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DEPENDENCE OF THE FUTURE ELDERLY ON PRIVATE CARS:
A CASE STUDY IN BEUJING

ABSTRACT

With the aging of population in the world, understanding
the travel demands of the elderly is important. In China, the
aging society is in the process of forming. Meanwhile the
urban motorization has just started. The aim of this paper
is to investigate the dependence of the future elderly on pri-
vate cars. The data used here come from a stated prefer-
ence (SP) survey of the young and middle-aged residents in
the capital of China, Beijing. The influencing factors on the
car ownership and mode choices of the future elderly are
analysed based on the ordered logit model and MNL model,
respectively. The effect of uncertainty in respondents’ state-
ments on the car usage has been also investigated. The re-
sults show that the future elderly in Beijing become increas-
ingly dependent on private cars. It is also found that younger
people have higher propensities to own private cars and to
make use of driving after the age of 65. Moreover, improving
public transport services contributes to an increased rider-
ship of public transport by the future elderly. The findings
in this paper can provide valuable references for the aging
society when making transport policies in Beijing.
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1. INTRODUCTION

The world population is aging. People aged 65 or
above accounted for 8.27% of the world’s total pop-
ulation in 2015 [1]. This percentage is projected to
increase up to 14% by 2040 [2, 3]. With the aging of
population, issues in life quality of the elderly are of
great concern. Compared with working-age people
who had been primarily concerned in previous stud-
ies, the elderly have put the distinct requirements
on transportation systems, due to their deteriorating
psychological and physical functions, smaller financial
resources as well as more leisure time [4, 5]. Meeting
the special travel demands of the elderly can increase

their activity participation rates. High activity participa-
tion rates are always an indicator of the better quality
of life [6]. As a result, investigating the travel demands
among the elderly can help to improve their quality of
life and eventually avoid social exclusion [7].

It is found that the elderly in Western counties be-
come more and more dependent on private cars [7-
11], and this dependence is much higher among the
elderly who own private cars [12]. However, for the
elderly in Beijing, the capital of China, only 1.58% of
their trips are performed by private cars [13]. This is
probably because the urban motorization in China has
just started, and the car ownership of the elderly at
present is relatively low. But as the urbanization and
motorization continuously advance, the travel charac-
teristics of the elderly in Beijing will change dramat-
ically. It is often believed that the future elderly in
Beijing will become increasingly dependent on private
cars, and the aim of this paper is to test this prediction
from two aspects: car ownership and mode choice be-
haviours of the future elderly.

The existing studies have shown that lots of factors
influence the mode choice behaviours of the elderly,
such as personal characteristics, accessibility of pub-
lic transport, neighbourhood, environment, land-use,
etc. Kim and Ulfarsson [14] investigated the mode
choice behaviours of the elderly in Washington State.
They found that income and car ownership are pos-
itively associated with the elderly’s propensities to
drive a car, but negatively related with their propensi-
ties to use public transport. Later, this finding was con-
firmed by the study of Schmocker et al. [12] which in-
vestigated the shopping trips of the elderly in London.
Moniruzzaman et al. [15], using data from 2008 Mon-
treal’s Household Travel Survey, found that the elderly
with the lowest income are more likely to make their
trips by walking. Furthermore, other studies pointed
out that the effect of the bus service frequency is not
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significant, but the bus stop density has a significant
influence on the share of public transport [12, 16]. Su
et al. [17], concentrating on the mode choices of the
elderly before and after shopping, found that travel
cost of driving are negatively associated with the el-
derly’s propensities of driving a car. By comparing the
individual’s travel behaviour between the elderly and
people aged 19~60, Zhang et al. [13] found that the
differences between them increase with the age of the
elderly.

Clearly, the existing studies mainly focused on the
revealed mode choice behaviours among the elder-
ly, but a comprehensive investigation on their travel
demands is relatively scarce. Since an individual’'s
travel behaviour is always affected by transportation
systems, differences often exist between the revealed
travel behaviours and their demands. Furthermore, lit-
tle attention has been paid to the travel demands of
the future elderly so far, which are important referenc-
es for allocating limited transportation resources and
formulating proper transport policies. As information
about the travel demands of the future elderly are not
available, this paper investigates the car ownership
and mode choices of the future elderly, based on the
data coming from a stated preference (SP) survey of
the current young and middle-aged people. Previous
studies have shown that shopping is the most frequent
activity of the elderly [17]; thus the focus of this paper
is on the mode choices for shopping trips. This paper
tries to deepen the understanding of the travel be-
haviours of the elderly and related influencing factors,
which are helpful to construct better transportation
systems and policies, to reduce social exclusion and to
increase the social welfare. Therefore, the task of this
paper is important for both the elderly and the society.

2. METHODOLOGY
2.1 SP survey

The SP survey, known as a discrete choice experi-
ment, can collect data about behavioural responses to
choice situations that do not exist on the current real
market [18]. This method is widely used to analyse the
preferences and/or anticipated choice behaviours in
transportation. As revealed preference (RP) data are
not available when modelling the choice behaviours of
the future elderly, this paper relies on an SP survey
to collect data about car ownership and mode choice
behaviours among the future elderly.

Obviously, the outcome variable of the car owner-
ship among the future elderly is discrete and ordinal;
therefore, it is more appropriate to employ the ordered
logit model. With regard to mode choice behaviours of
the future elderly, the choice set consists of more than
two alternatives, and the multinomial logit (MNL) mod-
el is used.

2.2 Ordered logit model

In the ordered logit model, the decision processes
that an individual faces are ordinal (e.g. how many pri-
vate cars should | own after the age of 657?), and the
alternative number of private cars is assumed to be
associated with a latent utility which is divided as

Un:Vn+En:B'Xn+8n (1)

where Un denotes the latent utility of individual n; Xn
denotes a vector of personal characteristics; V, is the
systematic component; 8 means the vector of the cor-
responding coefficients which have to be estimated;
€, is the error term which captures all unobserved
factors. Here, the error term ¢, is assumed to follow
logistic distribution [19].

Thus the assumption of independent errors for
each alternative in the logit model does not hold here,
and the car ownership decision is made by individual
n as follows:

- If U <uy, then individual n intends to own no car

after the age of 65
- If uy<U, <uy, then individual n intends to own one

car after the age of 65
- If U >u,, then individual n intends to own two or

more cars after the age of 65. Here, u4, u, are cut-

offs and u,<us,.

2.3 MNL model

The influencing factors of mode choice are anal-
ysed based on an MNL model. In the MNL model, an
individual is always assumed to choose a transport
mode with the maximum utility. Generally, people who
intend to own private cars are more likely to perform
their trips by driving after the age of 65; therefore, the
utility of owning private cars after the age of 65 U,
should be considered here. Consequently, the utility of
transport mode i is described as

Un=wZi+0 Xu+af(U)+&n (2)
where U, is the utility of transport mode i for individ-
ual n; Z, denotes the vector of attributes of transport
mode i; thus, it varies across the alternatives; Xn is
defined above; f{U) is the function of U ; w and 6 are
the vectors of coefficients to be estimated; ¢ denotes
the coefficient of AU).

Generally speaking, owning private cars can greatly
benefit the elderly over the age of 65; thus, function
AU, should be positive. Furthermore, the increase
in the number of household cars can lead to a big in-
crease in the probability of driving. As a result, an ex-
ponential function is introduced in the utility function.
According to Equation 1, U, is a random variable, and
then function AU, ) should be written as

f(U) =" (3)
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where E[U,] means the expected value of U . It is as-
sumed that €, in Equation 1 follows the logistic distri-
bution. Thus, the expected value of U, equals V, that
is, E[U,J=V,.

Here, €, denotes the IID error term which varies
across the alternatives and individuals. The error term
€,, is assumed to follow type | extreme value (Gumbel)
distribution.

Consequently, the probability that individual n
chooses mode i is given by

W' Zi+0 Xin+ae’

Pa(i) =—%

"0 ZJ: o 20 Xjn+ae (4)
Jj=1

where J denotes the choice set.

3. SURVEY AND DATA

In order to investigate the travel demands of the
future elderly, an SP survey was conducted in Beijing.
Beijing is China’s political, cultural, industrial and fi-
nancial centre covering a land area of 16,410.54 km?
and with 21.7 million inhabitants. In 2015, the per-
centage of the population aged 65 or above reached
up to 10.3%. The transportation system in Beijing is
much more perfect and advanced than in most oth-
er cities in China; thus, the transport policies applied
for the aging society in Beijing will provide a strong
demonstration effect to other cities.

The future elderly are mostly young and mid-
dle-aged people at present. Therefore, residents aged
18 years or above in Beijing are selected as the ob-
jects of this survey. The survey was conducted through
the website wjx.sojump.com (SOJNMP) which is a pro-
fessional online survey site. SOJNMP has been chosen
for two reasons. Firstly, with steady increase of the
network users, web-based survey becomes convenient
and efficient. The site of SOJNMP can be visited via
a computer, mobile phone or other information termi-
nals. Secondly, SOJNMP possesses around 2.6 million
volunteer respondents. According to the request of
each survey, SOJNMP can randomly pick up the sam-
ples who meet the requirements from its respondent
database and invite them to participate in the corre-
sponding survey.

The questionnaire consisted of three parts. The
first part investigated the Willingness of Car Ownership
at household level after they are 65 years old (WCO-
65years). Respondents were asked how many private
cars they intend to own at a household level after the
age of 65. Three alternatives could be selected: no car,
one car and two or more cars.

The second part was designed to investigate the
travel demands after the age of 65, such as trip pur-
poses, trip generation rates, departure time, and trans-
port modes for different purposes. Only the modes for
shopping trips over 3 km were taken into consideration

in this paper. Transport modes included driving a catr,
public transport, taxis with Dial-a-Ride service, and
others such as bicycle, car passenger, etc. Influenc-
ing variables consisted of parking fees, access time
to bus stops, and waiting time for taxis. Each variable
had 3 levels. Table 1 shows the influencing variables
and the corresponding levels. An orthogonal design
was used, and there were 9 scenarios altogether in
this part (7=9).

The third part was about personal characteristics
(e.g. age, gender, marital status, educational back-
ground, driving license, number of private cars, month-
ly income, etc.). Due to the relationship between the
attitudes towards each transport mode and mode
choice behaviours [20], the information about the at-
titudes towards public transport services and driving
were also collected in this part. The attitudes towards
public transport services included two aspects: (a)
satisfaction with the local public transport; and (b)
convenience of local public transport. The alternatives
used a five-point Likert-type scale from ‘strongly dis-
satisfied/inconvenient’ (1 point) to ‘strongly satisfied/
convenient’ (5 points). The attitudes towards driving
included four aspects: (a) liking to drive; (b) driving a
car is a relatively safe mode of transport; (c) driving a
car is a convenient and free mode of transport; and
(d) driving is tiring. Respondents were asked to assess
by using a five-point scale from ‘strongly disagree’ (1
point) to ‘strongly agree’ (5 points).

Table 1 - Description of variables and corresponding levels

Parking fees Access time | Waiting ti.me

to bus stops for taxis
Level 1 RMB 2/h 3 minutes 10 minutes
Level 2 RMB 5/h 5 minutes 20 minutes
Level 3 RMB 10/h 8 minutes 30 minutes

A total of 1,097 respondents answered this ques-
tionnaire in about three weeks. Generally, the work
and life status of people under the age of 30 are most-
ly not "steady"; therefore, to avoid unreliability of the
results, only respondents aged 30 or above were tak-
en into consideration here. Finally, after removing un-
completed questionnaires, 853 valid ones were used
for further analysis (N=853).

Table 2 presents the descriptive statistics for some
key variables in the questionnaires. It can be seen that
92.5% of respondents intend to own private cars after
the age of 65, although the car ownership of the elder-
ly is very low in Beijing at present. The percentages of
male and female respondents are 51.8% and 48.2%,
respectively. This gender ratio is approximately equal
to the results of the sixth national population census
in 2010 which shows that males account for 51.6% of
residents in Beijing [21]. It is implied that the sample
is representative to a certain degree.
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Table 2 - Descriptive statistics of some key variables

Variables Total number Proportion [%]
No car 64 7.5%
WCO-65years One car 470 55.1%
Two or more cars 319 37.4%
30 ~34 272 31.9%
35~39 227 26.6%
40~44 144 16.9%
Age
45~49 84 9.8%
50~54 52 6.1%
54+ 74 8.6%
Male 442 51.8%
Gender
Female 411 48.2%
) Couple 755 88.5%
Marital status -
Single 98 11.5%
Below bachelor 141 16.5%
Education Bachelor 494 57.9%
Master or above 218 25.6%
L No 168 19.7%
Driving license
Yes 685 80.3%
No car 168 19.7%
Number of household cars at present | One car 593 69.5%
Two or more cars 92 10.8%
Within 2" Ring (I2R) 105 12.3%
Housing location Between 2" and 5™ Ring (B2~5R) 434 50.9%
Outside 5™ Ring (O5R) 314 36.8%

Pension is generally the most important income
source of the elderly. Thus, this variable should be con-
sidered. The pension is determined based on the ac-
cumulate payment time, payment wage, local worker
average wage, amount of the individual account, etc.
Here, the future pension of each respondent was esti-
mated based on the following three hypotheses:

1) The payment wage of each respondent is equal to
the mean of their income range.
2) The local worker average wage takes the average

wage of Beijing worker in 2015 [22].

3) The accumulate payment time of all respondents
are the same and equal to 40 years.

The final estimation result is shown in Figure 1.
Nearly half of the respondents’ pensions are between
RMB 4,000 and 6,000.

Furthermore, Table 3 shows descriptive statistics
for attitudes towards different transport mode. It is
clear that the respondents have a greater appreciation
of local public transport, especially about the conve-
nience of local public transport. But only 64 respon-
dents stated that they would not own any private car
when they are older than 65, and most of them prefer
to own private cars after the age of 65. This may be
attributed to two reasons. One is the special demands
of the elderly which local public transport at present
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Figure 1 - The estimated pension income of the valid respondents [RMB]
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Table 3 - Descriptive statistics of attitudes towards
different transport modes

Variables Mean SE
Convenience of local public transport 3.37 0.96
Satisfaction with the local public 3.12 0.89
transport

Liking to drive 3.36 0.86
Driving a car is a relatively safe mode of 3.24 0.82
transport

Driving a car is a convenient and free 388 0.79
mode of transport

Driving is tiring 3.00 0.92

is unable to satisfy. This will be demonstrated further
in the next Section. The other is associated with their
preference for private cars. As shown in Table 3, they
have a much greater appreciation for driving a car, ex-
cept for (d) driving is tiring.

Finally, the questionnaire's reliability and validity
analysis were conducted with SPSS. The Cronbach’s
alpha coefficient is 0.709, which confirms the internal
consistency of this questionnaire. The Kaiser-Mey-
er-Olkin value is 0.702, which demonstrates that this
questionnaire is of good structure validity. The results
show that the questionnaire designed in this study has
acceptable reliability and validity.

4. ESTIMATION RESULTS

4.1 Ordered logit model for Car ownership of
the future elderly

It is already revealed that most respondents intend
to own private cars after they are 65 years old. But
the underlying factors that influence their willingness
remain to be investigated. To this end, an ordered logit
model has been used to analyse the influencing fac-
tors on car ownership of the future elderly.

Table 4 shows the relationship between WCO-
6byears and age. Here, the 95% confidence level
(0>0.05) which corresponds to f-statistics of 1.96 is

used. It can be seen that there is no significant differ-
ence among people below the age of 45, but a signifi-
cant difference emerges between people aged 30~34
and those aged 45 or above. Specifically, the effect
of change in age on the probabilities to own private
cars after the age of 65 is shown in Figure 2. With the
increase of age, people’s propensities to own no car or
one private car after the age of 65 increase significant-
ly, particularly for people who are aged 50 or above.
However, their propensities to own two or more cars
decrease dramatically. It means that all the people
have higher propensities to own private cars after the
age of 65. The younger the people are, the more likely
they are to own private cars after the age of 65.

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0730~34 35~39 40~44 45~49 50~54 54+
-0~ Nocar =0- Onecar =2— Two Or more cars

Predicted probability

Figure 2 - Effects of change in age on predicted
probabilities

In addition, the relationships with the number of
household cars at present and pension income are es-
timated (see Table 5). Increase of the number of house-
hold cars will result in an increase in WCO-65years.
Probably because it is not possible for people who own
private cars at present to give up their cars after the
age of 65, due to the higher depreciation and conve-
nience of cars. Moreover, people with higher pension
income have higher propensities to own private cars
after the age of 65. But there is no significant differ-
ence between those with pension income less than
8,000. It is implied that RMB 8,000 is a cut-off point,
and as long as the residents in Beijing have pension
income above 8,000 in the future, they have relatively
higher propensities to own private cars after the age
of 65.

Table 4 - Estimation result for the relationship between WCO-65years and age

Age Coefficient SE t Age Coefficient SE t
30 ~34 Reference 45~49 -0.5186 0.2543 -2.10
35~39 -0.2669 0.1778 -1.50 50~54 -0.8658 0.2988 -2.90
40~44 -0.2963 0.2018 -1.47 54+ -1.3212 0.2698 -4.90

Table 5 - Estimation result for the relationships with the number of cars and pension income

Number of cars Coefficient SE t Pension income Coefficient SE t
No -1.1058 0.1978 -5.59 0~4,000 -0.2858 0.1715 | -1.67
One Reference 4,000~8,000 Reference
Two or more 1.6609 0.2535 6.55 8,000 or above 0.4222 0.1719 | 2.46
Promet - Traffic&Transportation, Vol. 30, 2018, No. 1, 45-55 49
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Table 6 - Estimation result for the relationships between WCO-65years and other factors

Variable Coefficient SE t Education Coefficient SE t
Below bachelor -0.3682 0.1646 -2.24
Gender
0.2750 0.1360 2.02 Bachelor Reference
(1-Male)
Master or above 0.6533 0.1864 3.50
Other influencing factors are also investigated re- CEage = Bage-a - (1 - eﬂugg) (5)

spectively (see Table 6). Compared with women, men
have higher propensities to own private cars after the
age of 65. People with higher educational degree are
more likely to own private cars after the age of 65. This
may be due to higher trip generation rates of highly ed-
ucated people [23, 24], because owning private cars is
always convenient for travelling.

In conclusion, the analysis above has revealed that
age produces a significant effect on WCO-65years, and
the elderly of the future have higher propensities to
own private cars. In addition, it has been also found
that pension income, gender, education and car own-
ership at present are the significant factors that influ-
ence WCO-65years. Consequently, the final ordered
logit model for WCO-65years should be built with these
variables.

4.2 MNL model for Mode choices of the future
elderly

As analysed above, the future elderly in Beijing
have higher propensities to own private cars. Then
their car usage is investigated based on an MNL mod-
el. Obviously, U, is considered as a variable influenc-
ing the mode choices of the future elderly. Therefore,
the estimation should take a two-phase approach:
the estimation of the ordered logit model for the car
ownership, and the estimation of the MNL model for
the mode choice behaviours. Here, the maximum-like-
lihood procedure is applied and the results are pre-
sented in Table 7. In the MNL model, no attribute or
characteristic is included in the alternative “others”,
and its utility equals zero. Finally, all the variables with
lower than 5% significance level are retained. A few of
variables with significance levels higher than 5% are
also retained due to the expected sign and their impor-
tance to transport policies.

As expected, parking fees, access time to bus stops
and waiting time for taxis have significant and nega-
tive effects. Among them, parking fees have a greater
effect on the mode choices of the future elderly. It is
implied that in comparison with time, the future elderly
seem to care more about travel cost.

Age is statistically significant. It is clear that age
has not only direct effect on the propensity to drive
a car after the age of 65, but also the indirect influ-
ence on it by affecting WCO-65years. Compared with
those aged 30~34, the combined effects of other age
groups can be calculated as

where CE,4 denotes the combined effect of each age
group; Parameters S, and Hage are the coefficients in
car ownership model and mode choice model, respec-
tively. The results are shown in Table 8.

Itis clear that people aged 50~54 have the highest
propensities to make use of cars after the age of 65.
This may be explained by the fact that these groups
have just experienced the rapid growth of the urban
motorization. Compared with people below the age of
50, their novelty of driving will not wear off when they
are older than 65. In comparison to those aged 55 or
above, they have relatively healthier bodies. Therefore,
people aged 50~54 are more likely to perform their
trips by driving after the age of 65. It means that about
ten years later the elderly in Beijing will become very
dependent on private cars. For those below the age
of 50, younger people are more likely to make use of
private cars after the age of 65. Besides, in contrast to
driving a car, people aged 40~44 prefer to make use
of taxis after the age of 65.

The influences of gender, marital status, education-
al background, housing location and income are also
significant. Gender has the indirect and positive effect
on driving a car. Men are more likely to make use of pri-
vate cars after the age of 65, and they have lower pro-
pensities to take taxis. Consistent with the relationship
between WCO-65years and education, people who are
highly educated have higher propensities to drive a car
after the age of 65. Housing location significantly influ-
ences the propensity to make use of public transport
or taxis, and people who live near the urban centre are
more likely to perform their trips by public transport
or taxis after the age of 65. It also implies that people
who live near the urban centre have lower propensi-
ties to drive a car after the age of 65, because the
sum of all mode choice probabilities should be 100%.
As expected, people with higher income have relative-
ly higher propensities to make their trips by driving or
taxis. Furthermore, people who have a driving license
prefer to make use of private cars after the age of 65.
In addition, the utility of WCO-65years has a positive
and significant effect on the propensity of driving.

It can be seen that the attitudes towards each trans-
port mode significantly influence the mode choice be-
haviours of the future elderly. In order to check wheth-
er the current model is reasonable and reliable, the
five-point Likert-type scale for the attitudes towards
each transport mode is simplified into the three-point

50
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Table 7 - Multi-logit model for mode choices of the future elderly

Driving a car Public transport Taxis
Variables
Coefficient t Coefficient t Coefficient t
Constant -0.2409 -1.80 0.6967 8.26 -0.6616 -4.72
a 0.0609 4.55
Parking fees -0.1274 | -12.74
Access time to bus stops -0.0467 -4.09
Waiting time for taxis -0.0188 -3.96
30 ~34 Reference Reference
35~39 -0.1370 -1.64 0.1397 1.44
Age 40~44 -0.1123 -1.13 0.4102 3.81
45~49 -0.4871 -3.85
50~54 0.3883 291
54+ -0.1781 -1.39 -0.8284 -3.87
Gender (1-Male) -0.1968 -2.50
Marital status (1-Single) -0.1958 -2.30 0.3435 2.66
RMB 0~4,000 -0.6210 -5.69 -0.1814 -2.63 -0.4194 -3.66
Pension income RMB 4,000~8,000 Reference Reference Reference
RMB 8,000 or above 0.3048 3.93 0.1749 1.70
Below bachelor -0.3976 -4.39 -0.2593 | -3.95 -0.4875 -4.37
Education Bachelor Reference Reference Reference
Master or above -0.2005 -2.80 -0.1604 -1.42
I12R 0.3879 4.75 0.2493 1.78
Housing location B2~5R 0.2231 4.03 0.3729 4.06
O5R Reference Reference
Driving license (1-No) -0.8150 -6.94
. . ) Dissatisfied -0.2278 -3.61
Satisfaction with the local
public transport Negtrgl Reference
Satisfied 0.2846 5.29
Dislike -0.2922 -2.14
Liking to drive Neutral Reference
Like 0.1922 2.57
. ) . Disagree -0.3570 -2.96
Driving a car is a relatively
safe mode of transport Neutral Reference
Agree 0.7277 9.80
» ) ) Disagree -0.5710 -2.59
Driving a car is a convenient
and free mode of transport Neutral Reference
Agree 0.5794 5.56
i’m%gf"etgyce‘;:;po”e”t | Gender(1-Male) 03893 | 2.69
30 ~34 Reference
35~39 -0.3087 -1.60
Age 40~44 -0.3488 -1.58
45~49 -0.6438 -2.43
50~54 -1.0837 -3.41
54+ -1.5392 -5.49
Below bachelor
Education Bachelor Reference
Master or above 0.6451 3.22
Number of household cars No 12521 | 625
at present One Reference
Two or more 1.8150 6.88
Number of observations (N-T) 7,677
Mean log likelihood of null model -10,642.582
Mean log likelihood of full model -9,063.244
Likelihood ratio index (p?) 0.1484
Adjusted likelihood ratio index (p2) 0.1445

Promet - Traffic&Transportation, Vol. 30, 2018, No. 1, 45-55
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Table 8 - Combined effects of all age groups in the mode choice model

Age B age 6age CEﬂg@ Age B age gage CEage
30~34 Reference 45~49 -0.4871 -0.6438 -0.5160
35~39 -0.1370 -0.3087 -0.1532 50~54 0.3883 -1.0837 0.3480
40~44 -0.1123 -0.3488 -0.1302 54+ -0.1781 -1.5392 -0.2259

Likert-type scale. With respect to the attitudes towards
public transport, improving local public transport ser-
vices and raising passengers’ satisfaction influence
positively the propensity to make use of public trans-
port.

Compared with the reference group who are neu-
tral with the attitude that driving is a relatively safe
mode of transport, people who agree with this attitude
are more likely to perform their trips by driving after
the age of 65. On the contrary, people who disagree
with this attitude have lower propensities to drive a
car. Meanwhile, the former effect is more than two
times greater than the latter. This means that the
improvement in the driving safety can attract a large
number of the future elderly, but deterioration in the
driving safety may not significantly reduce people’s
propensities to make use of driving after the age of 65.

In conclusion, the future elderly in Beijing will de-
pend more on driving a car. But the improvement of lo-
cal public transport services can be helpful to increase
the future elderly’s propensities to make use of public
transport. And deterioration in the driving safety may
not reduce significantly their propensities to drive a
car.

5. EFFECT OF UNCERTAINTY

When the coefficients in the MNL model have been
estimated, the probability of each transport mode can
be calculated according to Equation 4. Since the state-
ments of the current young and middle-aged residents
in Beijing may not fully reflect their actual behaviours
when they are older than 65, uncertainty exits in their
statements, especially for younger people. Conse-
quently, the final probability should be calculated by
considering this uncertainty.

In order to characterize the uncertainty in the state-
ments of respondents, the concept of reliability is in-
troduced. Here, the reliability in the stated preference
for mode i is defined as the conditional probability of
an event that individual n chooses mode i actually
when they are older than 65, given that the individual
stated they would choose mode i after the age of 65.
Since car dependence of the future elderly is investi-
gated in this paper, only the driving is taken into con-
sideration here. Let A be the event that individual n
stated they would choose driving after the age of 65,
and B denote that individual n chooses driving actually
after the age of 65. Then the reliability in the stated

preference for driving of individual n can be expressed
as P (B|A), and the reliability in the stated preference
for not-driving equals P (B|A). Here A means “not 4”,
and so does B. Consequently, according to the whole
probability formula, the predicted probability of choos-
ing driving actually after the age of 65, or the probabil-
ity of driving for short, is obtained as

Py =Pu(A)- Ps(B|A)+(1-Pu(A)) - (1-Pu(B|4))  (6)

where P is the probability of driving of individual n;
P (A) is the probability of the event A which can be cal-
culated by Equation 4.

Generally, the younger the individual is, the lower
becomes the reliability in their statements. Here, it is
assumed that the reliability drops by ¢ for every five
years decreased from the individual’s age. As a result,
let P(B|A) and P(B|A) for an individual aged 55 or
above equal p; and p,, respectively, and then for an
individual aged 50~54, these two reliabilities can be
calculated as: P(B|4)=(1-q) - p, and P(B|A)=(1-q) - po.
Similarly, the reliabilities for other age groups can be
obtained with a recursive method.

Assuming all the variables in the MNL model ex-
pected age are fixed (Parking fees are RMB 5/h, ac-
cess time to bus stops is 5 minutes, waiting time for
taxis equals 20 minutes, male, single, pension income
is RMB 4,000~8,000, bachelor degree, housing loca-
tion is B2~5R, holding a driving license, household car
number is one, satisfied with local public, like driving,
and agree with other two attitudes towards driving),
the probability of driving with different p4, p, and ¢
is presented in Figure 3. It is clear that although pa-
rameters p4, p, and g have significant effects on the
probability of driving among the future elderly, the re-
lationship between the probability of driving and age
does not change much, and younger people have high-
er propensities to make use of private cars after the
age of 65.

6. DICUSSION AND CONCLUSION

With the increase of the elderly in the world, con-
siderable attention has been given to the travel be-
haviours of the elderly. However, the studies about
the travel demands among the elderly, especially the
future elderly, are relatively scarce. To fill this research
gap and get insight into the travel demands of the el-
derly, this paper investigates the car ownership and
usage of the future elderly by surveying the young and

52

Promet - Traffic&Transportation, Vol. 30, 2018, No. 1, 45-55




Jian M, Shi J, Liu Y. Dependence of the Future Elderly on Private Cars: A Case Study in Beijing

60 i —_— q=10%

00! —o— g=20%

20 | . ‘ 0 —o— ¢=30%

30~34 35~39 40~44 45~49 50~54 b4+ | o ¢=40%
Age

a) Probability of driving [%], P,=80%, P,=70%

o ‘ ; ‘ ' | [—=P=80%

40 —o— P,=70%

20 —o— P,=60%

30~34 35~39 40~44 45-49 50~54 b4+ | = P,=50%
Age

b) Probability of driving [%], P,=80%, q=20%

ot : ' ‘ —e P,=80%

aol —0— P,=70%

20 —o— P =60%

30~34 35~39 40~44 45~49 50~54 54+ | o P,=50%
Age

¢) Probability of driving [%], P,=80%, q=20%

Figure 3 - Probability of driving with different p,, p, and q

middle-aged people in Beijing at present. Also, the in-
fluencing factors are analysed based on the discrete
model.

One of the main outcomes of this paper is that
younger people have higher propensities to own pri-
vate cars and to make use of driving after the age of
65. This implies that the future elderly in Beijing will
become more dependent on private cars and private
cars will play an important role in the elderly’s mobility.
Such findings have been presented in previous studies
[7-11] concerning the older Americans, the European
elderly, etc. Another key finding is that in addition to
parking fees, access time to bus stops, waiting time
for taxis, personal characteristics are also significant-
ly associated with both car ownership and usage of
the future elderly. Among these factors, the effect of
parking fees is negative and greater than access time
to bus stops or waiting time for taxis. This finding was
also found in reference [17]. Men have higher propen-
sities to make use of private cars after the age of 65.
This result is consistent with the findings of references
[12, 25]. People with higher income are more likely to
make their trips by driving or taxi. This finding was also
supported by references [12, 17]. Above all, there are
many common characteristics between the travel de-
mands of the future elderly in Beijing and the revealed
travel behaviours of the elderly in Western counties.

Increase in the probability of driving among the fu-
ture elderly will make traffic problems, such as traffic
congestion and traffic safety risk, more serious [26].
As the population is continuously aging, Beijing can
learn from Western counties’ experience, and im-
prove the transport infrastructure to meet the needs
of the growing numbers of the elderly drivers. Car

manufacturers are trying to design and provide ad-
vanced cars (cars with driver assistance system, au-
tonomous vehicles, etc.) for the elderly drivers [27].
Furthermore, the rules and regulations about how
the elderly drivers renew their licenses as well as how
the elderly apply for driving licenses, should be estab-
lished and improved.

In addition, the future elderly are heterogeneous
in their travel demands. Although they become more
dependent on private cars, certain sub-groups may
prefer other transport modes. Therefore, in order to al-
leviate traffic congestion, alternatives to driving should
be provided. The high-service public transport that of-
fers discounted fares to the elderly is worth pursuing.
Other new intelligent transportation systems (like Dial-
a-Ride, PlusBus, ShopMobility, etc.) that can shorten
the waiting time also deserve consideration in this in-
formation era.

Future research of the travel demands among the
future elderly would be expanded to: (1) trip genera-
tion rates, travel distance and so on; and (2) investi-
gating the travel demands of the future elderly in oth-
er cities. There are many indicators used to measure
the travel demands, such as trip generation rates,
travel distance, mode choices, etc. This paper has
only explored one dimension. Investigating the travel
demands of the future elderly from other dimension
is also critical. Moreover, expanding our investigation
to other cities can help us to compare the differences
and summarize the future development trend of the
travel demands among the elderly in the entire China.
Then more references can be provided for the aging
society when planning urban transportation systems
and making transport policies.
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