malls, which have recently been developed in various locations,
generally also contain leisure facilities. Again, this complicates the categorisation of
destinations in view of shopping accessibility or leisure accessibility. Thus, shopping and
leisure are combined and treated as so called shopping-leisure travel in this chapter.
In line with the international literature, our analysis includes two types of independent
variables: socio-demographic attributes of travellers and built environment characteristics.
Socio-demographic variables include gender, age, education level, household income,
occupation, working duration and household type. The typology of household types is based
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on a combination of three characteristics – household size, presence of children (<20 years
old) and co-residence of elderly in the household. Based on these characteristics, we identify
six household types: families (couples with children), ‘adult families’ (households without
children below 20 but with more than two adults), ‘extended families’ (three generations or
more), and ‘other families’ (households with single parents and/or single grandparents). Due
to the limited sample size of the ‘other’ household category, it was removed from the
multivariate analysis.

Figure 2.2 Variables in regression model
Variables relating to the built environment in our analysis include population density,
accessibility, and type of traffic analysis zone (TAZ). The TAZ is characterised by the
dominant form of housing provision, and we make a division between three types: ‘danwei’,
commodity and mixed housing. Population density is calculated at the sub-district level. For
the evaluation of the impact of accessibility on mode choice, we use two types of measures:
accessibility of activity opportunities and accessibility of public transport. According to the
chosen travel purposes, employment accessibility and shopping-leisure accessibility are
included in the models. Employment accessibility is defined as the total area of
employment-related land use within a radius of 1000 meters around the centre of a TAZ, with
land used for government offices, non-governmental organisation offices, business offices
and manufacturing considered as employment-related. With regard to shopping-leisure
accessibility, we combine the opportunities for shopping and leisure: the total area of
shopping-leisure related land use within a radius of 1000 meters around the centre of a TAZ.
Amongst others, this includes land use for shopping centres, markets, daily services,
vegetable shops, groceries, post offices, cinema’s, casino’s, libraries, museums, theatres,
scenic spots, and parks. We use the distance to the nearest metro station as a measure for
public transport accessibility.
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2.4 Descriptive analysis
We limit our descriptive analysis to some determinants of modal split which are to large
extent different in China compared to western countries: household type, housing type and
employment and shopping-leisure accessibility (Table 2.1). In many foreign countries, the
dominated household forms are singles, couples and families. Table 2.1 shows that couples
and families use the private car for respectively 10% and 14% of their trips. These relatively
high percentages probably result from the related dual incomes, which cause higher levels of
car ownership (ILO, 2000). This is confirmed by our data that show that the average
household income for singles is much lower than for other households. Also, the complex task
combinations of families, which have to be carried out in tighter time budgets, increase car
usage. As a result, households with children probably use less public transport and increased
individual transport modes (Dieleman et al., 2002). In comparison with the other household
types, families walk less often. With 25%, singles have the largest share of public transport
use. This will at least in part relate to the fact that with lower income levels, singles cannot
afford a car.
In contrast to western countries, a large share of households is of the type of ‘adult
family’ and ‘extended family’. To a large extent the adult families show a mode choice, which
is similar as for the singles: a high reliance on public transport and hardly use of the private
car. Maybe the adult children and their parents are organizing their daily lives rather
independently from each other. Those living in an extended family are comparable with core
families in a relative high use of the private car, but deviate in their relative large use of public
transport and walking. This might be the reflecting the travel behaviour of the elderly living in
these households.
Table 2.1 Modal split by various attributes (%)
Household type

Employment
accessibility
(unit: ha)

Shopping-leisure
accessibility
(unit: ha)

Housing type

Single

Walking

Cycling

Public transport

Car

Other

29.8

29.8

25.0

6.7

8.7

Couple

33.6

33.3

20.0

10.2

2.9

Family

18.1

49.2

12.2

14.4

6.2

Adult family

32.1

32.5

23.7

7.4

4.3

Extended family

29.1

33.9

20.0

10.9

6.1

Other family

18.8

56.3

14.6

8.3

2.1

0-15

8.6

46.6

22.4

15.5

6.9

16-40

10.4

45.5

22.4

13.3

8.4

41-65

14.1

54.4

14.7

10.3

6.5

more than 65

13.3

48.3

27.4

8.4

2.7

0-10

52.5

20.6

18.8

5.6

2.5

11-20

53.9

24.4

14.8

4.6

2.3

21-35

58.6

23.5

11.5

4.3

2.1

more than 35

46.7

29.9

15.4

3.8

4.3

Commodity housing
neighbourhood
Mixed neighbourhood

21.4

35.7

21.5

14.8

6.7

28.1

40.5

18.4

8.3

4.7

Danwei housing
neighbourhood

36.8

40.9

12.8

7.6

1.9

35

Total

27.0

38.8

18.6

10.6

5.0

Note: for employment accessibility, only commuting trips are selected in the analyses; for shopping-leisure
accessibility, only shopping and leisure trips are selected.
Source: own calculation

With increasing employment accessibility, we expect that the chances that people can get
a job close to their home increase. As a consequence, the share of walking and cycling for
commuting trips will increase as well, at the cost of public transport and private car use
(Ewing and Cervero, 2010). Table 2.1 shows that this expectation is consistent with
relationship between employment density and car use. But for walking, cycling and public
transport the mode share in the highest density category deviates from the expectations: this
category does not have the highest share of non-motorised transport modes and lowest public
transport. Checking the distribution of the area’s employment accessibility, we find that areas
with the highest employment accessibility are also the areas that have good access to public
transport, especially metro stations. All of these areas are located within 1 km from metro
stations, which makes public transport more attractive than in the other areas.
Table 2.1 indicates that shopping-leisure accessibility shows almost the same impact as
employment accessibility. Car use decreases with rising shopping-leisure accessibility. The
relatively large share of public transport in the areas with the highest shopping-leisure density
again is a consequence of the presence at a relative short distance of the metro system.
Table 2.1 also demonstrates the impact of housing types on mode choice. TAZs were
‘danwei’ housing dominates are characterised by high shares of non-motorised transport
modes and low public transport and car use. This underlines the hypothesis that mixed-use
developments shorten the distance for both commuting and shopping-leisure. Thus, people are
more inclined to choose non-motorised transport modes. At the same time, non-motorised
transport might also result from the lower income levels in these areas. After all, the dataset
shows that the average household income for ‘danwei’ neighbourhoods, mixed
neighbourhoods and commodity housing neighbourhoods are 3500 EUR, 5000 EUR and 6500
EUR per year respectively. The modal split of the commodity housing neighbourhoods show
a reverse impact. Longer commuting distances in combination with higher incomes, makes
fast transport modes like car and metro the preferred transport modes. Mixed residential
neighbourhoods take positions between the two above-mentioned housing areas.

2.5 Multivariate analysis
In this section, multi-logistic regression models are employed to investigate the effects of
socio-demographic and built environment attributes on travellers’ mode choice. As indicated
before, we estimate separate models for two trip purposes, since the purpose of trips might
influence mode choice (Dieleman et al., 2002; Zhang, 2004). One model focuses on
commuting trips (Table 2.2), while the other targets shopping-leisure trips (Table 2.3). The
dependent variable ‘transport modes’ consists of four categories: walking, cycling, public
transport and car, with walking as the reference category in each model. Due to the relative
small size and heterogeneity, we have removed the category ‘other’ from the analysis. The
pseudo R-square statistics-Nagelkerke’s ρ2 indicates the percentage of the variance of the
dependent variable that can be explained by the independent variables. We observe that the
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value of Nagelkerke ρ2 in both Table 2.2 (Nagelkerke ρ2 = 0.459) and Table 2.3 (Nagelkerke
ρ2 = 0.309) are substantial higher than in similar calculations in western countries: for
instance, see Schwanen et al. (2001) for the Netherlands and Cervero (2002) for the USA.
While there might be technical reasons influencing Nagelkerke ρ2 such as the scales of the
estimated parameter and variances of different datasets, the difference in Nagelkerke ρ2 might
also be caused by differences in opportunities (household finances and transport supply) and
value orientations. First, the majority of the Nanjing residents still have very low incomes.
After all, the Nanjing annual disposable income per person in 2008 was only about 3000 Euro
(NSB, 2009). These low income levels will limit choices regarding transport modes and
destinations. Second, an insufficient supply of public transport services also limits choices.
Third, a relative stronger collectivist culture results in stronger structuring of Chinese
individual behaviour by traditional social categories like gender, age, and employment (Yan,
2010). In western countries, these ‘classical’ socio-demographic influences on travel have
been challenged by lifestyle-oriented factors including subjective attitudes, values, housing or
leisure preferences and wishes due to individualised contexts (Ohnmacht et al. 2009; Scheiner
2010). Therefore, ‘classical’ socio-demographic variables can cover larger variances in travel
behaviour in China than in western cities.
2.5.1 Commuting travel
Table 2.2 shows the results of the regression model for commuting trips. Women living in
Nanjing are significant less likely to use a car for commuting than men. On the one hand, this
might result from limited access of women to the family car. Furthermore, it might also relate
to the larger commuting distance of men (on average 3.8 km) compared to women (on
average 3.1 km). Travel times to cover large distance can be reduced by choosing faster
transport modes. Similar outcomes are found in research in non-Chinese cities (Commins and
Nolan, 2011; Pooley and Turnbull, 2000).
Increasing age is associated with a decreasing use of cycling, public transport and car.
Again, this is in line with findings abroad (Cervero, 2002). Table 2 shows that people with
lower education levels are less likely to use the car for commuting, in comparison to people
with higher education. This might relate to higher income levels and related car ownership,
but can also result from the fact that more specialised jobs cannot be found readily in the
proximity of home (Dieleman et al., 2002). Occupation shows significant impacts on
traveller’s mode choice as well. Compared with staff and civil servants, factory workers are
more inclined to commute by bike and public transport. Self-employed people have the
highest propensity to commute by car. Work duration also shows significant impacts on
commuting modes. Longer work hours increase the propensity for fast transport modes. This
is in line with findings in studies elsewhere (Schwanen and Dijst, 2002; Levinson, 1999;
Kitamura et al., 1998).
With regard to the household attributes, car ownership has the strongest positive
relationship with commuting by car. Household income is weakly linked to mode choice for
commuting, which is probably caused by the relationship with car ownership. All the same,
higher incomes result in more car trips.
The results for household types are in line with the descriptive analysis. In comparison to
core families, couples and other family types make significantly less use of cars in
comparison to walking. Complex travel patterns in combination with tight time budgets of
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families might form the background of their higher car use. In comparison with families,
singles more often use public transport. Adult families make the least use of the private cars;
cycling is less common than walking as well, while they use public transport in reference to
walking more often. This might be a reflection of travel distances in these households.
Probably, parents in these households have relatively short commuting trips, which can be
easily covered on feet, while their children travel larger distances to work by public transport.
No significant results were found for extended families.
Table 2.2 Multinomial logistic regression model for commuting trip
Cycling
B

Odds Ratio

Public transport
B
Exp(B)

Car
B

Odds Ratio

0.145

1.156

-0.056

0.946

-2.137***

0.118

30-39

-0.669**

0.512

-0.837**

0.433

-0.180

0.835

40-49

-0.701**

0.496

-0.969***

0.379

-0.464

0.629

More than 50

-0.858**

0.424

-1.058***

0.347

-1.571***

0.208

Gender (male = ref.)
Female
Age (20-29 = ref.)

Education (High = ref.)
Middle

-0.127

0.881

-0.325

0.723

-0.505

0.603

Lower

-0.295

0.744

-0.069

0.933

-0.927**

0.396

Occupation (Staff and civil servant = ref.)
Service personnel

0.220

1.246

0.797**

2.220

-0.926*

0.396

Factory workers

0.978***

2.659

1.068***

2.910

0.281

1.325

Self-employment

-0.041

0.960

0.071

1.073

1.099**

3.002

Other jobs

0.120

1.128

-0.251

0.778

-0.463

0.629

Work duration

1.373**

3.948

2.630***

13.868

2.253**

9.513

0.595

-0.600**

0.549

3.299***

27.083

Household car-ownership (Non-car = ref.)
One or more cars

-0.520**

Household income (EUR, More than 5,000 = ref.)
2,000-5,000

-0.018

0.982

-0.321

0.726

-1.005**

0.366

Less than 2,000

-0.105

0.900

-0.068

0.935

-0.412

0.662

Single

1.223

3.396

2.265**

9.630

1.763

5.829

Couple

0.341

1.407

0.273**

1.314

-0.227**

0.797

Adult family

-0.514**

0.598

0.878*

2.406

-0.602**

0.548

Household type (Family = ref.)

Extended family

-0.011

0.989

0.441

1.554

-0.276

0.759

Population density

-0.027

0.973

-0.268***

0.765

-0.206**

0.814

Employment accessibility

0.177

1.193

0.304

1.355

0.063

1.065

Distance to the nearest metro station

0.013

1.013

-0.110**

0.896

0.593*

1.810

Housing type (Mixed neighbourhood = ref.)
Commodity housing neighbourhood

0.227

1.255

0.513**

1.671

0.263

1.300

Danwei housing neighbourhood

-0.947***

0.388

-1.072***

0.342

-1.147**

0.318

Intercept
Cases

1.593***
2134

Nagelkerke ρ2

=

0.459;

0.468

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001,

-0.043
Reference category = Walking

Source: own calculation

Built environment characteristics show significant impacts on mode choice for
commuting trips. People in areas with high population densities are more inclined to walk or
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cycle to work. However, employment accessibility does not show significant impacts on
mode choice. This might be caused by our rather crude proxy (total area of
employment-related land use) for employment accessibility. Obviously, the number of jobs
provided on the land used for employment purposes is also influenced by other factors like
building density, and type of jobs. A short distance has a strong positive impact on use of
public transport while a large distance increases the chance to car usage. This echoes the
findings of Cervero and Day (2001) in Shanghai that people residing close to metro stations
are less likely to commute by car. Housing type has strong impacts on mode choice. The B
values for areas with ‘danwei’ housing are negative, while these values are positive for areas
with predominantly commodity housing (although two are not significant). People in former
‘danwei’ housing are more inclined to non-motorised transport modes than people in
commodity house. This confirms the conclusion of Wang and Chai (2009) for Beijing.
2.5.2 Shopping-leisure travel
Table 2.3 illustrates the regression model for shopping-leisure trips. Compared with the model
for commuting trips, this model performs somewhat worse which implies that the included
independent variables explain the variation in mode choice for shopping-leisure trips less well.
Apparently, shopping-leisure trips are less uniform and more ‘unpredictable’ and
‘discretionary’ than commuting trips (Zhang, 2004). Personal preferences and impulses and
complex behavioural interactions, which are not included in the model play a larger role in
mode choice for shopping-leisure trips. Due to the limited sample, in the shopping-leisure
model we did not include occupation.
For shopping-leisure trips, women are less inclined to use the car than men. People above
50, and to a lesser extent those who are in the forties, significantly prefer walking for
shopping-leisure purposes. This might reflect the local orientation of their daily lives.
Working duration negatively relates to the use of public transport. This might result from the
combination of shopping-leisure trips with commuting for which, public transport is less
convenient. It could also be caused by a lack of time and energy to travel large distances for
shopping-leisure purposes after a long day of work (after all, the average working time in our
dataset is 9.2 hours). This might also explain that higher education results in more walking.
After all, higher education is usually associated with longer working days.
Table 2.3 indicates that car ownership significantly increases the propensity to use cars
for shopping-leisure trips. This has negative implications for the use of public transport and
the bicycle. Higher household incomes contribute to higher car use while lower income
categories rely more on public transport. This might result from the fact that people with
larger household budgets have specialised shopping-leisure preferences, for which the
facilities cannot be found close to home.
In contrast to commuting, for shopping-leisure trips household composition shows
limited significant relations with mode choice. This is an unexpected result, which can be
understood by various arguments. First, it is feasible that shopping-leisure activities are bound
to specific roles in the household. Generally, women and, when present, the grand parents
take care of household activities (Logan and Bian, 1999). This impact of roles in the
household is already covered by gender and age. Our dataset shows that women make 70.1%
of the shopping trips. Also, in ‘adult family’ and ‘extended family’, people above 50-year-old
make 66.2% and 73.5% of the shopping trips respectively. Second, non-specialised
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shopping-leisure products and services can be easily found in Nanjing at walking or cycling
distance from home. The only significant results for household type are for couples and adult
families who use the bike less than walking in comparison with core families. Cycling seems
to be a more convenient transport mode than walking for families, which experience more
time pressure, and as a consequence have to combine trips.
Table 2.3 shows varying effects of built environment attributes on mode choice for
shopping-leisure trips, but the results largely confirm expectations (e.g. Handy, 1996; Zhang,
2004). Population density has no significant impact on the mode choice for shopping-leisure
trips. This result echoes the point that higher population densities encourage the use of
walking, biking, mass transit for work trips but not for non-work trips (Zhang, 2004).
Distance to the nearest metro station also shows no significant impacts on mode choice for
shopping-leisure trips. The reason is that the only metro line is better geared towards
commuting, as employment is more concentrated around metro stations than shopping-leisure
facilities (Van De Coevering and Schwanen, 2006). Shopping-leisure accessibility affects the
choice between walking and public transport negatively; higher densities of these facilities
result in increased walking trips. Interestingly, housing provision shows strong impacts on
mode choice. People who live in ‘danwei’ neighbourhoods are more inclined to choose
walking as their transport mode than people living in commodity housing.
Table 2.3 Multinomial logistic regression model for shopping-leisure trip
Cycling

Public transport

Car

B

Odds Ratio

B

Exp(B)

B

Odds Ratio

-0.170

0.844

0.018

1.018

-1.637***

0.194

30-39

0.170

1.185

-0.530

0.589

-0.033

0.968

40-49

0.308

1.361

-1.083***

0.339

-0.612

0.542

More than 50

-0.655***

0.519

-1.426***

0.240

-2.117***

0.120

Gender (male = ref.)
Female
Age (20-29 = ref.)

Education (High = ref.)
Middle

-0.564**

0.569

-0.600**

0.549

-0.189

0.828

Lower

0.052

1.053

-0.261

0.770

0.092

1.097

Work duration

-0.035

0.965

-0.239***

0.787

-0.049

0.953

0.775

-0.805**

0.447

2.379***

10.799

Household car-ownership (Non-car = ref.)
One or more cars

-0.255

Household income (EUR, More than 5,000 = ref.)
2,000-5,00

-0.202

0.817

0.492*

1.635

-2.339**

0.096

Less than 2,000

-0.237

0.789

0.369**

1.447

-1.451***

0.234

Household type (Family = ref.)
Single

-0.433

0.649

-0.412

0.663

0.962

2.616

Couple

-0.383*

0.682

0.381

1.464

0.559

1.748

Adult family

-0.484**

0.616

0.137

1.147

0.607

1.835

Extended family

-0.200

0.818

0.386

1.471

-0.054

0.948

Population density

0.191

1.211

0.029

1.029

-0.004

0.996

Shopping-leisure accessibility

-0.359

0.698

-2.214**

0.109

-0.627

0.534

Distance to the nearest metro station

0.066

1.068

-0.013

0.988

-0.003

0.997

1.233

0.776***

2.174

0.177

1.193

Housing type (Mixed neighbourhood = ref.)
Commodity housing neighbourhood

0.210
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Danwei housing neighbourhood

-0.412**

Intercept

-0.174

Cases

1741

Nagelkerke ρ2

= 0.309;

0.662

-0.939***
0.291

0.391

-5.354***

0.005

-1.041

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001, Reference category = Walking

Source: own calculation

2.6 Conclusion and discussion
This chapter starts from the observation that there is limited knowledge on mode choice
in China. We observe that there are major differences between China and western countries
that might result in differing mode choices. Especially, we discern three hypothesises: 1)
classical socio-demographic variables will have a larger explanatory power in models of
mode choice in China than in other western countries because of limited financial
opportunities, a limited transport supply, and a stronger collectivist culture; 2) adults in
‘extended families’ and ‘adult families’ tend to use more private cars and less public transport;
and 3) the existence of mixed-use neighbourhoods with housing in proximity to work and
shopping-leisure will result in higher proportions of non-motorised transportation.
We set out to test these hypotheses with help of data from the Nanjing Residents Travel
Survey 2008 (NRTS). Before discussing the outcomes, we need to acknowledge that there are
limitations to our analysis. First, the total area of employment-related (shopping-leisure) land
is a rather crude proxy to employment (shopping-leisure-) accessibility. The opportunities
provided might be influenced by a set of other factors (e.g. building densities). In the future,
more accurate data are needed to detect the influence of accessibility on travel behaviour.
Second, our analysis of the comparative explanatory power of regarding mode choice of
independent variables in urban China and western contexts (the first hypothesis) is based on a
comparison of pseudo R2 values of regression models. This might be too limited since the
values could be influenced by other factors like the scale of the estimated parameter. More
systemic comparative methods should be employed in future studies to reveal the differences
in travel behaviour between urban China and western countries.
With these shortcomings in mind, we conclude with the main outcomes of our analysis.
Regarding the first hypothesis we observe that our regression models for Nanjing that include
‘classical’ socio-demographic variables show a much stronger explanatory power than similar
models in western case studies. In other words, mode choice in Nanjing can be better
explained by a combination of economic opportunities and gender, age and household type
than in western countries. Limited financial capabilities of the individuals, limited choices in
terms of public transport provision, as well as a stronger collectivistic culture are proposed to
account for this result. While the restrictions in options – both in transport provision and
household spending power – might be the main reasons for a stronger explanatory power of
classic ‘social-demographics’, the difference in value orientation, nevertheless, also matters,
though maybe to a more limited extent. These results support our first hypothesis.
Our analysis shows that gender, age, occupation, work duration, car ownership, and
neighbourhood type are the most important determinants of mode choice. For
shopping-leisure trips, a high household income directly relates to a high propensity to use the
car as well, while lower income categories are relying more on public transport and walking.
Income has a limited effect on mode choice for commuting, but we conclude that this might
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be the effect of the relationship with other variables in our model like occupation and car
ownership. We observe that commonly, studies of mode choice in foreign countries also
discuss the first five of these determinants. At the same time, neighbourhood type directly
relates to the specific Chinese urban context of mixed-use neighbourhoods like former
‘danwei’, old-street neighbourhoods, central commodity housing estates, and urban villages.
Our analysis shows that people in ‘danwei’ neighbourhoods are more inclined to use
non-motorised transportation for commuting and shopping-leisure purposes than people in
commodity housing estates. Thus, we also accept our third hypothesis. Our analysis also
shows that residents at a short distance from metro stations the use public transport more, at
the expense of the car. This finding is comparable to conclusions abroad. It supports a
transport policy that focusing on investments in metro systems.
Our analysis shows that the special household composition in China influences mode
choice as well. However, the impact is not as strong as with some of the other variables. For
commuting trips, people in adult families tend to make the least use of the private car and
bicycle and most of public transport in reference to walking. This seems to be a mixed effect
of the travel patterns of the young and old household members. It should be noted that the
different influences of young and old household members might be mediated by each other to
some extent. The impacts of this household composition on travel behaviour should be more
pronounced when young and old members are investigated separately.
These conclusions have implications for the development of mode choice in China in the
future. China obviously is a country in rapid transition and it is hard to make predictions
about the future. However, nonetheless, our research does not suggest a rosy future. Our
analysis shows that that many determinants of mode choice in urban China – car ownership,
income, age, and gender – are comparable to determinants abroad. The implication is that
similar conditions will result in similar changes in mode choice. Urban China is experiencing
a continued fast transition in its social, economic and urban configuration (e.g. Logan, 2008).
Most importantly, with rapid economic growth, household incomes will continue to rise. No
doubt, the spoils of this growth will not be evenly distributed, and inequalities probably
continue to rise (Ding and Wang, 2008). But despite this, more families will be able to afford
a car, and with increasing car ownership, car use will continue to rise as well.
Our research suggests two determinants of mode choice with a limiting effect on car use
– mixed neighbourhoods and adult families – that are specific for contemporary urban China.
However, various developments seem to undermine both determinants. Urbanisation in China
results in a constant addition of new commodity housing estates, and a considerable part of
these are located in suburban areas. Meanwhile, various mixed neighbourhoods are
demolished. This trend is supported by an increasing car ownership, which will then again
further suburbanisation and thus lower densities and an erosion of traditional retail landscapes.
This trend is similar to earlier developments in many western countries (Handy et al., 2005).
And with cultural changes and higher incomes, the percentage of Chinese people in adult
families will drop as well. Thus, the effects of both determinants will diminish in the future,
thus only further supporting increased car use.
While our analysis supports the assumption that car use will increase rapidly, at the same
time, we expect that travel behaviour will become more differentiated as well. The lifestyles
of younger generations and more affluent Chinese rapidly become more individualised (Yan,
2010). The resulting differentiation of travel unfortunately, will limit the effects of general
policies to limit car use. While the challenges thus seem to get bigger, the possibilities to
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respond diminish. Apart from stringent and unpopular policies that prevent car ownership or
usage, our research suggests one determinant that could limit car use in a more positive way:
building metro systems. In view of the potentially devastating effects of increased car use in
urban China, governments in China – especially in second and third tier cities – should
strongly invest in metro development. But with a crucial role of car sales for national
economy growth, it remains to be seen if such policies will be supported boldly by the
Chinese national government.
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Abstract
While western countries are trying to reduce car dependency on the back of low carbon objectives,
the ownership and use of private cars in urban China is increasing dramatically. In this chapter we
shed light on both developments through a comparative study of the travel behaviour in two
regions with a very different built environment: Nanjing, China and the Randstad in the
Netherlands. Controlled for car ownership, we analyse daily travel time and distance in both
regions. Our results indicate that, in the case of Nanjing, the suggestion is that the configurations
of current land use which support walking and cycling should be preserved as much as possible
and that, in the meanwhile, investments should be made in fast public transport to facilitate
economic developments. As regards the Randstad, it would seem wise to promote the use of
walking and cycling by continuing to encourage compact land use patterns in combination with
relatively fast public transport developments.

3.1 Introduction
Low carbon economies and cities are high on both policy and research agendas worldwide
(Worldwatch Institute, 2009). Estimates of 13% greenhouse gas emissions and 23%
energy-related CO2 emissions caused by transport (EEA, 2009) automatically generate attention
for sustainable urban transport.
Private car use is largely responsible for the increase in transport-related energy use and
emissions. Although future technological developments could lead to a change in emphasis, these
days car ownership is still an important indicator of the sustainability of transport systems. In
1985 there were approximately 285,000 private vehicles on the roads in China. This number
skyrocketed to 59.4 million in 2010, an increase by a factor of 208 in 25 years. Despite this rapid
process of motorisation, the Chinese car ownership ratio is still low in comparison to western
countries. In 2007 the number of cars per thousand persons was 9 in China, 457 in the
Netherlands and 740 in the US (Ng et al., 2010). This low level of motorisation is also reflected
in data on daily car use. Only 10% of all trips in Chinese cities are made by car, and
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non-motorised transport and public transport are still the dominant travel modes (Ng et al., 2010).
Walking and cycling do account for 60% of all trips in Chinese cities (TSW, 2009).
The rapid expansion of car ownership could dramatically change this situation and
potentially threaten the sustainability of urban transport in China. However, not much literature is
available on travel behaviour in China. A comparison of travel behaviour in Chinese and western
cities is valuable for theoretical reasons. Muller (1995) introduced a four-stage model of transport
in US cities in which he linked the dominant transport mode in an era (like walking, horse-drawn
vehicles, electric streetcar and automobile) with the urban form of the metropolitan area.
However, from an analytic-empirical perspective, this relationship has not yet been proven,
mainly due to the lack of disaggregate data. In the late 1960s, when travel diary data became
available, Western cities already entered the era of car dominance for metropolitan travel patterns.
By contrast, there is still a substantial representation of non-motorized transport modes in the
modal split in Chinese urban areas, despite the rapid increase in car ownership and use and
related changes in metropolitan areas. As far as Nanjing is concerned, the combined share of
walking and cycling is still 66%, compared to 38% in the Randstad (2008). Hence, a comparative
analysis of travel behaviour in both metropolitan areas provides a unique opportunity to develop a
better understanding of interdependencies between transport modes and urban form in different
stages of metropolitan development.
This comparison is also interesting for policy reasons. Despite the contextual differences, an
analysis of the use of sustainable transport modes in Chinese cities can provide insights which are
useful for the organization of daily life in future low carbon cities. In addition, a comparison with
a car-based metropolitan system will provide Chinese policymakers with a better understanding
of implications of increased motorisation for travel behaviour and urban form in their
metropolitan areas.
Taking these aims as a basis, this chapter compares the travel behaviour of residents in
Nanjing (China) and in the Randstad (Netherlands). We focus our comparison on two
characteristics of travel behaviour: individual daily travel time and distance. Daily travel time
represents an indicator of the mobility of people pursuing their daily lives. In general, daily travel
distance is a reasonable proxy for transport emissions, energy consumption, and a number of
other environmental impacts of transport, especially for cities with transport systems dominated
by car and public transport (Stead, 1999). In order to understand the differences regarding these
characteristics of travel behaviour we ask the following research questions. What are the
differences in daily travel time and distance in Nanjing, China, and the Randstad, the Netherlands?
Which factors determine these characteristics in Nanjing and the Randstad? What does this
suggest about travel behaviour in the future? In view of the expected impact of car ownership on
activity and travel behaviour, a distinction is made between car owners and non-car owners. The
data for this comparison comes from two different surveys conducted in 2008. These are the
Nanjing Residents Travel Survey (NRTS) and the Netherlands Mobility Survey (MON).
The research questions are answered in the five sections following this introduction. Section
2 summarizes the academic literature on determinants for travel time and distance. In section 3
we present the characteristics of the data sets and analytical methods, followed by a comparative
description of travel time and distance in Nanjing and the Randstad (section 4). Section 5 presents
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information about determinants for these factors through a number of regression models. Finally,
section 6 concludes and discusses main results of the analyses.

3.2 Literature on travel time and travel distance
There is an extensive body of literature on factors that determine travel time and distance. In
general, the car is identified as an important facilitator for individual and household travel
behaviour (Giuliano and Narayan, 2003). Car ownership is determined by many factors that also
determine travel behaviour in general (Giuliano and Narayan, 2003; Potoglou and Kanaroglou,
2008): socio-demographics (e.g. income, household composition, employment, age, gender),
attributes of the transport provision (e.g. purchase costs of cars, relative costs of car and transit
use, access to transit), and attributes of the built environment (e.g. density, diversity and design).
In particular, households with a high number of active and senior adults, workers, high incomes
and home ownership have higher levels of car ownership, while single-parent households,
one-person households, households in high density or mixed land use areas, and households with
good transit access tend to own fewer cars. Næss (2005) also observed that car ownership is also
determined by residential location relative to the city centre: the greater the distance from the city
centre, the higher the car ownership ratio.
Bhat and Guo (2007) argue that household demographics have more dominant effects on car
ownership than built environment characteristics. In many analyses, income is considered the
most important determinant for the number of cars in a household, with some transport
economists arguing that per capita income is the single most important explanatory factor for car
ownership and use (Ingram and Liu, 1999). As regards the two main indicators for our own
approach (travel time and distance), results show that both increase in conjunction with household
car ownership (Dieleman et al., 2002; Schwanen et al., 2002).
Besides car ownership, the literature discerns two main groups of determinants for individual
travel behaviour: built environment characteristics and socio-demographic variables (Stead, 2001).
People travel distances to participate in various economic and social activities. By determining
the distance between the locations at which these activities take place, and by providing various
modes of transport, the built environment provides a set of conditions that encourages some types
of travel behaviour and discourages others (Næss, 2010). Studies focusing on the effects of the
built environment on travel demand have analysed the impact of numerous attributes like the size
of the municipality or region, density, and the land use mix (Dieleman et al., 2002; ; Schwanen et
al., 2002; Pan et al., 2009; Ewing and Cervero, 2010). Here, we limit our discussion to variables
available in our datasets.
Various authors have studied the influence of residential density on both travel time and
travel distance. Residential density is usually regarded as a proxy for local accessibility to goods
and services (Giuliano and Narayan, 2003), while higher densities often result in shorter trips and
less overall travel distance (Stead, 1999; Næss, 2005). However the influence on travel time is
ambiguous in that shorter distances in areas with high density overlap with lower travel speeds
resulting from increasing congestion and higher shares of walking and cycling trips. Levinson and
Kumar (1997) suggest a threshold of between 7,500 and 10,000 persons per square mile for
residential density at which the decrease in distance is overtaken by the congestion effects,
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resulting in the shortest car commute times.
The distance of place of residence from the urban centre is another built environment
characteristic which features frequently in analyses. In general, city centres are concentrations of
various facilities served by good public transport links. Closeness to the city centre increases the
likelihood of residents travelling shorter distances and making greater use of public transport
(Næss, 2010). Gordon et al. (1989) show that travel distance for both work and non-work
journeys is generally lower for central city residents. Likewise, Næss (2005) identifies a direct
link between an increase in travel distance and an increase in distance between home and the
urban centre. He also finds that the distance between home and the urban centre influences travel
times, but that this influence is weaker, perhaps due to lower travel speeds in central areas
because of congestion and higher mode shares of walking and cycling trips.
Various studies investigate the relationship between land use mix and travel distance and
time. From a theoretical perspective, facilities are distributed relatively close to each other in
areas with highly mixed land use. Residents in these areas are expected to travel shorter distances
to access these facilities. Cervero (1996) concludes that a balanced job-housing ratio in the San
Francisco Bay Area leads to relatively short commuting distances and times. Wang and Chai
(2009) find similar results in Beijing. However, Schwanen et al. (2002) show that a quantitative
balance does not necessarily result in a qualitative balance between types of jobs and homes in a
particular area. Cervero and Kockelman (1997) reveal a negative relationship between land use
mix and non-work travel distance, although total travel distance is unaffected by land use mix.
In general it can be concluded that the relationship between built environment and travel
distance and time is highly complex. Different characteristics of the built environment – such as
density, land use mix and urban structure – are interwoven and have a composite impact on travel
behaviour (Dieleman et al., 2002). In addition, socio-demographic characteristics of individuals
are strong determinants for travel distance and time. Many studies have evaluated the impact of
socio-economic characteristics on travel behaviour by focusing on gender, age, income, education,
occupation, household car ownership and household structure. Compared to impacts of built
environment variables, socio-economic characteristics might play an even more important role as
regards travel patterns (Stead, 2001).
This brief review of literature on the impact of built environment attributes on travel
behaviour highlights the potential value of a comparison of travel time and distance in China and
the Netherlands. The expectation is that the dominance of walking and cycling infrastructures and
compact spatial structures will have a reducing impact on travel time and especially travel
distance in Nanjing. These differences will be larger for non-car owners than for car owners.

3.3 Research design
Nanjing is the capital of Jiangsu Province, and the second largest commercial centre in the
Yangtze River Delta. It covers an area of 4,723 square kilometres and was home to a population
of 6.24 million in 2008 (Nanjing Statistic Bureau, 2008). Nanjing is a monocentric metropolitan
area characterized by a hierarchical centre structure with a main centre and three sub-centres. Our
data on travel behaviour in Nanjing results from the Nanjing Residents Travel Survey (NRTS; in
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Chinese: Nanjingshi jumin chuxing chouyang diaocha). The NRTS survey was conducted on all
the Tuesdays, Wednesdays and Thursdays in June 2008. During this month average temperatures
varied between a very warm summer and a cold winter. Our sample contains 3,894 cases from
1,414 households in ten urban districts. The sub-sample size of each district is proportional to its
population.

Figure 3.1 The map of Nanjing in China and Randstad in the Netherlands
The Randstad is the name of a horseshoe-shaped ring of cities in the west of the Netherlands,
surrounding the ‘Green Heart’, a sparsely populated green area in the centre (see Figure 3.1). The
region has 6.7 million inhabitants in an area covering 6,400 square kilometres (Regio Randstad,
2004). The Randstad is a polycentric urban region with four big cities specialized in different
economic sectors. Amsterdam (population 991,000) is a centre of advanced producer services (e.g.
business and financial services), Utrecht (640,000) is an important commercial centre for the
domestic service economy, Rotterdam (1.4 million) is home to the main Dutch seaport and The
Hague (810,000) is the seat of the national government and many international organisations
(Regio Randstad, 2004). Our data on travel behaviour in this region is taken from the Netherlands
Mobility Survey (in Dutch “Mobiliteitsonderzoek Nederland” – MON) performed in 2008. This
is a continuous survey of daily travel behaviour of a random sample of residents of the
Netherlands. The survey is conducted monthly using individual travel diaries for one day. In 2008,
40,000 respondents participated in the survey. However, for comparability reasons we carried out
data handling procedures. First we selected residents of the four main Randstad cities from the
MON respondents. Second we excluded the winter months of December, January and February
and the relatively warm, summer holiday months of July and August, leaving March, April, May,
June, September, October and November in the dataset. Third we excluded data collected during
weekends.
Though the two areas are comparable in population size and land area, there are substantial
differences in spatial structure, social structure and development context. Nanjing is a
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monocentric metropolitan area, while the Randstad is a polycentric urban region. Nanjing is less
advanced economically than the Randstad, as reflected in much lower levels of income and car
ownership. With regard to the urban development context, Nanjing is still at the beginning of the
process of massive motorisation and public transport is insufficiently developed, with only one
metro line in 2008. The Randstad is characterised by massive motorisation and relatively good
public transport. In particular, there is an advanced inter-city railway system. In addition, the
degree of economic specialization in the Randstad is also higher than that of Nanjing.
Daily travel time and distance per person per day are the dependent variables of our analysis.
Figure 3.2 shows the socio-demographic and built environment variables included in the data.
Distance travelled in Nanjing is calculated as the linear distance between the geometric centres of
origin and destination Traffic Analysis Zones (TAZ) of trips. For trips within a TAZ, we assume a
travelled distance of two thirds of the diameter of the TAZ. In the Randstad, we calculate
distances in a similar way, with the four digit postal code zone as the basic unit. In view of the
expected impact of car ownership on travel behaviour, and to understand the differences in
organizing daily travel, a distinction is made between car owners and non-car owners. However,
this distinction masks effects of residential location on car ownership and therefore leads to an
underestimation of impacts of the built environment on travel.

Figure 3.2 Variables used in the analysis
We identified five transport modes in Nanjing: walking, cycling (including e-bike), public
transport (bus and metro), private car, and other modes (mainly motorcycle, taxi). With only one
metro line in operation in 2008, public transport mainly means local bus travel. Due to the nature
of (mostly intra-city) trips in Nanjing, the train is not a travel alternative here. By contrast, trains
are an important mode of transport for inter-city trips in the Randstad. To ensure more or less
similar public transport categories in both areas, train trips have been included in the ‘other’
category. For the Randstad, we therefore use walking, cycling, public transport (bus, tram and
metro), private car, and other (motorcycle, moped, taxi and train) as travel modes. Four trip
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purposes are identified, namely commuting, shopping, leisure (social visits, sports, culture, and
recreation) and ‘other’ (the latter combining work-related travel, trips for studying, and picking
up family in Nanjing and work-related travel, trips for education and training, picking up family
and other trip purposes in the Netherlands).
The socio-demographic variables in our models are gender, age, education, household
income, employment status, number of workers in the household, and household type. As
part-time employment is virtually non-existent in the Nanjing sample, employment status here
includes only two categories: non-worker and worker. In the case of the Randstad we differentiate
between non-workers, part-time workers (12–30 hours a week), and full-time workers. The
household typology is based on a combination of household size and presence of children (<20
years old). For the Randstad we use three household types: single, couple and family. In view of
the Chinese tradition of co-residence of parents and married children, we distinguish between
three additional categories in Nanjing: ‘adult family’ (households without children but more than
two adults), ‘extended family’ (three generations or more), and ‘other family’ (households with
single parents and/or single grandparents).
The built environment attributes included are population density, distance to the urban centre,
and land use mix. Population density is calculated as the ratio of population and area of the
sub-district in Nanjing and the postal zone in the Randstad. Distance to urban centre in Nanjing is
defined as distance between the respondent’s home and the main city centre (‘xin jie kou’) in
Nanjing. In the case of the Randstad, we calculate the shortest distance between home and the
closest of the four big city centres. Land use mix simultaneously accounts for the variety and
prevalence of different functions in the area. Following Cervero and Kockelman (1997), we
calculated an entropy index:

s  

P

j

jk



 lnPj k 

ln(J)

In this equation, S refers to land use mix (entropy), j is the type of land use (j = 1, 2, …,J); k
the TAZ of Nanjing city or the postcode zone in the Randstad (k = 1,2,. . . ,K); Pjk the proportion
of land use j within the TAZ or postcode zone. The entropy ranges from 0 (homogeneity – only
one type of land use) to 1 (heterogeneity – shares of uses evenly distributed over all land use
categories). We include six land use types with highest relevance for residents’ daily activities:
residential, commercial, public, industrial, offices and research sites, and parks and recreational
use.

3.4 Descriptive comparisons of travel time and travel distance
3.4.1 Travel time in Nanjing and the Randstad
As Table 3.1 shows, people in Nanjing travel approximately 40 minutes per day. The average
travel time in the Randstad is 70 minutes per day, matching the average travel time per day in
western cities (Schafer and Victor, 2000). The relative small average daily travel time in Nanjing
seems to be at odds with the time budget hypothesis. As observed by Schafer and Victor (2000),
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the travel time budget is constant on average, but large variations exist for cities and small
populations. Differences in sizes of cities, congestion levels and socio-demographics might cause
large deviations from the average. In this respect, Nanjing is very different to the Randstad.
Another reason could be that walking and cycling, which are the dominant transport modes in
Nanjing, are easily under-estimated in datasets due to the short related travel distances and times.
The travel time in the Randstad by public transport is 1.5 times and by ‘other’ modes about 4
times the figure for Nanjing. This could be caused by the inclusion of train trips in the ‘other’
category in the Randstad, with inter-city trips as the main contributor to longer travel times
because of long distances and additional waiting times for transfers.
Table 3.1 Average daily travel time and distance by users of transport modes, Nanjing and
Randstad
Variable

Area

Travel Time (in
minutes)

Nanjing

Randstad

Travel Distance
(in km)

Nanjing

Randstad

Car
Ownership
No car

Walking

Cycling

27.2

29.8

Public
transport
57.9

Cars

Other

Total

47.5

28.2

42.6

Car

24.5

30.8

52.9

38.5

27.7

40.7

All users

26.9

29.9

57.4

40.7

28.2

42.2

No car

19.4

29.6

80.1

36.6

125.8

81.6

Car

21.5

21.7

68.5

44.2

90.3

66.4

All users

20.8

23.1

77.0

44.0

121.6

68.9

No car

1.9

3.1

6.2

7.1

3.9

4.3

Car

1.7

3.1

5.8

6.1

4.6

5.1

All users

1.8

3.1

6.2

6.4

4.0

4.4

No car

1.5

4.1

14.7

16.4

70.6

21.5

Car

2.1

3.7

9.9

20.5

52.4

25.1

All users

1.9

3.7

12.5

20.4

64.5

24.5

Note: In the table, the travel times and distances using different transport modes by the same person are assigned to
those specific modes, respectively.
Source: own calculation

Car ownership reduces daily travel times in both regions, but to a much larger extent in the
Randstad. This might be due to the limited quality of relevant transport facilities in Nanjing
(parking space, road provision, and congestion), reducing differences in daily travel time between
transport modes and making car ownership less attractive.

3.4.2 Travel distance in Nanjing and the Randstad
Table 3.1 also documents substantial differences in daily travel distance between the two areas.
While Nanjing residents travelled an average 4.4 kilometres per day, their counterparts in the
Randstad covered 24.5 kilometres. This substantial difference mainly stems from the relative
limited use of public transport and cars, which can be attributed to the low car ownership and
insufficiently developed public transport system and the related urban structure in Nanjing.
Larger travel distances in the Randstad could also be the result of more highly specialized labour
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and housing markets.
Our calculations with respect to travel purpose show that people in both regions travel longer
for commuting than for other purposes. However, while leisure trips in Nanjing cover almost the
same distance as commutes, these distances are very different in the Randstad. Shopping trips are
the shortest trips in both regions.
Car ownership expands the range of daily travel distances in both areas. The lower degree of
attractiveness of car ownership in Nanjing (e.g. lack of parking space, bad road conditions and
severe congestion) leads to a different role for the car in comparison to the Randstad. Since
owning and using a car is, to some extent, considered a luxury in China (Li et al., 2010), the car
mainly functions as status symbol and less for convenience, as for example in the Randstad.

3.5 Multivariate analysis
3.5.1 Models for Travel Time in Nanjing and the Randstad
Table 3.2 presents two models on travel time per person per day for car-owning and non
car-owning participants. In the case of Nanjing, both models possess a relatively low explanatory
power. The model for car owners includes four and the model for non-car owners eight significant
variables. The limited number of significant variables in the car owner model can be explained by
the considerable group homogeneity. The relatively small number of car owners in China share
some distinct characteristics: their educational level and income is high, their age is between 30
and 50, and their household composition is comparable (Li et al., 2010).
As stated, there are four significant variables in the car owner model in Nanjing. The first of
these is gender: women in car-owning households spend less time travelling than men. Car
ownership per household is often limited to one car which is primarily used by the male adult
family member, thereby causing increasing travel times for men. Secondly, one income category
(2,000–5,000 Euro per year) significantly influences travel time. The highest income segment
was chosen as a reference category, so the negative coefficient for this variable documents a
decrease in travel time for the lower income groups, which is in line with existing results (Wang
and Chai, 2009). Thirdly, living in an extended family significantly increases travel times
compared to traditional family. Apparently, the presence of an older family member is linked to
longer travel times. The final significant variable in the model is distance to the city centre, which
displays a reducing effect on travel time and contrasts with existing research in western cities (e.g.
Næss, 2005). This difference might be explained by a decreasing number of trips made by people
living further from the city centre, resulting from less developed and lower quality public
transport.
The non-car owner model in Nanjing has slightly more explanatory power. Age is a
significant variable with older people spending less time travelling (except for the oldest group).
A higher level of education increases travel time and matches findings from existing research.
Respondents of single and adult family households have significantly longer travel times than
members of traditional families with children, potentially resulting from additional time
constraints because of childcare.
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Built environment factors have a substantial influence on travel time. Population density has
a negative impact on travel time and leads to shorter travel times in areas with higher densities.
As in the car owner model, increasing distance to the city centre reduces daily travel times. In
general, both models demonstrate that factors influencing daily travel time of car-owning and non
car-owning respondents in Nanjing differ considerably, with car ownership clearly reducing the
importance of built environment factors.
Table 3.2 Regression mode of total travel time per person per day, Nanjing and Randstad
Nanjing
Gender (Male = ref.)
Female
Age (20-29 = ref.)
30-39

Car
B

Beta

No Car
B

Randstad
Beta

Car
B

Beta

No Car
B

Beta

-0.098

-0.048

0.301*

0.111

-0.456***

-0.173

-0.014

-0.004

-0.127**

-0.093

-0.031

-0.022

0.022

0.015

-0.074

-0.043

Gender (Male = ref.)
Female
Age (20-29 = ref.)
30-39

40-49

0.124

0.079

-0.100**

-0.062

40-49

-0.335**

-0.139

0.224

0.058

50-59
More than 60

-0.113
-0.240

-0.063
-0.082

-0.088*
0.001

-0.047
0.001

50-59
More than 60

-0.422***
-0.568***

-0.165
-0.243

-0.308
-0.376

-0.093
-0.140

0.125
0.377***

0.057
0.175

0.091
0.339

0.029
0.114

0.062

0.646

0.165

Education (Lower = ref.)
Middle
High

Education (Lower = ref.)
0.137
0.168

0.094
0.121

Employment status (Non-worker = ref.)
Worker
-0.155
-0.088

0.202***
0.275***

0.140
0.182

Middle
High

0.076

0.048

Employment status (Non-worker = ref.)
Part-time worker
0.180

0.087
-0.024
Workers in household 0.084
Household income (EUR per year, More than 10,000 = ref.)
Less than 2,000
0.081
0.018
0.009
2,000-5,000

-0.227**

-0.120

-0.004

5,000-10,000

-0.082

-0.059

-0.053

0.004

Full-time worker
0.218*
0.106
0.828*
-0.136**
-0.125 -0.169
Workers in household
Household income (EUR per year, More than 50,000 = ref.)
Less than 9,999
-0.241
-0.024 -0.271

-0.050

-0.003

10,000-29,999

-0.319**

-0.137

-0.230

-0.082

-0.032

30,000-39,999

-0.268**

-0.110

0.085

0.026

-0.075

0.113

0.015

0.027

0.560*

0.209

-0.028

0.285
-0.086

Household type (Family = ref.)
Single
0.141

0.020

0.215**

0.042

40,000-49,999
-0.184**
Household type (Family = ref.)
Single
0.079

Couple

0.155

0.075

0.076

0.038

Couple

0.032

0.016

0.168

0.056

Adult family
Extended family
Other family

0.112
0.268**
-0.066

0.076
0.139
-0.013

0.116**
0.035
0.011

0.078
0.015
0.003

Population density
Distance to city centre
Land use mix
(Constant)
R Square

-0.041
-0.074
-0.017*
-0.092
-0.179
-0.029
3.614***
0.035

-0.087***
-0.165
-0.041***
-0.196
-0.170
-0.027
3.819***
0.058

Population density
Distance to city centre
Land use mix
(Constant)
R Square

-0.048
0.000
-0.439**
4.365***

-0.025
-0.008
-0.066

0.166
0.000
0.070
2.885***

0.070
-0.017
0.009

529

2460

No.cases

No.cases

0.072

0.140

1099

223

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001
Dependent variable is the natural logarithm of travel time (in minutes)

Source: own calculations

A comparison with the travel time models in Nanjing shows that the two Randstad models
for travel times are reversed. Here, more significant variables are detected in the car-owner model
than in the non-car owner model. Explanatory reasons could be similar: Non car-owning
households in the Randstad are a small group with rather homogeneous characteristics in terms of
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income, education, age and built environment factors, so only three significant variables were
found. Full-time workers spend considerably more time travelling than non-workers. Respondents
from single households also travel considerably more than family members and women in
non-car households travel for longer on a daily basis than men.
The model for car owners in the Randstad shows expected outcomes. Younger respondents,
respondents with a higher level of education or a higher income, full-time workers and members
of households with a higher number of workers spend significantly more time on daily travel.
Furthermore, land use mix has a negative impact on travel time. This is presumably caused by the
larger variety of opportunities within short distances in areas with high levels of land use balance.

3.5.2

Models for Travel Distance in Nanjing and the Randstad

Table 3.3 presents the models on travel distance per person per day. As far as Nanjing is
concerned the results for car owners and non-car owners show clear similarities in significance of
socio-demographic factors. In both sub-samples, women travel shorter distances than men, older
people travel less than young people and respondents with a higher level of education tend to
travel further than people with a lower level of education. In the case of household income and
household type, the results differ. One category of household income is significant in the model
for non-car owners, where a higher income is linked to longer distances travelled. This could
result from specialised jobs for people with higher incomes that cannot be found close to the
home (Dieleman et al., 2002). In the case of respondents in car-owning households, income does
not significantly impact travel distance. This can be explained by the generally high level of
income that these households have with little variance between respondents.
Employment only plays a significant role for people without a car. Workers in this category
cover noticeably greater distances than non-workers. By contrast, an increase in the number of
workers in the household leads to a decrease in daily travel distance per person. While the first
variable directly displays an individual characteristic and documents longer overall trip distances
for employed participants, the presence of more than one employed person in the household leads
to a lower per capita travel distance due to the sharing of household tasks, such as shopping and
chauffeuring children to/from school (Dieleman et al., 2002). In the non-car model, there is a
slight increase in daily travel distance for respondents in adult families compared to traditional
families. In car-owning households the presence of children (in the reference category) might
stimulate their parents to use local services, such as school and local shopping and leisure
facilities, which would then lead to shorter travel distances in comparison with single person and
couple households (Naess, 2005; Schwanen et al. 2002). Though there are also children present in
extended families, sharing childcare tasks with more adult household members reduces
constraints and enables larger travel distances. The effects of children in the family are much
more explicit in households with cars than in non-car households. Car ownership therefore seems
to amplify differences in travel distance.
Compared to relatively weak effects on travel time, built environment characteristics have
much stronger impacts on travel distance. In the non-car model, all built environment variables
are significant. Population density impacts travel distances negatively, perhaps as a result of there
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being more opportunities in close proximity in higher density areas. With regard to the residential
location, it seems counter-intuitive that people living far away from the city centre travel shorter
distances than people living close to the city centre (e.g. Næss, 2010). However, our analysis here
only covers non-car owners. Due to relatively poor public transport provision in residential areas
situated at large distances from the city centre, people in this group have to rely more on local
facilities than people living near the city centre. In both sub-samples, land use mix also has a
significant negative relationship with travel distance. Since this is the only significant built
environment characteristic in the car owner model, it confirms the marginalizing effect of car
ownership on the relevance of built environment characteristics for travel distances.
Table 3.3 Regression mode of travel distance per person per day, Nanjing and Randstad
Nanjing

Car
B

Beta

No Car
B

Beta

Randstad

-0.218**

-0.136

-0.120***

-0.075

Gender (Male = ref.)
Female

Car
B

Beta

No Car
B

Beta

-0.271**

-0.101

0.239

0.076

Gender (Male = ref.)

Age (20-29 = ref.)

Female
Age (20-29 = ref.)

30-39

-0.129

-0.076

-0.099

-0.052

30-39

-0.424**

-0.122

0.126

0.030

40-49

-0.037

-0.020

-0.186***

-0.102

40-49

-0.304**

-0.096

0.082

0.018

50-59

-0.343**

-0.163

-0.148**

-0.071

50-59

-0.581***

-0.173

-0.493

-0.127

More than 60

-0.622***

-0.182

-0.284***

-0.127

More than 60

-0.773***

-0.252

-0.549

-0.176

Education (Lower = ref.)

Education (Lower = ref.)

Middle

0.318**

0.186

0.238***

0.148

Middle

0.206**

0.072

-0.218

-0.060

High

0.381**

0.234

0.326***

0.192

High

0.512***

0.181

0.465

0.134

Employment status (Non-worker = ref.)
Worker
Workers in household

0.021
0.077

0.010
0.068

Employment status (Non-worker = ref.)
0.182***
-0.056**

0.102
-0.059

Household income (EUR per year, More than 10,000 = ref.)
Less than 2,000

-0.158

2,000-5,000

-0.198*

5,000-10,000

-0.116

-0.030

Part-time worker

0.376**

0.100

0.800

0.176

Full-time worker

0.473***

0.176

1.302**

0.386

Workers in household

-0.193**

-0.135

-0.269

-0.118

Household income (EUR per year, More than 50,000 = ref.)

-0.072

-0.033

Less than 9,999

-0.687*

-0.053

-0.200

-0.032

-0.089

-0.006

-0.004

10,000-29,999

-0.441**

-0.144

-0.277

-0.085

-0.071

0.042

0.023

30,000-39,999

-0.254**

-0.080

-0.040

-0.011

40,000-49,999

-0.185

-0.057

0.006

0.001

Household type (Family = ref.)

Household type (Family = ref.)

Single

0.864**

0.104

0.192

0.033

Single

0.097

0.025

0.746**

0.239

Couple

0.241**

0.100

0.077

0.034

Couple

0.049

0.018

0.290

0.083

Adult family

0.054

0.031

0.084*

0.050

Extended family

0.317**

0.140

0.012

0.004

Other family

-0.324

-0.055

-0.003

-0.001

Population density

-0.048

-0.074

-0.145***

-0.247

Population density

-0.194**

-0.078

-0.158

-0.057

Distance to city centre

0.007

0.031

-0.024***

-0.102

Distance to city centre

0.000

0.039

0.000

0.051

Land use mix

-0.534*

-0.074

-0.435**

-0.061

Land use mix

-0.348

-0.040

0.143

0.016

(Constant)

8.38***

(Constant)

9.856***

8.638***

7.964***

R Square

0.115

0.111

R Square

0.124

0.195

No.cases

529

2460

No.cases

1099

223

*a≤0.10; **a≤0.05; ***a≤0.001
Dependent variable is natural logarithm of travel distance (in km)
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Source: own calculations

Finally, we conducted regression analyses for travel distances in the Randstad. Here, the
model for non-car ownership contains only two significant variables. In non-car households,
full-time workers travel significantly further than non-workers. Likewise, people in single
households travel further than family members. The model for car owners offers considerably
more significant variables. Socio-demographic determinants resemble the ones for travel time:
educational level and employment status increase travel distance while age and numbers of
workers in the household decrease it. Furthermore, men travel further than women and
respondents with higher incomes travel much further than people with lower incomes. In addition,
respondents in densely populated areas travel shorter distances than in less dense areas. This is in
line with the existing results (e.g. Giuliano and Narayan, 2003; Næss, 2005). However, in contrast
to Næss’s (2005) findings for Copenhagen, where distance to city centre is positively related to
travel distance and time, this variable shows no significant impact in our study. One reason might
be the different forms of infrastructure and related facility distributions: the radial infrastructure
in Copenhagen potentially leads to weak connections between axes, thereby emphasizing the
importance of the city centre. In contrast, the Randstad polycentric form fosters tangential
distributions of infrastructure and reduces the importance of inner cities (Geurs and van Wee,
2006).

3.6 Conclusions and discussion
In order to capture differences in travel time and distance for inhabitants of Nanjing and the
Randstad, and to answer our research questions, we made a distinction between car owners and
non-car owners in our analyses. All models for daily travel distance explain the observed variance
better than for daily travel time, as a result of the far more complex nature of travel time. It is
influenced by travel mode (and its speed), type of road network (e.g. motorways or roads with
speed bumps in residential areas) and driving behaviour (e.g. sportive or relaxed).
In line with the literature, models of Nanjing and the Randstad are quite similar as regards
socio-demographic and built environment determinants for daily travel time and distance.
However, there are some notable differences. Descriptive comparisons show deviations in daily
travel time and even larger differences for daily distances travelled between the two areas. While
Nanjing participants travel approximately 40 minutes and 4.4 km per day, their Dutch
counterparts spend 70 minutes and cover a distance of 24.5 km every day. Multivariate analyses
reveal various determinants for these variances. In both areas, socio-demographics have a strong
impact on travel times and distances, especially in the two dominant sub-groups of car owners in
the Randstad and non-car owners in Nanjing. ‘Classical’ determinants like income and education
play a more prominent role in the Netherlands. However, there is a striking difference with
opposite effects for women belonging to carless households in both samples. In Nanjing, female
respondents travel less time and distance. In the Randstad the reverse is true. This can be
explained by the interaction between land use patterns and dominant transport modes as well as
the danwei system. Muller’s (1995) four-stage model of intra-metropolitan transport and urban
growth assumes that the dominant transport system in a certain era shapes the spatial structure of
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the city. The dominance of walking and cycling in Nanjing has developed spatial structures,
which offer carless women more opportunities to travel short distances than their Dutch
counterparts who live in built environments shaped by fast transport modes. Over the last 50–60
years, the urban form of the Randstad has transformed into a car-based spatial configuration to
the detriment of non-car owners, like women and low-income groups (Urry, 2007). The Chinese
danwei system also has an impact on travel time and distance. This remnant of the socialist
welfare-oriented housing system provided inhabitants with work, housing and facilities for
everyday life (shops, education, medical services and recreation) in close proximity (Wang and
Chai, 2009). In combination with other structures that offer many de-centralised opportunities in
close proximity to housing, the danwei system still reduces travel distances and times, especially
for women who are largely responsible for household tasks.
Another main difference between Nanjing and the Randstad concerns the impact of the built
environment. The reason for this difference might be related to the choice opportunities offered.
In Nanjing, for example, the relatively insufficient opportunities to travel by car and public
transport mean that people do not have many options when it comes to travelling short distances
apart from walking and cycling. However, people in the Randstad who want to travel similar
distances can choose between walking, cycling, car and good quality public transport.
Characteristics of spatial structure and land use are explicitly more important in Nanjing and, in
particular, people who do not have cars are more sensitive to travel time and distances than
people in the Randstad. Due to the dominance of walking and cycling in the daily life of Nanjing
inhabitants, users are much more dependent on their own physical energy when it comes to
travelling. Increases in distance and travel time lead to a greater use of energy and increased
fatigue. By contrast, inhabitants of the Randstad rely more often on motorised modes.
As regards future developments, increasing car ownership could have a huge impact on
travel behaviour in Nanjing, especially in view of already important socio-demographic
determinants in the Randstad. Economic growth in China will result in higher incomes and then
in increasing private car ownership and use. This will lead to new trade-offs between location
centrality and travel costs (Muller, 1995). Urban development could spread over larger areas,
resulting in lower densities – a development comparable to previous processes in western
countries (Dijst and Vázquez, 2007), if with no policy interventions.
However, Nanjing’s public authorities might be able to limit such processes. The state
ownership of land means the Chinese public authorities are in a much stronger position to control
land development and urban form than western authorities (Pan et al., 2009). Enforcement of
planning codes and other policy instruments would enable Nanjing authorities to preserve high
urban densities and mixed land uses. The considerable investments in the Nanjing metro network
(NPB, 2010) may potentially limit land use sprawl by offering space for compact urban
developments near metro stations. This could create opportunities for walking, cycling and the
use of high-speed public transport, which is not only relevant for sustainability reasons, but also
for supporting inhabitants who cannot afford a car. However, due to diverse – and sometimes
conflicting – interests (e.g. land consolidation, expected economic benefits from growing
motorisation), it is unclear whether policy and planning will focus on these issues (Hsing, 2010).
Various studies have argued that scholars should be careful regarding the temporal and
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spatial transferability of spatial policies (e.g. Badoe and Miller, 1995), and contextual specificity
should be taken into account. By doing just that this chapter can deliver some relevant insights for
future developments in western countries. Our chapter documents that walking and cycling can
only become serious alternatives to the private car if the spatial configuration of the built
environment offers the possibility to reduce car mobility. Compactness might lead to shorter
travel distances and travel times. Though the literature on fixed time budgets for travelling (e.g.
Maat et al., 2005) argues that time saved on shorter trips might be invested in additional activities
or other longer trips, some empirical evidence indicates that any such rebound effects are
considerably smaller than the reduced travel distances resulting from a compact urban structure
(e.g., Næss, 2006). Urban designs that support non-motorized transport, thereby providing
efficient ways to satisfy individual needs without using cars, are the key to less car-oriented
development. However, due to spatio-temporal and physical constraints, walking and cycling are
not realistic alternatives for longer travel distances. Hence, a compact built environment only
serves as a necessary, but insufficient, condition for less car mobility.
In general, history has shown that fast modes of transport are needed to stimulate economic
growth. However, from an environment perspective, fast public transport, rather than private car
as dominant mode, is preferred at metropolitan and international levels. Walking and cycling are
proposed as major transport modes at local level (Newman and Kenworthy, 2000; Schwanen et al.,
2004). As far as Nanjing is concerned this would actually mean preserving as much as possible
the configurations of current land use which support walking and cycling and, in the meanwhile,
investing in fast public transport to facilitate economic developments. In the case of the
Randstad it would seem to be wise to promote the use of walking and cycling by continuing to
encourage compact land use patterns in combination with relatively fast public transport
developments.
It should be noted that this chapter has some limitations. Firstly, the differences in built-up
areas of the Randstad (the high functional specialization of the four big cities situated around a
green heart) and Nanjing (one continuous built-up area) might have influenced our results, since a
certain proportion of trips in the Randstad are inter-city trips. In future research this influence
could be limited by comparing Chinese metropolitan areas with monocentric areas like Paris or
London. Secondly, as the built environment also influences car ownership, the distinction
between car owners and non-car owners has masked the effects of these factors on car ownership.
Future analyses could correct this problem.
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4 Changing Travel Behaviour in Urban China: Evidence from
Nanjing 2008-2011

Feng, J., Dijst, M., Wissink, B., Prillwitz, J., 2013. Changing travel behaviour in urban China:
evidence from Nanjing 2008-2011 (manuscript submitted for publication).
Abstract
The unprecedented pace and scale of economic, social and spatial transformations in urban
China have by now been well documented. But while it is highly likely that these changes
relate to far-reaching alterations in travel behaviour as well, so far this topic has received
much less attention. With this paper, we aim to help fill this gap through the following
research questions: What are the main changes in travel behaviour in Nanjing, China; and
how can we explain these changes? We answer these questions on the basis of a study of
repeated cross-sectional data from the Nanjing Residents Travel Survey (NRTS) of 2008 and
2011. This leads to three main conclusions: first, changes in the urban form and transport
systems of Chinese cities lead to larger daily travel distances and a considerable increase of
transport by private cars and public transport at the expense of non-motorised transport modes;
second, the impact of the built environment and socio-demographics as determinants for
travel behaviour changes over time; and third, changes are not the same for all groups as there
is a widening gap in travel behaviour of low-income groups and middle- and high-income
groups. We discuss the consequences for social exclusion and environmental sustainability.

4.1 Introduction
Over the last decades, the pace and scale of economic, social and spatial changes in urban
China has been unprecedented (Friedmann, 2005; Ma and Wu, 2005; Logan, 2011). With
more than 8% GDP rise per year on average, fast economic growth has resulted in individual
affluence for many, and the average urban incomes tripled in the last five years (CSB,
2000-2011). With rising incomes, car ownership of urban residents rapidly grew as well from
3.4% to 18.6% between 2005 and 2011 (CSB, 2012). Experiences in the West suggest that
these increases in income and car ownership will also result in substantial changes in travel
behaviour (Giuliano and Narayan, 2003; Susilo and Maat, 2007).
Economic growth relates to social changes. For travel behaviour, two developments are
especially relevant. On the one hand, a substantial part of the population has not benefited
from economic growth, resulting in dramatic social polarisation (Wang, 2004; Ma and Wu,
2005). On the other hand, various authors observe an individualisation of society (Inglehart
and Baker, 2000; Yan, 2010). With rising incomes for some, the influence of structural factors
like family, kinship and gender on individual behaviour diminishes. The resulting
differentiation of lifestyles most likely also translates in a diversification of travel behaviour.
Spatial transformations include urbanisation and a related expansion of cities. The built
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up area of Nanjing, for example, grew by 85 km2 between 2005 and 2009 (NSB, 2006-2011).
Fast motorisation fuels this suburbanisation, and growing numbers of affluent car-drivers now
live in the suburbs (Feng and Zhou, 2005). Growing affluence also creates new activity
opportunities, resulting in large-scale shopping malls as well as specialised shopping, eating
and entertainment districts (Wang and Jones, 2002). These developments dramatically
increase travel demand (Shen, 1997; Ng et al., 2010). The whole country thus embarked on
massive highway construction programs, with an estimated 53.000 km of expressways built
since 2007 alone, compared to an overall length of 75.000 km in the United States (United
States Central Intelligence Agency, 2010). Cities also undertakes significant investments in
subways, light rail and rapid bus transport. From 2009 to 2015, 25 cities for instance plan to
construct 87 mass transit rail lines, totalling 2.495 km (Business Sohu, 2010). It seems likely
that these changes in built environment and transport supply again will have huge
consequences for travel behaviour.
In view of these developments, it seems safe to assume travel behaviour in urban China
is undergoing significant changes. We expect that travel distances will grow considerably, and
that the use of cars and public transport use will increase dramatically at the expense of
non-motorised modes of transport. An analysis of these developments necessitates research of
different times. Research into travel behaviour in urban China to date in general is still in its
infancy (for instance, see Feng et al., 2013a; Feng et al., 2013b). To the best of our knowledge,
this body of work does not yet include comparative studies based on repeated cross-section
data. However, changes in travel behaviour potentially have far reaching consequences, for
instance for social exclusion and environmental sustainability. Therefore, we aim to help fill
this knowledge gap with a study of changing travel behaviour in Nanjing, China. Specifically,
we will answer the following research questions: What are the main changes in travel
behaviour in Nanjing, China; and how can we explain these changes?
We answer these research questions through an analysis of data from the cross-sectional
Nanjing Residents Travel Survey (NRTS), which was undertaken in 2008 and 2011. We will
trace the trends in mode choice, daily travel distance and daily travel time, and we will
examine the impacts of socio-demographic characteristics as well as built environment
characteristics. This analysis will start with a review of the relevant literature on the dynamic
linkage between built environment and transport in section two. The third section presents an
overview of our data and methods. Section four follows with a descriptive analysis of our data,
and section five discusses the regression analyses in. The sixth section concludes the chapter
with answers to the research questions and a discussion of the results.

4.2 Urban form and the transport system – the literature
Drawing on the data from industrialized countries, various studies show that changes in the
socio-demographic and spatial structures of metropolitan areas have a profound influence on
travel patterns (Susilo and Maat, 2007; Schwanen et al., 2001; Zhang, 2004). Without
exception, studies report that travel distances increase dramatically as a combined effect of
increasing affluence, increasing car ownership, and fast urban expansion and suburbanisation
(Levinson and Kumar, 1994; Susilo and Kitamura, 2008; Feng et al., 2013b). Susilo and Maat
(2007) find that total daily travel distance and commuting distance in the Netherlands
increased by 7.5% and 23%, respectively between 1993 and 2005. Furthermore,
socio-economic and spatial developments also go together with changes in mode choices,
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with an increase of private car use, and a decrease of the use of public transport, cycling and
walking (Schwanen et al., 2001; Zhang, 2004; Susilo and Maat, 2007).
At the same time, however, mean travel times remain remarkably stable (Zahavi and
Ryan, 1980). This phenomenon, known as the ‘travel time budget’, has received a law-like
status in the transportation literature. However, it does not go unchallenged, and a
comprehensive study of overall travel time budgets by Mokhtarian and Chen (2003) shows
mixed results: in some cities, mean travel times are stable, but in other cities not.
There are also debates on commuting time. Levinson and Kumar (1994) observe that
average commute times remained at 28 1/2 minutes in 1958, 1968, and 1988 in Washington,
DC. They hypothesise a constant commuting time and attribute this to the mutually
co-locating of jobs and housing of individuals to optimize travel times. Kitamura et al. (2003)
also find that commute trip duration remains constant – at about 36 minutes – in Osaka, Japan
between 1980 and 2000. However recently, Levinson and Wu (2005) rejected their own
theory of personal commuting budgets and argue that commuting duration tends to change not
only over time at the intra-metropolitan area, but also with different spatial structures within
different metropolitan areas. And Vandersmissen et al. (2005) show that commuting times
increase significantly in Quebec, Canada between 1977 and 1996.
In the last few decades various studies with different geographical scales and locations
have studied the influence of the built environment on transport (for instance, see Ewing et al.,
2001; Zhang, 2004; Susilo and Maat, 2007). These publications study the impact of various
aspects of the built environment on travel behaviours. However, unfortunately there are only
limited studies on the dynamic relationship between land use and transport over time at the
disaggregate level. Susilo and Maat (2007) examine the influence of the built environment on
commuting parameters in the Netherlands in 1995, 2000 and 2005. They find that the impact
of built environment characteristics on commuting distance and mode choice has increased.
Vandersmissen et al. (2003) compare the commuting times of Quebec residents in 1977 and
1996. They conclude that decentralisation and diversification result in a decreasing effect of
the mixing of functions on commute times. To our knowledge, there is no literature examining
the linkage between land use and travel in China over time. Existing research draws on data
of one moment in time. Pan et al. (2009) for instance examine the impacts of urban form on
travel behaviour of residents in four Shanghai neighbourhoods, finding that people in
pedestrian- and cyclist-friendly neighbourhoods travel shorter distances. Wang et al. (2011)
report that Beijing residents in newly developed residential areas in Beijing, like commodity
housing estates and social welfare housing estates, tend to travel longer distances and times
and use private cars more often than people living in traditional danwei compounds.
In addition to variables relating to the built environment, socio-demographic
characteristics are also considered important determinants of travel behaviour (Schwanen et
al., 2001; Susilo and Maat, 2007). Thus, various studies examine the impact of variables like
gender, age, educational attainment, income, household car ownership, and household
structure. Stead (2001) argues that these socio-demographic variables have a more
pronounced influence on travel behaviour than built environment characteristics (Stead, 2001).
However, others like Ohnmacht et al. (2009) and Scheiner (2010) claim that the influences of
these ‘classical’ and ‘objective’ socio-demographic characteristics tend to decrease and that
‘subjective’ lifestyle elements such as personal attitudes, values and preferences will play
increasingly important roles for travel behaviour in more affluent and individualised social
contexts.
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On the basis of this literature review, we come to the following hypotheses: due to the
growing metropolitan area in Nanjing, related huge investments in public transport and
expressways and increasing car ownership, daily travel distances will increase. This is
accompanied by a growing use of private cars and public transport. At the same time, in line
with the ‘time budget hypothesis’, which suggests that humans on average spend a fixed
amount of their daily time on travel, we expect that travel times remain constant.

4.3 Research design
4.3.1Data and study area
Our study area is the Nanjing metropolitan area (Figure 4.1). Nanjing is the capital of the
Jiangsu Province and it is second largest commercial centre in East China. As a former
national capital, the city has a prominent place in Chinese history and culture (Cotterell,
2008). Our data on travel behaviour in Nanjing stem from the Nanjing Residents Travel
Survey (NRTS; in Chinese: Nanjingshi jumin chuxing chouyang diaocha). This survey covers
ten districts and includes 5400 samples in 2008 and 3400 samples in 2011. We were able to
get free access to the data of 8 of these districts, which account for 2989 cases in 2008 and
1990 cases in 2011. The two missing districts have socio-demographic compositions, built
environments and development histories that are comparable to the adjacent districts.
Therefore, we assume that the other districts represent the travel behaviours of the residents of
the missing districts. The large difference in the sample sizes of 2008 and 2011 result from the
fact that in 2008 an additional number of samples were collected in view of research for
Nanjing Transport Planning Committee’s ‘Comprehensive Transport Planning, 2009’. The
sub-sample size of each district is proportional to its population. This travel database includes
the socio-economic and demographic attributes of the respondents such as gender, age,
educational level, occupation, the number of pre-school children, household income,
household car ownership and detailed information derived from one-day travel diaries on
Tuesdays, Wednesdays and Thursdays in June 2008 and 2011.

Figure 4.1 The land use map of Nanjing 2008 and 2011
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One potential criticism could be that the time gap between 2008 and 2011 is too small to
detect substantial changes. However, the changes in urban China have an extreme speed and
scale. In Nanjing, one of the pioneering second tier cities in China, these changes have been
especially big over the last decade. This is underscored by Table 4.1, which compares basic
socio-demographic, built environment and public transport information for Nanjing in 2008
and 2010 (the statistical data for 2011 are not yet published). There is a larger increase in
built-up area compared to population growth, resulting in a substantial reduction in average
population density. Household car ownership increased by more than 2% per year, which
could relate to the rapidly rising incomes. And the supply of both bus and metro increased
considerably in these two years as well.
Table 4.1 Basic statistics of Nanjing, 2008 and 2010
a

Population of Nanjing city (ten thousand)
2 a

2008

2010

Changes (%)

624.5

632.4

+1.3

Built-up area (km )

597.0

629.8

+5.5

Population density (person / hec)a

104.6

100.3

-4.1

Average income for urban residents (EUR)b

2531.8

3131.4

+23.7

17.5

25.1

+43.4

1.5

1.8

+20.0

Length of metro line (km)

22.0

81.6

+270.9

Highway (km) b

430

480

+11.6

c

Household car ownership

Number of buses per thousand people
b

b

a

Note: data from China City Statistical Yearbook, 2009 and 2011;
b
data from Nanjing Statistical Yearbook, 2009 and 2011;
c
calculated from our own dataset, and the figure 25.1 is actually for year of 2011.

4.3.2 Methods
Travel behaviour can be described with the following function:
Y=f (X, B, µ)
Here Y = daily travel behaviour, X = attributes of the individual, B = attributes of the built
environment, and µ = unobserved factors (Giuliano and Dargay, 2006). Our research
examines the changing impact of socio-demographics and the built environment on travel
behaviour between the years 2008 and 2011. To do so, we have pooled both sets of data in one
set. Thus, the 2898 observations from 2008 were added to the 1990 observations from 2001,
producing a pooled sample of 4981 observations. Dummy variables are used to test both
independent and first-order interaction effects (Giuliano and Narayan, 2003; Vandersmissen et
al., 2003), based on the following equation:
Y=f (X, B, µ, XR, BR, R)
with R functioning as a year dummy (0 for 2008 observations and 1 for 2011 observations)
while we test the difference between the intercepts. XR and BR are interaction variables of
the original independent variables multiplied with the year dummy variable R, testing the
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difference between the regression coefficients in the two years for each variable.
In this paper, with regard to socio-demographic characteristics, we include gender, age,
education level, household car ownership, household composition and annual household
income in the regression models. The built environment variables included in the chapter are
population density, access to transit measured as distance to the nearest metro station and
land-use mix. Population density is calculated as the ratio of population and area of the
sub-district. Land-use mix simultaneously accounts for the variety and prevalence of different
functions in the area. Following Cervero and Kockelman (1997), we calculated an entropy
index as the indicator of land use balance:

s  
j

P

jk



 lnP j k 

ln(J)

In this equation, S refers to land use mix (entropy), j is the type of land use (j = 1, 2, …,J);
k the TAZ of Nanjing city; Pjk the proportion of land use j within the TAZ. The entropy ranges
from 0 (homogeneity – only one type of land use) to 1 (heterogeneity – shares of uses evenly
distributed over all land use categories). We include six land-use types with highest relevance
for the daily activities of residents: residential, commercial, public, industrial, offices &
research sites, and parks & recreational use.
The relevant characteristics for research into travel behaviour include travel frequency,
travel distance, travel time, and mode choice. Travel frequency captures the total number of
trips to destinations. However, as Giuliano and Narayan (2003) argue, this generally provides
limited information since the variations between individuals are small. Therefore, we have
excluded this variable from our analysis. The existing literature shows that mode choice
varies substantially with travel purposes (Schwanen et al., 2001; Zhang, 2004). Therefore, we
analyse mode choice for two travel purposes: commute trips and shopping-leisure trips
(which include shopping trips, social visits, sports, culture, and recreation). In this paper, we
will focus on four travel characteristics: mode choice for commuting, mode choice for
shopping-leisure, daily travel distances and time in the descriptive analysis. However, in the
multivariate analysis, we exclude the regression model for travel time due to rather limited
changes and few significant independent variables.

4.4 Descriptive analysis
First, we will illustrate changes in mode choice, daily travel distance and travel time based on
cross-tables, serving as a background for our subsequent multivariate analyses. Table 4.2
shows that substantial mode choice changes have occurred between 2008 and 2011. Trips by
public transport and private car both increased by 4 percent at the expense of cycling. Table
4.1 indicates that these changes go together with increasing public transport supplies – in both
bus and metro systems – and fast motorisation. At the same time, rapid urban growth and
suburbanisation increased the average trip distance, favouring fast transport modes.
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Table 4.2 Travel characteristics by different transport modes, 2008 and 2011, Nanjing
Mode Choice (%)

Walking

Cycling

Public transport

Cars

Other

Total

2008

27.0

38.8

18.6

10.6

5.0

100.0

2011

26.5

32.4

22.6

14.7

3.8

100.0

-0.5

-3.6

+4.0

+4.1

-1.2

0.0

2008

1.8

3.1

6.2

6.4

4.0

4.4

2011

1.9

3.2

7.8

7.9

4.4

5.2

+5.6

+3.2

+25.8

+23.4

+10.0

+18.2

2008

26.9

29.9

57.4

40.7

28.2

42.2

2011

28.4

31.8

52.4

41.0

30.2

42.5

+5.6

+6.4

-8.7

+0.7

+7.1

+0.7

Changes
Travel distance (km)

Changes
Travel time (minutes)

Changes

(percent)

(percent)

(percent)

Source: own calculations

Travel distance in 2011 shows a sharp increase of 0.8 km per person per day compared to
2008. This mainly results from increased commuting distances. These changes relate to a
growth of the Nanjing metropolitan area by 32 km2 in only two years (Table 4.1) and at the
same time the population in the suburbs increased by 70,000 people (NSB, 2006-2011).
Economic reconfiguration, fast motorisation and the development of new infrastructure are
the main reasons for this spatial redistribution (Feng and Zhou, 2005). But as Nanjing is still
at an early stage of suburbanisation, employment is still concentrated in the central city,
resulting in an increasing commuting distance from 3.8 to 5.6 km (Table 4.3).
In contrast, total daily travel time changes only negligibly over the three years of our
dataset (Table 4.2). The limited changes in daily travel time are in line with the ‘travel time
budget’ hypothesis (Zahavi and Ryan, 1980). However, this statistical stability hides the fact
that there is a large increase in commuting time and a simultaneous decrease in travel time for
shopping and other travel purposes (Table 4.3). When looking at the travel time for specific
transport modes, all categories show an increase, with the exception of public transport. Our
dataset shows that travel time for public transport trips decreased from 57.4 to 52.4 minutes
(Table 4.2). This could relate to two new metro lines in Nanjing, which significantly increased
the average travel speed in the public transport system.
Table 4.3 Travel characteristics by different travel purposes, 2008 and 2011, Nanjing
Travel
(km)

distance

Commuting

Shopping

Leisure

Other

All purposes

2008

3.8

1.9

3.1

3.9

4.4

2011

5.6

2.0

3.2

4.2

5.2

Changes
Travel
(minute)

time

(percent)

2008
2011
Changes

(percent)

+47.4

+5.3

+3.2

+7.7

+18.2

33.2

22.7

33.3

35.7

42.2

37.7

21.4

33.4

31.2

42.5

+13.6

-5.7

+0.3

-12.6

+0.7

Source: own calculations
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4.5 Multivariate analysis
The previous section indicates that mode choice and travel distance have considerably
changed between 2008 and 2011, while average travel times remained more or less constant.
For that reason we will only make multivariate analyses of the variables that show the largest
changes over these years: mode choice and travel distance.
4.5.1 Mode choice for commuting trips
Table 4.4 shows that the dummy variables for 2011 for walking, public transport and car use
are positive and significant. This suggests an increasing likelihood for the use of these
transport modes for work trips compared to cycling, if we control for the influence of all
independent variables. One factor in this development could be the fact that roads
increasingly are unsafe for cycling, with increasing number of cars on the roads and the lack
of spatial separation of different transport modes (Li et al., 2010). Another factor is the rapid
growth of the urban area, increasing car ownership, and the increasing supply of fast public
transport.
Table 4.4 indicates that there is only one variable in the model for walking with
significant changing influence: distance to the nearest metro station. We will use this variable
as an example to demonstrate how to interpret the coefficients and the changes in coefficients.
The change in coefficient for the variable of distance to the nearest metro station is opposite
to the coefficient of 2008 and significant, suggesting that the impact of distance to the nearest
metro station is significantly diminished. The reason could be that in 2008 there was only one
metro line in use. Stations were located at employment and shopping centres where many
facilities were concentrated. In this setting, residents that live near metro stations also live
near employment opportunities. Therefore, they were more likely to walk to work. However,
in 2011, when more metro lines and more stations were built, these stations no longer only
were located in employment and shopping centres, but also in residential areas. In this
situation, people near metro stations might live far away from employment opportunities, and
they use other transport modes, especially metro’s, to travel to work. As a result, the impact
the distance to the nearest metro station on walking to work diminishes between 2008 and
2011.
Gender has a significant influence on the use of public transport, with women less likely
to commute by public transport than men. However, in 2011 the difference diminished
significantly. This goes together with a diminishing gender difference in commuting distance
from 0.6 km in 2008 to 0.3 km in 2011 as demonstrated in our own calculation. This might
result from an increase in day-care facilities for children (Goh, 2009), an increase in the
educational level of women and a general emancipation of society (Leund, 2003). Each of
these developments relieves women from household tasks, enabling similar work patterns to
men (on the issue of gender differences in urban China, see Feng et al. forthcoming). Impacts
from household composition remain relatively stable. Only for couples, we see a significant
increase of travel by public transport. Less constraints from time pressures and the ability to
easily coordinate tasks with the partner enables them to utilise the increasing public transport
supply most. However, for core families, public transport is less attractive which probably
relates to the necessity to combining trips for other purposes – such as bringing children to
school – with commutes. There is only one built environment indicator that influences
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changes in mode choice for commuting between 2008 and 2011 significantly: population
density shows a decreasing negative impact on the choice of public transport which is
indicated by the positive sign of the change in the coefficient. This relates to the new location
of public transport developments in suburban areas with lower densities, thus reducing the
importance of this determinant for public transport use.
Gender differences in private car use for commutes are also significantly decreased
between 2008 and 2011. Again this relates to a decreasing difference in the commuting
distance of men and women. At the same time, the gap in private car use between people
above 50 years old and young people is significantly widened, probably due to low rates of
car and driving licence ownership by the elderly. People with low incomes are less likely to
commute by car in 2011 than in 2008, compared to high-income commuters. This relates to
decreasing car ownership levels in the low-income category. Couples are the only household
type with a significant increase in private car use. Thus, the gap between core families and
couples is narrowed, which might be a consequence of the multiple travel needs and tight
time budgets of families. Population density – a built environment variable – has a significant
influence on changes in public transport use and is even more influential for private car
commutes. The emergence of lower density communities in the fringe of the city where
residents strongly depend on cars to cover the long commutes might account for this effect
(Zhou and Logan 2008). People who live far away from a metro station are more likely to use
cars for commuting than they were three years ago. This result might be the consequence of
residential moves to places that are less accessible by public transport.
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Table 4.4 Changes in the determinants of mode choice of commuting trips, 2008–2011
Walking
Coefficients 2008
B
Intercept

Exp(B)

Public transport

Changes in Coefficients
B

Exp(B)

0.176*

1.192

-2.381

Coefficients 2008
B

Exp(B)

Car

Changes in Coefficients
B

Exp(B)

0.443**

1.557

-0.216

Yr 2011 dummy

Coefficients 2008
B

Exp(B)

Changes in Coefficients
B

Exp(B)

0.637**

1.891

-1.400

Gender (male = ref.)
Female

-0.004

0.996

0.030

1.030

-0.231*

0.794

0.278**

1.320

-2.358***

0.095

1.203***

3.330

30-39

0.764 **

2.147

-0.075

0.928

-0.235

0.791

0.028

1.028

0.568*

1.765

0.014

1.014

40-49

0.847***

2.333

-0.098

0.907

-0.407**

0.666

-0.025

0.975

0.247

1.280

-0.035

0.966

More than 50

0.971***

2.641

0.210

1.234

-0.488**

0.614

0.088

1.093

-0.769**

0.463

-1.374**

0.253

Age (20-29 = ref.)

Education (High = ref.)
Middle

0.031

1.031

0.115

1.122

0.169

1.184

0.101

1.106

-0.346

0.708

0.258

1.294

Lower

0.026

1.026

-0.013

0.987

0.344**

1.411

-0.070

0.932

-0.792***

0.453

0.046

1.047

1.624

-0.018

0.982

-0.103

0.902

0.032

1.032

3.802

44.791

0.027

1.027

Household car-ownership (Non-car = ref.)
One or more cars

0.485**

Annual household income (EUR, More than 5,000 = ref.)
2,000-5,00

0.046

1.047

0.080

1.083

-0.369*

0.691

0.174

1.190

-1.168**

0.311

0.146

1.157

Less than 2,000

0.093

1.097

-0.035

0.966

0.023

1.023

-0.020

0.980

-0.494**

0.610

-0.185*

0.831

Single

-1.311

0.270

-0.037

0.964

1.006**

2.735

0.004

1.004

0.661

1.937

-0.084

0.919

Couple

-0.452

0.636

-0.081

0.922

0.480**

1.616

0.235*

1.265

0.579

1.784

-0.155*

0.856

Adult family

0.433**

1.542

0.076

1.079

0.847**

2.333

0.173

1.189

-0.049*

0.952

0.178

1.195

Household type (Family = ref.)

Extended family

0.014

1.014

0.146

1.157

0.539**

1.714

0.163

1.117

-0.294

0.745

0.177

1.194

Population density

0.084

1.088

0.091

1.095

-0.249***

0.780

0.207*

1.230

-0.188**

0.829

-0.096*

0.908
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Distance to the nearest metro
station
Land use balance

-0.107*

0.899

0.104*

1.110

-0.117***

0.890

-0.166

0.847

0.501*

1.650

0.222*

1.249

0.013

1.013

0.047

1.048

0.015*

1.015

0.143

1.154

-0.031

0.969

-0.033

0.968

Cases

3616

Nagelkerke

0.484

Reference category

Cycling

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001

Source: own calculations
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Table 4.5 Changes in the determinants of mode choice of shopping-leisure trips, 2008–2011
Walking

Intercept

Public transport

Car

Coefficients of 2008

Changes in Coefficients

Coefficients of 2008

Changes in Coefficients

Coefficients of 2008

Changes in Coefficients

B

B

B

B

B

B

Exp(B)

0.481**

1.618

Exp(B)

Exp(B)

0.302

Exp(B)

Exp(B)

0.032

Yr 2011 dummy

0.142*

1.153

Exp(B)

-0.884
0.333*

1.395

Gender (male = ref.)
0.153

1.165

0.044

1.045

0.240

1.271

0.083

1.087

-1.442***

0.236

0.458**

1.581

30-39

-0.192

0.825

-0.020

0.980

-0.755**

0.470

0.017

1.017

-0.242

0.785

-0.092

0.912

40-49

-0.322

0.725

-0.008

0.992

-1.441***

0.237

0.058

1.060

-0.858*

0.424

0.085

1.089

More than 50

0.603**

1.828

0.262*

1.300

-0.553*

0.575

0.371*

1.449

-1.446**

0.236

-0.140*

0.869

Middle

0.524**

1.689

0.062

1.064

0.087

1.091

0.133

1.142

0.370

1.448

0.134

1.143

Lower

-0.081

0.922

0.057

1.059

-0.237

0.789

0.109

1.115

0.047

1.048

-0.009

0.991

1.261

0.046

1.047

-0.492*

0.611

0.022

1.022

2.554***

12.858

-0.056

0.946

-0.040

0.961

0.772**

2.164

-0.088

0.916

-2.083*

0.125

0.849*

2.337

Female
Age (20-29 = ref.)

Education (High = ref.)

Household car-ownership (Non-car = ref.)
One or more cars

0.232

Annual household income (EUR, More than 5,000 = ref.)
2,000-5,00

0.212

1.236
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0.286*

1.331

-0.073

0.930

0.505**

1.657

-0.105

0.900

-1.256**

0.285

-0.911**

0.402

Single

0.262

1.300

-0.068

0.934

0.403

1.496

-0.013

0.987

1.631

5.109

-0.161

0.851

Couple

0.240

1.271

-0.096

0.908

1.090***

2.974

0.022

1.022

0.857*

2.356

-0.088

0.916

Adult family

0.412**

1.510

0.087

1.091

0.741**

2.098

0.218

1.244

1.129**

3.093

0.165

1.179

Extended family

0.111

1.117

0.086

1.090

0.810**

2.248

0.130

1.139

0.186

1.204

0.264*

1.302

Population density

-0.131

0.877

0.077

1.080

-0.317***

0.728

0.184

1.202

-0.407***

0.666

-0.089

0.915

Distance to the nearest metro
station

-0.067

0.935

0.035

1.035

-0.089**

0.915

-0.098*

0.907

0.142*

1.152

0.281*

1.325

Land use balance

0.021

1.021

0.100

1.105

-0.067

0.935

0.163

1.177

0.006

1.006

-0.023

0.977

Cases

2982

Nagelkerke

0.302

Reference category

Cycling

Less than 2,000
Household type (Family = ref.)

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001

Source: own calculations
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4.5.2 Mode choice for shopping-leisure trips
The dummy variables of 2011 for walking, public transport and car use for shopping-leisure trips
are significantly positive, which is similar to the model for commutes (Table 4.5). These positive
values indicate a general increase in the use of all three transport modes within the three-year
period. In the model for walking, the only other significant change appears for people over 50
years old. In 2011, this cohort is more inclined to walking instead of cycle, potentially resulting
from a higher sensitivity of the elderly towards the ‘cycling-unfriendly’ road environment that
was mentioned above (Mercado and Paez, 2009).
With regard to public transport, the elderly also show an increased propensity to use public
transport instead of cycling. Improved public transport services could have changed the
perception of public transport use, while an increased supply of public transport might make the
overall system more attractive. This affects the elderly more, as they rely more on public transport
with limited access to cars. A short distance to the nearest metro station has a strong positive
impact on the use of public transport in both years, with an increase in 2011. This might result
from the fact that metro lines are increasingly linked to shopping and leisure centres, enabling
more people to use public transport for shopping and leisure trips.
The car use model shows more significant changes. Female participants are more likely to
use the car for shopping and leisure than three years ago, which relates to the dramatic increase in
female driving licenses from 13% to 21%. The elderly use the car significantly less for shopping
and leisure than young people, and this difference increased in 2011. Apparently, the young
benefit much more from an increasing access to cars than the elderly. The importance of
household incomes for car use is more pronounced in 2011. While the difference between the
high- and middle-income categories decreased, differences between high and low-incomes
deepened. Meanwhile, the relative decrease of the costs of private cars due to rising incomes, and
rapid suburbanisation push car use for middle-income groups (Ng et al., 2010). In contrast, for
low-income residents, the rise of transport costs is relatively higher than their income increase.
Extended families are more likely to use the car for shopping and leisure activities in 2011
relative to cycling. Their financial resources enable a higher car use in comparison to core
families. Compared with the commuting trip model, the effects of built environment factors on
car use are less significant. Distance to the nearest metro station is the only variable with a
significant increase, suggesting that people far away from metro stations are even more likely to
choose cars for shopping and leisure trips in 2011. The explanation is similar to the commuting
model, relating to the construction of metro stations at larger distances from the city centre.

4.5.3 Daily travel distance
Table 4.6 shows the regression results for daily travel distance. As expected, the year 2011
dummy has a significant positive coefficient, indicating a significant growth of the daily travel
distance from 2008 to 2011. Potentially relevant factors for longer travel distances are the
expansion of the metropolitan area, the relatively low transport costs compared to increasing
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incomes for middle- and high-income groups, and the increasing supply of transport.
Table 4.6 Changes in the determinants of total travel distance, 2008–2011 (Lndistance)

Intercept

Coefficients of 2008

Changes in Coefficients

B

B

Beta

0.171***

0.132

Beta

8.682***

Yr 2011 dummy
Gender (male = ref.)
Female

-0.153***

-0.095

0.057

0.032

30-39

-0.089*

-0.048

0.033

0.016

40-49

-0.140**

-0.076

0.048

0.021

More than 50

-0.278***

-0.16

0.087**

0.051

Age (20-29 = ref.)

Education (Low = ref.)
Middle

0.262***

0.161

-0.059

-0.027

High

0.341***

0.205

-0.064

-0.034

One or more cars

0.064

0.03

0.042*

0.038

Annual household income (EUR, More than 5,000
= ref.)
2,000-5,000

-0.055

-0.034

0.024

0.016

Less than 2,000

-0.130**

-0.055

-0.064*

0.045

Single

0.298**

0.049

0.04

0.026

Couple

0.109**

0.048

0.089*

0.051

Adult family

0.068*

0.041

0.011

0.009

Extended family

0.058

0.022

0.01

0.006

Population density

0.000***

-0.203

0.000**

-0.056

Distance to the nearest metro station

-0.025***

-0.094

-0.081*

-0.048

Land use balance

-0.507*

-0.071

0.126

0.031

Household car-ownership (Non-car = ref.)

Household type (Family = ref.)

Cases

4979

R square

0.108

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001

Source: own calculations

There are a couple of significant outcomes regarding socio-demographic attributes. The
elderly travel significantly longer distances in 2011. In combination with the social changes that
were mentioned above and an increase in out-of-home activities, the elderly have less time
constraints so that they can travel further (Mercado and Paez, 2009). Household car ownership
has no significant impact on travel distances in 2008, but there is a significant positive influence
in 2011. This might relate to the changing value of car ownership from status symbol to
instrumental purpose and to the increasing quality of the road network (Li et al., 2010). The two
categories of household incomes change in different directions again, with high- and
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middle-income groups traveling further, and low-income groups traveling shorter distances. The
opposite trend directly relates to increasing differences in mode choice, which we presented
earlier. This also results in an increasing gap in travel distances between rich and poor people.
With respect to household types, couples travel significantly longer distances than they did three
years ago compared to the reference category of core families. This might result from an increase
in out-of-home activities, due to the emergence of a consumption society (Chao and Myers, 1998;
Stockman, 2000). Couples are more inclined to undertake out-of-home activities, but the presence
of a child largely offsets this effect in core families.
The three built environment indicators have expected impacts on the daily travel distance.
Population density has a significantly larger impact on travel distance in 2011. This might result
from a correlation between population density and distance to the city centre (Levinson and
Kumar, 1997; Zhou and Logan, 2008). As jobs remain concentrated in the city centre, people in
more peripheral areas with low densities have to undertake longer commutes. Residents near
metro stations travel longer distances as well in 2011. Two new metro lines in Nanjing have
created network effects, resulting in better accessibility of many places and, hence, longer travel
distances.

4.6 Conclusion and discussion
Our study set out to explore the development and determinants of travel behaviour (mode choice,
travel distance and travel time) in the Nanjing metropolitan area between 2008 and 2011. After all,
those changes could have far reaching social, economic and environmental consequences. In
order to help fill the existing knowledge gap regarding changes in travel behaviour, we set out to
answer the following research question: What are the main changes in travel behaviour in
Nanjing, China; and how can we explain these changes? Before answering this question, we want
to acknowledge that our research has at least two limitations. First, we only study datasets with a
three-year interval, which might be too short to observe changes in travel behaviour fully. Second,
we only include conventional ‘objective’ socio-demographic variables in our models and no
‘subjective’ lifestyle-oriented variables like personal values and preferences. With development
related individualised attitudes and behaviours, such ‘soft’ variables might become increasingly
important in the explanation of behaviour, and they should be covered in future research. But
despite these limitations, our study provides pioneering research into the development of travel
behaviour in over time in China. Which answers to our research question does this generate?
Our analysis shows that there have been considerable changes in travel behaviour in Nanjing
in only three years time. Public transport ridership and private car use increased considerably at
the expense of cycling. Similarly, daily travel distance also grew significantly. Meanwhile, we
observed that gender differences in travel behaviour decreased, while the dependence of core
families on cars increased. Our analysis also shows that differences in travel behaviour between
income groups increased significantly. High- and middle-income groups depend more and more
on fast forms of transport (by car or public transport) as their income-rise is quicker than the costs
of transport; at the same time, low-income groups have decreased access to rapid transport as
their incomes grow slower than the increase of transport costs. We will argue below that these
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trends can have considerable consequences for social exclusion.
Our analysis suggests that these changes can be explained by at least two interrelated reasons.
On the one hand, economic development for middle- and high-income groups results in
individual wealth, fast motorisation and an expansion of infrastructures, providing more
opportunities to use fast transport modes. Motorisation and investments in infrastructure, on the
other hand, fuel expansions and suburbanisation of the metropolitan area, which increases the
average travel distance and in turn facilitates the need to use fast transport modes. The result here
seems to be in line with the hypothesis of Muller (1995) that urban form and the dominant
transport modes are dynamically linked. In addition, the significant dummy variables in the
regression models for travel distance and mode choice indicate that the changes in travel
behaviour also result partly from other period-specific factors that are not directly included in the
models. For instance, lower transport costs relative to the increasing income provide more
financial resources for ownership and use of private cars and larger travel distances.
Our analyses show that the influence of socio-demographic characteristics changes over time.
Gender differences in mode choice for both commuting and shopping-leisure trips are
diminishing. By contrast, the influence of income in determining travel behaviour seems to
increase. The differences in travel behaviour between mid-income groups and higher incomes are
decreasing while the differences between low-income groups are increasing. With regard to age,
only the over 50-years old’s have significantly changed influences on travel behaviour. Education
level, household car ownership and household structure have a relative stable influence on travel
patterns. It is worth noting that some scholars like Ohnmacht et al. (2009) and Scheiner (2010)
have claimed that the ‘classic’ socio-demographic factors will lose weight as determinants of
travel behaviour as a result of economic growth and spatial transformations. However, our results
show mixed effects with some variable becoming more important and others loosing influence in
the short time-span of three years.
Our analyses also indicate that the influences of built environment characteristics have
changed in these three years. In the analysis of mode choice for commuting trips, both population
density and distance to the nearest metro station show an increasing influence on car use
compared to cycling. At the same time, the influence of population density on the propensity to
use public transport diminishes, and the same goes for the influence of distance to the nearest
metro station on walking. Regarding the mode choice for shopping-leisure trips, distance to the
nearest metro station is the only built environment variable that shows significantly changed
influences. In the model of travel distance, both population density and distance to the nearest
metro station demonstrate significantly intensified influences, indicating that built environment
characteristics are more influential in 2011 than in 2008. Compared to population density and
distance to the nearest metro station, the impacts of land use balance on travel behaviour are more
stable. The variegated changes in the influence of population density and distance the nearest
metro station on travel behavior might result from an increasingly diversified group composition
in urban areas. After all, with the concurrent development of low-density residential communities
in the metropolitan fringe and the construction of two new metro lines, the variation between
areas in these two aspects in 2011 increased from 2008. Therefore, considerable changed
influences are observed.
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These developments in travel behaviour mostly seem to be similar to developments in
‘western’ contexts (Feng et al. 2013). But under the Chinese conditions of high-speed and
large-scale urbanisation, this could lead to especially worrying consequences. First of all, with
rapid urban extension, the number of economic and social opportunities in the same area
decreases rapidly, which can cause accessibility inequalities for socially vulnerable groups, like
the urban poor. Western cities developed at a much slower pace, which left time to tackle the
consequences of mobility inequalities between different social groups. But the astonishing
changes in urban China so far seem to prevent an adequate answer to accessibility issues (Lin et
al. 2003). A drive towards social sustainability should include attention for the promotion of
mobility for underprivileged social groups and the reduction of transport-related social exclusion.
Another negative consequence of the current transformation of travel behaviour in China
seems to be a move away from environmental sustainability. Fast motorisation, increased car use,
and increasing travel distances all contribute to increasing CO2- and noise emissions and energy
consumption. Statistics show that China has already become the world’s largest emitter of
greenhouse gases (International Energy Agency 2010), while the country is still in the early
stages of motorisation with just 32 vehicles per 1,000 persons in 2007, compared to 595 in Japan
and 820 in the United States (World Bank, 2010). Therefore, transport policies that guide Chinese
cities towards environmental sustainability seem to become one of the biggest challenges for
policy-makers in urban China.
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5 The Impacts of Household Structure on the Travel Behaviour of
Seniors and Young Parents in China
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Abstract
Various studies have suggested that aging and the related travel patterns are socially and
culturally constructed. China’s specific household structures – with co-residence of seniors,
their adult children and grandchildren-are therefore expected to have huge implications on the
travel outcomes of the household members. Based on the dataset of Nanjing Residents Travel
Survey (2008), the chapter attempts to reveal the impacts of the special household structures
on travel behaviour of both seniors and young parents. The results indicate that the elderly
co-resided with their adult children tend to make much fewer trips and travel shorter distances
while spending less time on travel than seniors who live alone or as couples, especially for
leisure trips. However, young parents in the ‘extended family’ are inclined to travel longer for
commuting in terms of both distance and time, while they make fewer shopping trips,
compared to young parents in ‘core families’.

5.1 Introduction
Raising female paid labour participation is an important but often difficult to accomplish
target of the European Union (European Commission, 2010). When employed, women often
experience serious problems in creating acceptable work-life balances (Hubers et al., 2011;
Frone and Rice, 2012). Female participation in the labour market is not a real issue in China
where women have employment ratios over 80 per cent, which is even higher than in Iceland
that has with 71 per cent in Europe the highest female labour participation rate (World Bank,
2013). An even more notable difference is that in China, hardly any part-time job is available.
Once a woman participates in the labour market, she is a full-time worker by definition (Fan
and Regulska, 2008). However, this doesn’t mean women do not face problems in combining
work and domestic responsibilities. So far, the existing literature on the interpersonal,
within-household interactions has paid disproportionally attention to western countries, such
as North America, North-western Europe, Australia and Japan (Wang et al., 2011). Very little
is known about intra-household interactions outside the western world. Given the very
different economic and social settings empirical studies of non-western countries, like China,
could contribute to a deeper understanding of household interactions and activity-travel
behaviour.
In contrast to the West, for cultural and economic reasons Chinese seniors often live
together with their married children (Logan and Bian, 1999; Chen and Silverstein, 2000).
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Specifically, there are two household types which are rare in western countries: extended
families where the elderly live together with their children and grandchildren, and adult
families where the elderly live together with their (un)married adult children. Besides
household composition, in China average retirement takes place much earlier than in the West.
In China, the legal retirement age is 60 for men, 55 for women in managerial functions, and
50 for all other women, compared with 60 or 65 in western countries (SCPRC, 1978). These
differences in household structure, retirement age and labour market position of the young
parents can make the task divisions and related activity-travel patterns different from other
countries.
Due to these contextual differences between China and western countries this chapter can
contribute to the existing literature by addressing the following gap in our knowledge.
Existing studies have put an overwhelming emphasis on the interactions between
partners/spouses or on parent-young child interactions (Schwanen, 2007; Srinivasan and Bhat,
2005; Srinivasan and Athuru, 2005). Fewer efforts have been devoted to investigate the
interactions with other household members, like the older parents. We have found only one
exception, the study of Lee and McDonald (2003). By using the 1995 Korean Population
Census they investigated in Seoul the household tasks allocations between spouses in
households in which seniors are living too. Their findings for this modern capitalist country
show that the presence of aged parents lower the household responsibilities of young mothers
in the household. The question is, whether nowadays the same results can be found in the
socialist republic of China and what the impacts are of co-residence on the activity-travel
patterns of the aged parents.
Therefore, we pose the following research question for this chapter: What are the effects
of household structure on the travel behaviour of seniors and young parents in China? For our
analysis we use data from the 2008 Nanjing Residents Travel Survey (NRTS). We answer the
research question in the following five sections. The second section starts with a review of
relevant literature on the impacts of household structure on travel behaviour. Section 3
presents an overview of the research design. This is followed by an analysis of the impacts of
the co-residence on travel behaviour of the elderly in section 4. Section 5 analyses the impacts
of the co-residence on travel behaviour of young parents. The concluding sixth section will
discuss the conclusions of our analysis.

5.2 Literature review
Individuals engage in daily activities to pursuit various personal and household-level aims
such as earning a living, self-actualization and child-caring (Srinivasan and Athuru, 2005;
Schwanen et al., 2007). Rather than taking decisions in isolation from other members in the
households, individuals negotiate, organize and perform the allocations of household
responsibilities with other household members (Wang and Li, 2009; Paez et al, 2007; De
Meester et al., 2011). The allocation of household tasks and related activity-travel patterns are
highly dependent on household-structure.
Existing literature on household task divisions and related activity-travel patterns
primarily draw on data from the West with a strong emphasis on the intra-household
interactions between partners/spouses (Schwanen et al., 2007; Srinivasan and Athuru, 2005).
The findings suggest that due to role specification and task allocation within the household
men and women perform different activities with different intensity (frequency and duration).
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Generally, in comparison with men women are found to be more likely to participate in
maintenance activities, such as shopping and chauffeuring children to/from school (Kwan,
2000; Schwanen et al, 2007). Due to the fact that women usually experience more
temporal-spatial constraints than men, men’s choice whether or not to participate in activities
seems to be more dependent on trade-offs between their own activities and their spouses’
activities than women (Schwanen et al., 2007). It should be noted that the findings of
Schwanen et al. are based on the data from the Amsterdam-Utrecht corridor in the
Netherlands. Whether these findings can be generalised to other social-cultural contexts needs
further investigations.
The allocation of household tasks is influenced by the socio-demographic attributes of
the household members. Increasing age is usually accompanied by an increase in the
propensity of participating in a maintenance activity and less subsistence activity participation
(Srinivasan and Bhat, 2005). The presence of a child will result in more tasks for both male
and female. However, the influence may be more pronounced for women (Schwanen, et al.,
2007; Srinivasan and Bhat, 2005). Employment status and work duration are also important
factors influencing household tasks allocation. Srinivasan and Athuru (2005) found that for
full-time workers, the propensity for participating in maintenance activities decreases as the
duration of work activity increases. In Hong Kong, Loo and Lam (2011) found for both men
and women in households with young children, that full-time employees have significantly
smaller activity spaces than part-time workers. This result is probably due to time constraints
imposed by long work duration of full-time workers. With regard to household income,
research suggests that in households with higher incomes, the maintenance activity allocation
between head and spouse is more equitable than in households with lower incomes
(Srinivasan and Athuru, 2005). Car availability is related to higher frequency of out-of-home
activities and multi-purpose trips. However, these impacts are larger for males (Ettema et al.,
2007).
Built environments also exert influence on the allocation of tasks within households and
related activity-travel patterns of household members. Various studies have shown that male’s
participation in out-of-home household activities is more sensitive to built environment
changes than that of female (Schwanen et al., 2007; Wang et al., 2011). It was found that men
tend to engage more in maintenance activities in neighbourhoods with higher population
densities and more diverse land uses than those in less densely and mixed neighbourhoods
(Schwanen et al, 2007). Some studies on activity-travel behaviour pay special attention to the
specific urban structure in China. This especially relates to the existence of danwei or
work-units: “a generic term denoting the Chinese socialist workplace and the specific range of
practices that it embodies” (Bray, 2005: 3). Danwei provides employees with welfare and
services, including housing, daily life facilities such as dining halls, bathing houses, shops,
and education, recreation, medical care facilities and other urban services around work places.
Research shows that inhabitants in former danwei are characterised by shorter total travel
distances and travel time and higher trip frequencies (Wang and Chai, 2009; Wang et al.,
2011).
Studies specially focusing on the activity-travel behaviour of the elderly concentrate on
‘singles’ and ‘couples’. Páez et al. (2007) and Roorda et al. (2010) for instance conclude that
in Canada, singles tend to make more trips than couples. Su and Bell (2009) found that single
retirees in London undertake more trip chains than retired couples. Other socio-demographic
attributes are also found to influence the travel behaviour of the elderly. Age turns out to be
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negatively related to senior mobility, both in trip frequency and travel distance (Páez et al.,
2007; Mercado and Páez, 2009). With respect to gender, female seniors are more frequent
trip-makers, especially for non-work purposes (Roorda et al., 2010). According to Schmöcker
et al. (2005) and Roorda et al. (2010), income has significant and positive effects on
trip-making, while car ownership is positively associated to seniors’ trip-making
(Rosenbloom, 2001; Páez et al., 2007). There is hardly any literature focusing on the
intra-household interactions in households in which the elderly are present. In Seoul Lee
and Mcdonald (2003) found that the presence of the elderly could increase women’s
commuting substantially. Grandparents in the household might share in many of the
child-care and other responsibilities, as such releasing young parents from substantial
domestic tasks creating all sorts of new possibilities and related travel patterns. For example,
they might commute for a larger distance to get jobs of higher incomes and have more
chances for out-of-home leisure activities.
Based on this literature review, we have the following hypotheses:
1) Due to the sharing of household responsibilities, seniors co-residing with their
(un)married children will travel less – in terms of frequency, travel time and distance –
than singles and couples;
2) Due to the presence of aged parents who are able to share household responsibilities,
young parents in extended families will on average have longer travel times and distances
to work and undertake more leisure trips and fewer shopping trips compared to their
counterparts in core families.

5.3 Research design
The data we use to analyse the above hypotheses is Nanjing Residents Travel Survey (NRTS
2008; in Chinese: Nanjingshi jumin chuxing chouyang diaocha). Nanjing is the capital of
Jiangsu Province, and the second largest commercial centre in East China. It covers an area of
4,723 square kilometres, with a total population of 6.24 million in 2008 (Nanjing Statistic
Bureau, 2008). As a former national capital, the city has a prominent place in the history and
culture of China (Cotterell, 2007). Over the last decades the city has undergone a dramatic
transformation. As a second tier city, it is representative for a multitude of Chinese cities with
a comparative size. Nanjing Residents Travel Survey is conducted by the Nanjing Urban and
Transport Planning and Designing Institution Limit Cooperation (Nanjingshi chengshi yu
jiaotong guihua sheji yanjiuyuan youxian zeren gongsi). The survey is sponsored by the
Nanjing Transport Planning Committee and is used for ‘The Nanjing Comprehensive
Transport Planning 2009’. The survey covered 10 districts of Nanjing and includes 5400
individuals of 1800 households. The dataset is rather expensive. By leaving out two districts
(1506 respondents), we were able to get for free the data of 8 districts with 3894 respondents
(Figure.5.1). The two missing districts have similar socio-demographic compositions, built
environments and development history as the adjacent included districts. Therefore, we
reasonably expect that the travel behaviours of the residents of the two missing districts are
represented by the other districts. The sub-sample size of each district is proportional to its
population. More Traffic Analysis Zones (TAZs) are selected in the districts with large
populations. In each TAZ, about 150 respondents are randomly selected. This travel database
includes the socio-economic and demographic attributes of the respondents such as gender,
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age, educational level, occupation, the number of pre-school children, household income,
household car ownership and detailed information derived from a one-day travel diary on
Tuesdays, Wednesdays and Thursdays in June 2008.

Figure 5.1 The map of Nanjing in China
Aging is a contextual process depending on changes in the life course such as retirement.
Most of the existing research in western countries defines old people as more than 60 or 65
years old. This actually reflects the legal retirement age these societies. In China, the legal
retirement age is 60 for men, 55 for women in managerial functions, and 50 for all other
women. Furthermore, there is a possibility for early retirement by 5 years in companies that
are bankrupt or restructuring or offering hazardous occupations. Thus, in reality, the average
retirement age in China for men is 56, and for women 50 (James, 2002). However, in our
dataset we only have the age category of 50-59 which means that we can not discern people
from 50-55 and 55-60. In light of the above arguments, in this chapter, we choose two criteria
to define ‘old people’ as people who are retired and above 50 years old.
Actually, there are some debates as to whether chronological criteria (i.e. age in years)
are sufficient and/or useful for identifying people as 'young' and 'old' (Harper and Laws, 1995;
Schwanen and Paez, 2010). The meaning and experience of age, the process of aging, is
subject to historical and cultural processes (Hopkins and Pain, 2007; Schwanen and Paez,
2010). This is particularly the case with regard to older adults given the fact that a blurring of
life-course identities increasingly characterises life in advanced liberal democracies as well as
in emerging and developing economies (Schwanen, et al., 2012). Many adults who could be
considered old purely on the basis of their year of birth might have the similar patterns of
everyday practices and conversations with other people as young people. Other criteria than
age in years might be more meaningful in identifying people as 'old' (e.g. retirement from
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Table 5.1 Profile of the sample
Variables

Classification

Case

Percentage

Seniors
Gender
Age
Educational level

Male

212

38.8

Female

335

61.2

50-59

195

35.6

More than 60

352

64.4

Low

252

46.1

Middle

222

40.6

73

13.3

191

34.9

High
Annual household income
(Euro)

Car ownership

More than 5000
Less than 2000

66

12.1

2000-5000

290

53.0

No car ownership

479

87.6

68

12.4

Retired household

185

33.8

Adult family

256

46.8

Extended family

106

19.4

Commodity-housing dominated

201

36.7

Car ownership
Household structure

Housing type in TAZ

65

11.9

Mixed

Danwei-housing dominated

281

51.4

Total

547

100.0

544

48.7

Young parents in Core family and Extended family
Gender
Age

Educational level

Annual household income
(Euro)

Household car ownership
Household structure
Housing type in TAZ

Female
Male

573

51.3

20-29

124

11.1

30-39

574

51.4

40-49

419

37.5

Low

122

10.9

Middle

503

45.0

High

492

44.0

More than 5000

548

49.1

Less than 2000

128

11.5

2000-5000

441

39.5

Non car ownership

869

77.8

Car ownership

248

22.2

Core family

923

82.6

Extended family

194

17.4

Commodity-housing dominated

405

36.3

Danwei-housing dominated

268

24.0

Mixed

444

39.7

Total

1117

100.0

Source: own calculations
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paid employment, passing the age threshold for receiving a state pension, factors pertaining to
one's health or independence, no longer being able to drive, etc.)(Schwanen et al., 2012). This
is why we consider employment status in the definition of old age in this chapter. The
complex nature of age also implies that in future travel behaviour research more factors than
chronological age and employment status should be used to identify older adults.
We distinguish four trip purposes in our analysis: commuting, shopping, leisure (social
visits, sports, culture, and recreation) and “other purposes” (including work-related travel,
trips for studying, and accompanying children to/from school). In line with the international
literature, our analysis includes two types of independent variables: socio-demographic
attributes of travellers and built environment characteristics. Socio-demographic variables
include gender, age, education level, household income, household car ownership and
household type. For household type, we discern three categories: retiree household (which
combines single and couple retiree households, because of the small sample of single retiree
households), adult family (retired people with their adult children but no grandchildren) and
extended family (retired people with their adult children and grandchildren). Variables
relating to the built environment include population density (calculated at the sub-district
level), distance to the nearest metro station, and type of traffic analysis zone (TAZ). A TAZ is
characterised by the dominant form of housing provision. There are two types of housing
provision discerned: Danwei housing and commodity housing. Danwei housing refers to the
housing provided by danwei as welfare, while commodity housing refers to commercial
housing. This variable of housing type in TAZ is operationalized at the TAZ level. Due to the
fact that no TAZ purely consists of just one type of housing provision, we developed three
categories of TAZs: TAZs dominated by commodity housing, TAZs dominated by danwei
housing and mixed TAZs where commodity housing and danwei housing are more or less
balanced (none of them exceeds 60 percent of the total housing).

5.4 The impacts of household structure on seniors
First, we will analyse the impacts of household structure on the travel behaviour of seniors.
To this end, we will compare the travel behaviour of seniors in different household types
through descriptive and regression analysis respectively.
5.4.1 Descriptive analysis
Table 5.2 shows that seniors in different household types have significantly different travel
patterns. Elderly from ‘Retiree households’ travel longest among the three categories, both in
terms of duration and distance, but their trip frequency is average. This might imply that they
have the largest spatial reach and opportunities to use more facilities. Compared with the
other seniors, they only have to take care of household work for themselves, and are not
responsible for household tasks for other household members. This will diminish time
pressure and constraints. This coincides with the fact that they have the highest absolute
number and share of leisure trips (Table 5.2). Seniors in ‘extended families’ have the highest
travel frequency, but the shortest distances and travel time. This implies that they also have
the shortest average trip distance. Co-residence with married children and grandchildren
probably results in increased household responsibilities including the preparation of family
dinner accompanying grandchildren to and from school. Home and school thus anchor their
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daily travel, and their spatial reach is relatively small.
The travel behaviour patterns of seniors in ‘adult families’ are in between of that of the
travel behaviours of seniors in the other two categories. Seniors in ‘adult families’ tend to
have less leisure trips but more shopping trips than seniors in ‘retiree households’. Probably,
they share more household responsibilities due to co-residence. At the same time, seniors in
‘adult families’ have fewer trips for other purposes but more trips for leisure, than seniors in
‘extended families’. This might result from the presence of grandchildren in the households.
Table 5.2 Travel behaviour of seniors in different households
Shopping
Trip
frequency

Retiree household
Adult family
Extended family

Leisure

Other

All purpose

0.66* (122)
0.72* (184)

0.92* (170)
0.87* (223)

0.10(19) *
0.07(18) *

1.68* (311)
1.66* (425)

0.58* (62)

0.82* (87)

0.30(34) *

1.71* (183)

0.67(368)

0.88 (480)

0.13(71)

1.68(919)

Travel time

Retiree household

26.5* (108)

36.1(139)

41.2(13)

45.5* (185)

(unit:
minute)

Adult family

22.3* (165)

34.4(172)

31.5(17)

39.6* (256)

21.9* (58)

34.0(71)

22.0(22)

39.4* (106)

Total

23.6(331)

34.9(382)

29.9(52)

41.5(547)

Retiree household

1.8* (108)

3.0(139)

2.7(13)

3.5* (185)

Adult family

1.9* (165)

3.0(172)

2.4(17)

3.4* (256)

Total

Extended family
Travel
distance
(unit: km)

Travel
purpose
(percentage)

Extended family

1.8* (58)

3.1(71)

1.6(22)

3.4* (106)

Total

1.8(311)

3.0(382)

2.2(52)

3.4(547)

Retiree household

39.5(122)

54.7(170)

5.8(19)

100(311)

Adult family

43.2(184)

52.3(223)

4.5(18)

100(425)

34.3(62)

48.1(87)

17.7(34)

100(183)

40.2(368)

52.3(480)

7.5(71)

100(919)

Extended family
Total

Note: * = p ≤ 0.05, ANOVA shows significant differences of travel characteristics among the different household
types at 99% confidence level.
Source: own calculations

5.4.2 Multivariate analysis
This descriptive analysis shows that household structure seriously influences travel behaviour
of seniors in China. To enrich and broaden these preliminary findings, we developed various
multivariate models. We use ordered probit regression models to investigate the impacts of
various attributes on senior trip generation. Specifically, we estimated models for the total
number of trips as well as for two specific trip purposes – shopping and leisure (see Table 5.3).
The independent variable in each model is individual trip frequency, which was defined 1 trip,
2 trips, and 3 trips and over for all purposes; and 0 trips, 1 trip, and 2 trips and over for both
shopping and leisure purposes. The overall model fit as shown by the calculation of
McFadden’s R2 is lowest for leisure trips. This might result from the fact that leisure trips are
more determined by other personal preferences and values, which are not included in the
model (Schmöcker et al, 2005).
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Table 5.3 Ordered probit regression model for trip generation of seniors
Total trips

Shopping trips

Leisure trips

Coef.

Odds ratio

Coef.

Odds ratio

Coef.

Odds ratio

-0.102

0.903

0.494***

1.639

-0.341**

0.711

-0.151

0.860

-0.233*

0.792

0.144

1.155

Middle

0.322**

1.380

0.175

1.192

0.098

1.102

High

0.216

1.241

0.129

1.137

-0.008

0.992

Gender (Male=ref.)
Female
Age (50-59 = ref.)
More than 60
Education level (Low = ref.)

Annual household income (EUR, More than 5,000 = ref. )
Less than 2,000

-0.519**

0.595

-0.267

0.766

-0.270

0.764

2,000-5,000

-0.343**

0.709

-0.121

0.886

-0.237

0.789

1.054

0.248

1.281

-0.196

0.822

Household car ownership (Non-car ownership = ref.)
Car ownership

0.053

Household structure (retiree household = ref.)
Adult family

-0.343**

0.709

-0.225

0.799

-0.256*

0.774

Extend family

-0.178

0.837

-0.390**

0.677

-0.378***

0.685

Housing type in TAZ (Mixed = ref.)
Danwei-house dominated

0.569***

1.766

0.652***

1.920

0.012

1.012

Commodity-house dominated

-0.613***

0.542

-0.067

0.935

-0.428***

0.652

Distance to the nearest metro
station
Population density

-0.085***

0.918

-0.033

0.968

-0.049**

0.952

-0.093**

0.911

-0.001

0.999

-0.088**

0.915

Threshold1

-1.116 (2 trips)

-0.333 (1 trips)

-1.359 (1 trips)

Threshold2

0.356 (3+ trips)

1.570 (2+ trips)

0.245 (2+ trips)

Pseudo R2

0.082

0.062

0.043

No. cases

547

547

547

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001
Source: own calculations

Table 5.3 indicates that household structure has significant impacts on trip generation.
Seniors in ‘extended families’ tend to make fewer shopping trips than seniors in ‘retiree
households’. This could be attributed to the fact that there are more household members in
‘extended families’ sharing household responsibilities including shopping. While there are
more adult members in ‘adult families’ as well, the impact is not significant. This seems to
reflect housework divisions within different households: seniors in households with small
children might be more inclined to engage in child-caring related household tasks, including
taking care of them at home, or accompanying them to and from school, and less in shopping
activities. Seniors in ‘adult families’ tend to share other household maintenance activities
including shopping.
For leisure activities, seniors in both ‘adult families’ and ‘extended families’ are
associated with making markedly fewer trips than seniors in ‘retiree households’. With
94

co-residence, seniors apparently spend more trips for household responsibilities, leaving less
time and energy for leisure trips. It is interesting to note that the coefficient for total trips is
significant for seniors in ‘adult families’ but not for seniors in ‘extended families’. The reason
is that elderly in ‘extended families’ spend many trips with children to and from school
(which is not included in the model), compared to seniors in ‘retiree households’, which offset
the effects of diminished trips for shopping and leisure.
Trip generations of seniors also show big heterogeneity with other factors. ‘Gender’
exerts significant effects on shopping and leisure trip-making: women make more shopping
trips and fewer leisure trips than males. This is in line with the ‘household responsibility
hypothesis’ (Kwan, 2000), which asserts that women undertake more household maintenance
activities like running errands and shopping than men, and consequently spend less time on
commutes and leisure. While the existing literature mainly focuses on commutes in the West,
our results validate the hypothesis in China.
With regard to the impacts of ‘age’, the model shows that retirees tend to make fewer
shopping trips as age advances. Younger seniors seem more likely to engage in household
maintenance activities because of their better physical condition (Hjorthol et al, 2010).
‘Education’ exerts significant effects on total trip-making. Seniors of middle and high
education attainment make more trips than those of low educational levels. However, middle
educated elderly make more trips than people of high education. Seniors with a high level of
educational seem to be more inclined to undertake special leisure activities such as visiting
museums and theatres, instead of just going around and chatting with others (Chen and
Silverstein, 2000). The resulting reduction of leisure trip frequencies is reflected in our model.
An increasing ‘household income’ appears to stimulate trip-making, a conclusion that is in
line with previous studies (Roorda et al, 2010). With rising incomes, shopping trips and
leisure trips increase. As incomes of seniors are expected to further rise in the future, total
trip-making is likely to increase as well. However, ‘car ownership’ does not show significant
impacts on senior trip-making in the models. This is quite different from western countries
where car ownership is the most important indicator for trip-making (e.g. Rosenbloom, 2001).
This might result from that seniors have a low possession of both driving licenses and cars.
Our dataset shows that less than 4 percent of seniors (21 out of 580) have a license. Younger
household members mainly use cars in the family.
‘Built environment’ attributes contribute significantly to trip frequency. Seniors in areas
dominated by danwei housing are inclined to make three times as many trips as seniors in
areas dominated by commodity housing. The same goes for shopping and leisure trips,
although some of the coefficients are not significant. This reflects the fact that in areas where
danwei housing dominates, shopping and leisure facilities are usually located close to home
compared to areas where commodity housing dominates. The proximity of these facilities
induces people to make more trips. The finding here is consistent with what Wang et al.,
(2011) have found in Beijing that danwei neighbourhoods are associated with higher trip
frequencies. ‘Distance to the nearest metro’ has been coined a ‘mobility tool’ (Mercado and
Páez, 2009). Seniors that live closer to metro stations make more trips. This is consistent with
findings in western countries (Páez et al, 2007). Interestingly, ‘density’ relates negatively to
trip frequency. This could result from the fact that in high-density areas, diverse facilities are
mixed, which could stimulate trip chaining.
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Table 5.4 Regression model for travel distance of seniors (Lndistance)
Total distance

Shopping distance

Leisure distance

B

Beta

B

Beta

B

Beta

-0.154**

-0.092

-0.161*

-0.101

-0.086

-0.053

-0.160**

-0.094

-0.109

-0.075

-0.057

-0.033

Middle

0.232***

0.140

0.087

0.060

0.208**

0.126

High

0.329**

0.138

0.137

0.061

0.266**

0.115

Gender (Male=ref.)
Female
Age (50-59 = ref.)
More than 60
Education level (Low = ref.)

Annual household income (EUR, More than 5,000 = ref.)
Less than 2,000

-0.237*

-0.095

-0.234*

-0.103

-0.233

-0.092

2,000-5,000

-0.148*

-0.091

-0.195**

-0.135

-0.155

-0.095

-0.125

-0.061

-0.276**

-0.105

Household car ownership (Non-car ownership = ref.)
Car ownership

-0.168

-0.068

Household structure (retiree household = ref.)
Adult family

-0.195*

-0.120

-0.083

-0.058

-0.006

-0.004

Extend family

-0.210**

-0.102

-0.232*

-0.122

-0.076

-0.036

Housing type in TAZ (Mix = ref.)
Danwei-house dominated

--0.016*

0.145

-0.075

-0.038

-0.459***

-0.190

Commodity-house
dominated
Distance to the nearest
metro station
Population density

0.162**

0.096

0.018

0.012

0.098**

0.112

-0.011

-0.034

0.020

0.065

0.019

0.056

-0.155***

-0.318

-0.179***

-0.413

-0.110***

-0.225

Constant

8.507***

7.875***

8.022***

R square

0.141

0.197

0.104

No. cases

547

311

382

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001
Source: own calculations

Table 5.4 presents a regression model for travel distance of seniors. ‘Household type’
again appears to be an important indicator. Seniors in ‘adult families’ and ‘extended families’
travel significantly shorter total distances than seniors in ‘retiree households’. Co-residence
thus reduces travel distance of seniors. This seems to result from the fact that they undertake
more household responsibilities such as running errand and particularly taking care of
children. This binds them to the home, using more local facilities. For shopping trips, seniors
in ‘extended families’ travel shorter than those in ‘retiree households’. This is in line with the
results of the trip generation model, which showed seniors in ‘extended families’ to make
fewer trips than seniors in ‘retiree households’.
‘Gender’ has a significant influence on travel distance of seniors, with retired females
traveling shorter distances than retired men. This effect might relate to variations in distances
travelled for shopping. This finding is in line with what Srinivasan and Athuru (2005) have
found that females are more likely to participate in shorter duration trips for shopping and the
destinations for shopping activities are likely to be closer to anchor points (home or work) for
females than males. The literature shows that senior men mainly partake in non-daily
shopping while senior women take care of daily shopping (Harper and Laws, 1995). Our own
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calculations show that the per-trip shopping distance of men is much longer than the distance
of women. ‘Age’ shows negative impacts on travel distance, which is in line with findings in
western countries (Mercado and Páez, 2009). High ‘educational attainment’ is associated with
marked longer total travel distance and distance travelled for leisure. Possibly, seniors with
higher educational levels undertake more specific leisure activities (cinemas, museums, etc.),
which is usually more uneven distributed within metropolitan areas (Ettema et al., 2007).
Higher ‘household incomes’ are positively associated with longer travel distances for
total and shopping purposes. This could result from the fact that people with high incomes
prefer luxury goods, which are only available at larger distances (Su and Bell, 2009). ‘Car
ownership’ will increase the independence and the quality of life seniors (Rosenbloom, 2001);
it will also lead to larger travel distances. However, due to the lack of driving licenses among
seniors, car ownership does not have such a pronounced influence on senior travel distance in
China.
‘Built environment’ is strongly linked to travel distances. Seniors in areas that are
dominated by danwei housing tend to travel much shorter distances than seniors in areas
dominated by commodity housing. The high mixture of facilities seems to reduce average trip
distances for both shopping and leisure (Wang and Chai, 2009). ‘Distance to the nearest metro
station’ does not have a significant impact on travel distance. ‘Population density’ is strongly
negatively related to travel distance. With higher densities, seniors travel less far (Páez et al,
2007).
Table 5.5 presents a regression model for travel time of seniors. The explanatory power
of this model is much weaker than the model for travel distance. This results from the fact that
influences on travel time are far more complex than influences on travel distance. After all,
travel time is influenced by travel mode (and its speed), type of road network (e.g.
thoroughfares and roads with speed bumps in residential areas) and driving behaviour (e.g.
sportive or relaxed).
Compared to the model for travel distance, ‘household structure’ is even more
pronounced in determining travel time. Seniors in ‘adult families’ and ‘extended families’
spend significantly less time on travel than seniors in ‘retiree households’. Elderly in the first
two household types tend to share more household responsibilities resulting in more
constraints, so they spend less time travelling. With respect to specific travel purposes, retired
people in ‘adult families’ and ‘extended families’ spend less time travelling for shopping than
seniors in ‘retiree households’.
‘Gender’ influences total travel time significantly, which is mainly due to the marked
impacts on travel time spent for shopping. Retired women tend to spend less time on
shopping than retired men. This fits in with the earlier conclusion that retired women travel
significantly shorter distances for shopping than retired men. High ‘education’ is related to
longer travel duration, corroborating results of previous studies in western countries (e.g.
Hildebrand, 2003). ‘Household income’ shows no significant impacts on travel time, probably
because this is linked to educational level (Dieleman et al, 2002). ‘Car ownership’ shows no
significant impacts on total travel times but for leisure purposes, where the relationship is
negative.
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Table 5.5 Regression model for travel time of seniors (Lntime)
Total time

Shopping time

Leisure time

B

Beta

B

Beta

B

Beta

-0.162 **

-0.107

-0.223 **

-0.151

-0.101

-0.065

-0.063

-0.041

-0.104

-0.077

0.029

0.017

Middle

0.179 **

0.119

-0.099

-0.074

0.134

0.085

High

0.271 **

0.125

0.097

0.047

0.154

0.070

Gender (Male=ref.)
Female
Age (50-59 = ref.)
More than 60
Education level (Low = ref.)

Annual household income (EUR, More than 5,000 = ref. )
Less than 2,000

-0.066

-0.029

-0.051

-0.024

-0.015

-0.006

2,000-5,000

-0.118

-0.080

-0.037

-0.028

-0.112

-0.072

-0.059

0.068

0.036

-0.301 **

-0.120

Household car ownership (Non-car ownership = ref.)
Car ownership

-0.131

Household structure (retiree household = ref.)
Adult family

-0.223 **

-0.151

-0.230 **

-0.172

0.058

0.037

Extend family

-0.204 **

-0.110

-0.261 **

-0.148

0.038

0.019

Housing type in TAZ (Mix = ref.)
Danwei-house dominated

-0.025

0.011

-0.086

-0.047

-0.375 **

-0.164

Commodity-house dominated

0.156 **

0.102

0.029

0.021

-0.088

-0.054

Distance to the nearest metro
station
Population density

-0.034 **

-0.112

0.006

0.022

-0.004

-0.014

-0.078 ***

-0.177

-0.061 **

-0.152

-0.048 *

-0.103

Constant

4.019 ***

3.465 ***

3.448 ***

R square

0.071

0.057

0.027

No. cases

547

311

382

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001
Source: own calculations

‘Built environment attributes’ show a significant influence on travel time. Senior in areas
dominated by commodity housing spend more time travelling than people in the mixed areas.
This could be caused by the fact the commodity housing areas usually have a lower functional
mix. Consequently, the average trip distance is long and therefore more time is spent on travel.
As for specific travel purposes, people living in areas dominated by danwei housing appear to
travel significantly shorter for leisure than people living in the mixed areas. This is in line
with the results in the model for travel distance. ‘Distance to the nearest metro station’ is
negative linked to total travel time, which echoes the findings of Páez et al. (2007).
‘Population density’ again shows strong influence on both total travel time and travel time for
specific purposes: with higher densities, the travel time diminishes.

5.5 The impacts of co-residence on young parents
The previous section discussed the impacts of household structure on senior travel behaviour.
We suggested that elderly who are co-residing with their adult (un)married children – with our
without grandchildren – share household responsibilities such as running errands and taking
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care of small children, and therefore travel less for leisure purposes. Our analysis shows that
seniors in ‘extended families’ and ‘adult families’ – both of which are quite common in urban
China – have significantly different travel behaviour in terms of trip frequency, travel distance
and travel time. Our research question also discusses the impacts of co-habitation on young
parents in these households. Therefore, this section presents both descriptive and regression
analysis of travel behaviour of young parents. We compare the travel behaviour of young
parents in ‘extended families’ with young parents in ‘core families’.
5.5.1 Descriptive analysis
Table 5.6 compares the travel patterns of young parents in ‘core families’ and ‘extended
families’. The table shows that co-residence with senior parents strongly influences travel
behaviour. Compared to their counterparts in ‘core families’, young parents in ‘extended
families’ travel more for commuting and leisure, but less for shopping, both in terms of travel
distance and travel time. As seniors share in the household responsibilities including shopping
and taking care of children, the young parents in extended families experience less temporal
and spatial constraints and consequently have more freedom to commute longer for better
employment opportunities and for leisure activities. In the meantime, they undertake less
household maintenance travel than their counterparts in ‘core families’, resulting in limited
travel for shopping.
The numbers for trip frequency indicate a similar pattern, with the exception that young
parents in ‘core families’ undertake more commuting trips than their counterparts in ‘extended
families’. Possibly, commuters in ‘core families’ have to go home to care for their children
during lunchtime, resulting in smaller trip distances, but increased trip frequencies. We need
to stress that the meaning of ‘other’ purposes differs between the two household types: for
‘core families’ ‘other’ travel mainly refers to accompanying children to and from school
(71%), while for ‘extended families’ it mainly refers to work related trips (60%). The
composition of ‘other’ travel purposes confirms again the impacts of the co-residence on the
travel behaviour of young parents.
Table 5.6 Travel behaviour of young parents in different household types
Frequency

Commuting

Shopping

Leisure

Other

Total

Core family

1.03(952)

0.21* (194)

0.13* (123)

0.27(248)

1.64(1517)

Extended family

0.97(189)

0.1*3(25)

0.17* (33)

0.26(50)

1.53(297)

Core family

29.0(811) *

17.8 (185)

28.2* (111)

31.0(163)

37.9(923) *

(unit: minute)

Extended family

37.2(171) *

15.5 (24)

32.0* (30)

37.8(37)

46.9(194) *

Travel Distance

Core family

2.7(811) *

1.7* (185)

2.5(111)

3.9(163)

4.3(923) *

(unit: km)

Extended family

3.6(171) *

1.5* (24)

2.5(30)

3.6(37)

5.4(194) *

Travel purpose

Core family

62.8(952)

12.8(194)

8.1(123)

16.3(248)

100(1517)

(percentage)

Extended family

63.6(189)

8.4(25)

11.1(33)

16.8(50)

100(297)

Travel Time

Note: * = p ≤ 0.05, the independent sample t-test shows significant differences of travel characteristics among the
different household types at 99% confidence level.
Source: own calculations
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5.5.2 Multivariate analysis
Table 5.7 shows the results of the impacts of household structure on trip generation of young
parents when we control for other variables. The table shows that household structure exerts
significant effects for shopping and leisure trips, but with opposite directions: young parents
in ‘core families’ travel more often for shopping but less for leisure relative to young parents
in ‘extended families’. Obviously, with the increased number of adults in ‘extended families’,
family members can alternate for shopping trips, which reduces the average amount of
shopping trips for young parents. But as seniors in ‘extended families’ share house work,
young parents experience less time constraints and can make more leisure trips. There is no
significant difference in total trip generation between both groups of young parents.
Table 5.7. Ordered probit regression model for trip generation of young parents in extended
families and core families
Total trips

Commuting trips

Shopping trips

Leisure trips

Coef.

Coef.

Coef.

Coef.

0.222**

0.037

0.716***

-0.057

30-39

0.212*

0.042

0.282*

-0.012

40-49

0.187

0.100

0.237

0.134

Middle

0.026

0.236*

-0.123

-0.340**

High

0.253*

0.564***

-0.411**

-0.158

Gender (Male=ref.)
Female
Age (20-29=ref.)

Education level (Lower=ref.)

Annual household income (EUR, More than 5,000=ref.)
Less than 2,000

-0.088

-0.086

-0.069

-0.218

2,000-5,000

-0.075

0.088

-0.105

-0.301**

-0.140

-0.015

-0.022

0.049

0.245**

-0.201*

Household car ownership (Non-car ownership=ref.)
Car ownership

0.098

Household structure (Extended family=ref.)
Core family

0.060

Housing type in TAZ (mixed=ref.)
Danwei-house dominated

0.287**

0.246**

0.237**

0.185

Commodity-house dominated

-0.499***

0.006

-0.434***

-0.384**

Distance to the nearest
metro station
Population density

-0.074***

-0.003

-0.080***

-0.039**

-0.062**

-0.012

-0.074**

0.000

Threshold1

0.249 (2 trips)

-0.665 (1 trips)

0.905 (1 trips)

0.421(1 trips)

1.237 (3+ trips)

1.841(2+ trips)

1.134(2+ trips)

1.323(2+ trips)

Pseudo R

0.067

0.025

0.131

0.059

No. cases

1117

1117

1117

1117

Threshold2
2

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001
Source: own calculations

The regression models for travel distance and time in Table 5.8 show very different
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results. ‘Household structure’ has a significant influence on total travel distance and time as
well as on commuting distance and time, but not on shopping and leisure travel distances and
times (not shown in the table). This could be attributed to the fact that the variations in trip
distance and time for commutes are much larger than that for shopping and leisure trips. The
significantly longer commuting distances and times of young parents in ‘extended families’
seems to relate to the fact that seniors in the household share substantial housework
responsibilities. Consequently, young parents in these households are freed from household
obligations and have opportunities to travel longer distances and times for better employment
opportunities.
Table 5.8 Regression model for travel distance and time of young parents in extended families
and core families
Travel distance (Lndistance)

Travel time (Lntime)

Commuting
distance

Total distance

Commuting time

Total time

B

Beta

B

Beta

B

Beta

B

Beta

-0.157**

-0.107

-0.148**

-0.094

-0.071

-0.055

-0.034

-0.025

30-39

-0.008

-0.006

0.031

0.019

0.011

0.009

0.039

0.028

40-49

0.019

0.012

-0.005

-0.003

0.083

0.061

0.061

0.043

Gender (Male=ref.)
Female
Age (20-29=ref.)

Education level (Lower=ref.)
Middle

0.094

0.064

0.159**

0.101

0.132*

0.101

0.144**

0.104

High

0.133

0.089

0.280***

0.177

0.140*

0.106

0.216**

0.155

Annual household income (EUR, More than 5,000=ref.)
Less than 2,000

0.056

0.025

0.019

0.008

-0.002

-0.001

-0.025

-0.012

2,000-5,000

0.025

0.017

-0.037

-0.023

0.069

0.053

-0.011

-0.008

0.135**

0.072

0.026

0.013

0.015

0.009

-0.124

-0.177**

-0.085

-0.212***

-0.123

-0.170**

-0.093

-0.038

-0.023

0.051

0.028

-0.128*

-0.085

-0.049

-0.030

0.099*

0.066

0.046

0.029

0.040**

0.030

-0.077

-0.055

-0.023**

-0.090

-0.060

-0.273

-0.050***

-0.220

0.000***

-0.233

0.000

-0.112

0.000***

-0.120

Household car ownership (Non-car ownership=ref.)
Car ownership

0.002

0.001

Household structure (Extended family=ref.)
Core family

-0.239***

Housing type in TAZ (mixed=ref.)
Danwei-house
dominated
Commodity-house
dominated
Distance to the
nearest
metro
station
Population density

-0.027**

-0.111

0.000***

-0.219

(Constant)

8.296***

8.385***

3.566

3.722***

R square

0.073

0.088

0.101***

0.066

No. cases

928

1117

928

1117

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001
Source: own calculations
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5.6 Conclusion and discussion
Given the substantial body of existing studies focusing on the interactions between
partners/spouses in the active and nuclear families, this chapter sets out to investigate the
intra-household interaction within adult families and extended families. Specifically, this
study was designed to investigate, firstly, if and how the household structures influence the
travel behaviour of seniors in urban China; and secondly, if and how the household structures
influence the travel behaviour of young parents.
For senior travel behaviour, we conclude on the basis of the descriptive and regression
analysis that there is a significant influence of household structure. Elderly in ‘adult families’
and ‘extended families’ make much fewer trips and travel shorter distances while spending
less time on travel than seniors who live alone or as couples. The difference is especially big
for leisure trips. The probable explanation is that seniors co-residing with their adult children
share household responsibilities, leaving less time and energy for out-of-home activities.
There are also differences in the travel behaviour of seniors in ‘adult families’ and ‘extended
families’. Elderly in ‘extended families’ travel less for shopping and leisure but much more
for other purposes, which mainly refers to accompanying children to and from school. This
reflects the household work division among household members: when there are no
grandchildren, the elderly mainly undertake shopping tasks; when there are grandchildren,
taking care of the grandchildren becomes the primary task for seniors (Goh, 2009). At any
rate, co-residence with the adult children and grandchildren makes seniors experience more
constraints in time and space than those living separately.
For the travel behaviour of young parents, we analysed the impact of co-residence by
comparing them with young parents in ‘core families’. The results indicate that young parents
in the ‘extended family’ are inclined to travel longer for commuting in terms of both distance
and time, while they make fewer shopping trips, compared to young parents in ‘core families’.
Co-residence with seniors reduces the spatial-temporal constraints of young parents, who thus
have more time and energy to commute long distances for better employment opportunities
and can also work longer hours for better payments.
Our analysis of the influence of other variables supports earlier conclusions that there are
large variations amongst seniors (Schwanen and Páez, 2010). Generally, mobility decreases as
age advances. But significant spatial variations were detected in trip generation, travel time
and distance. Older people in areas dominated by danwei housing make more trips for various
purposes but travel shorter distances and time. This can be attributed to the sufficient supplies
of non-specialised shopping products, services and leisure opportunities within walking
distance from the home. Our analysis also shows that a short ‘distance to a metro station’ can
increase trip generation. This supports the idea that good access to public transport increases
the mobility of seniors. With rather few older people in the sample holding a driving licence,
‘car ownership’ shows negligible impacts on senior travel behaviour. However, as future
generations of seniors will be used to drive a car, ‘car ownership’ is expected to have a bigger
impact in the future, much like in western countries today.
It should be noted that the current chapter has some limitations. One obvious limitation is
our definition of old people as people who are retired and more than 50 years old. Therefore,
seniors in our sample are actually much younger than seniors in the studies in western
countries. The related difference in health conditions might influence our results. Moreover,
we have treated all elderly as one group. Due to data limitations, we could not distinguish
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young and older seniors. As several researchers claim there are substantial differences in the
travel behaviour between both groups of seniors, this limitation might further bias our
outcomes. Secondly, in our chapter we have focused on the opportunities that the presence in
the household of an older, third-generation family member offers for sharing household
responsibilities. We like to emphasize that this ‘sharing model’ is only one of the possibilities
and one that probably cannot be generalised across all or even most households. Household
responsibilities are a platform for unequal power relationships among various household
members and might lead to more conflict ridden or antagonistic ways of interaction (Goh,
2009). These issues could be addressed in future qualitative research.
The findings of this study might have important implications for planning practice. After
all, it indicates that it is time-efficient for young parents to live together with their senior
parents. In western societies it is common that seniors live separately from their children and
grandchildren, and does not seem realistic to stimulate the development of ‘extended families’.
However, a multi-generation neighbourhood in which seniors and core families live together
might present a suitable alternative that benefits both sides (Tarrant, 2010). Seniors can
support young parents by sharing household responsibilities, including childcare, which gives
young parents more freedom to search for better jobs at a large distance. Particularly, it can
help mothers to enter the labour market and to work longer hours, earning higher incomes.
For seniors, living nearby is convenient when they take care of their grandchildren. It can also
induce more intergeneration communication, which might reduce loneliness and improve
their quality of life. However, it is too tentative to formulate such a policy recommendation
simply based on the results of this study. We highly recommend further research on this issue.
Through our study, we can see that the elderly as long as they are for healthy reasons capable
in doing so, can play an active role as childcare givers to their grandchildren. They can be
seen as a significant social resource and a form of ‘social capital’, described as ‘moral
economy’ by Arthur et al. (2003). In contrast to the dominant anxiety about ageing
populations in the existing literature (James, 2002; Su and Bell, 2009), we might therefore
start to change the discourse on and attitude towards the elderly, portraying seniors in a more
positive light.
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Abstract
This chapter studies the effects of co-residence with elderly parents on gender differences in
travel. The Household responsibilities hypothesis (HRH) explains differences from the role of
women regarding household responsibilities. But research so far studies ‘western’ household
types, while excluding households with co-residing elderly parents. Furthermore, research has
exclusive attention for gender differences in commuting trips, and it lacks attention to effects
of built environment characteristics. In view of these shortcomings, we pose the following
research questions: What are the impacts of elderly co-residence in households on gender
differences in trip frequency and travel distance for commuting and shopping? And what is
the influence of land use characteristics on these gender differences? In addition to the HRH,
we introduce the Elderly co-residence hypothesis (ECH), which suggests that co-residing
elderly take over household responsibilities from adult women, resulting in diminishing
gender differences. Our research in Nanjing, China supports this hypothesis.
6.1 Introduction
The differences between travel patterns of men and women have been and will stay a hot
topic of debate in the academic community and in policy circles (Hubers et al., 2011). On the
basis of datasets from different geographic areas, studies conclude that women make more
daily trips but travel fewer miles. Especially, women tend to commute over shorter distances
while making more household support trips (Rosenbloom, 2003; Crane, 2007; Tran and
Schlyter, 2010). There are different explanations for these gender differences. Amongst these,
the Household responsibility hypothesis (HRH) is most widely cited. This hypothesis
attributes women’s short commutes to the fact that women tend to take up more household
and childcare responsibilities (Turner and Niemeier, 1997). Alternative explanations focus on
the lower wages of women, on the spatial distribution of female-dominated occupations, and
on the spatial segregation of labour markets (MacDonald, 1999; Lee and McDonald, 2003;
Schwanen , 2007).
This chapter aims to make a threefold contribution to this work on gender differences in
travel behaviour. Firstly, the existing research displays an obvious cultural bias, as it typically
focuses on gender relations in the dominant western household types: couples and core
families. Gender variations in other household types might show a different picture. This is
especially relevant for East Asia, where co-residence of elderly parents with their adult
children and grandchildren still is the norm (Cohen, 1998; Wang et al., 2010). In the only
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study to our knowledge on this topic, Lee and McDonald (2003) conclude that the presence of
elderly in households in Seoul increases women’s commuting substantially. However, they do
not trace the differences between two forms of co-residence that are common in East Asia:
adult families in which elderly live together with their adult (un)married children, and
extended families consisting of elderly, their adult children and their grandchildren. Also, Lee
and McDonald (2003) do not reveal whether there are still gender differences in households
including elderly. This study will trace both issues.
Secondly, land use might affect the travel behaviour of men and women differently.
However, while there is considerable work on the links between land use characteristics and
travel patterns (Ewing and Cervero, 2001), less effort has been made to reveal how land use
may interact with gender to influence travel patterns (McDonald, 2005). Therefore, we will
include the effects of land use characteristics in our study on gender differences.
Thirdly, the existing research places overwhelming emphasis on trips to work while
overlooking other destinations (Law, 1999; Hall, 2004). Kwan (2005) claims that the
emphasis on commuting does not adequately reflect mobility constraints faced by women and
men, resulting in a ‘distorted’ view of travel patterns (Rosenbloom, 2006). Thus, research on
gender differences in the travel behaviour for other travel purposes is needed as well.
In order to amend for these gaps in the existing literature, this chapter will answer the
following research question: What are the impacts of co-residence with older parents in
households on gender differences in trip frequency and travel distance for commuting and
shopping? And what is the influence of land use characteristics on these gender differences?
We studied these questions in Nanjing, China, where co-residence of elderly is common. With
help of the Nanjing Residents Travel Survey (NRTS) of 2008, we answer the research
questions in five sections. After this introduction, the second section reviews the relevant
literature on gender differences in travel behaviour. This is followed by an overview of the
research design in the third section. The fourth section presents a descriptive analysis of our
dataset, followed by various regression models in section five. The concluding sixth section
answers the research questions.
6.2 Literature review
As the Household responsibility hypothesis (HRH) describes gender differences in travel
behaviour can be attributed to the fact that women traditionally have the primary
responsibility for home and child-care (Turner and Niemeier, 1997; Lee and McDonald, 2003).
As a consequence, this imposes large temporal-spatial constraints, which effect negatively
travel frequency and travel distance. Despite widespread support for this hypothesis in the
literature, empirical testing has produced mixed outcomes. Several studies confirm that
household responsibilities contribute to shorter commutes for women. Hanson and Hanson
(1980) show that women in Sweden make more trips for shopping than men but fewer for
work and recreation. Singell and Lillydahl (1986) find that in the U.S the presence of children
significantly reduces women’s commuting distance. Evidence from Paris shows that the
number of the young children also negatively relates to women’s commuting distance
(Fagnani, 1987). There has been some research in Asia as well. Tran and Schlyter (2010)
confirm the findings of Hanson and Hanson (1980) in Xian, China where women make more
trips for shopping than men but fewer for work and recreation. Lee and McDonald (2003)
observe that in Seoul married women commute significantly shorter distances than married
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man. Also, they conclude a larger influence of the presence and number of young children for
women’s commuting distance. And they conclude that the presence of parents or
parents-in-law in households reduces married women’s responsibilities and increases
women’s commuting distances substantially.
However, other research suggests that household responsibilities have a negligible
influence. Hanson and Johnston (1985) find that women in Baltimore in households with
children do not have shorter commuting distances than women in households without children.
Using the 1977 and 1983 National Personal Transportation Survey (NPTS), Gordon et al.
(1989) show that women commute shorter distances than men regardless of the level of
family commitment. Also, in their research, the presence of children does not have
significantly impact the work trip length of women. Therefore, they conclude that there is
little evidence for the HRH. Crane (2007) comes to the same conclusion on the basis of a
different dataset, the American Housing Survey: the presence of children in the U.S. has no
effects on women’s commuting distances.
Research into gender differences in commuting distance is not limited to studies that test
the HRH. Alternative explanations focus on occupational and labour market characteristics.
Some scholars argue that gender disparities in commuting distances result from low wages of
women (Rutherford and Wekerle, 1988; Singell and Lillydahl, 1986). As the economic returns
to female labour do not cover the costs of long work trips, women might increase their real
wages through shorter commutes. Alternatively, others argue that shorter commutes result
from the spatial pattern of female-dominated employment opportunities: as jobs for women
are more evenly distributed than jobs for men, it is much easier for women to find a job close
to home (Hanson and Johnston, 1985; Hanson and Pratt, 1995). Still others argue that shorter
commutes reflect a high spatial segmentation of the local labour market, as a combined result
of job search strategies by employees and location and hiring practices by employers (Hanson
and Pratt, 1995; MacDonald, 1999).
In addition to these studies from transport research and geography, research in sociology
on domestic work divisions also sheds light on the interpretation of gender differences in
travel behaviour (Kroska, 2003; Wang et al., 2010). For instance, the relative resource
hypothesis focuses on the role of partner resources like earnings, educational level, and
occupational status in the bargaining regarding domestic work divisions (Wang et al., 2010).
This hypothesis suggests that partners with larger resources are more likely to negotiate their
way out of domestic work. The effects of household responsibilities may thus vary according
to the relative resources of women. In line with this hypothesis, Fagnani (1987) shows that the
presence of children in households in Paris reduces the commuting time for women in
unskilled work and service work, while it exerts no effects on the commuting times of female
managers and office workers. Another hypothesis in the sociology of domestic work divisions,
the gender ideology hypothesis, posits that spouses with liberal attitudes divide domestic
work more equitably than spouses with conservative or traditional attitudes (Kroska, 2003).
This hypothesis could provide an explanation of the working of the HRH: the traditional
gender ideology socializes married women, especially with young children, to see work as
less important than domestic work.
There is rather limited research investigating how built environment influence travel
behaviour of males and females differently. Most of the existing studies focus on the impacts
of built environment on the allocation of tasks within households and related activity patterns
of males and females (Schwanen et al., 2007; Wang et al., 2011). Drawn on the panel data
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from the American Housing Survey, Crane (2007) revealed that high density exerts smaller
influence on men’s commuting distance than women. With regard to maintenance purposes,
the reverse is found: male’s participation in out-of-home household maintenance activities
is more sensitive to built environment changes than that of female (Schwanen et al., 2007;
Wang et al., 2011).
In this chapter we will examine the following hypotheses: in adult families and extended
families, due to the presence of the elderly parents who share considerable household
responsibilities, gender differences are smaller or even negligible. We name this hypothesis
the Elderly co-residence hypothesis (ECH). This hypothesis does not negate the HRH, but
instead is an extension of that hypothesis for locations with additional household types. In
addition, we also hypothesize that for commuting travel women are more sensitive to
differences in the built environment than men while for shopping travel the reverse is
assumed.
6.3 Research design
The research from the literature review usually uses household characteristics as proxies for
the degree of household responsibilities. As the fast majority of this research has been
conducted in western settings, it is not surprising that with the notable exception of Lee and
McDonald (2003) the studies only incorporate proxies that relate to western household
situations – especially marital status and the presence of children. However, in East Asia
household situations tend to be more varied, due to frequent co-habitation with elderly parents.
As a result, here two more household types are common: ‘adult families’ in which elderly live
together with their adult (un)married children, and ‘extended families’ consisting of elderly,
their adult children and their grandchildren. In order to research the effects of co-habitation
with elderly parents, in this study we add an additional proxy: the presence of older parents.
We study our hypotheses in Nanjing, China. This capital of Jiangsu Province is the
second largest commercial centre in East China. It covers an area of 4,723 square kilometers,
with a total population of 6.24 million in 2008 (Nanjing Statistic Bureau, 2008). As a former
national capital, the city has a prominent place in the history and culture of China (Cotterell,
2007). Over the last decades the city has undergone a dramatic transformation. As a second
tier city, it is representative for a multitude of Chinese cities with a comparative size. We
analyze the travel behaviour in Nanjing on the basis of the Nanjing Residents Travel Survey
(in Chinese: Nanjingshi jumin chuxing chouyang diaocha), which is conducted by the
Nanjing Urban and Transport Planning and Designing Institution Limit Cooperation
(Nanjingshi chengshi yu jiaotong guihua sheji yanjiuyuan youxian zeren gongsi). The survey
is sponsored by the Nanjing Transport Planning Committee and is used for ‘The Nanjing
Comprehensive Transport Planning 2009’. The survey covered 10 districts of Nanjing and
includes 5400 individuals of 1800 households. The dataset is rather expensive. By leaving out
two districts (1506 respondents), we were able to get for free the data of 8 districts with 3894
respondents (Figure.6.1). The two missing districts have similar socio-demographic
compositions, built environments and development history as the adjacent included districts.
Therefore, we reasonably expect that the travel behaviours of the residents of the two missing
districts are represented by the other districts. The sub-sample size of each district is
proportional to its population. More Traffic Analysis Zones (TAZs) are selected in the districts
with large populations. In each TAZ, about 150 respondents are randomly selected. This travel
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database includes the socio-economic and demographic attributes of the respondents such as
gender, age, educational level, occupation, the number of pre-school children, household
income, household car ownership and detailed information derived from a one-day travel
diary on Tuesdays, Wednesdays and Thursdays in June 2008.
Since the aim of the chapter is to check the influence of the presence of elderly in the
household on the travel behaviour of male and female young parents, we left out of our
analyses the travel behaviour of the elderly parents and parents-in-law of the young parents.
Finally we have 2090 samples in total, including 1065 and 1025 for male and female
respectively. In our descriptive analysis we distinguish four trip purposes: commuting,
shopping, leisure (social visits, sports, culture, and recreation) and “other purposes”
(including work-related travel, trips for studying, and accompanying children to/from school).
We conduct multivariate analyses for commuting, shopping and leisure travel purposes.
However, rather few independent variables are found to have significant impacts for leisure
travel. Therefore, in the chapter, we only show our analyses for commuting and shopping
travel. In line with the international literature, our analysis includes two types of independent
variables: socio-demographic attributes of travellers and built environment characteristics.
Socio-demographic variables include: gender, age, education level, occupation, household
income, household car ownership and household type. For household type, in addition to
single, couple and family (the usual categories) we add adult family and extended family.
Variables relating to the built environment include population density calculated at the
sub-district level and distance to the nearest metro station.

Figure 6.1 The map of Nanjing in China
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6.4 Descriptive analysis
The descriptive analysis of our dataset starts with an overview of trip frequencies for different
groups of men and women (Table 6.1). Compared to men, women make more trips per day
and they undertake more shopping trips, but fewer leisure trips. This is in line with
mainstream research on gender differences in western countries (Nobis and Lenz, 2005; Tran
and Schlyter, 2010). When differentiating for trip purposes, the presence of children increases
trip making for other purposes, which mainly refers to accompanying children to or from
school, while it reduces trips for shopping and leisure. At the same time, the presence of
grandparents tends to diminish shopping trips by the young parents while increasing leisure
trips.
Table 6.1. Travel frequencies of males and females in different household types
Single

Couple

Family

Adult family

Extended family

Total

Commuting

Shopping

Leisure

Other

Total

Male

0.78

0.13

0.50

0.06

1.47

Female

0.56

0.53

0.41

0.11

1.62

Male

0.57

0.29

0.48

0.18

1.52

Female

0.48

0.47

0.46

0.06

1.46

Male

0.97

0.11

0.16

0.28

1.52

Female

0.95

0.31

0.14

0.26

1.67

Male

0.84

0.11

0.23

0.19

1.37

Female

0.80

0.20

0.22

0.16

1.38

Male

0.96

0.07

0.21

0.28

1.52

Female

0.94

0.20

0.14

0.22

1.50

Male

0.85

0.15

0.25

0.25

1.49

Female

0.81

0.31

0.23

0.19

1.54

Source: own calculations

Between different household types, women’s daily trip frequencies vary more than men’s,
suggesting that varying household responsibilities influence women more profoundly. But
changes for men and women are in the same direction. People in ‘families’ have the highest
numbers of trips per day, whereas those in ‘adult families’ undertake fewest trips. At the same
time, women and men in ‘families’ show the biggest differences in travel behaviour, while in
‘adult families’ they almost have the same number of trips. It might be concluded that the
presence of children has an effect of augmenting the numbers of trips of the young parents
and widening the travel gaps between their mothers and fathers. On the contrary, the presence
of aged parents tends to reduce the trip making of the young parents and diminish gender
differences. These outcomes supports the HRH, as well as our hypothesis that parents and
parents-in-low will share responsibilities thus diminishing gender differences in travel
behaviour.
Table 6.2 gives an overview of the travel distances of men and women in different
household types. Women in our sample travel markedly shorter distances per day than men,
which again is comparable to outcomes of research in the West (Rosenbloom, 2006). As
expected, the difference mainly relates to the much longer commutes by men, as well as
differences relating to trips for ‘other’ purposes: for men, 66% of ‘other trips’ involve longer
distance work-related travel, while for women, 55% of ‘other trips’ are more locally oriented
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trips to accompany children to and from school. For shopping, women and men travel more or
less the same distances. Given that men make much fewer shopping trips than women, this
means that the average trip distance for men is much larger, which could result from more
specialized shopping destinations.
Table 6.2 Travel distances of males and females in different household types
Single

Couple

Family

Adult family

Extended family

Total

Commuting

Shopping

Leisure

Other

Total

Male

4.5

1.5

2.5

2.5

4.3

Female

5.5

2.3

2.5

8.0

5.8

Male

4.1

2.0

3.4

3.3

4.5

Female

3.7

1.8

3.0

3.2

3.7

Male

3.9

1.8

2.5

5.1

5.0

Female

3.0

1.7

2.9

2.7

3.8

Male

4.7

2.6

3.3

4.5

5.5

Female

4.4

2.7

2.9

5.0

4.7

Male

4.5

1.7

4.0

3.2

5.7

Female

4.4

1.5

4.0

4.1

5.2

Male

4.2

2.0

3.2

4.5

5.0

Female

3.5

1.9

3.0

3.5

4.2

Source: own calculations

The travel distance for women varies more considerably between household types than
for men, especially when commuting is the purpose of travel. As for trip frequencies, this
again suggests that women are more sensitive to varying household responsibilities. The
commuting distances are longest for singles. Distances experience a sharp decrease for
couples, reaching the bottom for people of ‘families’, while rising again for people in adult
families and extended families. While these trends are visible for men and women, the
variations again are more pronounced for women. Household responsibilities increase when
people change from a one-person to a couple’s household, and they increase again when
getting children. With these transformations, both men and women shorten their commutes.
The more pronounced variations in women’s commuting distances indicate that women take
up more household responsibilities. However, the presence of aged parents in the household
seems to release adult children, and especially women, from household responsibilities. This
results in longer commutes. The presence of the aged parents in household thus limits gender
differences for trip frequencies and trip distances between men and women.
There is one notable difference in our sample with travel behaviour in western cities:
single females commute longer distances than single males (Crane, 2007). However, this
result is in line with research in Tokyo (Kawase, 2004). One possible reason could be that
traditional norms imply that unmarried daughters live alone less often than unmarried men.
Actually, this means they are more inclined to live in dormitories shared with other single
women. However, there is a lack of dormitories and company houses for women (Smith and
Pun, 2006).
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6.5 Multivariate analysis

6.5.1 Travel frequency
Table 6.3 Regression model for commuting trip frequencies
Total

Male
Coef.

Female

Coef.

Odds ratio

Odds ratio

Coef.

Odds ratio

0.088

1.092

30-39

0.363***

1.438

0.444***

1.559

0.273**

1.313

40-49

0.505***

1.657

0.460***

1.584

0.566***

1.761

50-60

0.381**

1.464

0.312

1.366

0.590*

1.805

More than 60

-0.291

0.748

0.620

1.859

-1.457**

0.233

Middle

0.133

1.142

0.053

1.055

0.115

1.122

High

0.053

1.055

0.029

1.030

0.027

1.027

Gender (Male=ref.)
Female
Age (20-29=ref.)

Education (Low=ref.)

Occupation (Factory workers=ref.)
Service personnel

-0.054

0.947

-0.176

0.839

0.142

1.153

Staff and civil servant

0.172*

1.188

-0.061

0.941

0.453***

1.573

Self-employment

-0.480***

0.619

-0.623***

0.536

-0.363**

0.696

Other jobs

-0.035

0.965

-0.048

0.953

0.137

1.147

0.919

-0.127

0.880

-0.024

0.976

Household car-ownership (Non-car = ref.)
Car-ownership

-0.085

Annual household income (EUR, More than 5,000 = ref.)
Less than 2,000

-0.101

0.904

0.002

1.002

-0.199

0.820

2,000-5,000

0.042

1.042

0.004

1.004

0.076

1.079

1.322

-0.102

0.903

-0.174

0.840

Household type (Core family=ref.)
Single

0.279

Couple

-0.169*

0.845

-0.114

0.892

-0.239

0.788

Adult family

-0.294***

0.746

-0.168

0.845

-0.426***

0.653

Extended family

-0.010

0.990

-0.030

0.970

0.001

1.001

Population density

0.019

1.019

0.018

1.018

0.025

1.026

Distance to the nearest metro
station

-0.019*

0.981

-0.008

0.992

-0.027*

0.974

Threshold1

-1.013(1 trips)

-1.289(1 trips)

-0.877(1 trips)

Threshold2

1.669(2 trips)

1.515(2 trips)

1.771(2 trips)

0.059

0.077

0.075

2090

1065

1025

Pseudo R

2

Number of obs.

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001
Source: own calculations

Table 6.3 shows that none of the household types correlates significantly to commuting
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trip making by men, while women in adult families make significant fewer trips than women
in ‘families’. This could result from the fact that part-time jobs are almost non-existent in
China. This observation is supported by international variations in the working hour gap
between men and women. In China, this gap is only 0.9 hour per week between 2001 and
2003 (China Labour Statistical Yearbook, 2005). In 2004 the gender gap in Switzerland was
15 hours per week, in Italy and Norway it was 11 hours, and in Germany and Belgium it was
9 hours (Federal Statistical Office, 2008). As a result, working women have to commute
every day, and working women in ‘families’ have to go back home to take care of their
children during the lunch time, which results in an increase in the number of trips. In adult
families, there are no children in the households and in the meanwhile the elderly parents
could take up some of the household responsibilities which make women do not need to go
back home in the midday.
Age exerts significant influences on commuting trip making by both genders. Young
people tend to make significantly fewer commuting trips than the elderly. The result could be
caused by the longer average commuting distances of young people, showed by our data,
which limits their opportunities to commute more than one time a day. Working woman above
60 years are an exception to this rule. As these women are usually rehired after retirement,
they do not need to work every day (but due to the small number, these women are not
included as part-time workers in the statistics). As a result, they make fewer commuting trips.
In comparison to factory workers, female staff and civil servants tend to undertake more
commuting trips, which might relate to larger financial budgets. As female staff and civil
servants earn more, they can afford buying houses closer to their workplaces which are
usually located near the city centre and thus make shorter commutes. The self-employed have
a lower number of commuting trips than factory workers. They have more flexible
working-schedule, and they work from home more often.
The distance to the nearest metro station has a significant impact on women’s commuting
trip making. If women live further away from a metro station, they make fewer trips.
However, the distance to the nearest metro station does not have a significant impact on trip
making by men. This difference results from the fact that women rely more on public
transport than men (Crane, 2007).
Table 6.4 shows significant gender differences for shopping trips. Women undertake
more trips than men, which is consistent with findings in western cities (Turner and Niemeier,
1997; Kwan, 2005). It also lends support to the HRH that women share more household
responsibilities, thus making more shopping trips.
Household type again is only significant for shopping trip making by women. Women in
‘adult families’ and ‘extended families’ tend to make fewer shopping trips, which can be
attributed to the presence of elderly parents in the household that share responsibilities.
Age has a significant influence on shopping trip making by women, with the amount of
trips increasing for older women. This reflects lifestyle differences between young and old
women. A larger share of young women goes to the supermarket once or twice a week. Older
women, however, are more likely to maintain a traditional shopping habit of daily visits to
street stalls (Davis, 2000). Furthermore, young people are also more likely to live in
commodity housing estates in suburban areas where shopping facilities are scarcer and trips
thus less frequent than in the city centre (Feng and Zhou, 2005).
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Table 6.4 Regression model for shopping trip frequencies
Total

Male

Female

Coef.

Odds ratio

Coef.

Odds ratio

Coef.

Odds ratio

0.506***

1.659

30-39

0.195*

40-49

0.317***

1.215

-0.030

0.970

0.320**

1.378

1.373

0.065

1.067

0.476***

1.610

50-60

0.205

1.228

0.212

1.236

0.209

1.233

More than 60

0.456**

1.578

0.328

1.389

0.506**

1.658

Middle

-0.032

0.968

-0.346**

0.708

0.123

1.131

High

-0.163

0.850

-0.308*

0.735

-0.128

0.880

0.071

1.074

0.270

1.311

-0.043

0.958

Gender (Male=ref.)
Female
Age (20-29=ref.)

Education (Low=ref.)

Occupation (Factory workers=ref. )
Service personnel
Staff and civil servant

-0.079

0.924

-0.139

0.871

0.001

1.001

Self-employment

0.108

1.114

0.212

1.236

0.002

1.002

Other jobs

-0.225*

0.798

-0.307

0.736

-0.231

0.793

No job

1.062***

2.893

1.120***

3.065

1.058***

2.882

0.989

0.057

1.058

-0.055

0.947

Household car-ownership (Non-car = ref.)
Car-ownership

-0.012

Annual household income (EUR, More than 5,000 = ref.)
Less than 2,000

-0.127

0.881

-0.238

0.789

-0.076

0.927

2,000-5,000

-0.243**

0.785

-0.245*

0.783

-0.245**

0.783

Household type (Core family=ref.)
Single

0.007

1.007

-0.501

0.606

0.336

1.399

Couple

0.017

1.017

0.004

1.004

0.027

1.027

Adult family

-0.132

0.876

0.029

1.030

-0.258**

0.772

Extended family

-0.279**

0.757

-0.200

0.819

-0.310*

0.733

Population density

-0.078***

0.925

-0.080**

0.923

-0.078***

0.925

Distance to the nearest metro station

-0.026**

0.974

-0.014

0.986

-0.034**

0.966

Threshold1

1.026 (1 trips)

0.778 (1 trips)

0.625 (1 trips)

Threshold2

2.725 (2 trips)

2.205 (2 trips)

2.493 (2 trips)

0.171

0.159

0.155

2090

1065

1025

Pseudo R

2

Number of obs.

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001
Source: own calculations

Education has no significant effect on shopping trip making by women, but higher
education results in fewer shopping trips by men. This is in line with the relative resource
hypothesis, as men with lower education have fewer resources which results in increased
household responsibilities (Wang et al., 2010). However, this does not hold for women. The
reason might be that shopping is seen as more obligatory for women than men, regardless of
their education (Srinivasan and Bhat, 2005). Occupation significant correlates only to the
jobless, who make more shopping trips as a result of smaller spatial-temporal constrains.
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Population density shows almost equal negative impacts on shopping trip making of men and
women, with higher densities resulting in fewer shopping trips. This can be attributed to the
fact that trip chaining is easier in areas with high densities (McGuckin and Nakamoto, 2005).
Distance to the nearest metro station has a negative impact on shopping; the amount of
shopping trips diminishes when the metro station is further away. This indicates that access to
public transport significantly increases the amount of shopping trips.
The above analysis shows significant gender and household differences in shopping trip
making. However, we are also interested in gender differences in different household types.
Therefore, we conducted a separate model for shopping trips for people of different household
types. (Due to space limitations, we cannot include the table in the chapter.) The sample size
for ‘singles’ did not meet the requirements of the regression model and as a consequence were
excluded from the analysis. The resulting model shows that women in ‘couples’ and ‘families’
make significantly more shopping trips than men, while there are no significant differences
between women and men in ‘adult families’ and ‘extended families’. This reconfirms the
HRH that women tend to share more household responsibilities in couples households and
families, as well as the Elderly co-residence hypothesis of this chapter, that the presence of
elderly parents in households diminishes gender differences.
6.5.2 Travel distance
Table 6.5 presents our regression model for commuting distances. It shows that men have
significantly longer commutes than women. Household type contributes substantially to the
R2 of the models, but much more so for women then men, which implies that especially for
women household type is a decisive factor for commuting distance. A comparison of the
coefficients for different household types shows that for both men and women, commutes are
longest for singles, decrease for couples, and are lowest for people belonging in core
‘families’, but rise again for members of ‘adult families’ and ‘extended families’. Differences
are larger for women than for men. The results support both the HRH and the ECH.
Findings in the U.S indicate that the presence of children in households reduces
commuting distances for women but not for men (Singell and Lillydahl, 1986; Turner and
Niemeier, 1997). In contrast, our analysis shows that this effect on commuting distance is
visible for both men and women. This could be attributed to the high employment ratios of
women in China (more than 80 per cent, see World Bank, 2013) that men have to share some
of the child caring tasks. The model also demonstrates that men and women in adult families
and extended families commute significantly longer than members of ‘core families’.
Strikingly, the gender differences in commuting length in those households are equalized.
Age has a more pronounced correlation with commuting distance for women than for
men. It could be that preferences and attitudes of women towards work change more
compared to men in different life stages (Collins and Tisdell, 2002). As age advances, women,
especially women in East Asia tend to put more emphasis on households rather than career.
Consequently, they might be less willing to undertake long journeys to work (Lee and
McDonald, 2003).
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Table 6.5 Regression model for commuting distance (LN DISTANCE)
Total
B
(Constant)

Male
Beta

R
change

8.058

B

Female
Beta

2

R
change

7.893

Gender (Male=ref.)
Female

2

B

Beta

8.041

0.009
-0.148***

-0.098

30-39

-0.121**

-0.077

-0.028

40-49

-0.116**

-0.074

50-60

0.027

0.007

More than 60

-0.122

-0.014

Age (20-29=ref.)

0.006

Education (Low=ref.)

0.002

0.000

-0.018

-0.175**

-0.082

-0.052

-0.114*

-0.075

0.050

0.015

0.236

0.046

-0.007

-0.001

-0.325

-0.021

0.016

-0.114

0.042

0.003

Middle

0.212***

0.140

0.412***

0.261

0.041

0.028

High

0.299***

0.198

0.461***

0.302

0.144

0.096

0.005

0.099

0.061

Occupation (Factory workers=ref.)

0.006

0.015

0.004

Service personnel

0.035

0.018

0.012

Staff and civil servant

-0.102*

-0.064

-0.240***

-0.155

0.060

0.037

Self-employment

0.007

0.002

-0.080

-0.030

0.076

0.025

Other jobs

-0.156**

-0.078

-0.170*

-0.076

-0.090

-0.050

Household car-ownership (Non-car = ref.)
Car-ownership

0.081*

0.001

0.051

0.491***

0.037

0.001

0.002
0.098

0.053

0.000

0.002

-0.001

0.000

-0.046

-0.020

-0.023

-0.015

0.085

0.058

0.091

0.337**

0.065

0.722***

0.130

0.034

Household type (Core family=ref.)
Single

0.001
0.071

0.043

Annual household income (EUR, More than 5,000 =
ref.)
Less than 2,000
0.012
0.005
2,000-5,000

R2
change

0.020

0.013

0.034

Couple

0.108*

0.046

0.064

0.028

0.165**

0.069

Adult family

0.138**

0.082

0.167**

0.057

0.116**

0.071

Extended family

0.206***

0.080

0.111

0.042

0.280***

0.112

Population density

0.000***

-0.176

0.026

0.000**

-0.104

0.009

0.000***

-0.253

0.053

Distance to the nearest
metro station
Adjusted R Square

-0.017**

-0.067

0.004

-0.014

-0.053

0.002

-0.022**

-0.088

0.007

0.088

0.083

0.102

Number of obs.

1847

943

904

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001
Source: own calculations

Strikingly, education and occupation do not impact commuting distances of women
significantly. This is inconsistent with existing research in western cities showing that highly
educated women make longer commutes (Fagnani, 1987; Lee and McDonald, 2003).
Apparently, the relative resource hypothesis that stresses the resources of women to negotiate
with their patterns over household responsibilities does not provide an adequate explanation
in the Chinese context. It could be that cultural ideologies towards female roles are so strong
that increased resources do not lead to adjusted distributions in household responsibilities.
Alternatively, this could result from labour market characteristics. Fan and Regulska (2008)
show women usually occupy lower positions and earn much less than men, even in the high
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professional jobs. The resulting income differences between men and women for all levels of
education might explain the limited effect of education on travel distance.
Population density correlates negatively with commuting distance meaning that people in
areas with high population densities travel less. However, this effect is much stronger for
women than for men, so the travel behaviour of women is more sensitive to differences in
population density. This effect fits in with traditional cultural patterns, which accord the role
of the main breadwinner in the households to men. Men thus search for high-paid job
opportunities all over the metropolitan area. At the same time, women have to combine work
with household responsibilities and look for jobs that are close to home (Dijst, 1999).
Population density thus has a larger effect on women then on men. Distance to the nearest
metro station also has a stronger influence on the commuting distances of women, reflecting
that women rely more on public transport.
Table 6.6 presents a regression model for travel distances of men and women. In line
with the descriptive analysis, the model shows no significant gender differences. Women in
core families travel shorter distances than women in adult families for shopping. As women in
core families make significant more trips for shopping, this result suggests that elderly
co-residence frees parents from household responsibilities, so that they can shop over larger
distances. The fact that there is no significant difference in shopping distances for men
between the household types, suggests that men household responsibilities do not have a
significant influence on the travel behaviour of men.
The shopping distances of women decrease as age advances. This reconfirms the
different shopping habits of women of different ages: young women are more likely to go to
supermarkets located at relatively larger distances from home while older women tend to visit
local street stalls (Collins and Tisdell, 2002).
Occupation exerts significant influence on shopping distance for both men and women.
In comparison to factory workers, other people seem to travel longer distances for shopping.
As factory workers usually have lower incomes they can afford less specialized shopping, and
thus can meet their needs at local shopping facilities (Wong and Yu, 2002). Strikingly, in
contrast to the model for commuting distance, men’s shopping travel distances are more
sensitive to built environment characteristics. This might result from the fact that women are
mainly responsible for daily shopping activities, while men mainly participate in non-daily
shopping (Crane, 2007). Daily shopping facilities are finely dispersed throughout the urban
area while non-daily shopping facilities are mainly concentrated in city centres. Thus, the
variations of shopping distances for men in different areas are much larger than for women.
The same logic holds for the distance to the nearest metro station, since metro stations are
usually located in shopping centres.
As with the analysis for trip generation, we were again keen to know whether there are
gender differences in travel distances between different household types. Our analysis shows
that gender and household type have a more pronounced effect on commuting distances, so
we only focus on commuting. We again conducted separate models for commuting distances
of people from different household types (except for ‘single’). The results (which are not
shown due to space limitations) show significant gender differences for ‘couples’ and
‘families’ but negligible differences in ‘adult families’ and ‘extended families’. This supports
our Elderly co-residence hypothesis that the presence of elderly dissolves traditional
household roles between parents, thus limiting differences in travel distances between men
and women.
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Table 6.6 Regression model for shopping distance (LN DISTANCE)
Total
B
(Constant)

Male
Beta

R
change

7.385

B

Female
Beta

2

R
change

7.273

Gender (Male=ref.)
Female

2

B

R2
change

Beta

7.409

0.001
-0.045

-0.029

30-39

-0.244**

-0.147

-0.122

-0.070

-0.314**

-0.192

40-49

-0.263**

-0.175

-0.188

-0.123

-0.323**

-0.216

50-60

-0.411**

-0.172

-0.272

-0.109

-0.464**

-0.198

More than 60

-0.319**

-0.191

-0.063

-0.044

-0.461**

-0.250

Age (20-29=ref.)

0.034

Education (Low=ref.)

0.012

0.002

0.050

0.012

0.003

Middle

0.067

0.047

-0.057

-0.040

0.101

0.070

High

-0.035

-0.021

-0.235

-0.167

0.049

0.028

0.208

0.497**

0.218

0.386**

0.199

Occupation (Factory workers=ref. )
Service personnel

0.417***

0.062

0.042

0.047

Staff and civil servant

0.184

0.096

0.359*

0.208

0.103

0.051

Self-employment

0.394**

0.133

0.474*

0.202

0.405**

0.119

Other jobs

0.378**

0.151

0.384

0.129

0.342**

0.144

No job

0.286**

0.200

0.371

0.270

0.224

0.155

-0.003

-0.002

0.083

0.042

Household car-ownership (Non-car = ref.)
Car-ownership

0.053

0.001
0.027

Annual household income (EUR, More than 5,000
= ref.)
Less than 2,000
-0.100
-0.054
2,000-5,000

-0.180**

0.010

-0.127

Household type (Core family=ref.)

0.000

0.001

0.014
-0.237

-0.136

-0.143

-0.105

0.012

0.011
-0.051

-0.027

-0.199

-0.138

0.008

0.018

Single

0.152

0.040

0.158

0.036

0.160

0.044

Couple

0.147

0.095

0.067

0.047

0.197

0.123

Adult family

0.161*

0.088

0.172

0.103

0.198*

0.104

Extended family

-0.157

-0.047

0.008

0.002

-0.185

-0.057

Population density

0.000***

-0.194

0.034

0.000**

-0.214

0.040

0.000***

-0.185

0.031

Distance to the nearest
metro station
Adjusted R Square

0.027**

0.119

0.012

0.042**

0.204

0.031

0.023*

0.094

0.008

0.166

0.159

0.169

Number of obs.

300

92

208

* = a ≤ 0.10; ** = a ≤ 0.05; *** = a ≤ 0.001
Source: own calculations

6.6 Conclusion and discussion
Research on the role of gender in travel behaviour shows a clear cultural bias, as both
theoretical reasoning and empirical results are developed in the western context. The
Household responsibility hypothesis (HRH), which provides the dominant theoretical
explanation for gender differences in this literature, thus does not take household types into
account that are not common in western countries. This chapter aims to correct this bias with
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a study into the effects of co-residence with elderly on gender differences in travel behaviour.
Especially, we wanted to check whether the HRH is suitable to explain gender differences in
travel behaviour in adult families and extended families living in various built environments
in China. For this reason, we formulated the following research questions: What are the
impacts of elderly co-residence in households on gender differences in trip frequency and
travel distance for commuting and shopping? And what is the influence of land use
characteristics on these gender differences?
In response to the first of these questions, for commuting, our analysis shows that women
in families travel shorter distances while making more trips than women in couples or single
women. At the same time, gender differences increase significantly for women in families.
This observation is in line with the HRH, which sees the reason for this result in the larger
share of women in household responsibilities. At the same time, our research shows that
women in adult families and extended families travel less frequently but over larger distances,
while there are limited differences for travel behaviour of men. As a consequence, in adult
families and extended families there are no significant gender differences in commuting
distances. We can explain this result from the participation of elderly parents in household
responsibilities, which supports our Elderly co-residence hypothesis.
In contrast to the existing literature, which mainly focuses on commutes, we also
conducted an analysis of gender differences in shopping. Our analysis shows that women in
couples and families tend to make significantly more shopping trips than men, but that these
differences become negligible in adult families and extended families. This conclusion
provides complementary evidence for our Elderly co-residence hypothesis that the presence
of elderly in households tends to result in gender equality in travel behaviour.
Our results support the idea that household responsibilities are a crucial factor for gender
differences in travel behaviour. They do not only explain gender differences in travel
behaviour for singles, couples and families, but also for adult families and extended families.
In this sense, our Elderly co-residence hypothesis is not an alternative to the HRH, but instead
extends the basic ideas of this hypothesis to a broader cultural context. Meanwhile, these
outcomes could also be relevant for western countries, where increasing numbers of
employed mothers are now looking for support from other family members – co-residing or
not – and paid services. Our analysis suggests that this could result in diminishing gender
differences in travel behaviour. We stress that our research does not ‘proof’ causal
relationships behind the distribution of household responsibilities between household
members. An analysis of these causes requires additional sociological research, in line with
the research that was discussed in the literature review.
In contrast with the existing literature on gender differences in travel behaviour, we also
include built environment characteristics in our models, and this brings us to our second
research question. Our analysis shows that built environment characteristics have different
relations to the travel behaviour of men and women. Due to better opportunities to chain
trips women in dense areas travel shorter distances than women in less dense areas, while this
effect is not very pronounced for men. For shopping, the relationships are reversed with men
in dense areas traveling shorter distances than men in suburban areas, while shopping
distances for women stay relatively the same. For commuting, these differences reflect the
fact that men tend to choose employment opportunities from all over the metropolitan area,
while women are more likely to confine themselves to local workplaces. The sensitivity of
shopping distances of men to built environment characteristics can be attributed to the fact
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that men undertake more non-daily shopping. These facilities are not as evenly distributed
over the metropolitan area as daily shopping facilities.
The results of this chapter are interesting not only from a theoretical point of view but
also from a policy-making perspective. The conclusion that elderly co-residence frees adult
women from household responsibilities and diminishes gender differences in travel behaviour
is insightful for countries that want to encourage female participation in the labour market.
Our research suggests that participation will only increase when household responsibilities are
taken away from women. However, the adult or extended family is not the only setting to
stimulate this, and it is not very likely that these household types will become prevalent in
western individualized societies. But within reasonable distances, highly mobile elderly in
western countries can take care of their grandchildren as well. In addition, a well-developed
daily care system could also take over household responsibilities of women, thus fostering
gender equality in travel behaviour.
It should be noted that this chapter privilege the interactions that the elderly could share
the household responsibilities with young parents over other possibilities. For example, the
elderly might lose the capacity to live independently, let alone to share the household
responsibilities. In this case, co-residence of elderly in the household might add a ‘third
burden’ to women, in addition to participation in waged work and household responsibilities.
As a result, gender disparities in travel behaviour might even grow in this situation.
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7 Conclusions and Discussion

7.1 Introduction
This thesis set out to reach two aims. On the one hand, its practical aim is that it wants to help
improve transport-planning practices in China. The development of transport systems in urban
China relies heavily on knowledge developed in countries that are characterised by rather
different economic, institutional, spatial and cultural contexts. As a consequence, the present
transport planning practices in China turn out to be disappointing (Vasconcellos, 2001). Empirical
knowledge of travel behaviour and its determinants in China might help to ameliorate this
problem. On the other hand, it is the scientific aim of this thesis to help further develop the
existing wide range of scientific research on travel behaviour and its determinants (Stead and
Marshall, 2001; Ewing and Cervero, 2010) through the addition of empirical knowledge of the
Chinese – non-western – context. Comparative studies between urban China and western
countries could help to deepen the understanding of travel behaviour and its determinants. And as
most of the existing research on travel behaviour is based on data at a single point in time, a
dynamic viewpoint that checks the changes in travel behaviour and its determinants of the same
area in different times could be of high relevance. At the same time, an analysis of travel
behaviour in urban China would also help to increase understanding of the role of different
contexts. To reach these practical and scientific aims, we posed the following five research
questions in the introduction:
1. All else being equal, what are the mode choices in Nanjing what are the underlying
determinants?
2. All else being equal, what are the differences in daily travel time and distance in Nanjing,
China, and the Randstad, Netherlands, which factors determine these characteristics in
Nanjing and the Randstad and what does this suggest about travel behaviour in the
future?
3. All else being equal, what are the main changes in travel behaviour in Nanjing, China;
and how can we explain these?
4. All else being equal, what are the effects of household structure on the travel behaviour
of seniors and young parents in Nanjing?
5. All else being equal, what are the impacts of co-residence with older parents in
households on gender differences in trip frequency and travel distance for commuting
and shopping and what is the influence of land use characteristics on these gender
differences?
This dissertation answers these research questions through a collection of five research papers
presented in the five previous chapters, each addressing one or more dimensions of travel
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behaviour in urban China. The five chapters use data from the Nanjing Residents Travel Survey
(NRTS) from 2008. In addition, Chapter 3 also draws on data from the Netherlands Mobility
Survey (“Mobiliteitsonderzoek Nederland”, or MON) of 2008, while Chapter 4 also includes data
from the 2011 repeat Nanjing Residents Travel Survey (NRTS). This last chapter presents the
main results of this empirical study of travel behaviour in China. First, section 7.2 includes an
extensive discussion of the answers of the previous chapters to the individual research questions.
Next, section 7.3 sketches the theoretical implications of these answers for the transport literature.
And Section 7.4 then finishes this conclusion with a discussion of the implications of our
empirical research for transport policies in urban China.
7.2 Answers to the research questions
This section summarises the answers to the individual research questions of the previous
chapters:
1. All else being equal, what are the mode choices in Nanjing what are the underlying
determinants?
The current transport development in Nanjing is characterised by a sharp decline in
non-motorised and a dramatic increase in private car use, which results in serious problems such
as traffic congestions, air pollution and fatal casualties. Adequate policies, which are needed to
guide the development toward more sustainable direction, necessitate an understanding of the
forces behind these changing mode choices, but precise knowledge is limited. Furthermore, the
special Chinese context makes the transferability of findings and recommendations based on
western cities questionable. This research question wants to help overcome this situation.
The results in Chapter 2 show that the special context of urban China does have a significant
influence on mode choice. First, the variations of mode choice in Nanjing can be better explained
by a combination of economic opportunity, gender, age, and household type than in western cities,
as indicated by the much stronger explanatory power of the regression models for Nanjing than
that for western cities. This might relate to relative low incomes of the majority population and
poorly developed public transports which limit people’s choice-sets for travel as well as a
stronger collectivist culture in China that people are more attached to traditional social categories,
such as family, gender, employment, etc. (Yan, 2010). This in combination with relative low
welfare level those variables can cover larger variances in behaviour (including travel behaviour)
than their western counterparts. In contrast, due to higher financial standards of living and more
individualized lifestyle, it seems that people in western countries might be more easily influenced
by lifestyle-oriented elements, like opinions, tastes, and values (Ohnmacht et al., 2009) than the
“classic” socio-demographics.
Furthermore, the socialism legacy of residential neighbourhoods – danwei – in close
proximity to work, shopping and leisure facilities results in a higher proportion of non-motorised
transport for all trip purposes of residents in these neighbourhoods, compared with people living
in commodity housing estates. The spatial arrangement of danwei is essentially a land use pattern
of high “job-housing balance” and a diversity of land uses. The results here confirm that
job–housing balance can promote walking and cycling, which is also found by Cervero (1996) in
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a study of the San Francisco Bay Area. However, as has mentioned in the introduction, due to
land and housing reform, the former link between production and consumption of danwei has
been cut. As a consequence, the influence of danwei on the spatial structure of Chinese cities has
diminished (Wang and Chai, 2009). Given that commodity housing is becoming the major
resource for ordinary people, more motorized trips are expected when the danwei system is
finally phased out. From this perspective, it seems that the urban reconfigurations due to the
fading away of the danwei system will raise the challenge of achieving sustainability in Chinese
cities.
2. All else being equal, what are the differences in daily travel time and distance in Nanjing,
China, and the Randstad, Netherlands, which factors determine these characteristics in
Nanjing and the Randstad and what does this suggest about travel behaviour in the
future?
In his seminal work Transportation and Urban Form, Muller proposes that the evolution of
transport relates to changes in urban form (with both factors influencing each other). However,
due to data limitations, there is no clear empirical understanding of this relationship. In Chapter 3,
we report on a comparative study between Nanjing and the Randstad into travel behaviour (in
terms of total travel time and travel distance). We aimed to demonstrate the relationship of the
intra-urban transport system and the spatial form and organisation of the metropolis in different
development stages.
Chapter 3 shows that there are notable differences in travel behaviour between the two areas.
First, total travel time and distance are both much shorter in Nanjing than in the Randstad.
Nanjing residents travel about forty minutes and 4.4 kilometres per day while the Randstad
inhabitants spend seventy minutes, covering a distance of 24.5 kilometres a day. These
differences relate to lower travel frequencies in Nanjing (1.6 trips per person per day) compared
to the Randstad (2.6 trips per person per day). In addition, huge differences in spatial
configuration contribute to the gap. Nanjing used to be developed based on walking and cycling,
which means that the land use development pattern is by and large compact. Nanjing is a
mono-centric metropolitan area. In contrast, the Randstad is a polycentric urban region rather
than a mono-centric city. The various centres are connected by fast transport modes (motorways
and intercity trains). The intensive inter-centre connections and rapid transport systems also
contribute to larger travel distances.
Second, in both urban areas, women belonging to carless households turned out to have
opposite characteristics. In Nanjing, such women spend less time on travel than men, covering
less distance as well. For the Randstad these relationships are reverse. The different spatial
configurations of Nanjing and the Randstad might be an explanation. The compact urban form
and non-motorised transport modes result in limited possibilities for women in carless household
in Nanjing to organise their day lives than their Dutch counterparts. These Dutch women have to
organise their daily life in a built environment based on motorised fast modes. The remainder of
the socialist welfare-oriented housing system – the danwei – also reduces travel times and
distances.
Third, residential location has a more pronounced influence on travel behaviour in Nanjing
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than in the Randstad, and especially so for residents who do not own cars. As walking and cycling
account for two-thirds of all trips of the Nanjing residents, people are much more dependent on
their physical energy for covering distances. Furthermore, there is a significant sorting of income
groups over neighbourhoods, and there will thus be significant variations in car ownership
between neighbourhoods. In contrast, more income groups of Randstad inhabitants can rely on
mechanical modes of transport, and income segregation is less significant here. Thus, there will
be less variation in travel behaviour between residential locations in the Randstad compared to
Nanjing.
Chapter 3 also shows that there are similarities in travel behaviour in both areas. In contrast
to travel time, travel distance in both areas is better explained by the selected independent
variables. This might result from the fact that travel time is a far more complex travel attribute
than distance, as it can be highly influenced by the chosen travel mode (and its speed), the type of
road network (e.g. highways or roads with speed bumps in residential areas) and driving
behaviour (e.g. active or relaxed). In addition, the experience of travel time can be influenced by
factors like the performance of activities while travelling (Lyons and Urry, 2005) and the comfort
level of the mode of transport. This observation is in line with Giuliano and Dargay (2006) who
argue that travel time is more complex than travel distances as ‘it is a function of both distance
and speed’ and therefore less easily captured by the selected ‘classic’ independent variables than
travel distance.
3. All else being equal, what are the main changes in travel behaviour in Nanjing, China;
and how can we explain these?
In addition to the comparison of travel behaviour in two urban areas – Nanjing and the
Randstad – at the same moment, Chapter 4 reports on a comparative study of travel behaviour in
Nanjing at two moments in time. We use the Nanjing Residents Travel Survey (NRTS) of 2008
and 2011 to reveal travel behaviour changes in terms of mode choice, daily travel distance and
travel time. Furthermore, we want to understand the way in which changes in both - the
socio-demographic characteristics of residents and the built environment - influence such travel
behaviour over time.
As Chapter 4 shows, this analysis delivers some interesting results. Along with the
unprecedented pace and scale of economic, social and spatial transition in the short, three-year
time span of our analysis, large changes in mode choice and travel distances are detected. The use
of public transport and car increased by 4 percent at the expense of cycling while daily travel
distances increased by 0.8 km per person per day compared to 2008. The analysis shows that the
increase in travel distances mainly stems from commuting trips (with an increase of 1.8 km per
person per day). Chapter 4 discusses several reasons for these changes. Increasing social
affluence, fast motorisation and increasing public transport supply – both rapid bus and metro
systems – enable people to use more private cars and public transport and travel longer distances.
Those changes also facilitate a fast urban expansion and suburbanisation. Nanjing city grew by 32
km2 in only two years and at the same time the population in the suburbs increased by about 70,
000 people (NSB, 2006-2011). These spatial reconfigurations also result in longer travel distances,
which favour fast transport modes.
With respect to the influences of the determinants of travel behaviour, Chapter 4 shows that
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the influence of ‘classic’ socio-economic variables changes between 2008 and 2011. In general,
the influence of gender is decreasing while the impact of income is increasing. It therefore results
in a diminishing gendered differences in travel behaviour and widening travel gap between
people of low-income groups and high-income groups. Other socio-demographics such as
education level, household car ownership and household structure show rather limited changes in
determining travel patterns which might be related to the short time span-only three-year
period-of the research. The analyses with regard to the influences of built environment
characteristics show rather mixed results. In the analysis of mode choice for commuting trips,
population density shows an increasing influence on car use but a decreasing influence on the
propensity to use public transport. Distance to the nearest metro station also shows increased
impacts on car use while its influence on walking is diminishing. Both population density and
distance to the nearest metro station exert enhanced influences on travel distances. The influence
of land use balance on travel behaviour seems more stable compared to population density and
distance to the nearest metro station. This might be associated with an increasingly diversified
group composition in terms of the latter two indicators. Due to the development of low-density
residential communities at the metropolitan fringe and the construction of another two new metro
lines, the variability of population density and distance to the nearest metro station in different
areas increased and therefore caused changing influences on travel behaviour.
Chapter 4 shows enlarged gaps in travel distances between the middle- and high-income
groups and low-income residents. This might be exacerbated by the enormous scale and speed of
changes in Nanjing. With rapid urban sprawl, the economic and social opportunities in the same
radius decreases, which means that the urban poor will experience serious accessibility
inequalities. What makes matters worse, is that the voluminous changes occur in a very short time,
which leaves little time to address mobility inequalities. The result might be a more severe social
exclusion than in cities elsewhere (Lin et al., 2003).
4. All else being equal, what are the effects of household structure on the travel behaviour
of seniors and young parents in Nanjing?
In the introduction of this dissertation, we observed that a variation in household types forms
one of the notable differences between the Chinese and western contexts, as the extended and
adult family types, both with co-residence of the elderly with their adult children and/or
grandchild(ren) are uncommon in the western countries. Household types influence the
negotiations, organisation and performances of household responsibilities. As a consequence, it
can structure the travel behaviour of the household members (Bhat and Pendyala, 2005). This
influence works through two aspects: the division of the household responsibilities and the
household decision making process (Srinivasan and Bhat, 2005; Lee et al., 2007; Paez et al, 2007).
Chapters 5 and 6 focus on the impacts of these special household structures on the travel
behaviour the household members.
Chapter 5 elaborates on the interaction between the elderly and the young parents and
specifically, on the effects of the extended family and adult family on trip generation, travel
distances and travel time. The results show that compared to the single elderly or old couples,
seniors in adult families and extended families tend to make fewer trips, covering shorter
distances and spending less travel time. Due to the co-residence with their married children
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and/or grandchildren, the elderly probably have more household responsibilities such as preparing
dinner for the family and accompanying grandchildren to and from school. Therefore, they have
less time and energy for out-of-home activities. It seems that co-residence increases the
space-time pressures and constraints of seniors.
We also investigated the impacts of co-residence with elderly parents on the travel behaviour
of young parents, through a comparison of the travel behaviour of young parents in extended
families with young parents in core families. We conclude that young parents in extended families
tend to travel more in terms of both distance and duration for both commutes and leisure, but less
for shopping. The presence of the elderly in the household seems to diminish the household
responsibilities for shopping and child care of young parents in extended families, who seem to
experience less temporal and spatial constraints and consequently have more freedom to commute
longer in order to find better employment opportunities and also to undertake more leisure
activities.
5. All else being equal, what are the impacts of co-residence with older parents in
households on gender differences in trip frequency and travel distance for commuting
and shopping and what is the influence of land use characteristics on these gender
differences?
Chapter 6 shows that the extended and adult family also exert significant influence on gender
differences in travel behaviour. Here we test whether the household responsibilities hypothesis
(HRH) – frequently used as an explanation for gender differences in western cities – is also valid
in China. The empirical results show that the daily trip generation and travel distance of women
vary more considerably with household type than similar variables for men, suggesting that the
influence of household responsibilities on female travel behaviour is more profound. Women and
men in ‘families’ show the biggest differences in terms of trip generation and travel distance.
Women tend to make more shopping trips while fewer leisure trips compared to men in this
household type. With regards to travel distances, our analysis shows the opposite trend: men
travel much longer distances than women, especially for commuting purposes. This observation is
in line with the HRH, which attributes these differences to the fact that women mainly take
responsibility for household tasks and child-care.
At the same time, however, we found that gender differences are negligible in adult families
and extended families. The elderly in those households tend to share a considerable part of
household responsibilities. As a consequence, the ‘young’ female parents are freed up from
household responsibilities, leaving more time and energy to travel for employment and leisure. In
other words, the presence of the elderly in families fosters gender equality in travel behaviour. We
formulated this explanation in terms of a new hypothesis: the Elderly Co-residence Hypothesis
(ECH). This hypothesis does not negate the HRH, but instead is an extension of that hypothesis
for the travel behaviour of residents in extended and adult families. Chapter 6 also investigates
gender differences in shopping travel. The results turn out to provide complementary evidence for
the ECH: there are no significant gender differences in shopping travel of Nanjing residents in
adult families and extended families.
We also conclude that land use affects travel behaviour of men and women differently. For
commuting, travel distances of women are more sensitive to built environment attributes while
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for shopping, the reverse is found. Men, as the main breadwinner, tend to find jobs all over the
metropolitan area for higher payments. Therefore, their travel behaviour is relatively insensitive
to built environment variations. However, this is not the case for shopping. This could be
explained by the fact that men are more likely to make non-daily shopping trips, and that these
destinations are not as evenly distributed over the metropolitan area as daily shopping facilities.
7.3 Theoretical implications
The characteristics of travel behaviour and its determinants in Nanjing display a number of
similarities with travel behaviour in western cities but at the same time, there are some important
differences. As for similarities, first, all empirical models show that socio-demographic
characteristics exert more profound influences than built environment variables on the aspects of
travel behaviour that we examined in this dissertation: trip frequency, total travel time and
distance, and mode choice. This is in line with the findings by others in western cities (e.g. Stead,
2000; Limtanakool et al., 2006). Second, the effects of rising affluence, increased urbanisation,
and expanding cities on travel behaviour in Nanjing seem to be similar to earlier developments in
the West, with increasing car ownership and use, and increasing travel distances but relatively
stable travel times (Levinson and Kumar, 1994). With regard to the influence of different
determinants on travel behaviour, generally speaking, most of the ‘classic’ independent variables
such as gender, age, and educational level show similar impacts on travel behaviour as in western
cities. However, there is one exception: the gender effects on travel distance and time in carless
households (in Nanjing, women in carless households spend less time on travel and cover less
distance than men while in the Randstad the results are reverse), as mentioned before.
Notwithstanding these similarities, the empirical analyses in the dissertation also show that
the specific Chinese context – special development stage, socio-cultural norms, institutional
setting, and built environment – matters. They do influence the travel behaviour of Nanjing
residents in specific ways. The remainder of this section will discus these differences.
7.3.1 Collectivism versus individualism
With respect to cultural norms, we argued that with the importance of collectivism, travel
behaviour of residents in Nanjing are more easily captured by the “classic” socio-demographic
variables than the behaviour of western people. The result implies that in Nanjing prediction of
resident’s travel behaviour might be more reliable on those factors than in western cities.
However, a substantial body of research has shown that along with globalisation and the increase
of affluence, China will transform into a more individualised society (Oyserman et al., 2002; Yan,
2010). It is very likely that the influence of traditional categories such as gender, educational level
will be diminishing due to the rapidly growing affluence and individualized lifestyles. However,
due to short time span, our empirical analysis in Chapter 4 shows mixed results.
Nonetheless, the influence of collectivism on travel behaviour could also manifest in other
aspects. For example, it will influence with whom people undertake activities, especially for
leisure purposes. It seems reasonable to expect that residents with collectivist value systems focus
leisure activities on family members or colleagues, while people with individualistic value sets
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tend to have more diverse companions. Apparently, different kinds of accompanying persons
imply different negotiation processes and performances of joint activities and therefore have
implications for travel behaviour (Fuji, et al, 1999). Another example for the influence of cultural
norms is that people with a collectivistic mind-set might also be more inclined to use vehicles
efficiently – for instance through car-pooling – while individualised persons might pursue
independence and privacy (Gudykunst et al., 1996). In addition, social and cultural norms could
exert profound influences on personal, psychological factors such as personal values and attitudes.
Considering that these life-oriented elements are expected to have increasing impacts on travel
behaviour (Ohnmacht et al., 2009; Scheiner, 2010), the discussion about the influence of
social-cultural settings on travel behaviour deserve more research. In addition, the discussion on
collectivism might benefit western societies as well. Many scholars have criticised the declined
subjective well-being caused by the more and more indifferent interpersonal relationships,
especially relationships among family members and relatives as well as a declined sense of social
responsibility caused by an over-individualised culture (Bobo, 1991; McCarty et al., 2001;
Gouveia, 2002). An appropriate degree of collectivism might promote subject well-being,
enhance social cohesion and avail sustainable development to some extent.
7.3.2 China’s development stage and Muller’s model
As we discussed before, on the basis of an analysis of American urban history, Muller (1995)
argues that there is a strong interrelationship between the dominant transport system in a
particular epoch and the urban form of a metropolitan area. The empirical analyses in this
dissertation verify this reciprocal relationship between urban form and transport systems, but they
lead to some critical reflections as well. First, Muller’s model of four subsequent stages – from
the walking-horsecar era, via the electric streetcar era and recreational automobile era, to the
current freeway era – cannot be easily applied to the Chinese setting. In contrast with the
experiences in the United States, where one era was by and large typified by one dominant
transport mode, the Chinese case is more complicated. China has embarked on a massive
highway construction program, while simultaneously facilitating an aggressive expansion of
urban public transport systems (Business Sohu, 2010). And, of course, people should not forget
that China comes from a relatively recent tradition of being one of the most bicycle-dominated
transport systems in the world. Thus, in contrast to Muller’s model, contemporary Chinese cities
is characterised by more than one concurrent dominant transport modes. The outcome of this
combination of these transport systems, interacting with the fast social and economic changes, is
still unclear. Any way, it seems that through the research on urban China we can add more
information to Muller’s model.
At the same time, it is clear that not all cities invest heavily in public transport (and the state
restricts those investments to large-size cities). In most middle- and small-sized cities, private
cars might remain the sole dominant transport mode. Thus, development models here might
resemble Muller’s model more closely. Additional comparative studies between big cities and
such middle- and small-sized cities would be useful to deepen the understanding of the
interrelationship between transport and urban form, against the background of the generic
relevance of Muller’s model.
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Last but not least, we need to be careful about the potential technologically determinist
interpretation of Muller’s analysis that could be implied in the interpretation of urban
developments elsewhere. While a dominant transport mode can shape urban form, this influence
should not be over-stated (Ratner et al., 2013; Wegener and Fürst, 1999). Other factors such as
land use policies, individual preferences are also crucial factors that combine with transport
systems in each historical era to produce urban form (Boarnet, 2012). For instance, the modern
urban form of suburban sprawl in the United States is actually the results of a set of factors: the
federal transport policy – the Interstate Highway Act of 1956 – which dedicated funding to
enormous highway construction projects; the national housing policy, which encouraged home
ownership; strict zoning ordinances at the municipal level, which establish minimum lot sizes,
separation of uses, and a large amount of free parking; and the preferences of many families
(Wegener and Fürst, 1999). In view of the increasingly complex background and diversified
social and environmental demands, the role of transport systems in shaping urban form is
expected to decline. While China is facing the pressure of increasing private car use and
ownership – similar to earlier experiences in the United States – it is too simple to assume that
therefore China will follow the United States model and that passenger travel in the future will be
almost completely based on car travel alone. After all, other factors such as land use policies,
urban development histories, and cultural values might push developments in different directions.
7.3.3 The unprecedented scale and speed of changes
Another important difference between cities in China and cities in western countries is the speed
and scale of developments. Chapter 5 has shown that the unprecedented scale and pace of scale of
developments result in a rapid increase in travel distances and car ownership and usage, and in
exacerbated social inequalities in terms of accessibility. It seems that the large-scale and big speed
development models of Nanjing, accelerate the city away from an environmentally and socially
sustainable urban development. Thus, the speed and scale of changes make China a unique and
complex case, posing great challenges for policy-makers. However, the robust financial supports
and strong government interventions that fuel the current urban development models could also
form the basis to find fast and efficient solutions for these problems, provided that Chinese
governments take them to heart.
7.3.4 Household structures
The existence of special household structures in China – the extended and adult family where the
elderly co-reside with their adult children with or without grandchildren – turns out to have
important implications for travel behaviour. Existing theories should therefore be more sensitive
to variations in household types. Co-residence is found to emancipate the adult children, and
especially women. These results have implications for scientific research into the division of
labour within households. Past findings in this domain suggest that mutual support does influence
the division of domestic work between husbands and wives (Wang et al., 2010). However, it is
open to debate whether the presence of third parties will enhance or diminish gender inequalities
in family work divisions. Some researchers suggest that the existence of an extended family
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network would actually enhance gender segregation, as other women might contribute to the
household tasks which otherwise would be performed by the husband (e.g. Hiller, 1984; Cowan,
1987). Other empirical findings show, however, that help by third parties fosters gender equality
in a couple’s division of family work (Padgett, 1997). Our empirical results clearly support the
second argument: the presence of elderly in families takes household responsibilities away from
the wife, thereby promoting gender equality in family work division.
The results could be insightful for western governments that want to stimulate female labour
participation as a means to combat the financial crisis, to promote gender equality (Hubers et al.,
2011; Frone and Rice, 2012) and care of elderly by their children (Shanas, 1979). Our outcomes
are especially relevant in greying societies, given the fact that the share and absolute numbers of
older people around the world is increasing quickly (England, 2005). The extended and adult
families have the potential to reduce some of the negative impacts of aging societies - such as the
increasing pension costs and declining subjective well-being among the elderly – as well.
However, in contrast to this ‘sharing model’, which assumes that the elderly can contribute to
household responsibilities, it could also be that seniors and adult children interact with each other
in conflict-ridden and antagonistic ways (Goh, 2009). After all, households are places where
various power relationships between members are expressed. Especially, this might be the case
in contexts of increasing need for individualization. The presence of the elderly in households
might raise conflicts between the generations. As a consequence, in these situations the
(re)development of extended families might be not a fruitful approach. However, offering
opportunities to elderly and their children to live close to each other in so-called three generations
neighbourhoods or at the city level might be a more suitable alternative.
7.4 Implications for transport policies
Transport is a powerful driver of economic growth, but it is also a major contributor to the
world’s energy and environmental problems. Over recent decades, many researchers in
engineering, natural sciences and the social science disciplines have explored ways to reduce the
negative effects of transport. Land use policies are presented as an effective way to influence
travel behaviour and resolve transport problems by some scholars (e.g. Newman and Kenworthy,
1999), while others have found no, or hardly any, impact of land use of travel behaviour (e.g.
Crane, 2000). There is still no consensus about the impact of land use on transport (Van Wee,
2002).
The results in this dissertation support the recognition that land use can influence travel
behaviour significantly. The analysis of mode choice in Chapter 2 suggests that the development
of neighbourhoods with high residential densities and mixed land uses can reduce private car use
by promoting non-motorized transport modes and public transport Our analysis also suggests that
there are various elements in the current urban form of Chinese cities that curb the use of private
cars: former danwei are located in proximity of a variety of services, just like central commodity
housing estates and ‘urban villages’ (Douglas et al., 2012). Moreover, results of Chapter 4
demonstrate an increasing influence of land use on travel behaviour which might be contributed
to the dramatically changed built environments at the metropolitan scale.
Our analysis in Chapter 4 shows that Nanjing is experiencing fast motorization. The
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increasing private car use will do harm to environmental sustainability because of the
concomitant increasing CO2- and noise emissions and energy consumption. It will also generate
social exclusion since it can fuel urban expansion and consequently a general decline of
accessibility for the disadvantaged people, like the urban poor. Now is the critical time to apply
any available tools to curb the growth of private car and avoid the formation of travel attitudes or
lifestyles towards car dependence in urban China. The proved link between land use and travel
behaviour, as shown in the last paragraph, gives the premise for implementing land use policy
initiatives to reduce private car use.
Fortunately, the Chinese government is believed to have a strong position to implement land
use strategies to influence built environment for its state ownership of land (Pan et al., 2009). The
governments can determine land allocation and the provision of commercial and social services
through making and implementing detailed land-use plans, exercising charges on users of urban
land, infrastructure and other facilities, and licensing various kinds of urban activities and other
policy instruments (Shen, 1997). It is therefore very likely that the Chinese government can
achieve desired transport outcomes such as reducing car use through land policies like
encouraging compact and self-contained land development.
However, the analysis in Chapter 3 shows that compactness alone serves as a necessary but
not as a sufficient condition for diminished car use. Chinese governments should also provide
alternatives to private cars in order to limit car use. For short distances, walking and cycling could
serve as serious sustainable alternatives for the private car. For longer distances, public transport
including rail transit and bus rapid transit is highly recommended. However, with the continued
stress of Chinese national government on the car-industry as one of the cornerstones of economic
growth, it remains to be seen if these alternatives will really be pursued with the necessary poise.
The e-bikes might serve as another alternative to the car. Actually, e-bike usage in China has
skyrocketed over the last decade (Weinert et al., 2007). It has now become a popular mode of
transport as they provide inexpensive and convenient forms of private mobility (Cherry and
Cervero, 2007). National and municipal governments also promote e-bike usage, due to their low
energy consumption and zero tailpipe emission. For example, The National Road Transportation
Safety Law (SCPRC, 2004) classifies e-bikes as a non-motorized vehicle, giving them the same
rights as bicyclists. This allowed users to operate an e-bike without a driver’s license or helmet,
though some larger cities now require e-bikes to be registered. The encouragement of use of
e-bikes might be especially important in China’s congested urban areas (Weinert et al., 2007).
However, the e-bike is also criticised as it might create safety problems because it is a silent
transport mode. On top of this, it might result in dangerous situations when mixed with traditional
bicycles and cars. And it causes environmental externalities – lead-pollution from poor battery
recycling. As a result, e-bikes are banned from the streets of some Chinese cities, such as Fuzhou,
Wuhan and Haikou (Weinert et al., 2007). Nevertheless, future technological improvements,
efficient traffic management and changes in driving and battery recycling behaviour might solve
those problems.
Various authors suggest that it will be insufficient to reduce car use only by the combined
solution of compact urban configurations and alternatives for private cars (Parry et al., 2007;
Buehler, 2010). Complementary measures that would make car use more costly – like fuel taxes,
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congestion pricing, setting car-free area in cities, and limited parking places (Parry et al., 2007;
Graham-Rowe et al., 2011) – should also be adopted. However, these measures are all still related
to the ‘hard’ factors of private car use. ‘Soft’ aspects such as people’s ideas on the use of private
cars, their attitudes towards the environment and social equality might play an even more
important role in limiting car use (Nordlund and Garvill, 2003; Steg, 2005). However, such
solutions will be highly context-specific. Therefore, to curb and reduce car use in China, we need
further studies by emphasising the special context of China.
Policy initiatives should also address the increasing travel-related social exclusion. We
suggest two possible solutions. One way is to promote the amount of subsidy on travel cost for
urban poor. The governments have to give urban poor more transport assistance to help them use
public transport to get to work and other essential services. Another way relates to land use
approach. The governments could bring jobs to the areas with a concentration of the urban poor,
or, conversely, bring the urban poor closer to the employment centres to help increase their
accessibility and reduce the travel distance and time of the urban poor, and thus reduce reliance
on buses and rail systems.
It is notable that the analyses of the special household composition of urban China of
Chapters 5 and 6 also deliver important implications for housing policy. In view of the positive
impacts of co-residence on the travel behaviour of the elderly and their adult children, it seems
important to support these household types. However, there is a tendency of downsizing
household size to a core family in current China due to affluence (Goh, 2009). We therefore
recommend the Chinese government to implement positive policies regarding co-residence at the
household level or when preferred at the neighbourhood level.
Urban China is now confronting serious challenges in terms of fast motorisation, already
congested transport systems, social and environmental unsustainabilities. However, it might not
follow the western patterns of private motorization if there are effective and efficient policy
interventions. Based on the research results of the dissertation, it is highly recommended that
urban China should preserve as much as possible the configurations of compact land use to
stimulate walking and cycling as the main transport modes for short distances. In the meanwhile,
we also suggest the governments heavily investing in fast public transport and initiating proper
policies to make car use more costly and inconvenient to promote public transport as the major
mode for long distances. In so doing, we might stimulate a development that benefits not only
environment (fewer greenhouse gas and noise emissions) and the economy (less congestion), but
also the people (fewer accessibility problems and contrasts between people) to arrive at a “green
transport” and sustainability in urban China.
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Summary

Over the last few decades, transport has played an important role in causing various problems
including environmental destruction, resource depletion, global warming, social segregation,
congestion and inequality in cities around the world. The situation could be even serious in
urban China. As a country in transition from a centrally planned economy to a market
economy, China has been experiencing unprecedentedly fast motorisation, which has resulted
in a decline in non-motorised and public transport, increasing traffic congestions, air pollution
and fatal casualties. Unfortunately, the trend is more than likely to continue in the future.
Therefore, knowledge of changing travel behaviour in China is urgently needed. This is
especially so considering that existing literature draws disproportionally on data from North
American, North-western Europe, Australia and Japan and little is knew about travel
behaviour outside the western world, including China. Given that the context of urban China
is different in several respects-socio-cultural norms, institutional setting, built environment,
and special development stage-from western countries, an empirical study into travel
behaviour in China could thus have important practical relevance in helping to adjust
transport-planning practices to the Chinese context as well as significant scientific relevance
to understand the importance of urban China’s different contexts for transport behaviour and
get a deeper, more complete understanding of travel behaviour and its determinants in
general.
In this research, an empirical analysis is carried out to demonstrate the situations of
travel behaviour of Nanjing residents and its determinants. Using the dataset of Nanjing
Resident Travel Survey (NRTS), the research examines travel behaviour with respect to mode
choices by different travel purposes, total daily travel distance and time, travel distance, travel
time and trip generations for different purposes by different population segments. Various
regression models including OLS model, logistic model, ordered probit model and changing
parameter model which all take into account of sets of residents’ socio-demographic attributes
as well as built environment characteristics are employed to reveal the determinants of travel
behaviour.
This research finds that the characteristics of travel behaviour and its determinants in
Nanjing display a number of similarities with travel behaviour in western cities but at the
same time, there are some important differences. More importantly, the empirical analyses in
the dissertation show that the specific Chinese context- socio-cultural norms, institutional
setting, built environment, and special development stage-matters. They do influence the
travel behaviour of Nanjing residents in specific ways. With respect to cultural norms, it is
found that travel behaviour of residents in Nanjing is more easily captured by the “classic”
socio-demographic variables than the behaviour of western people, as indicated by the much
stronger explanatory power of the regression models for Nanjing. This could be partly caused
by the fact that the stronger collectivist culture in Nanjing makes people more attached to
traditional social categories, such as family, gender, employment, etc, while people in western
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countries might be more easily influenced by lifestyle-oriented elements, like opinions, tastes,
and values due to more individualized lifestyle.
The special household structure-coresidence of parents with their married children-also
exerts significant influences on travel behaviour. The results show that co-residence tends to
increase the space-time pressures and constraints of seniors but to reduce temporal and spatial
constraints of the adult children as a result of the fact that the elderly usually share the
household responsibilities such as preparing dinner for the family and accompanying
grandchildren to and from school. Specifically, the elderly tend to take household
responsibilities away from the wife, thereby promoting gender equality in family work
division.
The empirical results show that the socialism legacy of residential
neighbourhoods-danwei-tend to result in a higher proportion of non-motorised transport for
all trip purposes of residents in these neighbourhoods, compared with people living in
commodity housing estates. Essentially, the spatial arrangement of danwei is a land use
pattern of high “job-housing balance” and a diversity of land uses. The results here confirm
that job–housing balance can promote walking and cycling.
Another important difference between cities in China and cities in western countries is
the speed and scale of developments. The much faster and voluminous developments in urban
China might amply some negative problems during the developments, such as exacerbated
social inequalities in terms of accessibility. Unlike their western counterparts who have much
longer time to address these problems, the situation in urban China is more complex and
serious given that it only has little time to tackle the problems and therefore poses great
challenges for policy-makers.
The research also delivers some implications for transport policies. The results in this
dissertation confirm that that land use can influence travel behaviour significantly. This
proved link between land use and travel behaviour gives the premise for implementing land
use policy initiatives to reduce private car use. However, the analysis also shows that
compactness alone serves as a necessary but not as a sufficient condition for diminished car
use. To reduce car use, Chinese governments should also provide alternatives to private cars.
Based on the research results of the dissertation, for short distances, it is highly recommended
that urban China should preserve as much as possible the configurations of compact land use
to stimulate walking and cycling as the main transport modes to limit car use. In the
meanwhile, to replace car use for long distances, the governments should heavily invest in
fast public transport to promote public transport as the major mode.
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