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Growth in car ownership has significant impacts on the use of urban space and management of urban environ-
ments, which makes it a topic of increasing interest especially for developing countries such as China. The dy-
namics of and factors influencing ownership in Chinese cities need careful investigation. Using fixed effects
models applied to annual panel data (1994–2012; 293 cities) this study aimed to achieve the following: 1) assess
the relationships between car ownership and average annual income per capita, population, built-up area, road
area per capita, urban population density, number of taxis and bus passenger volume; 2) examine the variation
of these relationships across geographical regions (East, middle, and West China) and city sizes (cities with
small, medium, large, and super-large populations). The results showed that car ownership was positively asso-
ciated with average annual income per capita, built-up area, road area per capita, urban population density, and
number of taxis at the national level. All associations, except with the number of taxis, varied significantly across
geographical regions. Built-up area, road area per capita, and number of taxis had different associations with car
ownership depending on city sizes. The findings improve the understanding of relationships between car own-
ership and urban environments vis-a-vis variations in income and infrastructure per capita, population density,
and transportation alternatives. These results have important policy implications for managing cars and health
problems related to cars in China.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Growth in the number of cars has become a prominent feature of
contemporary cities, as the accumulation of personalwealth and the de-
mand for transport greatly encourage the ownership and use of cars. On
one hand, cars provide convenience, but on the other hand, they place
unprecedented pressure on energy conservation objectives, transport
infrastructure, air quality, and human health (Pucher et al. 2007). Cities
have been severely affected by health- and transport-related problems,
many of which accompany growth in the number of cars, such as air
pollution, traffic congestion, and shortage of parking space (Carty
1999; Clayton et al. 2014). Before taking measures to address these is-
sues, it is necessary to understand the factors influencing car ownership.
There have been a number of studies on the influential factors of the
growth of car ownership in North America (Ogilvie et al. 2008;
Potoglou and Kanaroglou 2008) and the European Union (Kain 2001;
ustainable Development and
Natural Resources Research,
Mogridge and Eldridge 1970; Prieto and Caemmerer 2013); researchers
have also begun showing interest in countries with emerging econo-
mies, which are experiencing fast growth in car numbers along with
dramatic economic growth and urban expansion (Verma 2015; Wu
et al. 2014).

Current understanding of car ownership growth is primarily a func-
tion of two lines of research. One line of research involves forecasting
the growth of car ownership, based on aggregated time-series or
cross-sectional data, to test its relationshipwith gross domestic product
(GDP) and other income measures (Ingram and Liu 1999; Wu et al.
2014). The other line involves a growing body of research using disag-
gregated data to reveal other importance of indicators, particularly re-
lated to urban characteristics such as built-up area and urban
population density, that may influence car ownership and use. Howev-
er, these emerging studies are limited to cross-sectional data analysis or
short-term time-series analysis for specific spatial areas (Guerra 2014;
Schwanen and Wang 2014; Zhao 2011). A large-scale and longitudinal
association between car ownership and urban development indicators,
has not been established yet, except in terms of road metrics (Ingram
and Liu 1999). Furthermore, this associationmay vary across geograph-
ical and/or urban features, such as different city sizes. This has not
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previously been examined elsewhere but could be pertinent in the con-
text of China, given that it is a geographically large and heterogonous
country, where the growth in car numbers could be similarly
heterogonous in different cities and geographical locations with differ-
ent development trajectories.

Using annual panel data for 1994–2012 from 293 prefecture-level
cities in China, this study aims to achieve the following: (1) assess the
relationship between car ownership and urban development measured
in terms of increasing affluence, changes in population and the urban
environment, and provision of transportation alternatives and (2) ex-
amine the variability in these relationships in different settings based
on geographical locations (Eastern, middle, and Western China) and
city size groups (cities with small, medium, large, and super-large pop-
ulations). Accordingly, we developed three hypotheses as follows:

H1. Car ownership is co-influenced by variables related to wealth (an-
nual income per capita), changes in population (total population and ur-
banization rate), urban environment (built-up areas, road area per
capita, and urban population density), and transportation alternatives
(buses and taxis);

H2. The influences of wealth, population, urban environment, and
transportation alternatives on car ownership vary across regions;

H3. The influences of wealth, population, urban environment, and
transportation alternatives on car ownership vary across city size
groups.

The findings provide information on the dynamics of and factors
influencing the growth in car numbers in China, and provide evidence
for national policy-making and the development of local strategies to
manage growth in cars. Next, we summarize the existing literature on
the relationship between the growth of car ownership and urban devel-
opment (Section 2) before describing the data and inferential methods
employed in this study (Section 3). This is followed by the analytical re-
sults (Section 4) which are discussed according to the current stage of
development of Chinese cites (Section 5). Finally, we conclude the
study, discussing its limitationswhilst offering recommendations for fu-
ture research (Section 6).
2. Car ownership growth with urban development

Existing literature reveals that car ownership growth is closely relat-
ed to socioeconomic development and urban development metrics,
such as the urbanization rate. Wealth is a key connector between car
ownership growth and societal development. After an international in-
vestigation of motorization and road provision using cross-sectional
data, Ingram and Liu (1999) determined that gross national product
(GNP) per capita is positively correlated with car ownership with a
higher elasticity at the national level than at urban levels. Chamon
et al. (2008) documented a non-linear relationship between gross do-
mestic product (GDP) per capita and car ownership, stating that car
ownership remained low up to a per capita annual income of approxi-
mately 5000 US dollars (USD) and then grew rapidly. Dargay and
Gately (1999) predicted that vehicle purchases increased sharply for in-
comes in the range of 2000 USD to 5000 USD and, further, that car own-
ership is affected by urban development. Additionally, cross-country
analyses revealed that urbanization rate was positively associated
with the growth of car ownership, because larger urban populations
were synonymous with higher incomes and stronger willingness to
travel (Ingram and Liu 1997).

Moving from these general trends regarding the relationship be-
tween car ownership and socioeconomic and urban development, a
growing body of research has started to explore and reveal the variation
in car ownership levels seen across different territories at various stages
of development.Metz (2013) found indications that the effect of income
on car ownership lost significance when the spatial region of interest
was highly developed in economic terms. Moreover, peak car theory
suggests, usually in terms of motor vehicle distance travel per capita,
that car use has saturated in the developed world, whilst continuing
to grow in the developingworld (David 2013). Pucher et al. (2007) stat-
ed that rapid growth of the urban population and urban sprawl were
key to understanding the burgeoning increase in ownership of motor
vehicles in India and China.

In addition to urbanization rates, researchers have examined high-
resolution urban environment indicators, which can offer explanatory
value in this context: certain disaggregated data analyses have shown
that urban population density effects on car ownership and travel de-
mand are context dependent. Further, Beesley and Kain (1964) stated
that the number of car owners was negatively correlated with popula-
tion density in American cities in 1960. Another study illustrated a caus-
al relationship between car density and human travel behavior (Badoe
and Miller 2000). Other disaggregate studies have involved detailed
survey data pertaining to household attributes, neighborhood features,
urban form, and transportation accessibility. For example, Chen and
McKnight (2007) analyzed the effects of the built environment on the
travel behavior of homemakers in New York; Boarnet and Crane
(2001) investigated the impact of urban form on non-work trips in Or-
ange County, Los Angles; Cervero and Kockelman (1997) examined the
influences of transport intensity and accessibility on household travel in
San Francisco; and Hong et al. (2014) investigated the influence of the
built environment on transport behavior in Seattle. Going beyond de-
veloped country contexts, Zegras (2010) analyzed the relationship be-
tween the urban built environment and car ownership in Santiago de
Chile, and Guerra (2014) argued that the relationship between urban
built environment and car use in Mexico City was stronger than the re-
lationship observed in American cities.

These findings encourage examination of the relationship between
car ownership and urban development, which is a major driver of the
growth in car numbers encapsulating a wide range of metrics such as
road infrastructure and metrics quantifying built-up areas. Exploration
of this relationship contributes to urban spatial management. Modern
transport planning often employs land use patterns and road infra-
structure as important mediums to modify travel demands and be-
haviors (Guerra 2014; Schwanen and Wang 2014; Zhao 2011).
Additionally, large cities tend to impose high import duties, vehicle
registration fees, parking fees, road taxes, and vehicle quotas to re-
strain car ownership, as is the case in Singapore and Hong Kong
(Lam and Tam 2002). Alternative transport choices are encouraged,
including public transportation, walking, and bicycling; however,
the effectiveness of such alternatives in controlling the growth in
car numbers is equivocal and requires continued investigation. Re-
cently, some Chinese cities, including Beijing, Shanghai, and Guang-
zhou, started to control the number of cars by various means, such as
the implementation of quota systems to limit private car ownership
(Wang et al. 2014). There has been evidence to suggest that public
transport services could serve to temper car ownership in Portland
(Jun 2008), Yorkshire (Button et al. 1980), and Hong Kong
(Cullinane 2002), although the magnitude of this effect differs across
cities.

Surprisingly, most of our understanding of the heterogeneity of car
ownership is implicitly dependent on disaggregated analyses of individ-
ual, selected cities (Chen and McKnight 2007; Zegras 2010; Zhang et al.
2014), which have been subject to changes in explanatory forces over
time. By contrast, aggregated analyses are often limited to considering
wealth related factors (Dargay and Gately 1999; Ingram and Liu
1999), which needs to be improved upon by incorporating alternative
potential explanatory variables as identified by disaggregated analyses.
Evidence from aggregate analyses covering a long time period could il-
luminate an overall picture of the influences ofmultifaceted urban char-
acteristics on car ownership. There is also a need to examine car
ownership explicitly based on the demographic and locational charac-
teristics of cities.
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3. Data and methods

3.1. Data

This study was conducted at the prefecture-city level in mainland
China. Data were collected from the China City Statistical Yearbooks,
and the analysis spanned 1994 to 2012,whichwas a period of rapid eco-
nomic development and urbanization in Chinese cities with concomi-
tant growth of car ownership. However, as data were missing for
some cities for the period under consideration, the final sample is con-
stituted by 293 of the 336 prefecture-level cities. Owing to increasing
traffic congestion, some cities have issued regulation policies such as
the rolling of purchases, which affected car ownership after 2010 (e.g.,
in Beijing in 2011, Guangzhou in 2012, and Tianjin in 2013). However,
these policies have little impact in analytical terms. We denoted each
city as Eastern, middle, or Western in terms of geographical region
(Fig. 1). For analytical purposes we also ranked all cities by their total
population based on Census 2010, which provided the basis for catego-
rizing cities into size quartiles: small city (b=2.31 million), medium-
size city (N2.31–3.53 million), large city (N3.53–5.81 million), and
super-large city (N5.81 million).

3.2. Variables

The car ownership rate in a given city was used as the dependent
variable, representing the number of private cars (intended for private
household use) owned per 1000 persons. Comparedwith total car own-
ership, car ownership rate is a better indicator of the willingness to own
cars, and its usage avoids the estimation bias associated with total pop-
ulation size.

The framework we used for modelling car ownership and urban de-
velopmentwas based on the socioeconomic and urban characteristics of
cities, including eight independent variables. Given the strong correla-
tion between GDP per capita and income, average income was selected
tomeasure thewealth of a city. Population variables included total pop-
ulation size and urbanization rate. Urbanization rate was calculated by
the ratio of urban population to total population, reflecting the relative
number and mobility of people living in cities and, therefore, contribut-
ing to the growth of car ownership (McIntosh et al. 2014). By balancing
Fig. 1. Size and geograph
the importance of factors vis-à-vis data availability, the urban environ-
ment in this study was examined in terms of the size of the built-up
area (developed area with urban facilities and services), road area per
capita, and urban population density to assess the influences of urban
expansion, improvement in road systems, and density of urban devel-
opment on car ownership (Badoe and Miller 2000; Guerra 2014;
Schwanen and Wang 2014; Zhao 2011). Urban population density
was calculated by dividing urban population by built-up area. Regarding
transportation alternatives, although subways are increasing in impor-
tance, they do not exist in every Chinese city. Chinese people frequently
use public buses in their daily lives, and the government promotes their
use in order to deter private cars. Thus, bus passenger volumewas used
to reflect a dimension of transportation alternatives (Meek et al. 2010;
Moutou and Greaves 2014; Paulley et al. 2006). Further, taxis were
also included as another component of transportation alternatives due
to their d frequent use.

Car ownership rate and its potential influential factors across all cit-
ies, regions and city sizes in 2012 are presented (Table 1) which pro-
vides the most recent cross-sectional profile of all variables included
in the models herein. The mean car ownership rate was 68 per 1000
persons in the Eastern cities, higher than 35 and 52 per 1000 persons
in themiddle andWestern cities, respectively. Annual income per capita
ranged from 11,216 Chinese yuan (CNY) to 36,350 CNY (about 1725
USD to 5592 USD), and the Eastern cities were more affluent compared
to those in other regions. Residents in super-large and small cities ex-
hibited higher average incomes compared to residents in large and
medium-size cities. Cities differing in terms of their location and sizes,
also exhibited differences in terms of their populations, urbanization
rates, built-up area, road area, bus usage, and number of taxis, thereby
implying differences in car ownership trends are a function of these dif-
ferent urban trajectories.

3.3. Statistical analysis

Panel data analysis methods were used to quantify the explanatory
value of the above-mentioned urban characteristics on car ownership
between 1994 and 2012. In order to avoid non-stationary time-series
and spurious regressions, four types of unit root tests were conducted
for each variable, namely the PP–Fisher chi-square test (Maddala and
y of Chinese cities.



Table 1
Descriptive statistics of car ownership and the potential influential factors in 2012.
Data sources: China Statistical Yearbook, 2013.

Number
of cities

Car ownership
rate (per 1000
persons)

Annual income
per capita
(Chinese yuan)

Total
population
(1000
persons)

Urbanization
(%)

Built-up
area
(km2)

Road area per
capita (m2 per
person)

Urban population
density (1000
persons/km2)

Bus passenger
volume (1000
person trips)

Number
of taxis

China 293 Mean 52 17,711 4341 48 112 11 13 199,330 2779
Min 7 11,216 460 23 14 1 2 530 115
Max 407 36,350 28,850 100 1186 68 72 5,051,440 66,646
S.D. 47 4817 3264 26 152 7 9 457,872 5172

By Region
East 101 Mean 68 20,724 5219 49 165 13 11 320,814 4190

Min 7 12,711 685 25 19 3 5 1840 188
Max 407 36,350 23,030 100 1186 34 37 5,051,440 66,646
S.D. 51 6435 3493 27 209 6 6 677,631 7799

Middle 101 Mean 35 16,404 4337 53 86 11 13 131,736 2311
Min 11 11,698 740 23 17 4 5 4210 271
Max 141 26,313 12,244 100 500 30 39 1,536,040 16,967
S.D. 25 2522 2626 24 83 5 7 225,351 2910

West 91 Mean 52 16,076 3370 42 81 9 15 139,517 1724
Min 9 11,216 460 23 14 1 2 530 115
Max 237 27,774 28,850 99 870 68 72 1,624,000 13,979
S.D. 55 3061 3397 25 118 8 12 297,070 2441

By size of cities
Small 73 Mean 66 18,163 1385 39 58 10 10 71,127 1577

Min 15 11,817 182 23 19 1 2 610 115
Max 407 36,350 2306 99 230 26 36 735,260 7671
S.D. 68 4805 633 28 38 5 7 111,262 1467

Medium 73 Mean 45 16,050 2918 46 68 12 14 90,142 1856
Min 7 11,216 2318 23 14 1 5 2470 152
Max 193 27,774 3534 97 343 68 39 734,900 7950
S.D. 37 3329 363 19 57 9 9 123,299 1887

Large 73 Mean 40 16,668 4617 55 87 10 15 116,506 1816
Min 9 12,295 3554 23 18 2 5 530 260
Max 141 30,166 5814 100 326 28 72 589,860 8652
S.D. 30 3366 614 25 59 5 10 134,405 1818

Super large 74 Mean 58 19,682 8483 53 228 12 12 521,301 6079
Min 9 11,698 5818 23 32 3 2 7610 188
Max 201 35,739 28,850 98 1186 32 33 5,051,440 66,646
S.D. 44 6111 3713 27 252 6 7 814,478 9465
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Wu 1999); PP–Choi test (Choi 2001); Levin, Lin, and Chu (LLC) test
(Levin et al. 2002); and Im, Pesaran, and Shin (IPS) test (Im et al.
2003). The results of these tests indicated that all the variables were in-
tegrated of order one (Tamakoshi and Hamori 2014). The Johansen-
Fisher test (Baltagi and Kao 2001) proved the non-existence of co-
integration among sequences whilst the results of a Hausman test con-
firmed the appropriateness of a fixed effects model (FEM) over a ran-
dom effects model (REM). Therefore, the FEM was used to estimate
and explore the relationship between car ownership and the factors
influencing it. By definition FEM remove the effect of time-invariant
characteristics on the dependent variable. This enabled the assessment
of the net effect of time-variant factors on car ownership.

A theoretical model that used all potential factors to estimate the car
ownership rate can be written in natural logarithmic form as follows:

ln yit ¼ αi þ β1 ln Incomeitð Þ þ β2 ln TPitð Þ þ β3 ln Urbitð Þ
þ β4 ln BUAitð Þ þ β5 ln Roaditð Þ þ β6 ln UrbDenitð Þ
þ β7 ln Busitð Þ þ β8 ln Taxiitð Þ þ εit ; ð1Þ

where yit was the car ownership rate in city i during year t (per 1000
persons), Income was the average annual income per capita (CNY, the
Chinesemonetary unit), TPwas the total population (1000 persons),Ur-
banizationwas the percentage of the population in urban areas (%), BUA
was the total built-up area (km2), Roadwas the area of roads per capita
(m2 per person), UrbDen was the urban population density (1000 per-
sons per km2), Buswas the yearly volume of bus passengers (1000 per-
son trips), Taxi was the total number of taxis, αi was a city-specific
constant term in the regression model, and εit denoted the error term.
Each independent variable was first entered into a separate model.
All significant variables in across these separate models were then si-
multaneously entered into one overarchingmodel. Variables which be-
came insignificant in this overarching model were then removed. Next,
we employed interaction terms to test for differences in the effects of
the remaining variables on car ownership across regions and city
sizes. We also performed cross-validation checks to assess the model's
ability to fit out-of-sample data by randomly splitting the data into
five sub-samples: four used as training sets, one used for testing. The av-
erage mean absolute error (MAE) and pseudo-R2 were calculated to
compare the models. The variable(s) whose exclusion from the model
can produce significantly higher MAE and lower pseudo-R2 were
dropped from the final model. All analyses were conducted in Stata
(version 14; StataCorp., College Station, TX).
4. Results

The model indicated that car ownership at the national level is sig-
nificantly associated with income, built-up area, road area per capita,
urban population density, and number of taxis (Table 2). The influence
of these factors further varies across regions and different city size
groups (Tables 2 and 3). Following cross-validation, three factors were
ruled out: total population, urbanization rate, and bus passenger vol-
ume. The findings support the notion that car ownership in Chinese cit-
ies is co-influenced by wealth, urban environment, and transportation
alternatives (H1), and these influences differ across regions (H2) and
city size groups (H3); however, the findings do not suggest that car
ownership is affected by changes in population.



Table 2
Associations between car ownership and influential factors across all cities
(1994–2012).

Regressor (n = 293) Coefficient (S.E.)

Annual income per capita 1.13⁎⁎⁎ (0.03)
Built-up area 0.59⁎⁎⁎ (0.06)
Road area per capita 0.35⁎⁎⁎ (0.04)
Urban population density 0.34⁎⁎⁎ (0.05)
Taxi number 0.17⁎⁎⁎ (0.04)

Boldfaced numbers indicate statistical significance (⁎p b 0.05, ⁎⁎p b 0.01,
⁎⁎⁎p b 0.001).
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4.1. Car ownership across cities

At the national level, a 1% increase in annual income per capita was
associated with a 1.13% (p b 0.001) increase in car ownership, which
is greater than the proportional effects of any other variable used in
this study (Table 2). The average annual income per capita across all cit-
ies ranged from 11,216 CNY to 36,350 CNY with a mean of 17,711 CNY
(Table 1), approximately equivalent in range to 1800 USD to 5800 USD.

In terms of effects on car ownership, income therefore suggested the
largest association followed by variables pertaining to the urban envi-
ronment and transport alternatives. The urban environment was char-
acterized by three metrics in this study: road area per capita, built-up
area, and urban population density. A1% increase in built-up area result-
ed in a 0.59% increase in car ownership whilst the same proportional in-
creases in road area per capita and urban population density resulted in
a 0.35% and 0.34% increase in car ownership respectively. Further, a 1%
increase in the number of taxis was associated with a 0.17% increase
in car ownership (p b 0.001)with the volume of bus passengers exclud-
ed on the grounds of overfitting.

Both indicators of urban population, total population and urbaniza-
tion, were dropped from the finalmodels after cross-validation: overlap
is possible with other included variables, for example there is high cor-
relation between total population and the built-up area.
Table 3
Associations between car ownership and influential factors by region (1994–2012).

Coefficient (S.E.)

Regressor† East (n = 101) Middle (n = 101) West (n = 91)

Income (ref) 1.29⁎⁎⁎ (0.06) 1.16⁎⁎⁎ (0.06) 0.92⁎⁎⁎ (0.06)
Income*E – 0.13 (0.08) 0.36⁎⁎⁎ (0.08)
Income*M −0.13 (0.08) – 0.23⁎⁎ (0.08)
Income*W −0.36⁎⁎⁎ (0.08) −0.24⁎⁎ (0.08) –
BUA (ref) 0.49⁎⁎⁎ (0.08) 0.27⁎ (0.14) 1.07⁎⁎⁎ (0.15)
BUA*E – 0.22 (0.16) −0.58⁎⁎ (0.17)
BUA*M −0.22 (0.16) – −0.79⁎⁎⁎ (0.21)
BUA*W 0.58⁎⁎ (0.17) 0.79⁎⁎⁎ (0.21) –
Road (ref) 0.55⁎⁎⁎ (0.08) 0.36⁎⁎⁎ (0.08) 0.27⁎⁎⁎ (0.06)
Road*E – 0.18 (0.12) 0.28⁎⁎ (0.10)
Road*M −0.18 (0.12) – 0.10 (0.10)
Road*W −0.28⁎⁎ (0.10) −0.10 (0.09) –
UrbDen (ref) 0.17⁎⁎ (0.07) 0.21 (0.12) 0.71⁎⁎⁎ (0.14)
UrbDen*E – 0.04 (0.14) −0.54⁎⁎⁎ (0.15)
UrbDen*M −0.40 (0.14) – −0.50⁎⁎ (0.19)
UrbDen*W 0.54⁎⁎⁎ (0.15) 0.50⁎⁎ (0.19) –
Taxi (ref) 0.17⁎⁎ (0.06) 0.07 (0.10) 0.14⁎ (0.06)
Taxi*E – 0.10 (0.12) 0.02 (0.09)
Taxi*M −0.10 (0.12) – −0.08 (0.12)
Taxi*W −0.02 (0.09) 0.08 (0.12) –

Note: †Income: annual income per capita; BUA: built-up area; Road: road area per capita;
UrbDen: urban population density; Taxi: taxi number; E: East region; M: middle region;
W: West region.
Boldfaced numbers indicate statistical significance (⁎p b 0.05, ⁎⁎p b 0.01, ⁎⁎⁎p b 0.001).
4.2. Car ownership across regions

All five potential influential variables that were significant above in
the context of all cities continued to exert significant positive influences
on car ownership in each region, with the exceptions that insignificant
effects of urban population density and number of taxis were estimated
for the middle region (Table 3). However, and interestingly, nuances
existed among different regions in terms of the explanatory strength
of some variables (Table 3). For example, the effect of annual income
per capita on car ownership in the Western region was significantly
weaker than that in the Eastern (0.36% less for each 1% increase in in-
come) and middle regions (0.24% less for each 1% increase in income),
while no significant differences were found between the Eastern and
middle regions. Beyond income, the built-up area had a significantly
stronger effect on car ownership in the Western region (1.07) than in
the Eastern (0.58% less) andmiddle regions (0.79% less). The influences
of urban population density were also significantly stronger in the
Western (0.71%) than in the East (0.54% less) and middle regions
(0.50 less). Road area per capita exerted a stronger effect in the East re-
gion (0.55%) than in theWestern region (0.28% less). No significant dif-
ferences were found in the effects of the number of taxis on car
ownership in any of the three regions.

4.3. Car ownership across city size groups

All five factors that were significant above in the context of all cities
continued to have significant positive effects on car ownership in the
models stratified by city size, excepting the insignificant effect of the
number of taxis in small cities (Table 4). However, there were slight
but significant nuances across city sizes in terms of association strengths
(Table 4). For example, the built-up area had a significantly stronger ef-
fect on car ownership in large cities (0.80%) than in medium cities
(0.31% less). Road area per capita had the strongest effect inmediumcit-
ies (0.81%), followed by super-large (0.36% less), large (0.50% less), and
small cities (0.64% less), with the difference between super-large and
Table 4
Associations between car ownership and influential factors by city size (1994–2012).

Regressor†

Coefficient (S.E.)

Small
(n = 73)

Medium
(n = 73)

Large
(n = 73)

Mega
(n = 74)

Income (ref) 1.07⁎⁎⁎ (0.07) 1.14⁎⁎⁎(0.07) 1.06⁎⁎⁎ (0.06) 1.06⁎⁎⁎ (0.08)
Income*S – −0.07 (0.09) 0.02 (0.10) 0.02 (0.10)
Income*M 0.07 (0.09) – 0.08 (0.09) 0.08 (0.10)
Income*L −0.02 (0.10) −0.08 (0.09) – 0.00 (0.10)
Income*SL −0.02 (0.10) −0.08 (0.10) −0.00 (0.10) –
BUA (ref) 0.66⁎⁎(0.20) 0.50⁎⁎(0.15) 0.80⁎⁎⁎(0.10) 0.57⁎⁎⁎(0.12)
BUA*S – 0.16(0.25) −0.14(0.23) 0.09(0.24)
BUA*M −0.16(0.25) – −0.31⁎(0.18) −0.08(0.20)
BUA*L 0.14(0.23) 0.31*(0.18) – 0.23(0.16)
BUA*SL −0.09(0.23) 0.08(0.20) −0.23(0.16) –
Road (ref) 0.17⁎(0.08) 0.81⁎⁎⁎(0.12) 0.31⁎⁎⁎(0.06) 0.45⁎⁎⁎(0.11)
Road*S – −0.64⁎⁎⁎(0.14) −0.14(0.10) −0.28⁎(0.13)
Road*M 0.64⁎⁎⁎(0.14) – 0.50⁎⁎⁎(0.13) 0.36⁎(0.16)
Road*L 0.14(0.10) −0.50⁎⁎⁎(0.13) – −0.14(0.12)
Road*SL 0.28⁎(0.13) −0.36⁎(0.16) 0.14(0.12) –
UrbDen (ref) 0.47⁎(0.19) 0.33⁎(0.14) 0.24⁎⁎(0.08) 0.37⁎⁎⁎(0.11)
UrbDen*S – 0.13(0.24) 0.23(0.20) 0.10(0.22)
UrbDen*M −0.13(0.24) – 0.09(0.16) −0.04(0.18)
UrbDen*L 0.23(0.20) −0.09(0.16) – −0.14(0.13)
UrbDen*SL −0.09(0.22) 0.04(0.18) 0.14(0.13) –
Taxi (ref) 0.04(0.10) 0.22⁎⁎(0.08) 0.22⁎⁎(0.08) 0.14⁎(0.07)
Taxi*S – −0.27⁎(0.13) −0.27⁎(0.13) −0.19(0.12)
Taxi*M 0.27⁎(0.13) – 0.00(0.11) 0.08(0.11)
Taxi*L 0.27⁎(0.13) −0.00(0.11) – 0.08(0.10)
Taxi*SL 0.19(0.12) −0.08(0.11) −0.08(0.10) –

Note: †Income: annual income per capita; BUA: built-up area; Road: road area per capita;
UrbDen: urban population density; Taxi: taxi number; S: small cities; M: medium cities;
L: large cities; SL: Super-large cities.
Boldfaced numbers indicate statistical significance (⁎p b 0.05, ⁎⁎p b 0.01, ⁎⁎⁎p b 0.001).
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large cities not of statistical significance. The number of taxis had equal-
ly strong effects inmediumand large cities compared to a lesser effect in
small cities. No significant differenceswere found in the effects of annu-
al income per capita and urban population density on car ownership cit-
ies of different sizes.

5. Discussion

Car ownership has become an important issue in Chinawith the rise
of car use. Wu et al. (2014) used GDP per capita to quantify and under-
stand car ownership in China using member countries of the Organiza-
tion for Economic Cooperation and Development (OECD) as a
comparator. Li et al. (2010) modeled car ownership using cross-
sectional data for 36 major Chinese cities, with a focus on urban form.
Zhang et al. (2014) examined the links between household car trips
and the urban environment, particularly neighborhood characteristics
in Zhongshan, Guangdong, China. This researchhas expanded upon pre-
vious studies such as these by employing a panel data set (spanning
19 years for nearly all prefectural cities in China-293 out of 297) to bet-
ter understand the spatial and temporal dynamics between car owner-
ship and urban characteristics influencing it.

Since the late 1990s, China has been rapidly urbanizing. From 1990
to 2013, the urbanpopulation increased from302million to 731million,
while China's urban footprint, as indicated by the urban built-up areas,
expanded from 13,148 km2 to 47,855 km2 (China Statistical Bureau
2014). The soaring development of Chinese cities during this period
was paralleled by an increase in car ownership, which rose from 0.17
million in 1984 to 88.4 in 2012 (China Statistical Bureau 2014). As the
country with the fastest growing vehicle fleet, China surpassed the
United States to become the world's largest market for cars in 2009
(China Daily 2010). If this trend continues, it is estimated that by
2030, about 30% of total carbon emissions would be from the transpor-
tation sector (Li and Zhang 2014),whichwould further deleteriously af-
fect air quality metrics (He et al. 2011). Therefore, understanding the
dynamics of and factors influencing the growth of car ownership has
important policy implications for managing cars/transportation and
health problems related to cars in China.

By definition, moving beyond cross-sectional data to panel data sub-
stantially increases the data available for estimating the demand for cars
and makes it possible to exploit time-series information for quantifying
and understanding temporalities in car use. Panel data permitsmore ac-
curate inferences ofmodel parameters and provides greater capacity for
capturing the complexity of the influences on car ownership than cross-
sectional data alone (Baltagi 2015). However, the city-level variables in
our model were aggregated by the Statistical Bureau of each city based
on surveys of sampled households with a wide range of demographic
and socioeconomic characteristics; thus, these variables should be
used and interpreted with caution (Walker and Catrambone 1993).
For example, use of average annual income per capita may potentially
incur aggregation bias or ecological fallacy problems due to consider-
able heterogeneity in individuals' income levels within cities. More in-
formation related to the tested hypotheses is provided and discussed
below.

At the national level, wealth or income is a major factor influencing
growth of car ownership in China. In 2012, there were 277 (out of 293)
cities where the average level of annual income per capita ranged from
2000 to 5000 USD, and there has been a sharp rise in vehicle purchases
worldwide by people in this salary range (Dargay and Gately 1999).
Therefore, a large proportion of Chinese cities are at an accelerating
stage of car growth driven by increases in income; however, experi-
ences from developed countries have shown that, as people became
more affluent, income-driven growth in car ownership eventually
slows down or even plateaus beyond a critical level of per capita income
(Metz 2013).

In addition, urban spatial development contributes significantly to
growth in the number of cars. There have been substantial investments
in urban construction, with 16.3 billion CNY spent on urban infrastruc-
ture in 2013,which is about 16 times the investments in 1995 (Ministry
of Construction of P. R. China2014), as shownby Fig. 2. The urban spatial
environment, including dramatic urban sprawl, has enabled and gener-
ated higher vehicular mobility. The built-up area in China expanded
from 13,148 km2 to 47,855 km2 from 1995 to 2013, with 5810 km2 of
roads built during this period. Given the rapid economic development
of China, previous research has only used GDP or income per capita to
explore the factors that affect car ownership in China (Huang 2011;
Wu et al. 2014). In contrast, this study showed that car ownership
growth in China was a function of annual income per capita, built-up
area, road area per capita and urban population density.

Intuitively, car ownership and public transportation systems may
complement each other. Therefore, two alternative transportation
modes, buses and taxis, were examined in this study. However, bus pas-
senger volume was excluded due to overfitting issues. A positive effect
of the number of taxis on the growth of car ownership may imply that
taxis are more likely to be a complementary mode of transportation
rather than a replacement, especially in contemporary China where
taxi services are provided in a convenient and relatively cheapmanner.
A positive relationship is likely to exist between annual income per
capita and demand for taxi services, possibly to the extent that taxis
could proxy for income to some extent.

The relationship between car ownership and influential factors
should be closely examined by region and city size. Indeed, our findings
show that the degree of influence of these factors is very context specif-
ic. In theWestern region, the built-up urban area had the largest propor-
tional effect on car ownership (1.07% increase in car ownership for 1%
increase in built up area), followed by income (0.92% for 1%). Urban
population density presented no significant relationship with car own-
ership in cities in the middle region, although this relationship was sig-
nificant at the national level.

These findings support the notion that car ownership may differ
across cities in different geographical regions (Komornicki 2003).
China is a large country with significant regional disparities, and is gen-
erally divided into Eastern, middle, andWestern regions (Fig. 1) for the
purposes of geographical research and policy-making, demarcated ac-
cording to historical, natural, and socioeconomic phenomena. From
east to west, the landscape roughly shifts from the coastal to inland
mountainous areas with regional development stages from high to
low, which account for the various lifestyles (Dunford and Liu 2015;
Yang et al. 2015). With differences in economic development levels,
people in cities in these different regions may have different propensi-
ties for owning cars. From 1994 to 2012, the number of private cars
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increased 45, 36, and 44 times, respectively, in the Eastern, middle, and
Western regions (Fig. 3). In 2012, most private cars were in the Eastern
cities (58%), and only 17% were in the Western cities. Therefore, geo-
graphical location is pertinent to understanding car ownership in Chi-
nese cities.

Factors influencing car ownership exhibit different relationships of
different strengths in cities of different sizes. Cities with different popu-
lation sizes normally have different development trajectories (Turok
andMykhnenko 2007). Fig. 4 illustrates different car ownership growth
trends in Chinese cities. In general, although all cities in China have
grown over the past 30 years, populous cities have developed relatively
fast. Cities including provincial capitals with populations of 5–10 mil-
lion, particularly Beijing, Shanghai, and Guangzhou, are regional centers
of China and have becomemagnets for human andfinancial capital. This
has gradually connected these cities to global markets (Yang et al.
2013), while others have remained disconnected from the globalization
process and seem less attractive to people and investment. This indi-
cates that there are different urban characteristics of citieswith different
sizes, and there are differences in how these characteristics serve to de-
termine car ownership. As our findings show, road area per capita had
significantly different associations with car ownership among small,
medium-size, and super-large cities. The effect of the built-up area
was largest for large cities (0.8% at p b 0.001 level), which is significantly
higher than that for medium-size cities (0.3% at p b 0.05 level). In 2012,
57% of the private cars were concentrated in super-large cities, while
small and medium-size cities only accommodated 9% and 13% of cars,
respectively (Fig. 4). Therefore, there is more pressure on car-related
urban management in super-large cities.
6. Conclusions

With increasing affluence, urban development, and negative im-
pacts of car usage such as air pollution and shortage of parking space,
exploring the factors influencing the growth in car ownership is of stra-
tegic importance in contemporary China. Overall, the growth of car
ownership has been driven by income and urban environment metrics
over the past two decades. More importantly, this study clearly conveys
a message that the relationship between car ownership and its influen-
tial factors varies across regions and city sizes. Compared with previous
studies that mostly focused on income or GDP indicators (Huang 2011;
Wu et al. 2014), this study expands alongmultiple dimensions (i.e., spa-
tial, and temporal) to examine the effects of both socioeconomic and
physical metrics of urban development that could potentially affect
car ownership. The findings suggest that use of only income or GDP
per capita is insufficient to understand the growth of car ownership,
which turns out to be determined by a combination of financial and
urban physical environment variables.
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Our findings have important implications for urban planning and
spatial management. Urban planners should manage the relationship
between growth in car ownership and urban spatial development in a
systematic way. Besides wealth, physical metrics have important influ-
ences on the growth of car ownership. Therefore, urban planners should
carefully heed the relationship between growth in car ownership and
urban spatial development, operationalized in terms of the urban
built-up area, road area per capita, and urban population density. Judi-
cious planning would be beneficial in the context of effective manage-
ment of automotive transportation and health problems related to
cars in China. Furthermore, due to the variation of the above-
mentioned relationships across regions and city size groups (Tables 3
and 4), planning and management should be tailored for different con-
texts as per our findings.

This study is not without limitations. First, it is difficult to mea-
sure urban trajectories per se. This study uses geographical location
and population size as proxies thereof, similar to the approach
taken by many urban scholars. The study could be improved if
more urban characteristics were explored, such as urban form. Sec-
ond, some relevant factors that are not available on a large scale
and were thus not included in our study include subways. Third, var-
iables aggregated for city level analysis are a potential source of bias
due to large variances within resident populations; therefore,
individual-level data would be useful to quantify and account for
this accordingly. Fourth, the total population in Census 2010 was se-
lected as a criterion to classify cities, and this classification was used
across the entire 19-year study period, but an argument could be
made for employing a time-variant classification. Lastly, the nuances
of Chinese institutional management among different cities and ef-
fects of associated policy interventions were not considered in this
study. For example, due to increasingly severe traffic congestion,
some cities have implemented regulation policies such as raffling a
certain number of permissions to purchase cars (e.g., in Beijing in
2011, Guangzhou in 2012, and Tianjin in 2013) and requiring special
permissions to drive cars. The extent to which such policies have af-
fected car use patterns and car ownership is one avenue for future
research.

Acknowledgement

The research is sponsored by a grant of the Natural Sciences Founda-
tion of China (No. 41530751), the support from Early Career Talent Pro-
gram of Chinese Academy of Sciences ‘Youth Innovation Promotion
Association CAS’ (2014042), and theKey Laboratory of Spatial DataMin-
ing & Information Sharing of Ministry of Education, Fuzhou University
(No. 2017LSDMIS08). We thank Ms. Zhang, Wanying for her support



134 Z. Yang et al. / Journal of Transport Geography 58 (2017) 127–134
in data collection. We would also thank to Prof. Becky Loo and two
anonymous reviewers for their very helpful comments.

References

Badoe, D.A., Miller, E.J., 2000. Transportation–land-use interaction: empirical findings in
North America, and their implications for modeling. Transp. Res. Part D: Transp. En-
viron. 5, 235–263.

Baltagi, B.H., 2015. The Oxford handbook of panel data. New York:Oxford University
Press, Oxford, p. 1 online resource (xv, 683 pages).

Baltagi, B.H., Kao, C., 2001. Nonstationary Panels, Panel Cointegration, and Dynamic
Panels. American Economic Association, p. 1301.

Beesley, M.E., Kain, J.F., 1964. Urban form, car ownership and public policy: an appraisal of
traffic in towns. Urban Stud. 1, 174–203.

Boarnet, M., Crane, R., 2001. Travel by Design: The Influence of Urban Form on Travel. Ox-
ford University Press, New York.

Bureau, China Statistical]–>C.S., 2014. China Statistics Yearbook. China Statisitc Press,
Beijing.

Button, K.J., Fowkes, A.S., Pearman, A.D., 1980. Car ownership inWest Yorkshire: the influ-
ence of public transport accessibility. Urban Stud. 17, 211–215.

Carty,W., 1999. Greater dependence on cars leads tomore pollution inworld's cities. Pop-
ulation today 27, 1–2.

Cervero, R., Kockelman, K., 1997. Travel demand and the 3Ds: density, diversity, and de-
sign. Transp. Res. D 2, 199–219.

Chamon, M., Mauro, P., Okawa, Y., Temple, J., Schultz, C., 2008. Mass car ownership in the
emerging market giants [with discussion]. Econ. Policy 23, 243–296.

Chen, C., McKnight, C.E., 2007. Does the built environment make a difference? Additional
evidence from the daily activity and travel behavior of homemakers living in New
York City and suburbs. J. Transp. Geogr. 15, 380–395.

Choi, I., 2001. Unit root tests for panel data. J. Int. Money Financ. 20, 249–272.
Clayton, W., Ben-Elia, E., Parkhurst, G., Ricci, M., 2014. Where to park? A behavioral com-

parison of bus park and ride and city center car park usage in bath, UK. J. Transp.
Geogr. 36, 124–133.

Cullinane, S., 2002. The relationship between car ownership and public transport provi-
sion: a case study of Hong Kong. Transp. Policy 9, 29–39.

Daily, China]–>C., 2010. China Overtakes US as world's Largest Auto Market. Daily, China.
Dargay, J., Gately, D., 1999. Income's effect on car and vehicle ownership, worldwide:

1960–2015. Transp. Res. A Policy Pract. 33, 101–138.
David, M., 2013. Peak car and beyond: the fourth era of travel. Transp. Rev. 33, 255.
Dunford, M., Liu, W., 2015. The Geographical Transformation of China. Routledge, p. 372.
Guerra, E., 2014. The built environment and car use in Mexico City: is the relationship

changing over time? J. Plan. Educ. Res. 34, 394–408.
He, D., Meng, F., Wang, M.Q., He, K., 2011. Impacts of urban transportation mode split on

CO2 emissions in Jinan, China. Energy 4, 685–699.
Hong, J., Shen, Q., Zhang, L., 2014. How do built-environment factors affect travel behav-

ior? A spatial analysis at different geographic scales. Transportation 41, 419–440.
Huang, X., 2011. Car Ownership Modeling and Forecasts for China. ProQuest Dissertations

Publishing.
Im, K.S., Pesaran, M.H., Shin, Y., 2003. Testing for unit roots in heterogeneous panels.

J. Econ. 115, 53–74.
Ingram, K.G., Liu, Z., 1997. Motorization and Provision of Roads in Countries and Cities Re-

search Working Paper 1842 (The World Bank).
Ingram, K.G., Liu, Z., 1999. Determinants of Motorization and Road Provision. Policy, Re-

search Working Paper 2036. Bank, The World.
Jun, M.-J., 2008. Are Portland's smart growth policies related to reduced automobile de-

pendence? J. Plan. Educ. Res. 28, 100–107.
Kain, J.F., 2001. A tale of two cities: relationships between urban form, car ownership and

use and implications for public policy. Journal of Transport Economics and Policy 35,
31–70.

Komornicki, T., 2003. Factors of development of car ownership in Poland. Transp. Rev. 23,
413–431.
Lam, W.H.K., Tam, M.-L., 2002. Reliability of territory-wide car ownership estimates in
Hong Kong. J. Transp. Geogr. 10, 51–60.

Levin, A., Lin, C.F., Chu, C.S.J., 2002. Unit root tests in panel data: asymptotic and finite-
sample properties. J. Econ. 108, 1–24.

Li, J., Walker, J., Srinivasan, S., Anderson, W., 2010. Modeling private car ownership in
China: investigation of urban form impact across megacities. J. Trans. Res. Board
2193, 76–84.

Li, M., Zhang, L., 2014. Haze in China: current and future challenges. Environ. Pollut. 189,
85–86 (Barking, Essex: 1987).

Maddala, G.S., Wu, S.W., 1999. A comparative study of unit root tests with panel data and
a new simple test. Oxf. Bull. Econ. Stat. 61, 631–652.

McIntosh, J., Trubka, R., Newman, P., 2014. Can value capture work in a car dependent
city? Willingness to pay for transit access in Perth, Western Australia. Transportation
Research Part a-Policy and Practice 67, 320–339.

Meek, S., Ison, S., Enoch, M., 2010. UK local authority attitudes to park and ride. J. Transp.
Geogr. 18, 372–381.

Metz, D., 2013. Peak car and beyond: the fourth era of travel. Transp. Rev. 33, 255–270.
Ministry of Construction of P. R. China, 2014. China City Construction Statistics Yearbook.

China Statisitc Press, Beijing.
Mogridge, M., Eldridge, D., 1970. Car ownership in London. Greater London Council,

London, p. 68.
Moutou, C.J., Greaves, S.P., 2014. Determining strategies to increase response rates in

transport surveys of small shop-based businesses. Transp. Plan. Technol. 37, 598–622.
Ogilvie, D., Mitchell, R., Mutrie, N., Petticrew, M., Platt, S., 2008. Personal and environmen-

tal correlates of active travel and physical activity in a deprived urban population. Int.
J. Behav. Nutr. Phys. Act. 5, 43.

Paulley, N., Balcombe, R., Mackett, R., Titheridge, H., Preston, J., Wardman, M., Shires, J.,
White, P., 2006. The demand for public transport: the effects of fares, quality of ser-
vice, income and car ownership. Transp. Policy 13, 295–306.

Potoglou, D., Kanaroglou, P.S., 2008. Modelling car ownership in urban areas: a case study
of Hamilton, Canada. J. Transp. Geogr. 16, 42–54.

Prieto, M., Caemmerer, B., 2013. An exploration of factors influencing car purchasing de-
cisions. Int. J. Retail Distrib. Manag. 41, 738–764.

Pucher, J., Peng, Z.-R., Mittal, N., Zhu, Y., Korattyswaroopam, N., 2007. Urban transport
trends and policies in China and India: impacts of rapid economic growth. Transp.
Rev. 27, 379–410.

Schwanen, T., Wang, D., 2014. Well-being, context, and everyday activities in space and
time. American Geographers]–>Ann. Assoc. Am. Geogr. 104, 833–851.

Tamakoshi, T., Hamori, S., 2014. Health-care expenditure, GDP and share of the elderly in
Japan: a panel cointegration analysis. Appl. Econ. Lett. 22, 725–729.

Turok, I., Mykhnenko, V., 2007. The trajectories of European cities, 1960–2005. Cities 24,
165–182.

Verma, M., 2015. Growing car ownership and dependence in India and its policy implica-
tions. Case Stud. Transp. Policy 3, 304–310.

Walker, N., Catrambone, R., 1993. Aggregation bias and the use of regression in evaluating
models of human performance. Hum. Factors Ergon. Soc. 35, 397.

Wang, L., Xu, J., Qin, P., 2014. Will a driving restriction policy reduce car trips?-the case
study of Beijing, China. Transp. Res. A Policy Pract. 67, 279–290.

Wu, T., Zhao, H., Ou, X., 2014. Vehicle ownership analysis based on GDP per capita in
China: 1963–2050. Sustain. For. 6, 4877–4899.

Yang, Z., Cai, J., Ottens, H.F.L., Sliuzas, R., 2013. Beijing. Cities 31, 491–506.
Yang, Z., Cai, J., Qi, W., Liu, S., Deng, Y., 2015. The influence of income, lifestyle, and green

spaces on interregional migration: policy implications for China. Population, Space
and Place http://dx.doi.org/10.1002/psp.1996.

Zegras, C., 2010. The built environment and motor vehicle ownership and use: evidence
from Santiago de Chile. Urban Stud. 47, 1793–1817.

Zhang, Y.,Wu,W., Li, Y., Liu, Q., Li, C., 2014. Does the built environmentmake a difference?
An investigation of household vehicle use in Zhongshan metropolitan area, China.
Sustain. For. 6, 4910–4930.

Zhao, P., 2011. Car use, commuting and urban form in a rapidly growing city: evidence
from Beijing. Transp. Plan. Technol. 34, 509–527.

http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0005
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0005
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0005
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0010
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0010
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0015
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0015
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0020
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0020
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0025
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0025
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0030
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0030
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0035
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0035
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0040
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0040
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0045
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0045
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0050
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0050
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0055
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0055
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0055
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0060
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0065
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0065
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0065
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0070
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0070
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0075
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0080
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0080
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0085
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0090
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0095
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0095
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0100
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0100
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0105
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0105
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0110
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0110
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0115
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0115
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0120
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0120
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0125
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0125
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0130
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0130
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0135
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0135
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0135
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0140
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0140
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0145
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0145
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0150
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0150
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0155
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0155
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0155
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0160
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0160
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0165
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0165
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0170
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0170
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0170
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0175
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0175
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0180
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0185
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0185
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0190
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0190
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0195
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0195
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0200
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0200
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0200
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0205
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0205
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0210
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0210
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0215
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0215
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0220
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0220
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0220
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0225
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0225
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0230
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0230
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0235
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0235
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0240
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0240
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0245
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0245
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0250
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0250
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0255
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0255
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0260
http://dx.doi.org/10.1002/psp.1996
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0270
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0270
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0275
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0275
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0275
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0280
http://refhub.elsevier.com/S0966-6923(16)30713-X/rf0280

	Car ownership and urban development in Chinese cities: A panel data analysis
	1. Introduction
	2. Car ownership growth with urban development
	3. Data and methods
	3.1. Data
	3.2. Variables
	3.3. Statistical analysis

	4. Results
	4.1. Car ownership across cities
	4.2. Car ownership across regions
	4.3. Car ownership across city size groups

	5. Discussion
	6. Conclusions
	Acknowledgement
	References


