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Abstract

This studyanalyzel the complex travel behavior of transit usdrg expandingonventional trip
based approaches by considering full actirgveltours and patternsasbasic units of analysis.
Atour wasdefined as a sequence of triisat begins and ends at honand a patternwas
definedasl y Sy ( ’sddinck of acviies and associated traVée consideed basic
descriptive analyses to first analyze work tautbe tours that contain at least one work
activityt of transit commuers and then used Structural Equation Modeling to identify the
factors that determine the work tour chees.Latent Class AnalygisCAwasthen used to
describe the pattern behavisiof all transit users. The results obtained using the 2017 National
Household Travel Survey dataset suggesthat 80 percent of work tours consed of seven
dominant touis and thatwork tour choicewas influenced by a set of soettemographics, built
environment, and activitgravel characteristics. THeCAmodel suggestd that transit users can
be divided into five distinct classesamely regular 90-5 commuters, aftetwork stop
commuters, multimodal multiple trip makers, morning ramork travelers, and recurrent
transit userswhere each class lla representative actiwttravel pattern The resits can help
transit agencieso identify transit user groups with particular activity patterns and tosider
market strategieso addresauser travel needs and to improve the quality of sersipsvided
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Analysis oActivity-Travel Patterns
and Tour Formation of Transisbrs

Executive Summary

The compleity of travel behavior hasvolwes over time as travelers respond to various activity
demands and the changing supply environment, measured by congestist),and emerging
technologies. Complexity in travel behavior is often manifested by an increasing tendency to
chain several @ivity purposes within @&our to minimize total travetime and the number of
trips. In response ravelers seek more flexibteavel modes to complete their complex travel
demand. While personal vehicles arguably provide the most flexibility in termmanéging

travel needsa more sustainable mode of transport is public transit. However, public transit
often offers less flexibity and mobility services than a private car in chaining activities due to
temporal and spatial constraints such as fixed routes and schedules, transfer requirements,
waiting times, and access/egress issueswidespread adoption grguably dependentmoits
ability to offer effective chaining of activities as well as trips. Unfortunately, little is known in
the context of American travel about the complex travel bebawff transit users. Our goalas

to address this research gap. In this study, we expldine tour formation and overall activity
travel patternsof transit users. Here, a touvas definedas a sequence of trips that begins and
ends at homeand contains at least one owif-home activity A patternwas defined aghe
complete sequence of activitiemd trips made over a full 2dour day

The first objective of this research isdnalyzenowandwhenpublic transitcommuters
incorporate nonwork activiieswithin their work tours, constrimed byfactors such asork
time commitments, transit operating characteristics, and access/egress isaygsticular, we
identified dominant patterns of work tours made by transit commuters and analyze these tours
using a set of activityravel analyics and data from the 2017 National Household Travel Survey
(NHTS). The primary insightsre: (1) about 80 pecent of work tours consist of seven
dominant patterns whereas the remaining 20 percent of tours demonstrate a total of 106
diverse and more comjglated patterns; (2) half of the transit work tours are complex; (3) most
simple tours are transionly tours whereas most complex tours are mufiddal tours; and (4)
transit use is more complex than the traditional home to work commute with a diversef set
choices at various stages of activity schedulifigese study findings are discussed in Chapter 2.

The second objectiveas toanalyze the activity pattern behavior of transit usegs
using acomprehensivapproacht Latent Class AnalygisCA) Inparticular, we identifed latent
classes of transit @ss based ometerogeneity in activitstravel patterns and then assoceat
those classes withocicdemographic characteristics of transit us@rghe classBased on the
2017 NHTS dat#he LCA modeduggesed that the transit users can be divided into five distinct
classes where each clasdrarepresentative activityravel pattern. Class 1 constitule
primarily employedwhite maleswho make transidominant simple wdk tours. Class @as
primarily composed ofvhite females who makeomplex work tours. iBployed millennials
comprisal Class 3 and nie multimodal corplex tours. Class 4 represestyoungernon-white
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andolder adult groups who n@e transitdominant simple norwork tours. Last, Class 5
members mae complex norwork tours with recurrent transit use angrimarily comprisel
single older women. In addition, we obsed#he activity-travel patterns of four disadvantaged
groups of transit users, namely peopi#o livedin (1) carless househdd(2) lowincome
households, (3) rural areas, and (4) where older adults. Wedund thatthesedisadvantaged
groups usd transit differently thannon-disadvantaged grougp More specifically, these groups
of people typically usitransitin non-work actvity-travel patterns.Detailed discussion is
provided in Chapter 3.

Finally,we developed a tour choice modeio characterize public transit commuters
(who) based on the complexity of work tours aaldoto assess the impacts démographic,
location, and activitytravel factors on the likelihood of a transit commuter chimgsa
particular type of work tourWhy). Based on 2017 NHTS dasaStructural Equation Model
(SEM) was developedhd results suggestl that married men with no childrenral high
vehicle ownership living in lodensity areas teneld to make simple work tours while single,
non-millennial women with children who live in higlensity neighborhoodsere more likely
to make complex work tourdlso, millennialvhite males withhigher income and higér
educationwho areliving in denser areasere more likely to make complex tours with werk
based sukours. Moreover, denser residential neighborhoods, flexible work schedules, and
private vehicle availability in work touvgere obsewed to increase the propensity of making
any kind of complex tour&hapter 4 presemttheseresearch outcomes.

Transit agencies can benefit from the research findmgs$our formation and daily
activity-travel patterns of transit users bglevelopingmarket strategieso address transiusers
travel needs andhusto improve the quality ofransit servicel provided.
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Introduction

Public transit is considered a sustainable mode of transiom that can reduce automobile
dependency and thus can mitigate some of the negative consequences of automobile use,
including congestion, air pollution, and energy consumption (Federal Highway Administration,
2018). However, with operatiortgpicallybased a fixed routes and fixed schedules, public

transit offers lower flexibility and mobility services than automobiles, particularly in satisfying
complex travel needs (Hensher and Reyes, 2000) and thus is considered a less attractive mode
to manypotential ugrs. A better understanding of daily activitgavel patterns of transit users

is needed to allow transit operators to evaluate their services and to implenteategies to

attract more people tdransit.

In recent years, a wealth of resech has been auopleted thatfocused on techniques to
SEGNI OG0 AYyTF2NXNIGAZ2Y argvel patdrng ByminingizarSitsRart cakd A £ & |
data (Maet al,, 2013;Maet al, 2017; Bhaskar and Chung, 2014; Moreetcgl., 2007; Chu and
Chapleau, 2010; El Mahedial,, 2014; Heet al,, 2020) These studies mostly covered the data
YAYAY 3 LINRPOSRdAzZNB 0dzi RAR yttavel paterhdiivamNafewl K S dza S N.
exceptions (e.gGouletLangloiset al.,, 2016). Alsahe insights on activityravel patternswere
derived either from Australian, Asian, Caral or European contexts. Thus, our knowledge of
activity-travel patterns and tour formation of transit users in the US context has been limited.
Our goal in this sidywas to address this research gap.

More specifically, this study investigatéhe complex activitytravel patterns and tour
formation of transit users. Here, the terpatternreferredto a complete sequence of activities
(in-home and outhome) and trig made by an individual over a full day wher&ag, a basic
unit of a full patternwas defined as a sequence of trips that begins and ends at the same
location (here, at home) and contains single or multiple activifiesirs can be constructed
with different degree of complexity based on how many different activities are involved in a
tour (more precisely how many nemome locations a tour entajlsAsimpletour started and
ended at home and includes a single rbome activity. If the activity performedas work,
then itwas asimple worktour; for any other activity type, Mvas a simple noawork tour. On
the other hand, a tour containing more than one rbame activity locatiorwas defined as a
complextour. If all norhome activitiesvere work, then the toumwas acomplex workour; if all
the nonhome activitiesvere nonwork, then the tourwas acomplex noavork tour. Complex
tours can also combine work and narork activitiesin the same tour, in which case thesere
deemedwork-non-work mixedtours (Rafiqg and McNally, 202D The detailed classification of
tours are shown in Figure 1a and Figure 1b.

Pacific 10
Southwest
Region UTC

University Transportation Canter



Analysis of activityravel patterns and tour formation of transit users

Figure 1. Defining simple and complex tours
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Since worlactivities are less flexible, employed people with a+4m@me work activity
typicallymade at least one work tour (either worknly or worknonwork mixed) and then
aligred their nonwork activities with respect to that tour. Nework activities ould be
performed as separate nework tours or as a part of a workonwork mixed tour, in five ways:

| Work-nonwork mixed |

1. before work non-work performed before starting the first work tour of the day by
making a na-work (simple or complex) tour

2. way to work when an individual has sti&d his work tour but did not yet reach the
workplace and performedonwork activities on the way

3. during work non-work activities that are performed outside workplace but the person
returned toworkplace after completing them

4. way to home non-work activties that are performed as the person is on his way to
home from the workplae but has not reached home yet

5. after work non-work activities that are performed by making separate +woork tours
after returning home from work.

This report is organized aslifmvs. Chapter 1 discusses the relevant literature on transit
users. Chapter 2 describes the data and sample used in the researghemathtdetailed trip
characteristics and tour formatiofparticularly work tourspf transit usersChapter 3outlines
the activity-travel patterns of transit users and transportation disadvantaged groups. Chapter 4
summarizes the factors that govern the choice of a pat#r type of work tour. @clusions,
limitations, and policy implicatins are discussed in @pter 5.
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Chapter 1: Literature Review

This section provides @S NIBA Sg 2F LINBQOA2dza f AGSNY 0dz2NB G K|
demographics, travel characteristics, and trip chain behavior

1.1Sociedemographic and Travel characteristics of Transit Users

In a recent study, the APTA (201drsnarized the dominant @racteristics of transit users as
aged between 25 to 54 yea(39%) employed(71%);belongngto a 1- or 2-person household
(57%)women(55%)andwhite (40%), It has beenobserved that ethnic minority groups

depend more on public transit than the white population (Grahml, 2019). Differences in
sociodemographic characteristiagere observed between bus and rail riders. For example, the
level of education of rail rids was greater than that of bus riders (70% versus 42% who have at
least a bachelor's degreandrail riderswere more likely to be employed than thebus rider
counterparts.Household income of rail riders teed to be higher tharfor bus riders Taylor

and Morris, 2015APTA, 2017; Gralet al, 2019;Buehler and Pucher, 2012ince rail riders
have higher household incomeand thushave a greater availability of vehiclethey thushave

a higher chance diaving aR NJ& @cenédiian bus riders. Wairail riderswere more likely to

be white than black bus riders hd anequal distribution between theseacial groups (APTA,
2017).

In addition to the differences between bus and rail riders, heterogeneity among transit
users might exist due to the variation in trip characteristics, daily actikatyel patterns, tour
formation attributes, attitudes, preferences, transit service giyaland residential location
attributes. In previous studies, heterogeneitgd 20 a SNIWSR o6l aSR 2y (GNI yaj
and preferences toward transizfiou et al., 2004; Iseki and Smart, 2012; Krizek aG®&tidy,
2007), residential neighborhood tyge I YR dza SNBEQ | GdAGdzRSa 6 bl Y3dzy
and travel behavioral features (Ou and Cai, 2018), and user characteristics and service quality
(Bordagaray et al., 2014).

The sociedemographic and travel characteristics of various transit disathged
groups, such asenior citizens, lovincome households, and people living in rural arease
also considered in prior studies. For example, Yang and Cherry (2017) examined the socio
demographic characteristics of rural transit users and observatittiese users tened to be
non-white, captive riders (hd difficulty in finding alternative transport modes), théower
personal and household income, and adfewer cars. Giuliano (2005) observed the role of
transit in the travel behavior of lowncomehouseholdsandfound that these householdsere
auto-dependent rather than transitlependent {ransitwas used only for a small portion of
their travel). The limited availability and lack of service qualitydm&ransit a poor substitute
for a private vehtle for these householdsThose who ustransit regularly hd the lowest level
of mobility among all population segmenifhe use of public transit among older adulas
explored by Hess (2009) who found that older adults who are malewioie, and bebng to
low-income householdgere more likely to make frequent transit trips.
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Next, we discuss some major characteristics of transit trips. According to APTA (2017),
public transitwas predominantly used to travel to or from the workplace (49% trips). The
second most frequent trip purpos&as shopping (21%). While rail ridevere more likely to
indicate their trip purpose as getting to or from work, bus rideese more likely to use transit
for traveling to or from school, medical or denggdpointments, or other purposes (e.g. picking
up a car from service appointments, business appointments). The majority of ridet$rassit
five daysper week. Most of theeusers (more than twdhirds) chose to walk either to access a
station (access)r to reach a destination (egress).

Identifying gaps from previous literature

Despite the complexity of an individual's activitgvel patterns, the overall transit user
population mayfall into a small number of heterogeneous sgioups eachwith a defned
representative activittravel pattern. However, previous studies did not consider such
heterogeneity in terms of user trips or tour/pattern characteristics in a combinatiorwith
their demographics. Identification of potential transit market greupith representative daily
activity-travel patternsmayhelp transit operators to understand user demand for activities as
well as travel and to implement market strategibst address a particular group of users to
meet their travel needs and to improvuality of servicePrior research examinethe socie
demographic and travel characteristics of selected gemfgransit disadvantaged groups.
However, these studies did not focus on the full actriigvel patterns of these groupsan
aspect thatis likely very importantin understandng activity-travel need over variousperiods
of the day.

1.2Trip Chain Behavior of Transit Users

Prior works that considered trip chaining or tour behavior of transit users focused on a variety
of issues. Hensher and Reyes (2000) found in Sydney, Australia that the likelihood of public
transit usagalecreaseé with the change of a tour from simple t@mplex. Based on a limited
number of sociedemographic variables, they regressed the utility of a simple and complex tour
(work or nonwork) as®ciated from either car or public transit usage. Krygsman et al. (2007)
investigated, in the context of the Nethlands, the causal relationships between travel mode
choice (car or public transit) and the insertion of intermediate activities before, in between, or
after a work activity within a work tour. The authors concluded that the inclusion of an
intermediate $op for nonwork activity before or after work teretl to decrease public transit
utility but increasel car utility. Moreover, they found thaor home-based work tours, activity
decisionswvere made before deciding travel mode whereas Islam and Habib (2@k2yved

that trip chaining and mode choice decisiomere made simultaneously for work tours. Yun et

al. (2014) observed a negative association between the complexity of trip chains (measured by
stop frequency) and transit usage for work tours in ZhoagsiChina.

In contrast, Currie and Delbosc (2011) found in Melbourne, Australia that trip chains
made by public transit appeared more complex than those undertaken by car particularly for
non-work tours. However, the opposite relationship was found for kvimurs. Primerano et al.
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(2008) observed that in Adelaide, Australia all forms of mass public transport tours in@olved
higher numbers of activities compared to private-tased tours. The authors argued against
the hypothesis of Hensher and Reyes (20D@t public transit is not flexible for complex trip
chaining. They instead suggested that the nature of complex trip chaining belf@vprblic

transit users is different rather than inflexible. With public trangggrs can access destinati®n
compiising a mix of land uses in close proximity to one another whereas travelers using a
private car can access activities located at multiple destinations that are not necessarily close to
each other. This statementas reinforced by Ho and Mulley (2013). Bda®n the Sydney
Household Travel Survey data, the authors showed that public transit usage in tours idcrease
as the number of activities located in close proximity to one another chained into a tour
increase (yielding amultiple purpose single destinati tour). These results suggestthat
chaining multiple activities in tours does not necessarily hinder public transit usage but an
unfavorable spatial distribution of activity locations might do so.

By challenging the traditional notion of a positivesasiation between car usage atite
complexity of trip chaining anidentifyingthe importance of regional variability in trip chain
behavior, Susilo and Kitamura (2008) suggestedith@isaka, Japanansit commuters tendd
to chain trips more often and make more stops than car commutgased on onboard transit
ridership survey dta collected in Indiana and Ohio, US, and the results of univariate analysis,
Bernardin Jr et al. (2011) suggested that transit touese at least as complex as tours by other
modes. They also found that the complexity of transit work tomas highly dpendent on
income and vehicle ownership of the commuter, for instance-ile@ome transit commuters
were observed to make more complex tours than affluent commuters.

Identifying gaps from previous literature

In summary, previous studies only addressedittierrelationships between the complexity of
activities and the utility olternatemode usage with a primary focus on private vehicles and
public transit. In recent yearspanystudies hae been conducted (using data from China,
Canada, Australia, andi®pe) focugd on techniquedor extracting information on transit

NA RSNE Q HRaval patiernk 16y imfiggitranait smart card daMg et al., 2013; Ma et al.,
2017; Bhaskar and Chung 2014; Morency et al., 2007; Chu and Chapleau, 2010; EltMbhrsi e
2014; He et al., 2020Yhese studies mostly covered the daaning procedure but did not
NEO23IyAT S (KS Niavelpatdn: with @W dxceptiors @ jgEbubeALanglois et

al., 2016). Moreovertheseinsights on transit activityravel patterns or trip chain behavior

were derived either from Australian, Asian, or European contexts. Therefore, our knowledge of
travel behavior of transit users from an activity tour-based perspective in the USaher
limited.

1.3This Study ithe Context of Previous Literature

The purpose of this studyas to perform an irdepth analysis of the activitiravel patterns and
tour formation of transit users in the US context. More precisely, our research weedsas
follows:
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To analyzénow andwhenpublic transit users incorporate different nemork activity
demands within their work tours, constrained by work time commitments, transit
operating characteristics, and access/egress issues.

To develop a tour choice model to characterize publicgtacommuters\who) based

on the complexity of work tours and to assess the impacts of various demographic,
location, and activitstravel factors on the likelihood of a transit commuter to choose a
particular type of work tourwhy).

To identify latent classes of transit users based onhiberogeneityin daily activity
travel patterns and tour formation.

To analyze the activitiravel patterns of transitlisadvantagedyroups, such as zero
vehicle ownersplder adults low-income howeholds, and people living in rural areas.
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Chapter 2. EmpiricalAnalysisof Tours Utilizing Transit

Public transiusuallyoffers less flexibility and mobility services than a private car in chaining
activities due to temporal and spatial constraintEkuas fixed routes and schedules, transfer
requirements, waiting times, and access/egress issuebrdtsderadoption and uage are
arguably dependent on its ability to offer effectivieaining of activities anttips. Tobetter
understand thedemographictrip, and tour characteristics of transit useraie exploretour
formation andthe overall activitytravel patterns of transit usergiacomprehensiveinivariate
analy®s whichare presentd in the following sections.

2.1 Transit Users andahsit Commuters: Data and Sample

The 2017 Mtional Household Travel Survey (NH3i8yidesinformation on travel by US
residents in all 50 states and the District of Colun{Biederal Highway Administration, 2017)
includng data on trips made by all modeof travel (private vehicle, public transportation,
pedestrian, biking, etc.) and for #éfip purposes (travel to work, school, recreatiatg.). The
dataset contains the following four data tables:

Households (socteconomic and location characterisgiof surveyed households)
Persons (demographic characteristics of all household members)

Trips (over 2sours by all household members 5 or older and-tefated attributes)
Vehicles (vehicles used by the responding households)

E I

The NHTS dataset contains 129,696 households consisting of 264,234 persons who took a
total of 923,572 tripsFor this study, we identifiedublictransit usersas those individuals who
start their first trip from home and end their last trip at home antio used public transit for at
least one trip segment A choice of travel mode is treated as public transit if it is any of the
following: public or commute ks cityto-city bus subway/elevated/light rail/streetcarand
Amtrak/commuter rail Thisyields afinal sample of 4,994 individuals who made a total of
20,222 trips where almost half of the trips are maaetransit (10,011). W identifiedtransit
commutas as those individuals who are at least 18 years old, perform at least one work
activity, and used public transit in at least one trip segment within their htwased work
tours. This resulted in subsampe of 2,448 individuals. dine-based work tours aréormed by
linking person trip sequences that start and end at home and contain at least one work activity.
The result was a total of 2,454 hormased work tours.

2.2 Demographics of Transit Users

Who are domestic public transit user§able2.1 summarizetiousehold, personal, and location
characteristics of selected transit users who used a transit niodat least one trip segment.

1When a trip involves a change of modeachmode defines &ip segment
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Table2.1 Descriptive statistics of transit users (N = 4,994)

Variables Percentage of users (%)
Householdcharacteristics
Household size

Household size = 1 29.4
Household size = 2 34.7
Household size > 2 35.9
Number of household vehicles
Number of vehicles =0 36.2
Number of vehicles = 1 29.7
Number of vehicles > 1 34.1
Monthly household income (USD)
Low income (less than $35K) 37.3
Middle income ($35K to $100K) 29.2
High income ($100K or more) 31.2
Presence of child agedX¥ 19.0
At least one vehicle per licensed driver 48.1
Personal characteristics
Age groups
Younger group (below 18 years) 6.6
Millennials (18; 38 years) 33.8
Generation X (38 58 years) 32.3
Older adults (more than 58 years) 26.1
Gender: Male 48.6
Employment status: Employed 62.2
Race: white 59.3
Type of transit use
Commuter rail 42.7
Public bus 62.4

Location characteristics
Population density (persons per sq. mile) in census block group

Low density (€2000) 17.1
Medium density (200.0000) 42.5
High density (>10000) 40.4
MSA has a rail connection 50.7

In terms of household characteristics, a majority of transit users have more than two
persons per household (35pg2rcent) and belong to a lower income group (annual income less
than $35K USD) (37 percent). Few of these households have children aged 17 years or lower (19
percent) and 51.9 percent are car deficient households (less than one car per licensed driver).
The age distribution of transit users is similar for millennials-(38 years) and Generatioredé
(38- 58 yearg and there is a considerable fraction of older adults among users (26 percent).

Most of the transit users aré/hite (59.3 percent), employedR.2 percent), and live in medium
to high-density areas.

Pacific 17
Southwest
Region UTC

University Transportation Canter



Analysis of activityravel patterns and tour formation of transit users

2.3 Trip Characteristics of Transit Users

What arethe characteristics of individual trips made by transit u8éfigure2.1 shows that

transit is utilized for a considerable fraction of work (24qamt) and return home trips (38
percent). Shopping or running errands (14 percent) is also a common trip purpose of transit.
Only 5 percent of trips are made by transit to go to school or religaotisity. Note that we did

not consider school bus as algic transit category. Transit is occasionally used for transporting
someone (pick up/drop off) or going to a restaurant or mediaaility.

Figure2.1 Distribution of transit trips by activity purposes

Schoal/religious 5%
hMedical/dental 43

-Shupping,-"e rrands 14%

Social/recreation 7%

I [k up, drop off 23
Meals 4%
e thers (2%)

Next, we investigate how the demand for transit trips for three activity purpeses
work, nonwork, and return home- varies over timeof-day. Figur€.2 shows that the overall
demand for transit, represented by the fraction of trips made by transginslar (about 30
percent) for all conventionally definddne periods during daytime (i.e., AM peak, midday, and
PM peak period)Trip purpose however,varies among these three time periods. For example,
during the AM peak period (6 agi10 am), a majoty of transit trips are made for work
purposes (about 17 percent) whereas the higher fraction of midday (16 &mm) trips are
made for norwork purposes (15 percentand thedominant share of PM peak (3 any pm)
transit trips represergreturn home tips (20 percent). Since transit services are typically
unavailable or operatevith lower frequency during the late evening through early morning (7
am¢ 6 am), it is not surprising to obseradower fraction of transit trips (11 percent) during
this perod.
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% of all mode users

Figure 22 Distribution of trip purpose by time of day
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The fraction of people traveling by activity purposes can be displayetinrean motion plotin
Figure2.3 whichcompares travelers making trips by éd) modesversus (bpublic ransitonly.

Figure2.3 Time in motion plot by trip purpose
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Note that we categorize trip purposes into fogroups: {) work: work and work
related trips; @) maintenance: school/daycare/religious activity, medical/dental services,
buying goods, buying services, other general errands, and drop off/pick up som8pne; (
discretionary: go out for a meal, snackrrgaout, recreational activities, and visiting friends or
relatives; and4) return home. Figur@.3 shows that travelers typically commute to work
during the AM peak period and return home during the PM peak period (Fij8a¢. Transit
riders demonstrag¢ a similar trend but with higher peaks (Fig@8b). The higher peaks for
work and return home trips indicate that among transit riders, the majority of travelers are
employed and use transit regularly, primarily for work and return home purposes. Meanote
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trips are observed to occur at a coast rate throughout the day except in the evening period
(Figure2.3a). When travelers use transit for maintenance purposes, a similar trend is observed
with a slight variation in the late midday and PM peak pasi (Figure.3b). Fordiscretionary

trips, no prominent difference appears between trips made by all modes and trips by transit
only.

Mode use behavior of transit uselby trip purposes is shown in Figued. For any trip
purpose, the majority of tripsra observed to be made by public transit except for discretionary
purposesAsimilar fraction of trips (aout 12-13 percent) is reported to be made by transit for
both work and maintenance purposes. The second most frequent mode used by transit users to
access any activity is watig, followed by private vehicles.

Figure2.4 Distribution of travel mode by trip purpose

B Public transit Private vehicle Walk Other mode

Discretionary - 2.8 6.7 0.9
Maintenance _ 5.6 9.3 1.2

wort A6

0.0 50 10.0 15.0 20,0 250 30.0 35.0 40.0

Percentage of trips

2.4Demographics of Transit Commuters

Table2.2 summarizes the household, personal, and location characteristics of the selected
transit commuters who used a transit mode in at least one trip segment of the full Hrmsed
tour. In terms of household characteristics, transit commuterd G average two persons per
household, 77 percent ltka car available (42 percent have more thare) and 44 percent
belongedto a higher income group (annual income exceeds $100K USD). A magygtgar
sufficient households (57 percent that least one vehicle per licensed driver) but few of these
households hd children aged less than or equal 17 years (16 percent). The age distribution
of transit commutersvas similarin numberfor millennials (1838 years) and nomillennials
(above 38 yearsgnd males and femalesere an equal share of transit commuteidost

transit commuterswvere White (@ percent), workd full-time (84 percent), hdflexibility in

work arrival time (53 percent), and ligén metropolitan areas that have rail connections (59
percent),relatively fewin the samplevere Hispanic (11 percent), immigrants (23 perceot)
had multiple jobs (8 percent).
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Table2.2 Descriptive statistics of transit commuters

Variables Mean Std.Dev.
Total respondents 2,448
Household characteristics
Household size 2.42 1.26
Number of household vehicles
Number of vehicles =0 0.23 0.42
Number of vehicles = 1 0.35 0.48
Number of vehicles > 1 0.42 0.49
Monthly household income (USD)
Low income (less than $35K) 0.21 0.40
Middle income ($35K to $100K) 0.35 0.48
High income ($100K or more) 0.44 0.50
Home ownership (Own = 1, Others = 0) 0.54 0.50
Presence of child agedX¥ (Yes =1, No = 0) 0.16 0.37
Number of adults 2.03 0.87
At least one vehicle pexorker (Yes =1, No = 0) 0.56 0.50
At least one vehicle per licensed driver (Yes =1, No =0) 0.57 0.50
Personal characteristics
Age groups (Millennials: 183 yrs. = 1, Others = 0) 0.43 0.50
Gender (Male =1, Female = 0) 0.51 0.50
Type ofemployment (Full time=1, Part time=0) 0.84 0.37
Flexibility in work arrival time (Yes=1, No=0) 0.53 0.50
Multiple job status (Yes=1, No=0) 0.08 0.28
Occupation (Prof managerial or technical = 1, Others = ( 0.62 0.48
Education (at least some college degree = 1, Others =0 0.87 0.34
Hispanic or Latino status (Yes =1, No =0) 0.11 0.31
Race (White = 1, Others = 0) 0.66 0.47
Immigration status (Yes = 1, No = 0) 0.23 0.42
Employment status of spouse martner
Has employed spouse or partner 0.48 0.50
Has noremployed spouse or partner 0.12 0.32
No spouse or partner 0.40 0.49
Captive rider: no vehicle or no driving license or give up 0.34 0.47
driving for medical condition (Yes=1, No=0) ' '
Location characteristics
Population density (persons per sq. mile) in census block group
Low density (€2000) 0.18 0.38
Medium density (200€.0000) 0.41 0.49
High density (>10000) 0.41 0.49
MSA rail status (Have rail =0lges not have rail or 0.59 0.49
household not in MSA = 0) ' '
Distance from home to workplace (mile) 21.89 110.05
Proximity to transit station
Trip time to transit station (min.) 9.72 8.79
Trip time from transit station (min.) 12.52 14.63
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2.5Trip and Tour Characteristics of Transit Commuters

Atouris a sequence of trips that starts and ends at the same location and contains one or more
activities performed at single or multiple destinations. If the starting and ending location in
guestion is home, the tour is deemed a hotlased tour. Since our sy involves working
individuals, we are interested in horsed tours that contain at least one work location

outside home. These are called hofnasedwork tours. A homebased work tour is called a

simple work touif it contains only one work activityub no nonwork activity, thus having an

activity sequence of Homé/ork-Home.

A homebased work tour may also contain nevork activities. These tours are called
work-nonwork mixedours. Here, these mixed tours aselbdivided intocomplex work tours
andcomplex tours with a worbased sub tourComplex work toursontain nonwork locations
F O0SaasSR 2y GKS ¢ & {2 'waylehone)Mulfipledvariidca@ions 2 NJ F NP
can be visited on a toulandtheseare also considereih this tour categoy.

Work-based tours involve visiting nemork locationsduring work'(such as during a
lunch break). When a horeased tour is combined with a woblased tour, we refer to as
complex tour with a worbasedsub-tour. Both simple and complex work tours\veexactly
one circuit whereas complex tour with wellased suktour hastwo or more circuitsone
circuit between home and work, andt(least)one circuit with work as a base.

Figure2.5 shows the general construct of these tour types, with the typedinces
emanating from the degree to which namork activities are mixed with work. For instance,
simple work tours do not involve any nevork at all, complex work tours involve nevork
stops on the way to work and/or on the way to home, and wbdsedtours can have non
work stops in any or all of these three ways. To represent the different types of tours, we
produced a graphical model where activity locations are vertices labeled as H (home),-N(non
work) and W (work) depending on where the activiyperformed and an arrow between two
vertices denotes a trip between the corresponding locations.

A tour type is a generic representation of performing work and-namnk activities and
can be realized in many possible ways. Any specific realization of a tour of a certain type is
called atour patternor simply gpattern. For example, AV-H is a patterrof realizing a home
based simple tour (which happen to be tbely pattern for this particular type) and-N-W-H
and HW-N-N-H are sample patterns of homr@ased complex tours that involve one rarork
on the way to work and two nework activities on thavay to home. As a mean of representing
patterns of any kind, we denote each pattern as-tgle (@, b, ¢) where the three whole
numbers (including zero) indicate the number of reark activities involve on the way to
work, on the way to home, and from wloand back to work respectively. Hence, the three
patterns mentioned can be denoted as (0, 0, 0), (1, 0, 0) and (0,r2spgctively. We uskthis
notation when we identify the most dominant tour patterns from data for our study group.
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Figure2.5 Geneal construct of homebased work tours

« $®%

Simple work tour Complex work tour Complex tour with work-based sub-tour
N': zero or any number of nework
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W*: one or more work
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After extracting tour attributes from the data, we iden&tl which work tour patterns
appeaed most frequently. To ensurasufficient sample of at least 50 observations in each
pattern, weidentified seven dominant patterns that represesd 80 percent of the total work
tours. The remaining 20 percent of these tewere labeled as "other." Figurés6 and2.7
display the identified seven patterns. The simple work wwas deemedpattern 1 Those
patterns that represents complex work toungere deemedpattern 2,with four subbcategories
deemed as patterns 2a, 2b,,2and 2d based on the order of navork activities. Last, complex
tours with a workbased suktour were deemed agattern 3,with two subcategories patterns
(patterns 3a and 3b). We also identified a complex tour pattern comprising 70 observations (2.8
percent of the total). This pattern includegwo work but no norwork activities. Since NHTS
data does not provide location datawiias not possible to identify the precise nature of these
work activities. Therefore, these touveeNBE O2y a A RS NSRER Qly( SIKSNBE® (i K S

Figure2.7 shows the fraction of tours for each of the three primary pattern types. The
largest groupwnvere simple work tours (49 percent). Complex work tours constduke next
most frequent group (32 percent) with stdategory patteris 2a and 2b (33 and 15 percent).
This suggests that travelers who perform neork activities as part of a work tour tead to
do so primarily on the way home from work. Among all pattgqees, complex tours with a
work-based suktour comprisel 19 percent of all HBW tours, with patterns 3a and 3b
constituting 43 percent and 13 percent of these tours, respectively.
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Figure2.6 Seven dominant patterns of work toursimple work tours (1) complex work tours
(2a, 2b, 2c, 2d)andcomplex work tous with work-based subtours (3a, 3b)

Simple
(0,0,0)
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(*, ~k' 0)

Work-based
(*’ *’ +)
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(0, 0, 0)

@@@@

Pattern 2a (N= 262, 11%)  Pattern 2b (N= 118, 5%) Pattem 2c (N= 64, 3%) Pattern 2d (N= 52, 2%)

0.1,0) (1.0, 0) (0,2, 0) (1.1.0)
Pattern 3a (N= 196, &%) Pattern 3b (N= 61, 3%)
(0,0, 1) (0, 1 1)

Figure2.7 Fraction of different work tours

. Pacific
"o L <Southwest
Region UTC
University Transportation Canter

24



Analysis of activityravel patterns and tour formation of transit users

2.5.1 Simple work tour

Thissection discusses the soai@mographic and travel characteristics of travelers making
simple work tours.

2.5.1.1 Soci@lemographic characteristics

The distribution of sockalemographic characteristics of travelers who make simple work tours
is shown in tle spider plot in Figur2.8. The prevailing socidemographic characteristids this
category of toursvere males living with spouse or partner who belong to households that have
at least two workers and no children (aged between 6 and 17) and have imameohe vehicle
(the respondentbeing the primary driver of one of those vehicles). S¢iadividuals reporéd

less flexibility regarding work arrival time.

Figure2.8 Sociedemographic characteristics of travelers in simple work tours
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2.5.1.2Temporal distribution of trips

The temporal distribution of activitie® NJ Wi A YS Ay Y, ®ipattery Qs dsFlayadl NI FS €
in Figure2.9. The figure shows the fraction of respondemtso traveledto a work, nonwork,

or return home activity by the-of-day. Note that the figure covesl trips made in an entire

day, not only the work tour trips. While simple work tours do not include-wonk activities,

such activities could be part of hontsed noAwork tours performed either before or after

the work tour. For simple work tours, such rark purposes can be seen in the PM peak and

evening periods.
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Figure2.9 Time in Motion for three activity purposes in simple work tours
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2.5.1.3 Modal distributions

Each simple work tour lietwo trips: from home to work and from work to return home. Table
2.3 shows the distribution of tours by travel mode tbesetours. The table also shows the
mean travel time for the associated mode. Note that a trip may have multiple travel modes; if
so,the primarymode (which had the highest proportion of travel time) is reported in the table.
We observe that public transitas predominantly used in both legé most simple work tours

(in about 90 percent athesetours). A small fraction of tours Hdaoth trips made by private
vehicles (~5 percent) or on foot (~1 percent).

Table2.3 Percentage of tours and average duration for trip modes in simple work tours
H-W-H (n= 1196)

Fraction of tours Mean travel duration (min.)
H-W W-H H-W W-H

Single mode 97.6 97.1

Multiple modes 2.4 2.9 --—- ---

Primary mode *

Public transit 92.9 88.7 62.8 68.6

Walk 0.3 1.3 37.3 32.1

Private vehicle 5.3 7.9 16.4 24.5

Ridehailing 0.7 1.3 34.0 29.1

Other 0.9 0.8 46.5 48.7

Notes: Homebased work toursvere identified by individuals who usé&dnsit in at least one
trip segment.” If multiple modesvere used in a trip, only the primary modes reported.

Now that weidentified which tripswere made by which modes, wexamired when
those trips started and how they spaada 24hour day. Figur@.10 plots trigs color-coded by
trip purpose with the xaxis showing departure time of day and thexis showing the mode
used. Furtherrore, dots are color coded based on the purpésewhich the tripwas made
(red for work, green for nonwork and blder returning home). The horizontal axis is also
segmented into conventional travel periods: AM peak (6 am to 9 am), Midday (9 am to 3 pm),
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PM peak (3 pm to 7 pm), and Evening (after 7 pm). Notice that for simple work tours, transit
demandwas higher in both the AM and PM peak periods. Transit departure timesttiadbe
earlier than for other modes (at least for travelers who ds®nsit for at least one trip on a
work tour).

Figure2.10 Modal distributions by three trip purposes in simple work tours
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2.5.1.4 Modal sequence by tour

While the preceding discussion focused on mode use for each trip independently, we now
consider mode usage assaqguencavithin a tour to illustrate how transitommutersconnect
modes in their work tours. For this, we represent the modes chosen inglitria sequence
diagramsuch ashown in Figur.11. Instead of showing all sequences that may exist for tours
of a certain pattern (whicleouldbe fairly large for tours involving multiple trips), we coedt

how many times a given modal sequence appeeud report only the top three frequent
sequences.

Figure2.11 Frequent modal sequences in simple work tours
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The top three frequent modal sequences for simple work tovese (transit, transit),
(transit, car), and (car, transit) that constitute about 83 percent, 5 percent, and 1 percent of
tours, respectively, as shown in Fig@é1. That means, in about 83 percent of hotrmesed
simple tours, transitvas used for both the worbound and homebound trips, nearly 5 percent
of tours involvel transit in the first trip and private vehicle in the return leg, and about 1
percentof tours involved the reverse mode choice. In the latter two modal sequences, travelers
reported being car passengers, which denotes a-pjzlor drop off by family members or
friends. On average travel by transuiok about 63 minutes to work in the morning pea&rppod
and about 69 minutes to return home in the evening peak period, as compared to 16 minutes
and 25 minutes by private vehicle, respectively (cf. Taldg

2.5.1.5 Frequency of transit with other modes

Next, wewere interestedin examirnng the frequency of transit use with other travel modes

an aggregate level. FiguBel2 depicts a pie chart for simple work toueschof whichused

transit for at least one trip segmentransit wasalsoused in combination with walk (PT&WK),
private vehicle (PT&P, other modes (excluding walk and private vehicle, PT&Others), or any
two or more combinations of modes. The share of transit only tours (PT only) dominates (83
percent) for simple work tours.

Figure2.12 Frequency of transit with other modes simple work tours

PT & Atleast
two modes

PT & WK /‘1%

2.5.2 Complex work tour

For complex work toutgour dominant patterns (2a, 2b, 2c, and 2d) were identified. This
section represents the properties of each of the identified patterns.

2.5.2.1 Soci@lemographic characteristics

Figure2.13 depicts the distribution of socidemographic characteristics for complex tours
(pattern group 2) relative to simple tours (pattern 1). Travelers wiade complex work tours
were most typically females with medium or high income. They repdrhore thantwo
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members in their householdyere typically the only worker in the household, ahed

flexibility in their work arrival time. Their households textto have at least one vehicle but

the travelerwas not considered the primary driver of thaehicle. They repoed having more
children between 6 and 17 years of age in their household compared to simple tour makers. A
higher percentage of this group of travelers beledgo the nonmillennial group (age > 38

years), and a lower percentage repedtliving witha spouse or partner.

Figure2.13 Sociedemographic characteristics of travelers in complex work tours
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2.5.2.2 Temporal distribution of trips

The time in motion plots for complex work tour makers are shown in Figade Conventional
temporal patterns defined by individual activity starting times are identifiable in the first few
figures but the distributions for more complex tours clearlysiitate the chaining effects before
or afterawork activity. An earlier initial departure time from home by travelers wiemle non
work activities before the work activitpétterns 2b and 2d) is shown in Figé&4. Of interest,
complex tours with one novork stop on their return homep@ttern 2a)had a bimodal
distribution of return home times, peakirfgetween6 pm and 8 pm. This suggedthat some
travelers also hda homebased norwork tour thatwas performed after the workour.
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Figure2.14 Time in Motion for three activity purposes in complex work tours
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2.5.2.3 Nonwork activity type and duration

A complex work tour may involve multiple trips and one or more-namnk activities. To
analyzethesetours in depth, we examad the mode and travel duration for each trip a tour
as well aghe activity purpose and duration for each nevork activity within the tour. Table
2.4 and2.5 presentthese results for the four identified patterns gnoup 2, including how non
work activity purposes and the amount of time spent on them dédtkaicross these patterns,
particularly when norwork activities aligad themselves with respect to work. We focus on
attributes of norwork activities and defer the discussion on modehe next section.

For complex tours where travelers make a single-namnk stop on the return home
(pattern 23, shopping (buying goods or servicess the most frequent activity (occurring in
about 40 percent of these tours) and with an average duration of about 37 minutes. On the
other hand, for noAwork activity on the \ay to work pattern 2b), the most common activities
were pick up/drop off or buying a meal. Such activitiese of shorter duration (about 6
minutes for pick up/drop off and about 11 minutes for buying meals) whether due to implied
time constraints on thgourney to work or simply the nature of these activities.
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For travelers who perfored two nonwork activities on the return homgpattern 29,
most repored a shopping activity as the first namork stop (on about 34 percent of tours),
with the next mostfrequent nonwork task being buying meals (@bout 19 percent of tours).
The same two nowork activity purposes dominatkin the second nofwork stop. With
respect to activity duration, travelers speon averageof 26 to 48 minutes for shopping and
about 57 to 72 minutes for buying meals (substantially greater than meals prior to work). This
difference is likely due to both greater flexibility after work and the cultural nature of meals by
time of day (with after work meals often involving family oefrds).

Table2.4 Percentage of tours for trip modes and nemork activities in complex work tours

2a. HW-N-H 2b. HN-W-H 2c. HW-N-N-H 2d. HN-W-N-H

N =262 N=118 N =64 N =52

HW W-N NH |[HN NW W-H|HW W-N NN NH|HN NW W-N  N-H
Single mode 97.3 96.2 98.1|99.2 932 975|100 980 100 96.9| 98.1 96.2 98.1 96.2
Multiple modes 27 38 19 |08 68 25 |00 16 00 31 |19 38 19 38
Primary modé
Public transit 89.7 648 352|458 576 729|859 547 234 266|385 615 76.9 23.1
Walk 34 161 207|237 288 68 |31 156 234 188|269 2838 135 327
Private vehicle 46 161 39.1| 297 127 127 |63 188 484 516|308 7.7 7.7 385
Ridehailing 15 15 42 |00 00 59 |31 63 31 31 |19 00 00 19
Other 08 15 08 |08 08 17 |16 47 16 00 |19 19 19 38
Non-work activity
School/Daycare/Religious 4.6 10.2 6.3 4.7 9.6 5.8
Medical/Dental 5.0 25 4.7 1.6 3.8 1.9
Shopping/Errands 39.5 18.6 344 422 7.7 28.8
Social/Recreational 14.9 5.1 125 141 1.9 135
Pick up/drop off 7.7 24.6 125 4.7 38.5 32.7
Buying Meals 16.5 26.3 18.8 26.6 28.8 7.7
Others 11.9 12.7 109 6.3 9.6 9.6

Notes: Homebased work toursvere identified by individuals who used public transit in at least
one trip segment. If multiple modesvere used in a trip, only the primary modes reported.

Table2.5 Average duration (minutes) for trip modes and namorksin complex work tours

2a. HW-N-H 2b. HN-W-H 2c. HW-N-N-H 2d. HN-W-N-H
Primary mode N = 262 N=118 N = 64 N =52

HW  W-N N-H | H-N N-W W-H | HW W-N N-N N-H | HN N-W W-N N-H
Public transit 56.0 54.1 514 | 47.8 58.3 65.2 | 55.7 59.5 35.5 445 | 56.1 49.1 51.0 47.6
Walk 240 144 18.7 | 11.2 10.0 315|195 113 10.8 2151 9.6 8.7 15.9 15.6
Private vehicle 13.4 395 194 | 124 12.7 26.7 | 25.0 33.3 19.2 16.2 | 149 145 305 26.7
Ridehailing 245 40.0 21.8 | 0.0 0.0 320 | 240 135 19.0 125 | 10.0 0.0 0.0 30.0
Other 450 353 175|150 70 135|790 217 80 0.0 | 400 170 150 30.0
Nonrwork activity
School/Daycare/Religiou 266.0 156.9 117.0 122.0 53.0 132.3
Medical/Dental 67.7 125.3 81.7 60.0 67.5 108.0
Shopping/Errands 37.0 20.5 256 479 5.0 24.9
Social/Recreational 161.4 90.8 95.3 168.3 28.0 140.6
Pick up/drop off 25.6 5.9 136 6.7 9.8 12.4
Buying Meals 59.7 11.1 573 724 10.1 70.0
Others 94.5 80.2 174.6 85.5 63.4 78.8

With the case of two nonvork activities before and after worlpdttern 2d), it is
interesting to note that the purpose of the two nemork activities appear to be negatively
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Others —
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correlated that is, tasks of a certain type performed before worldl@alower chance to appear
again after work, and vice versa. For example, shoppingfels and social/recreation happen
less often before work than after work (7.7 percent versus 28.8 percent for shopping and 1.9
percent versus 13.5 percent for social) whereas buying meals patiesrethe converse (28.8
percent and 7.7 percent before aradter work, respectively). The only exception to this trend is
pick up/drop off, which occurs quite equally in both legs (38.5 percent and 32.7 percent),
possibly due to picking up a child from school/daycare after work wiidoean dropped off
before goirg to work.The most frequent activity performed on the way to waovks pick

up/drop off. It may be worthwhile to investigate how transit commuters manage to pick
up/drop off someone on their way to work or way home since use of transit often involves a
change of modes (access/egress modes) and therefore, does not provide as much flexibility and
convenience as a private vehicle.

2.5.2.4 Modal distributions

Unlike simple work tours, complex tours combine work with wwaork activities in a single tour.
Arguaby, private vehicles often provide the most flexibility in complex travel, thus, individuals
with access to a private vehicle over the duration of a work tour would typically find it flexible
and convenient to connect nework activity demands on a work touSince public transiften
operates under greater constraints, it dprovide as much flexibilitin accommodaihg non-

work activity stops within a work tour. It remains to be answered how travelers who use transit
for at least one trip within a wortour manage to connect to nework activities.

Figure2.15 Modal distribution by three trip purposes in complex work tours
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Tohelpunderstand the modal distribution of trips in complex work tours, we exadhine
the top unshadedectionof Table2.4 and the modal distributions plot in Figu2el5. Travelers
who hal non-work activities on their way to worlpéttern 2b)had different modechoices
returning home than for travelers who perfoed non-work activities on the way home
(patterns 2a, 2c, and 2d). Tab®4 demonstrates that fopattern 2b transitwas dominant for
the return home trip, while for the other three patterns in this egbry, private vehicles
dominated on the return home trip. Figure 15 shows that few work toursdusde-hailing
services or other modes, regardless of trip purpose, when travestalso used on the tour.
Last, in the two tour categories where a ratork activity occurs on the way to workdtterns

2b and 2d), a higher fraction of car and walk tmpse recorded during the AM peak period
(Table2.4 and Figure.15).

2.5.2.5 Modal sequence by tour

Figure2.16 shows the three most frequent modsgquences in the identified four patterns of
complex tours. We also examithéhe average travel timéor each trip by different modes

within a tour from Tabl@.5. Combined, the analysis contributes to the understanding of mode
usage in activitiravel paterns in terms of activity type and temporal proximity.

The four patterns of complex work tours shegwariations in the sequence of mode
usage. Irpattern 2g transitwas reported as travel mode for all the three trips in the largest
fraction of tours (abut 20 percent), followed by transit to work and nerork trips and then
private vehicle for the return home trip (about 18 percent). In 15 percent of the tours of this
patterntype, transitwas used for the first two trips and walkas reported for the lat trip. This
case may be attributedota choice of a nofwvork activity in close proximity to home (19
minutes walking time (Tabl25).
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