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1 ABSTRACT

Although much research has been conducted on nooiees very little has focused on the topic for the
elderly. Considering the very particular behavibttos population group, different factors are ected to
influence their decisions. Travel behavior of thadedy are mostly studied in developed countrieswiver,
developing countries will have a great share ofdlukerly in a few decades. This paper aims to aealy
Mashhad's elderly travel behavior statisticallyailgh the application of multinomial logit model. A
guestionnaire is then designed based on the literaind the particular sample in Iran and admirestéo a
sample of 499 elderly people through a field survBye questionnaire contains socio-economic armd tri
characteristics questions. That includes travejimrand destinations, mode of travel, purpose aegliency

of travel, number of the people along with respansiehousehold size, educational attainment, mgnthl
household expenses, number of cars in the housetdktly car-ownership and having a driving liceriBo
determine the statistically significant variablesl &ulti Nomial Logit model is used and the resutidicate
that the elderly in Masshad tend to use publicsfpant more. Also, car users are mostly women agsg th
prefer to be car passengers. Elderly with highercational attainment and income tend to use caemor
Elderly prefer to walk more as they get older altity men walk more than women. The walking mode
has a negative correlation with the travel distance

Keywords: mixed model, multinomial logit model, neodhoice, elderly, transport

2 INTRODUCTION

Developing countries have a great share of therlglgmpulation increase. By 2050, 8 out of every 10
elderly will be living in a developing country. Qvthe past three decades, the Islamic Republicaof has
been experiencing rapid socio-demographic and enmnehanges that have placed Iran amongst the
countries that will have an old age structure leyrtiid-21st century. These changes have occurreapstly

that social institutions were unable to acquireessary capacities and capabilities to cope with keaep
pace with them. Only during recent years, theseg@mgissues attracted the attention of officiaititutions

and bodies [Khosravi et al., 2014].

The elderly population itself is ageing too. Tharghof 80+ (oldest old) which is now 14 percent vahch

19 percent in 2050, and there is not much timetéeftdapt facilities in order to improve futuresliuality of

this group [Khosravi et al., 2014]. The number ebple aged 60 years or over is expected to double
between 2015 and 2030 in Iran [United Nations, 20Q8ality of life in old age is related to mobylifMetz,
2000]. As Ipingbemi mentioned, in most cities inveleping countries, gross inadequacies of public
transport, overcrowded buses, environmental polutand poor road infrastructure are the major titpbi
challenges of urban population [Ipingbemi, 2010].

Despite the problems mentioned, it is an importanisideration for policy makers to realize the dide
travel characteristics and behavior. To better tstdad how the elderly travel in Iran, this papsuses on
Mashhad'’s elderly and suggests a Multinomial Ldidel for travel mode choice of this group, consialg
socio-economic and trip characteristics. This pajmersiders some attitudinal factors and checks henet
these factors affect mode of travel.

The next section reviews the existing literaturgramel behavior and mode choice of the elderlye THhird
section explains data and methods. It containatessttal analysis of the data that gathered asnuerial of
this study. In section four, model results are @nésd. Finally, there are conclusions and discussio the
last section.
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3 LITERATURE REVIEW

This section reviews the existing literature on #ffects of an ageing population on travel behavibr
focuses on travel mode choice of the elderly imlat#veloped and developing countries.

Rosenbloom used data from the US, Australia, Geymdew Zealand, Norway, and the United Kingdom to
study environmental problems caused by an aginglpbpn and increased automobility. The resultsasho
that in spite of cultural and policy differenceddery people around the world are more likely to éhav
license, to take more trips, and to do so morenddiethe driver of a car than older people just@ade ago;
they are also less likely to use public transit atidthese lead to increased environmental poltutio
[Rosenbloom, 2001].

Collia et al. highlighted travel patterns of olagetults living in the United States and comparedchiaavel
characteristics of older adults (age 65+) with ygrmadults (ages 19-64). The results indicateahiadugh
older Americans travel extensively, they are lesbifa than their younger counterparts. This patiemore
pronounced among older women and among those vattilitg problems. Older women consistently take
the least number of trips per day, have the lowlesing rates and travel the shortest distancesleOl
Americans travel extensively and rely on persomrdiicies as heavily as their younger counterpa@®o 8f
the elderly travel in personal vehicles, and excdgdpersonal vehicle and walking, all other meahs o
transportation account for about 2% of daily trg@llia, Sharp and Giesbrecht, 2003].

Stern used a correlated multinomial logit model andoisson model to measure the factors affecting
demand for different types of transportation byedld and disabled people in rural Virginia. Theules
indicate that the number of trips were smallerfémnales, older seniors and people with walkingcliffies.
High education and being married resulted in mops.t In order to examine the travel distancesesfior
citizens, (log-)linear regression models are ugualied. The results indicate that a paratransitesys
providing door-to-door service is highly valued tognsportation-handicapped people; Taxis are pigkab
potential but inferior alternative even when sulzgd; Buses are a poor alternative, especiallyial rareas
where distances to bus stops may be long; Makirggdinandicap-accessible would have a statistically
significant but small effect on mode choice; Dethas price inelastic; and total number of tripsaiaks
insensitive to mode availability and characterssftern, 1993].

Van den Berg et al. studies trip-making for sopiaiposes, with a special focus on the demograpgemng
factors. Using social activity diary data, models astimated to predict the number of social tiips,travel
distance and mode of transport for social tripsthvkiégard to transport mode choice the resultcatdithat
older seniors (75+) are less likely to choose tiogdie, relative to driving. No other significange effects
were found. Significant effects were found for gemdousehold structure, education level, car oshipr
having a disability, urban density, distance aredgbrpose of the social activity [Van den Berg,mize and
Timmermans, 2011].

Schmoker et al. analyzed the choice of mode madmotiyolder and disabled people (including the gmun
disabled) for shopping trips to determine what@e$ can best meet their mobility and activity. Thedel
specification was quite sensitive to the assumetsassociated with each mode, in particular ferctioice

of driving. Assumptions were made regarding theésco$ unchosen alternatives (which is a requirennent
all choice modelling with revealed preference dathgy found the best model fit when marginal costs
associated with car use are included, namely peind parking costs, rather than a full average cost
associated with driving (which includes capital gpation and maintenance costs) [Schmécker et al.,
2008].

Li et al. explored the factors that might affea #lderly people’s mode choice behavior in Taiwadnder
the structure of disaggregated demand analysisneeptual framework on elderly people’s mode useas
formulated. Empirical results showed that age, gendmployment status, and living environment aee t
significant factors that influence mode usage efdluerly in Taiwan [Chang and Wu, 2005].

Newbold et al. used the 1986, 1992, and 1998 GkS8erdal Surveys and pseudo-cohort methods to addre
changing driving behavior among older Canadiand,tancompare it among different age cohorts. Result
indicate that while older Canadians undertake fewips, and travel for different reasons than thiosthe
labor force, their reliance upon the private autbieofor transportation is no less significant anhe number

of trips by car with older drivers increase over #tudy period as the population ages [Newbold, €085].
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Mercado and Paez investigated the determinantseainntrip distance traveled by different mode types.
They used data from the Hamilton metropolitan dre€anada, and multilevel models to investigate the
variables that impact distance traveled, with acHigefocus on demographic aging factors. The rasul
suggests that while this effect of age is presenalfi modes analyzed (car driving, car passerayet,bus) it

is considerably more marked for car driving; alseré are significant effects compounded by therieketed
factors of gender, employment constraints, housklgointextual factors; and neighborhoods with high
commercial and residential mix showed a negatilatiom with distance traveled only in the case af ¢
driver [Mercado and Paez, 2009].

Kim and Ulfarsson analyzed the mode choice of fderly and how it relates to activity purpose, gsim
Multinomial Logit model. The results showed that #lderly prefer car between private car, carpmaiblic
transport and walking. This mode is negativelyuaficed by age and is positively influenced by Mehic
ownership, high income and living alone. The elderiefer walking when going on recreational or paes
trips [Kim and Ulfarsson, 2004].

Hu et al. presented a survey and analysis of gigerbple travel behavior in Changchun, China, idiclg
the different gentle elderly people s trip frequeper day, trip purpose, and mode choice. Then enetp
the difference between developing countries anckldged countries on elderly people travel behaaer,
well as analyzed the reason of these phenomenaftdag and Wang, 2013].

Ipingbemi assessed the travel characteristic arfailityocrisis of the elderly in Ibadan Metropolishe use

of bus and walking accounted for 30% and 29.6% h&f modal split. Chi-square analysis indicated
significant variations in terms of travel time amdnsport cost in the three density zones. Veldelsign,
long access and waiting time as well as poor fa@sgliat the terminals were identified as constsaiatthe
effective mobility of the elderly [Ipingbemi, 2010]

4 DATA AND METHOD

In this section there is a brief introduction te thvailable modes of travel in Mashhad followedOsta
Collection part, in which the properties of the sfinnaire and the data is discussed. Then inhihg part,
the used method in this study is explained.

4.1 Modes of travel in Mashhad

There are three primary travel modes in Mashhadli®Wransport including bus, LRT and taxi; driviag
car or being a car passenger; and walking. Bike& ¢e ridden by women in Mashhad due to cultural
issues. Also, there are a few bicycle lines withited access to different parts of the city. Sa, many
people use bicycles. The elderly in Mashhad doantehsubsidies for transportation in specific hafrghe
day. Also, there isn’t any special service or amgfdiscount for them. Taking these into accounis, paper
aims to introduce a model that estimates traveleratice of the elderly in Mashhad.

4.2 Collecting Data

For the purpose of this paper, a questionnaire lpnddased on LATS (London Area Travel Survey)
questionnaire was developed and then localized)dnember 2015. To consider the distribution of the
elderly in the city, an estimation of the rate bé telderly over the total population in each zoment
calculated, using Statistical Center of Iran’s daft2011. A face to face survey with 524 respondesite
conducted in February 2016. The final number obrés used for mode choice modeling is 499 reconds a
it excludes bikes and motorcycles due to thelelghare in the sample.

The questionnaire has three sections. The firdiose@asks about trip information (i.e. mode of #hv
purpose and frequency of travel, number and relatibthe people along with respondents during their
travel), while the second part asks about persmfiafmation (i.e. age, gender, work status, persand
household characteristics, car-ownership and eimedtattainment) and the third part is about il
perceptions on environment, safety, comfort, coirerare and flexibility of mode of travel. The thisdction
was not found statistically significant and therefave don’t mention it in the following sectionslsa by
asking residential area of the respondents, ti@disednce was measured afterward.

Sample characteristics are shown in Table 1. Mehvamen have almost equal shares in this sample. Ag
is categorized in three groups. The youngest peirsdhe sample is 60 and the oldest is 105 yeats ol
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Educational attainment grouping starts from theooptless than middle school” because most elderly,
especially older women, has primary education oedhacation at all due to economic and culturaldssof
their time. In order to have an income index, hbot# average monthly expenses is asked. In trawditio
families in Mashhad, men has all the responsieditio financially support the family and for thesason a
few elderly women in the sample (3%) are not awafréhe average household monthly expenses. Most
elderly in the sample don't live alone and 41%h&fh has a bigger household size than 2.

Variables used in the Model All related categories N %
Gender Woman 252 51
(gender: female =1 , male=0) Man 247 49
60-64 307 61
Age 65-70 114 23
70< 78 16
1 86 17
2 208 42
Household size 3 138 28
(HH 1 : If Household size is 1 = 1; otherwise = 0) 4 47 9
5 17 3
+6 3 1
Less than Middle school 236 47
Middle school 83 17
Educational attainment High school diploma 93 19
Education 1 (Less than Middle school =1; otherwise 0) Associate degree 26 5
Bachelor’'s degree 40 8
Masters and higher degree 21 4
Less than 1 236 47
1-2 163 33
Household average monthly expenses (million tomans) gj ;O ;4
(1 USD =32,457.90 IRR) 45 6 1
5< 0 0
| don’t know 16 3
none 296 59
Elderly car-ownership 1 166 33
2 37 7
+3 3 1
none 232 46
. 1 216 44
# Cars in household > 48 10
+3 0 0
Driving license Men 196 78
(License: having license =1, otherwise= 0) women 44 19
5 or more days a week 106 21
Trip Frequency 2-4 days a week 72 15
(Trip frequency 2: If trip frequency is 2-4 days aweek =1; Once a week 86 w
otherwise = 0) | 1-3 times a month 66 13
Less than once a month 130 26
Made journey once only 39 8
Returning home 113 23
Workplace 28 6
Trip Purpose Visiting friends/relatives at their home 88 17
(purpose 3 : If trip purpose is visiting friends /relatives =1; | Personal business (e.g. doctor, hospital, bank) 99| 20
otherwise = 0) Shopping 107 21
Sport or entertainment 44 9
pilgrimage 20 4
none 320 64
. 1 138 28
# along with respondent > 35 7
+3 6 1
Gender 1 (Gender of the person along with respondén| Woman
female =1, male =0) Man

Table 1: Sample characteristics

Having a driving license among men and women isutaled separately. 78% of men and 19% percent of
women have a driving license in this sample. Tlegemajor holy shrine in Mashhad and thus tripppaes
contain pilgrimage. Also work status is not usedha model, because of the small share of thistiques

response.
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Figure 1: Elderly users of each mode by gender
According to Figure 1, elderly men tend to walk sntinan women while a greater percentage of women us
public transport and car as their mode of travel.

By only 19% percent of driving license, it is cambéd that women prefer to be car passengers wigte m
prefer to drive.

Car Walk Public Transport
Women 11.7 13.7 19.0
Men 7.1 7.9 12.3

Table 2: Percentage of the elderly with someonegathuring travel
Table 2 shows that older women who use car haveatey share of traveling with at least one peedong
with them. Elderly men tend to walk more than womdmle women use public transport more.

According to Table 3, average travel distance lier élderly that use car is higher than other motiksse
who walk have a smaller average walking time torikarest bust stops, although the difference fisr th
measure among three groups are not very consi@erabl

Car Walk Public Transport
Average Travel Distance (km) 5.3 3.4 4.4
Average Travel Time (min) 16.0 41.3 29.0
Average Walking time to the nearest bus station (mi) 9.5 8.51 9.3
Table 3: Average travel time and distance by eaohgof users
Car Walk Public Transport
Age 60-64 78 25% 98 32% 134 43%
65-69 30 26% 31 27% 54 47%
+70 20 27% 25 34% 29 39%

Table 4: Percentage of elderly by mode and age

As indicates, how share of each travel mode chabgédacreasing age of the elderly. By increasing,ag
elderly prefere to walk more and this result isiEimwith Hu et al. [Hu, Wang and L. Wang, 2013jdings.
In this part, sample characteristics were preseiitethe following part, the modelling method igpained
briefly.

4.3 Method

To determine the relation between personal andciigracteristics and mode of travel of the eldealy,
multinomial logit model (MNL) is applied to distingsh the differences among different options prewity
the questionnaire. MNL is the simplest practicalcdite choice model. Discrete choice models argeter

17
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from the assumption of utility maximization of dsioh makers' behavior. The net utility ()Jfor option n
and individual i is formulated as follows:

(1) Uni :Vni +£ni
Where \;is the observed part amg is the random part. Vis a function of the observed attributes and is a

linear combination of these attributes. The logiice probability is:
/"

erll
p =S
(2) Fa Zjevm

The logit model is obtained by assuming that emglis independently, identically distributed exteralue.
The distribution is also called Gumbel and typ&tteme value [Train, 2009].

Variables used in modeling are listed in Table koAstatistically significant dummy variables apecified
in the Table 5.

5 RESULTS

In this section, statistically significant variablare represented in Table 5. The choice of triavieétween
car, walking and public transport as mentionediearBy adding another constant to the model, the
constants would indicate that, if all explanatoayiables are evaluated at zero, people are lesly li& walk

or use a car and more likely to use public trantsfBy increasing travel distance, it is less likéiat elderly
walk as expected.

Mode of travel Variable Parameter P-Value
Constant -0.79301 0.0029
Gender 0.92433 0.0016

Car No License * gender 1 0.45739 0.0147
Education1 -0.29789 0.0055
License -0.33688 0.0174
Monthly expense 0.08477 0.0190

Walk T.ravel distance -0.02726 0.0012
License 0.88280 0.0826
Trip frequency 2 -0.28142 0.0109
Education 1 0.17570 0.0187

Public transport #along * Purpose 3 -0.65208 0.0143
Gender 1 * gender * purpose 3* HH 1 0.77451 0.0539
Walking time to the nearest bus station -0.51328 0246

Number of observations 499

Log-likelihood (no coefficient) -534.6508

Log-likelihood -489.2842

R-squared 0.0849

R-squared adjusted 0.1075

Table 5: MNL model for Mashhad elderly mode of g#av

Older people in Mashhad make the majority of thegs by public transport according to Table 4, ethis
similar to results of Hu et al. [Hu, Wang and L. Mga 2013].Women, who are accompanied by another
woman and travel with the purpose of visiting fderor relatives and live alone, tend to use pubdissport
rather than car, and this group is statisticalgngicant in the model. Statistical analysis hahewn that
men prefer to drive more than women while womerfgore® be car passengers and it confirms the esiilt
the Netherlands [Van den Berg, Arentze and Timmean2011], London [Schmdcker et al., 2008] and
Taiwan [Chang and Wu, 2005]. Elderly with highearihprimary education tend to use car more. High tri
frequency (2-4 times a week) has a negative inflaem using public transport.

With regard to Table 1, car users are mostly woleth the majority of this group don’'t have a driving
license (81%) and the model shows these resuligiisAs monthly household expenses increase, lglder
are more likely to choose car. Monthly expensesissidered as an income index and it can be coedlud
that as income level increases elderly prefer ® c& more and this result is similar to findings o
Schmdcker et al. [SchmoOcker et al., 2008]. For walkmode, travel distance has a negative sign which
shows that as the distance increases, it is lksly lfor the elderly to choose this mode. Drivimgehse is
positively significant in this mode. According tégkre 1, in this sample men use walking mode mbaa t
women, and they mostly have a driving license. Adicg to the model, as the walking distance to the
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nearest bus station increases, it is more likelypflic transport users to choose this mode. Ayetaavel
time to the nearest bus station is shown in Tabite all three modes. The difference among theswadces
are not significant. Also the distance is askedftbe elderly and is not calculated exactly.

6 CONCLUSION

The elderly is a significant part of the society dneir travel characteristics is necessary dubei specific
travel pattern and its involvement in transportnpiag. This study was conducted to find out thevdta
characteristics of the elderly in Mashhad, the sdgmopulated city of Iran. The research in thislesige
sample indicates that 47 percent of the elderly ndsss than middle school level of education drair t
monthly expenses are less than 1 million tomand3D = 32,457.90 IRR) on average. Elderly with highe
educational attainment and higher income tend ¢éocas more. In addition, 46 percent of the eldddynot
own a car in the household and 59 percent of tterlgl don’t have a car of their own. 78 percenthef
elderly men and 19 precent of the elderly womethénsample have a driving license.

All variables were tested to find out the statilic significant variables through an Multi Nomikabgit
model then.The results indicate that the elderlyvismshhad tend to use public transport more thaeroth
modes. Car users are mostly women and with a 1€eperate of having a license, they are mostly car
passengers. By increasing travel distance eldeelyess likely to walk. Walking has a greater shareng
elderly men.

It is recommended that similar studies with focumsome specific purpose, or one city zone or a great
number of respondents being conducted to obtaire metailed results.
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