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ABSTRACT

Korea 15 experiencing a rapid increase in the oumber and proportion of the older population aged
65 and older. This study investigates trip making of older adults vsing a populaticn-representative
data sample from the 2010 Household Travel Survey in Seoul. The trip making variation of the
older population is more likely to be heteroskedastic than the younger population (under 835 vears
old). The investization was therefore done with a heteroskedastic ordered logit model

The analysis showed that trip making characteristics of older adults vaned with age group and
trip purpose. Age was statistically significantly correlated with a sonrce of heteroskedasticity. This
suggests tnobserved heterogeneity that 1s correlated with age and affects trip making. likely
individual physical and psychological conditions.

Specific results showed that men 65 or older have a lower probability of making more trips than
women, suggesting transportation policy needs to consider the genders differently. Older aduits
were more sensitive to having a driver’s license and an automobile than younger groups but less
sensitive to nearness to public transit stations. This indicates the importance of avtomobiles for
older adults” mobility but also suggests the locations of public transit may not be geared enough for
the needs of older adults.

The results show the development of transport policies needs to consider the variance among the
aged. such as financial condition. gender. driving licensure and antomoebile ownership.

Kevwords: aging; trip frequency; heteroskedasticity; elderly; ordered logif; travel behavior
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INTRODUCTION

The world is experiencing an unprecedented population aging. Korea is also experiencing a rapid
increase in the number and proportion of the older population aged 63 and older. The magnitude of
this demographic change 15 striking. Korea became an aging society in 2000 (defined as a society
with 7% or more of the population aged 65 and older). and it is projected to become an aged
society (14% or more of the population aged 63 and older) in 2018 and a post-aged society in 2026
{20% or more of the population aged 65 and older) (I). While major developed countries (France,
Germany. Italy. Japan and the United States) are expected to take 62 years to become aged
societies and 25 years to become post-aged sociefies on average; the projections for Kotrea are that
it will only take 18 years for Korea to become an aged society and § more years to become a
post-aged society (2).

The effect of an aging society on economy, health care, and retivement systems has received
significant attention (), and there is growing research on the effect on transportation (4-7)
although much remaing to be investigated. An aged population tends to travel less compared to a
vounger population (). but courrent coborts of older adults travel more frequently than the aged
population in the past (911, Vanous factors such as individual characteristics. honsehold
characteristies, and built environment charactenstics combine to affect older adults” trip behavior
(11-15).

Public transportation or bicycle are vsed daily by over 70% of the population the Seoul
metropolitan area; for example, 7 million people use the Seoul Metro (subway) daily (16). Seoul
alzo has a well-established bus system and discounts on fransfers between the bus system and the
subway. The public transportation service in Seounl is superior to those of many other countries
(17). The travel behavior of the aged population in Seoul is expected to be different from other
couvdatries, due in part to the subway being free for people at 65 and older.

Korea is preparing for the rapid aging of its population in variows fields including housing.
finances. and transportation. For successfnl implementation of transportation policies in an aging
society. it iz necessary to understand the travel characteristies of the older population. In this study,
we have analyzed variables that affect tip making by the older population in order to help form a
basiz for the development of evidence-based transportation policy for this aging society.

LITERATURE REVIEW

The literature oo travel behavior suggests that individeal, household, and environmental
characteristics affect the trip making of the older population. Age 1s negatively correlated with trip
making for older adults (5, 18-19). The travel characteristics of older adults differ significantly
from those of the vounger population (15, 20-22). Travel characteristics vary even within the older
adult group (10, 27). and 1t is necessary to divide the clder adult group into different age proups
and analyze the trip characteristics with respect to individual health conditions (4). Moreover. the
older population exhibits varying tiip characteristics depending on individual lifestyle (1.2) and
whether the individual can drive (24).

Health is a major factor affecting the frip making of older adults and is closely related to their
mobility (18, 23). Disability acts as a hindrance to trip making for some older adults. When
analyzing the correlation between age and number of trips. age alone is an insufficient explanatory
variable to explain the decreasing number of trips of older adults. Rather. detenioration of health
and a subsequent decrease in number of trips explains the relationship between age and trip
making better than age alene (18).

There are conflicting views on the effect of gender on trip making of older adulis, and it is
difficult to conclude that one gender always makes morge trips than the other (8, 13, 1819}

_’IO_
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Income also has a cloze relationship with the trip making of older adults. and those that drive
themselves tend to make more and longer trips (8, 13, 15).

Public transportation affects the trip making of older adults to a certain extent. In some research
it has not been found to affect the mobility of older adults (24, 26, 27). On the other hand,
high-gquality public transportation service has been found to improve the mobility of older adults (3,
g, 11, 21, 28-31). These smdies show that depending on the level of service provided by public
transportation it may or may not serve as effective means of transportation for older adults.

Previous studies have examined socio-economics and the trip characteristics of older adults (11,
21, 32-37). However, even within the same age group, the trip making of the older adult
population 13 expected to be more influenced by each individual’s health and physical condition
compared to the younger population. information that is often nnobserved. To account for some of
the effect of such unobserved individual characteristics as psychelogical disposition and health,
this paper explored if the age of older adults is correlated with a source of heteroskedasticity. This
study also considered the characteristics of the trip destination for older adults in additicn to
individual and househeld characteristics in the analysis of elder adults” trip making characteristics.

DATA DESCRIPTION

Data from the 2010 Household Travel Survey in Seoul were nzed. The survey was sent to a random
sample of 105,974 househelds, sampled from a total of 3,520,505 houzeholds in Secul. The survey
response rate was 83 9% (35). Households are asked to record information on all household
members and frip information for all howseheld members six vears old and older, with adults
filling out information for the children. Survey questions involve personal characteristics (age.
gender. driver’s license. cocupation. occupation type, etc ), household characteristics (number of
household members. aumber of preschoolers, vehicle ownership. housing type. monthly income,
etc.), and trip characteristics (trip purpose, transportation mode characteristics of origin and
destination. etc.). To account for the characteristics of the destination on the trip making of the
older adult population. we surveyed the nomber of shopping facilittes (department stores. large
shopping malls, ete.) for each of the 4273 traffic analysis zones (TAZ) 1n Seoul. We have restricted
the analysis to facilities within 400 m radius of a subway station in the destination TAZ to study the
effect of public transportation accessibility on trips to shopping facilities.

The observed average number of trips was 2.42 trips per person for pecple age 65 and older,
where a trip 15 defined as any frip owt of a location for longer than 10 min. total time. For example,
a bicyele trip for exercize (home to home) is considered a trip with a leisure purpose if it takes
more than 10 min_ If one trip for cne trip purpose requires multiple transport modes, then each
travel mode is recorded and considered an individual trip. When the trips were categorized into
mandatory trips (commuting work, ete ) and discretionary trips (recreation. entertainment. dining,
visiting relatives ete ), the average number of mandatory trips was 2.03 trips per person and the
average oumber of discretionary trips was 226 trips per person in 2010. Table 1 presents the data
description of the explanatory varisbles used in the analysis.

_’I’I_
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112 TABLE 1 Data Description
. Freguency Percentaze
Variahle: Al 65+ Al 65—
Indiidual
Famuty relation Householder 86,711 15,904 383 869
Spouse 52802 5.653 221 236
Children 92 949 38 389 B2
Parents 6361 2,224 Py 23
Age = 65 215011 90.0
65+ 13,912 23,912 10,0 1000
63-74 18,511 18,511 7 774
7584 4772 4,772 20 2000
85+ 629 5201 0.3 26
Gendar Male 124,434 13,755 521 5735
Female 114 489 10,157 479 42.5
Dirrver's license Yes 136,522 12,974 571 543
Mo 102 401 10,938 429 457
Emplovment lavel Work at home 2096 417 09 1.7
Full ime work 68,404 3,384 286 141
Part time work 12,285 1.245 5.1 532
Self-ermploved 42 06T 6753 176 82
Mot emploved 114.071 12,113 47.7 50T
Houzehold
Number of faruly members COne 11,236 3119 47 13.0
Two 31,248 10,730 131 349
Three 58,534 5432 245 7
Four 105,171 2,529 440 10.6
Five or more 32734 2183 137 38
Number of preschoalers Mone 214,194 23.037 E9.6 96.3
Ome 19.635 662 82 28
Two 43878 201 20 08
Thres or more 216 13 01 0.1
Antomobile ownershup Yes 201,589 17,083 B44 T4
Mo 37.334 5.827] 156 186
Heusehold monthly income (1T5D) $1.000 17,4582 &.627] 73 II7
$1,000 ~%3000 102206 11,541 428 48.3
53,000 ~ 55,000 76,632 3.527] 321 16.0
§5.000+ 42 583 1.917] 178 80
s i ey Statis e M G, 234214 23235 980 971
walk
Mo 4709 587 20 29
Trips
Humber of tips Ona 1,000 328 0.8 14
Two 168,857 18,385 70.7 769
Three 21,885 2.027 a2 35
Four or more 46 281 3172 194 13.3
113
114
115 METHODS

116 The objective of this work 15 to investigate tnip making of older adults in Seoul and in particular to
117 test whether age was correlated with a source of heteroskedasticity. To achieve this end. each

118 indrvidual 1s viewed as being able to choose how many trips they will make during the day. The
119 participants were classified into five groups for those that made one trip. two trips. three trips. four
120 trips. and five or more trips. The modeling framework therefore becomes a choice model Since

_12_
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these groups have a clear ordering from the least to the greatest number of t1ips. an ordered choice
model 15 suitable. The heteroskedastic ordered logit model can model the choice between such
ordered groups while accounting for heteroskedasticity that is a function of an mdivideal-specific
variable. Naturally. if the purpose of the investization was to sunply predict the number of trips of
each person, a count model regression such as the Peisson or the Negative Binomial could have
been nsed. However, in this work. the focus 1s on identifying the variables that infinence each
patticipant’s choice of trip making while simultaneously testing if age was comrelated with a source
of heteroskedasticity, and for this purpose the heteroskedastic logit model provides an excellent
research tool
An ordered choice model iz appropriate when the dependent variable categories are ordinal (39},
In peneral if the dependent variable ¥ has observable categories numbered f = 0,1, 2, ..., J. it can
be linked to an unobserved random utility, here termed U*, by the following:
y=0 fU*=0
=1 f0<U*<p,
=2 fp =U"= ., (1)

=] g,y =U",
where y; is an estimable parameter. and U” has a linear-in-parameter form that can be expressed
as
U*=fxn+en, (2)
where B is a vector of estimable coefficients, x,; 15 a vector of observed variables for observation
n. and £y 15 an error term. If £ is assumed to be identically and independently logistically
distributed. this leads to the ordered logit model. and the probability that y i3 j is (40, 41):
Ply=j7)=Plujr < U = uj) =F(@)—F(%_ITM) (3)
where F is the cumulative distribution function of the logistic distribution and o is the variance of
the error term.
This mode] can be extended to investigate heteroskedasticity in the error term by writing the
vanance of the error term as a fonction (41):
gin = exp(Zny)*, )
where Z, 15 a vector of variables explaining the error term variance of the n-th observation. and y
15 the asseciated vector of estimable coefficients. With equation {4}, the heteroskedastic orderad
logit model can account for the varability of the variance across the observations unlike the
ordered logit model which assumes equal variance A detailed discussion of the heteroskedastic
ordered logit model iz provided by (42).
Coefficients can be estimated vsing the method of maximum likelihood (41). The likelihood
function for the heteroskedastic ordered logit model 13

I N w
_ uj — Bxn -1 — Bxn\| ™ :
=] [LIFR, e ®

where w; is the weight or expansion factor of the n-th observation experiencing trip making
category j.

The models estimated 10 this study test heteroskedasticity as a function of age. A total of seven
models were estimated to investigate the trip making choices of older adults and compare with
vounger participants and the group as a whole. There were also two models estimated using a
subset of the data based oo trip purpose. The following models were estimated:

_13_
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= Model 1: All age groups

* Model 2: Younger population aged less than 65

* Model 3: The older adult population aged 65+

* Model 4: The older adult population aged 63 through 74

= Model 5: The clder adult population aged 75+

= Model 6: Model for mandatory trip purpose - the older adult population aged 63+

= Model 7: Model for discretionary trip purpose - the older adult population aged 65+

The moadels were developed first by meluding all available relevant variables and then variables
with coefficients not significantly different from zero at the 0.1 level of significance (90%
confidence level) were restricted out of the models to improve efficiency. Likelihood ratio tests
were used to investigate if the separation into finer groups were statistically significantly better
than the overall model in terms of hikelihood. To further study the differences across the models
marginal effects were calculated for the variables.

RESULTS

Models Comparing Trip Making across Age Groups (Models 1-5)

To compare trip making characteristics of the older adult population with the younger population,
Models 1 {all age groups). 2 {younger population). and 3 (the clder adult population) were
estimated. A likelihood ratio test showed that separating the data into the younger population and
the older population was statistically significantly better than the all age group model. which
provides evidence that there are statistically significant differences in trip making characteristics
between the older adult and the vounger population (Tahle 2).

Wext. Models 4 (ages 65 through 74) and 5 (age over 75) were estimated to identify differences
in trip making characteristics within the older adult population (Table 3). Model 3 is repeated in the
table for comparison purposes. A likelihood ratio test showed that separating the data into those
two groups. 63 through 74 and 75 and older. is statistically significantly better than the model of
everyone 65 vears old and older. This shows that the trip making characteristics of the population
aged 63 through 74 were statistically different from those of the population aged over 73.

The results show that age was found significantly correlated with a source of heteroskedasticity
(Table 2). Interestingly. the heteroskedasticity grows with age m the “all ages” model but when it
has been split into vounger than 63 and 65+ the results show that heteroskedasticity starts to reduce
with age for the older group. When the clder group 1s split in two groups. 63 throush 74, and 75+
{Table 3), the results show that heteroskedasticity continues to grow vp to 735 although the effect is
not statistically significant at the 0.1 level. and then the heteroskedasticity starts to drop in the
oldest group of those 75+ years old. It 15 also telling that the significance of heteroskedasticity due
to age becomes less when the group contains a namrow age range of 10 years Taken together it
shows that there is heteroskedasticity due to age overall and the effect of age on heteroskedasticity
varies with age. This shows that there is quite a complex uvnobserved effect due to age and there is
an important age-based variance in trip making. Clearly age itself is just a number, so it is not age
as a number that is the canse here but rather unobserved variation across people. for example due
to health condition. psychological effects. and even taste and personality: all of which are being
captured by the age variable.

_14_
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Table I Trip Malking and Age Model Estimation Results: Model 1 to Model 3

g Model 1 Model 2 Model 3
Yarialies All ages <68 65~
Individual Characteriztic:

Family relatton, Householder 0.233(0.016)1 02560001 Ty 0.581(0.077) 2

Famuly relation, Spouse
Famuly relatton, Children
Fanuly relatron, Parents

-0 HP(0.0325

D.11%0.037T)E

0.492(0.072) 2

Age
ender, Male
Dmver’s license & Automobile ownership

~0.008(0.000)
0.0740011)1
0.112(0.012)%

0.009(0.000)
0.066(0.012)
0.103(0.014)%

£0.166(0.038)
0.162(0.032) 2

Emplovment level, Work at bome
Employment level Full fime work
Emplovment level, Part time work
Emplovment level, Self-employed
Emplovment level. Mot emnloved

2 831(0.046) ¢
2 983(0.050):
3.070(0.048)
3.594(0.049)

2.900(0.053)
3.051(0.05T)t
3.128(0.055)t
3.710€0.057)

1.407(0.153) 2
1.589(0.173) 2
1.673(0.175) 2
1.837(0.186) =

Houzehold Characteriztics
Number of family members
Number of preschoclers

0.105(0.00531
0.034(0.012)%

0.108(0.006)z
0.038(0.013)1

0.072{0.014) 2

Household monthly meome, < 51 004
Household monthly meome, £1.0040 - 53 000
Housshold monthly income, 3,000 ~ $5,000
Household monthly income. 35,000+

0.474(0.022)¢
0.693(0.023)¢
0.786(0.025)

0.569(0.026)t
0.797(0.027)
0.891(0.029)

0.056(0.011) 2
0.176(0.036)
0.246(0.047) 2

Euvironmental Characteriztics

Bus or subway stafon within ten-punute walk
Diestinatton TAZ, Number of shopping-related
facilihes within a 400 m radmes from subway
stafions

1.013(0.031)%

0.044(0.001) %

1.042(0.035) £

0.045(0.001)

0.411(0.067) 2

0.034(0.004)

Heterozkedastc vanable, Aze

Threshold, w;

bz

]
Number of ohzervanons
Log-hikelihood at convergence

¥ =—2[LL(f,) — LL(By) — LL(B:)] = 484.6, ¥"(0.05, 16) = 26,296,

0.002(0.000%

6.157(0.056)t
6.724(0.060)
8 S38(0.071)%
238,923
2173074

0.003(0.000) £

6.409(0.065)
6.985(0.069)
8.870(0.082)
215,011
-197498.1

£.004(0.001) 2

3.943(0.398) 2
4.376(0.441)
5.635(0.566) 2
23.912
-19367.0

Standard ervors are in parenthesss. Confidence level: all preater than %0%, T = 95%. and # = 99%_ Coefficients that

weren't sigmficant at the 0% level of confidence were vesmicted 1o zero and omutted from the table.
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Table 3 Trip Malking and Age Model Estimation Results: Model 3 to Model 5

o Model 3 Model 4 MMaodel 5
Variables far 2.4 .
Individual
Famuly relation. Householder D.38LI0.07TE 207404251 0.735(0.19%) 2
Famuly relation. Spouse 0492000721 TB2O(0385)t 0.588(0.174) 1
Famuly relation, Children
Fanuly relaton, Parents
Age
Gender, Male -R166{0.038) -03837(0. 1100 L
Diaver's license & Automobile ownership 0.16200.032)% 0.299(0 085
Emplovment level, Work at bome
Employment level Full fime work 1.40700.153) ¢
Emplovmeant level, Part fime work 158900170
Emplovment level, Self-employed L&6TIH0175)L
Emnplovmeent level Not emploved 1.83700.186)F D.6TRI0.141%% 035400095 %
Houzehold
Mumber of family members 0.072(0.014) 1 022360005131 0.108(0.033) 1
Number of preschoclers
Household monthly meome, < 51 004
Household monthly mmcome, $1,000 ~ §3.000 0.036(0.011)z 040600107y 0.129{0.055
Household monthly income, 33,000 ~ 53,000 0.17600.03631 05320014101 (22000.088) 7
Household monthly income. 35000+ 0.246{0.04Ty 1 064301651 0343(0.1143 3
Euvironment
Bus or subway station within ten-minute walk 04110067 2279004651 (31100 2400 2
Diestinatton TAZ, Number of shopping-related
facilihes within 3 400 m radmus from subway 00340 004y OOaT0. 0L T 0.031(0.008) 2
stafons
Heterozkedastic vanable: Age -0.004(0.001 31 0.00500.0:03) L0.00700.003) 7
Threshold, s, 3.943(0.398) TA435(1 49131 J05500.779 2

H3 43760044111 331301 66131 33830 861

iz 363305663 10.72H2. 14001 4467(1.135 1
Fumber of ohoervanons 13912 18.511 5401
Log-hkelihood at convergence -19367.0 -14997 3 -4162.8

¥ = —2[LL(fy) — LB ) — LL(f:)] = 813.9, ¥°(0.05,13) = 22.362.

Standard emors are i parentheses. Confidence level: all greater than 0%, T = %3%. and # = 99%. Coefficients that
weran 't significant at the 0% confidence level were restricted to zero and ooutted from the tabla

Vith regards to individual characteristics, the househelder tends to be more likely to make more
trips in all age groups. Trip making decreased with age in the all-age group model (Model 1) and
the younger population group (Model 2) (Table 2), but the effect of age was not statistically
significant for the population aged 63 and older and the coefficient on age was therefore
constrained to zerc in models 3 to 5. Althongh age is found correlated with heteroskedasticity for
older adults. it did not affect trip making directly. This may be due to larger representation by older
adults who are capable of traveling in the Hounsehold Travel Survey. whereas those who have
difficulty traveling due to health conditions may have been underrepresented in the survey sample.
Trip making of women tended to be higher than that of men for all age groups except for the
population aged 75 and older. where gender was oot significant. Driving appeafs as an important
factor of mobility of older adults. as those that have a driver’s license and own an automobile are
more likely to choose to make more trips. This effect was not statistically significant for the
population aged 75 and older, probably due to a lack of observations since there are few drvers in
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that age group in Korea. It was found that the not emploved have the highest probability of
choosing to make more trips, followed by the self-employed. with those emploved by others
having lesser flexibility.

In terms of househeold characteristics. the oumber of household members was positively
correlated with making more trips. Such a trend for clder adults may be attributed to the help
needed from other family members for clder adults to travel. The effect is especiafly pronounced
for the 63 through 74 vear old group. Also. larger households provide more opportunities for older
adults to participate in activities, which could explain the higher probability of older adults
choosing to make more trips when in larger households. The number of preschoolers did not have
a significant effect on the trip making of older adults. A higher menthly household income was
cotrelated with a greater probability of making more trips in all models but with the effect reducing
for the 75+ group. This implies that household income is an important factor of mobility.

A bus stop or subway station within 10 minutes walking distance was linked to a higher
probability of making moere trips in all models. However the effect was especially large for the 63
through 74 vear old group. Seoul provides a fare discount for transfer between public transport
wehicles (bus and subway, and between different bus lines). offers free subway fare for those 63
and older. This along with well-established public transpertation infrastructure may explain the
increased impertance of public transportation for trip making once people reach 63 years orage A
greater number of shopping facilities within a 400 m radins of the subway station 1o the destination
TAZ led to an increased probability of making more trips in all age gronps, but the effect is
somewhat smaller for older adults. This indicates the attraction of commercial development near
subway stations and leads support for such transit oriented development.

Aodels Comparing Trip Making of Older Adults by Trip Purpose (Models 6 and 7)

The smdy now toros to investigate whether trip making differed by trip purpose for older adults.
Toward this goal. trips were categorized as either mandatory (Model 6) or discretionary (Model 7).
A likelihood ratio test was used to compare the joint medel for 65+ and all trip purposes with the
two separate models for 65+ broken down by mandatory or discretionary trip purpose. The test
showed the likelihood was statistically significantly improved if the models were split by purpose
which shows that trip making charactenstics are overall differsnt between mandatory and
discretionary trips of older adults (Table 4).

_17_
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TABLE 4 Trip Making and Trip Purpose Model Estimation Results: Models 3. 6-7

=
Model 6 Model?

s Alodel 2 = 6+

Variablez % 65= \ ,
. AMandatory trips Disiveticiiy
‘ trips

Individual
Famuly relatton, Householder 058L0.07TT 1484003280z 038800067 2
Family relation, Spouse 04920072y 115103045 0.266(0.055 1

Famuly relation, Children
Fanuly relatron, Parents

Ape
Gender, Male

Dmver’s heense & Automoble ownership

0.166(0.038) 1
0.162(0.032) %

0.647(0.184)
0.528(0.138)t

0.075(0.034) 5
0.113(0.031) 2

Employvment level. Work at bome
Employment level Full time work
Emplovment level, Part ime work
Emplovment level, Self-employed

1.407(0.153)¢
1.589(0.173)¢
16730179t

05070124} ¢

0.832(0.134)
0.670(0.136)
0.665(0.097) 2

Emplovment level, Not emploved 1.837(0.186)1 — 065000092 1

Houzehold

Mumber of family members 0.072(0.014) 1 0.167(0 0481 0.053(0.013) 2

Number of preschoclers

Household monthly meome, < 51,000

Household monthly mmcome, $1,0040 ~ 53 000 005600113z 0520001491 0.130{0.033) 1

Household monthly income, 33,000 ~ 53,000 0.17600.03631 7000203y £ (23300.049 2

Household monthly income. 35000+ 024600471 0907002501 0302(0.065) 3

Environment

Bus or subway station within ten-minute walk 0A41L0.06TE 2488045101 (LTEL0.10% 2

Destinatton TAZ, Number of shopping-related

facalihes within a 400 m radmes from subway 0.03400.0045 ¢

stations

Heterozkedastc vanable: Age ~0L004(0.001 L 0.0000.002) 000800002 2

Threshkold, g, 3243(0398)1 661700 1611 2 583(03200 3
pz 43780044101 738901206t 20280036202
Bz 5.635(0.568)1 95131 6631 3783004672

Mumber of ohservanons 23012 6914 11,569

Log-hikelihcod at convergence -12367.0 -5413.2 98798

% = —2[LL(B,) — LL(E,} — LL(F,)] = 8.547.9, y*(0.05,13) = 22.362.

Standard ervors are m parentheses. Confidence level: all greater than 90%, ¥ = 93%, and T = 99%. Coefficients that
weren 't significant at the $0% confidence level were restricted to zero and omutted from the table. Swvey participants
who were not employed had to be excluded in model 6.

Coefficients estimated for family relation. gender, and driving. each had the same sipn in both
Models 6§ and 7. which means that these factors contributed to either an inerease or decrease in the
probability of choosing to make more trips in a consistent manner. In Model 6. older adults with
full ttmre work had a lower probabality of making more mandatory trips compared to those with
part time work, working at home. or self-employed (it should be noted that clder adults that were
not employed had to be excluded in Model 6). In contrast. worldang older adults—except those that
work at home—bad a higher probability of choosing to make more discretionary trips compared to
other older adults (in Model 7). The employment level of older adults is shown to affect the
probability of cheosing to make more trips differently depending on the trip purpose. The
probabilities of cheosing to make more mandatory and discretionary trips were both inereased for
older adults with increasing number of hovuzehold members. The number of preschoolers was not
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significant in these models. This may be a consequence of more present-day older adults no longer
assuming responsibility for looking after preschoolers. The presence of a bus stop or a subway
station within 10 minute walking distance increased the probability of older adults choosing to
make more trips for both the mandatory and the discretionary trip purpose. The number of
shopping facilities within a 400 m radivs from subway stations had a statistically significant effect
on the probability of choosing to make more trips for older adults overall but did not lead to a
significant difference by trip purpose.

Marginal Effects of Major Variables Compared Across Models

The marginal effects of major variables were analyzed and compared across models (see Table 5).
Comparing older adults and the younger population, the vounger population is generally more
sensitive to changes in most variables and shows a higher marginal effect in most cases. Notable
deviations are having a driver's license and owning an avtomeobile. where the older population is
more sensitive than the younger group. Also. there is a larger difference between men and women
for the older population. shown by a larger marginal effect on the male gender. With respect to the
oumber of trips. the older population 15 more sensitive on the one tiip category and shows a higher
marginal effect there on the variables.

The older adult pepulaticn exhibited varying tiip characteristics depending on their age group
(between ages 65 and 74 and ages 75 and older) and trip purpose (mandatory or discretionary).
Being a househelder in the 65—74 vear old group tended to have a larger impact on the probabilities
of trip categories than for householders in the 75+ group (ages 75 and older). This shows a greater
sensitivity to head of household status among the 65—74 year old group and with a larger increase
in the probabilities of choosing to make more trips than for the older group. Also, the probability of
choosing to make more mandatory trips tended to increase more than that of discretionary trips for
older adult householders.

Having a bus stop or a subway station within 10 minutes wallking distance had a larger impact on
the older adult population in the 6574 vear old group and their probabilities of choosing more
trips mereased compared to the 75+ group. The effect of this variable was more pronounced for the
middle group {two to four trips) of discretionary trips than for mandatory trips. where the marginal
effect was larger at the tails. away from one trip and towards five or more trips.

_19_
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TABLE 5 Comparison of Marginal Effects

Number of Trips

Model Variable 1 . 3 F &
Gender, Mals 0.000 | 0011 | -0.003 | -0.007 | -0.002
Dorver’s heense & Auto, owmer 0,001 | -00017 0004 D010 0.003
Full ime work 0020 | -049%9 | 0127 | 0203 | 0100
Modes Euployment Pattimework 0022 | -0.525| 0.133| 0308 | 0.105
X level Selfemploved  -0.022 | -0.339 | 0137 | 031s| 0108
ok Mot emploved  -0.026 | 0640 | 0163 | 0375 | 0128
Bus or subway station within g ong | 185 | 0047 | 0208 | 0037
3 ten-mimute walk
L Gander, Male 0004 | 0034 | 0012 | 0020 | -0.008
62+ Dniver’s hicense & Auto. owmer 20004 | 00033 0.012 0.019 0008
: Full e work  -0.032 | -0.289 | 0104 | 0168 | 0049
Model 3 Emplovment Parf ime work 0036 | -0.327 | 0118 0.19¢ | 0053
il level Selfemploved  -0.038 | 0344 | 0124 | 0200 0038
Motemploved 0041 | 0378 | 00136 | 0220 D064
Bus or subway station within - 550 | 085 | 030 | oo49 | Do14
ten-mimute walk
Familv malatioq  DOUsebolder ~ 0.029 | 0214 | 0079 | 0135 | 0038
) Spouse 0.025 | -0.189 | o070 | oa1l| o034
Model 4 qu:li“_nlmt Y Notemployed -0.009 | 0070 | 0026 | 0041 0013
6574 : o i
Bus or subway station within - —_— -
_ e L 0031 | 0235 oos7| o138| Do42
; . . Householder 0025 | -0.170 | 0065 | 0,106 | 0024
ms. Fambroelaion ™ oo 0020 | 0136 | 0052 0085| 0019
Model 5 Emli‘f_’;’fm" Motemployed -0.012 | -0.081 | 0031 | o00s1| ool
Bus or subway stabion within 4 4 "
gl £0.031 | 0210 oos1| oa132| o029
L Householder  -0.081 | -0.105 | 00350 | 0072 0024
e Fammily et ™ g ehice 0032 | 0.081 | 0039 | 0.056| 0018
“Eﬁ::"“‘ Model 6 Dhiver's license & Auto. owner 0015 | 0037 0018 | 0026 | 0.008
Bus or subway station within. 5 5en | ny76 | o084 | @121| poso
i ten-mumute walk
v Family relation  OUsebolder  0.016 [ 0119 | 0.045 | 0.066 | 0.020
T e Spouse 0011 | 0082 | 0034 | o048 | 0013
iips " Model 7 Dnver’s hcense & Auto, owmer 0004 | -0.032 0.013 0018 0.005
Bus o1 subway stafion within & = =
e 0031 | 0238 | o097 | 0132| 0039
CONCLUSIONS

In this study, models of trip making were estimated to investigate the travel characteristics of older
adults in Seoul The analysis showed the trip making of older adults varied with age and trip
purpose. Main variables that had a statistically significant effect on increasing the probability of
more trips were: driver's license and avtomobile ownership. not being employed or being
self-emploved or with part time work. higher monthly household income. and presence of a bus
stop or a subway station within 10 punmtes walling distance. Owverall the trip making
characteristics of older adults aged 63 and older differ from those of the younger population. and
there is a difference between the 65 to 74 vear old group and the 75+ group. The trip making
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characteristics of older adults were different by mandatory or discretionary trip purpose as well.
Therefore, transportation policy for older adults should be diversified for different age groups and
trip purposes to maxinuze its effectiveness.

The following implications may be relevant to the development of foture transportation policy
in an aging society. Men 65 or older have a lower probability of maling more trips than women in
Seonl. This fits the experience that men in Korea travel due to work or public activity. However,
older women in Korea tend to make trips to fanuly, to care for gprandchildren to visit relatives, and
for varions outings. This effect becomes not significant for the group 75 and older. For the female
older adults, subsequent study should be conducted to provide detailed analysis of their range of
travel, trip purpose. and transpottation modes, which in turn should be nzed for establishing
transportation policy customized for female older adults.

Age was found statistically significantly correlated with a source of heteroskedasticity. This
shows that age is correlated with unobserved heterogeneity in the participants which is affecting
their trip making. This effect becomes less significant when the age range is narrow and hence
lesser variance. This suggests greater information about the individuals will be helpful. especially
information on physical health but possibly also on psychological factors.

Older adults showed greater sensitivity than the younger group to having a drver’s license and
owning an antomobile. with an inereaze in the probability of more trips compared to older adults
without a license or without an automobile. This suggests that driving iz an important component
of older adult travel in the 63 through 74 age range. Older adults however showed lesser sensitivity
than younger groups to the presence of a public transit station within a 10 minute walk, although
public transit stations are still significant and lnked with a greater probability of older adults
choosing to make more trips. Perhaps this lack of sensitivity is indicative that the present location
of public transit is geared towards other needs than those of older adults. More reseasch into public
transit meeds of older adults is recommended to better understand what hindrances and
inconveniences exist which can be improved to allow older adults to more conventently use public
transportation.

Trip making significantly differed with regards to the economic condition of the older adults.
Older adults with a high household menthly income were more likely to choose making more trips
than those with less financial resources. Public services need to provide affordable or free means
of transport to ensure mobility of older adults vnder financial hardship, especially for trips that are
necessary such as doctor appointments.

The current Household Travel Survey in Seoul could be improved in the foture by considering
more detailed individual household, trip. and environment variables that may affect trip making to
further enhance the wtility of the survey results. For example. personal conditions such as health
condition and disabilities should be inclnded in the survey to capture what are now uncbserved
individual differences which can lead to age correlated heteroskedasticity.
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