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Socio-demographics represent personal and household characteristics.
Urban form, which is measured not only at tour origins but also at tour
destinations, helps capture the effects of residential density, retail and
non-retail densities, transportation connectivity, public transit accessi-
bility, and land-use mix. Structural equation model (SEM) approaches
are applied to examine the interrelationships among these variables.
The model results reveal that significant effects with expected signs
exist among travel behavior: Trip chaining is negatively associated with
joint travel and positively related to travel distances, and joint travel
has negative effects on travel distances. Consistent with existing lit-
erature, socio-demographic attributes are strong explanatory factors of
travel behavior. Urban form characteristics have significant influence
on travel distances at both tour origins and destinations. The findings
of this study will improve the future evaluation of transportation proj-

ects and land-use policymaking.
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1 Introduction

Increasing attention in recent years has been given to research of travel behavior. Outcomes of travel
behavior, primarily in terms of travel distances and vehicle miles traveled (VMT), have been viewed as
main contributors to greenhouse effects, energy consumption, environmental quality, traffic conges-
tion, and traffic accidents (Akar, Chen, & Gordon, 2016; Brownstone & Golob, 2009; Rentziou,
Gkritza, & Souleyrette, 2012). In addition, travel distances and travel demand are associated with
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activity-travel patterns such as trip chaining and joint travel (Bricka, 2008; Duncan, 2015; Vovsha,
Peterson, & Donnelly, 2003). Given the fact that the transportation system is related to negative ex-
ternalities, planners and policymakers try to control and manage the activity-travel patterns and travel
distances (Van Acker & Witlox, 2010). Trip chaining is commonly defined as a home-based tour that
connects multiple out-of-home activities (Primerano, Taylor, Pitaksringkarn, & Tisato, 2008). Investi-
gating the mechanism and consequences of trip chaining improves understanding of links between ac-
tivity participation and mobility (Noland & Thomas, 2007; Yang, Wang, Ren, Fan, Qi, & Chen, 2010;
Ho & Mulley, 2013a; Ho & Mulley, 2013b; Vovsha et al., 2003). Researchers investigating joint travel
find that joint tours represent a substantial percentage (around 40 to 50 percent) of total home-based
tours in many metropolitan areas, such as in Ohio and New York in the United States and Sydney in
Australia (Ho & Mulley, 2013a; Vovsha et al., 2003). Therefore, research about joint travel can improve
the evaluation of transportation policies and their implementations such as high occupancy vehicle
lanes and high occupancy toll lanes (Srinivasan & Bhat, 2008; Vovsha et al., 2003). Trip chaining and
joint travel are generally identified as measurements of tour complexity, intra-household interactions,
and spatial-temporal constraints in travel behavior studies (Chandrasekharan & Goulias, 1999; Ho &
Mulley, 2013a; Noland & Thomas).

Many studies have regarded trip chaining, joint travel, and travel distances as different aspects of
travel behavior to be explained by various factors, including socio-demographics and urban form (Akar
et al., 2016; Ewing & Cervero, 2001; Ewing & Cervero, 2010). However, limited work has been done
to use activity-travel patterns as mediating variables and analyze how trip chaining and joint travel shape
the resulting travel distances. Furthermore, relationships between travel behavior and built environment
at out-of-home activity locations remains unclear. By using 2012 houschold travel survey data of the
Cleveland metropolitan area, this study aims to fill this gap by achieving the following research objec-
tives: (i) investigate the interconnections among trip chaining, joint travel, and resulting travel distances;
(ii) use socio-demographics and urban form at tour origins and destinations as exogenous variables to
explain activity-travel patterns and travel distances; (iii) estimate the mediating effects of socio-demo-
graphics and urban form via trip chaining and joint travel on travel distances.

The paper is structured as follows. Section 2 reviews previous research on trip chaining, joint travel,
and travel distances. Section 3 describes the conceptual framework and the structural equation model
(SEM) used in this study. Datasets and variables used in this study are summarized in Sections 4, 5, and
6. Section 7 provides model results and relevant discussions. Section 8 concludes with important find-
ings and future research directions.

2 Literature review

A tremendous amount of research has tried to explain travel behavior (trip chaining, joint travel and
travel distances) using socio-demographics and urban form. This section briefly summarizes the previ-
ous studies.

2.1 Trip chaining

A number of definitions of trip chaining have been developed during past decades (Holzapfel, 1986;
McGuckin & Murakami, 1999). Based on the studies that Primerano, Taylor, Pitaksringkarn, and Ti-
sato (2008) review, trip chaining is used to link secondary activities to a primary activity through trips,
which begin and end at home. Empirical studies usually use trip chaining to measure the tour complex-
ity in terms of number of activity stops or number of trip segments within the tour (Liu, 2012; Noland
& Thomas, 2007; Wang, 2014; Yang et al., 2010).
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Among the personal characteristics, gender, travelers’ age, and employment status are important
determinants of trip chaining (Bhat, 1997; Kitamura & Susilo, 2005; Liu, 2012; McDonald, 2005;
McGuckin & Murakami, 1999; Noland & Thomas, 2007; Susilo & Kitamura, 2008; Yang et al.,
2010). Such studies find that women, elderly, and workers tend to chain more trip segments. House-
hold income and the presence of children in the household have positive impacts on trip chaining
(Antipova & Wang, 2010; Bhat, 1997; Kitamura & Susilo, 2005; Krizek, 2003; Liu, 2012; Lu & Pas,
1999; Schmécker, Su, & Noland, 2010; Susilo & Kitamura, 2008; Van Acker & Witlox, 2011; Wang,
2014). On the other hand, increasing household size and vehicles per worker decrease the tendency of
trip chaining (Bricka, 2008; Kitamura & Susilo, 2005; Susilo & Kitamura, 2008; Van Acker & Witlox,
2011; Wallace, Barnes, & Rutherford, 2000).

Several studies have revealed that the built environment of residential locations has significant in-
fluence on trip chaining. For instance, people living in the low population density neighborhoods tend
to make more complex trip chaining (Noland & Thomas, 2007; Bricka, 2008). Kitamura and Susilo
(2005) suggest that non-workers residing in suburban areas tend to chain less trip segments. Frank,
Bradley, Kavage, Chapman, and Lawton (2008) show that higher presence of shops and services where
travelers live and work is associated with reduction of activity stops within commute tours.

2.2 Joint travel

The interest of studying joint travel has been raised by the recognition that an individual’s activity-travel
decision is not isolated but affected by the other household members (Ho & Mulley, 2013b). Chan-
drasekharan and Goulias (1999) find that households with only one vehicle may be motivated to pursue
joint trips, and households with children are more likely to travel jointly. Vovsha et al. (2003) conclude
that full-time workers are more likely to travel alone and pre-driving-age people are more likely to make
joint travel.

More recently, Lin and Wang (2014) address that households with children have more joint activi-
ties and travel. Their study also suggests that household income has positive impacts on traveling with
family members. Households’ life-cycle stages and children’s attributes, such as the presence of children
in households and the age of the youngest child, influence parents’ activity-travel patterns significantly
(McDonald, 2005; McDonald, 2006; Sun, Waygood, Fukui, & Kitamura, 2009; Tillberg Mattsson,
2002; Waygood, 2011). Multiple studies indicate that children at different ages impose different con-
straints on joint travel patterns as children’s ages increase, the burden of adult chauffeuring and supervi-
sion decreases (Ho & Mulley, 2015; Vovsha et al., 2003; Vovsha & Petersen, 2005).

Existing literature reports the potential influence of urban form factors on joint travel decisions, yet
empirical evidence is limited. For example, Vovsha et al. (2003) find people living in urban areas have a
higher tendency to travel together.

2.3 Travel distances

Previous research links socio-demographics, trip characteristics, and built environment to travel dis-
tances. Women are found to travel shorter distances than men (Akar et al., 2016; Elldér, 2014; Mercado
& Piez, 2009). The elderly travel less frequently and when they do, they cover shorter distances (Akar et
al., 2016; Elldér, 2014; Mercado & Piez, 2009; Schmocker, Quddus, Noland, & Bell, 2005). Having
a driver’s license increases travel distances (Akar et al., 2016; Mercado & Pdez, 2009; Morency, Péez,
Roorda, Mercado, & Farber, 2011; Schmécker et al, 2010). Workers travel longer distances than the
counterparts do (Akar et al., 2009; Liu, 2012; Mercado & Piez; Schmocker et al., 2009). People with
higher education levels tend to travel longer distances (Akar et al., 2009; Dieleman, Dijst, & Burghouwrt,
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2002). Household income and vehicle ownership increase travel distances (Akar et al., 2009; Dieleman
et al., 2002; Elldér, 2014; Liu; Schmécker et al., 2005).

As built environment has been shown to influence travel distances significantly, land-use patterns
around residential neighborhoods are widely examined and reviewed in existing studies (Ewing & Cer-
vero, 2001; Ewing & Cervero, 2010). For instance, Dieleman, et al. (2002) report that people living
in suburbs or rural areas travel longer distances. As compared to living in the non-urban areas, Elldér
(2014) shows that people who live in medium to large urban areas travel longer distances. Akar et al.
(2016) find that travel distances increase for those who live in the areas with higher percentage of single
detached housing units and lower densities in population, employment, and intersections. Mercado and
Péez (2009) conclude that high mix of commercial and residential areas is negatively associated with
travel distances.

Despite the fact that a considerable amount of literature has been using socio-demographics and
urban form to explain different travel behavior indicators, the empirical work of examining the effects
of activity-travel patterns on the resulting travel distances is limited. In addition, the effects of land-use
patterns at out-of-home activity locations on travel behavior are unclear. This paper aims at investigat-
ing the interconnections among the travel behavior indicators by using trip chaining and joint travel as
mediators of travel distances. The effects of built environment are examined not only at tour origins but
also at tour destinations.

3 Conceptual framework and methodology

3.1 Conceptual framework

Figure 1 illustrates the relationships between socio-demographics, urban form, and travel behavior in
this study. This study uses home-based tour as the basic unit of analysis. Based on the literature review,
it is reasonable to hypothesize that personal and household socio-demographics, along with urban form
at tour origins and destinations affect trip chaining, joint travel, and travel distances. Since travel is
a derived demand of undertaking activities (Kitamura, 1988), this study postulates that individuals’
decisions of whether or not to travel with other household members depend on the activities that they
participate in. Therefore, trip chaining is assumed to influence joint travel. Both activity-travel patterns
then affect the travel distances for each tour.

Personal and household N o
. . 44 Trip chaining }
socio-demographics / AN

Travel distances

Urban form at tour
origins and destinations

Joint travel

Figure 1: Conceptual framework
3.2 Structural equation modeling (SEM) and path analysis

To analyze the interconnections among socio-demographics, urban form, activity-travel patterns, and
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travel distances simultaneously, path analysis is applied in this study. Path analysis is a special case of
structural equation modeling (SEM) that only includes measured variables (van den Berg, Arentze, &
Timmermans, 2013). SEM is a statistical technique for estimating causal relations of exogenous vari-
ables on endogenous variables using a combination of statistical data and qualitative causal assumptions
(Pearl, 2000; Xiao, 2013). SEM can deal with multiple endogenous variables and exogenous variables
and examine the interrelationship among variables by estimating the total, direct, and indirect effects.
Total effects are the sum of direct effects and indirect effects. Direct effects are defined as the links be-
tween exogenous variables and endogenous variables. Indirect effects represent the sum of all the effects
of the involved variables (Liu & Shen, 2011). Kuppam and Pendyala (2001) summarizes that a typical
path analysis in structural equation model with “G” endogenous variables can be presented as following
matrix equation system in Equation 1:

Y; €

v . 0
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=[r X] [r] +|

Y’G g

The above matrix equation system can be rewritten as

Y=(U-B)Y(TX +¢) )
(or)
Y=BY +TX +¢ 3)

Where Y is a column vector of endogenous variables,
B is a matrix of coefficient associated with right-hand-side endogenous variables,
Xis a column vector of exogenous variables,
I'is a matrix of coefficient associated with exogenous variables, and
€ is a px1 vector of residuals of the endogenous variables.
This paper uses AMOS, which is a software program used to estimate SEM. Given the fact that the
data involve non-normal variables, maximum likelihood (ML) estimator with bootstrapping procedure
is applied for coefficient estimation (Byrne, 2013).

4 Research design

4.1 Data sources

The primary data used in this study are the 2012 Northeast Ohio Regional Travel Survey data which
are collected at the Cleveland metropolitan area (Wilhelm, Wolf, Kang, & Taylor, 2014). The travel
survey data include trip segments and activity location information, along with individuals’ personal
and household characteristics. The study area comprises the following five counties of Ohio: Cuyahoga
County, Geauga County, Lake County, Lorain County, and Medina County. Due to privacy concerns,
trip origins and destinations are released at transportation analysis zone (TAZ) level.

The corresponding urban form data in 2012 come from several sources: Census Transportation
Planning Products (CTPP), Google General Transit Feed Specification (GTFS), and Topologically In-
tegrated Geographic Encoding and Referencing (TIGER). The urban form variables measure various
aspects of the built environment including density, transportation network design, and land-use mix at

TAZ level.
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4.2 Trip chaining and joint travel in the data

The trip segments in the survey data are combined into home-based tours, which are defined as the
sequence of trips starting and ending at an individual’s home (Primerano et al., 2008). The number of
activity stops that measures the concept of trip chaining is then collected from each home-based tour.
Joint travel is represented by the ratio of joint trip segments to total trip segments for each tour,
which captures intra-household interactions and the level of how individuals cooperate the travel with
their family members. The value of joint travel ratio for each tour is calculated by the following equation.
Number of joint trip segments in tour;

RJOINT; = %1009
I £ Total trip segments in the tour; % (4)

Where RJOINT? means the ratio of joint trip segments for a home-based tour 7
43 Classification of tour types and primary activity for each tour

As described in the previous section, this study uses urban form variables at tour origins and destinations
to explain activity-travel patterns and travel distances. Adopting the definition from Liu (2012), the tour
origins are the residential locations and the tour destinations are the locations of primary activities for
each tour.

To classify the tours and determine the primary activity locations, all the tours are categorized into
three types. The mandatory tours are composed of the trips only for two mandatory activities: work and
school. The mandatory-mixed tours consist of trips for mandatory and non-mandatory activities. The
non-mandatory tours only include the trips for non-mandatory activities.

Among the three tour categories, the definition of the primary activity for each tour is follows: (1)
the primary activity for mandatory tours and non-mandatory tours is the activity with the longest activity
duration within the tour, (2) the primary activity for the mandatory-mixed tours is the mandatory activity
with longest activity duration.

5 Variables of interest

Table 1 shows the selected exogenous and endogenous variables in this study. There are three endog-
enous variables of travel behavior in the model: trip chaining, joint travel, and travel distances.

The exogenous variables include socio-demographic and urban form variables. Gender, age, li-
cense ownership, employment status, and transit pass ownership are included as personal characteristics.
Household attributes consist of household size, number of household vehicles, household income, pres-
ence of children and youngest child’s age.

Six built environment variables are included to evaluate the effects of urban form at tour origins
and destinations. Densities of residential population, retail employment, non-retail employment, inter-
sections, and bus stops are calculated at the TAZ level (per square mile). In addition, a job-population
balance index adopted from Ewing et al. (2011) and Akar et al. (2016) is included in this study. The
equation of job-population index is presented as follows.

(lemployment — 0.7xpopulation|)

b — lation index, = 1 —
Jo popuiation index (employment + 0.7 xpopulation) (5)

Where Job-population index, means the job-population index for TAZ %. The parameter 0.7 rep-
resents a balance of employment and population in the study area.
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This index ranging from 0 to 1 captures the balance between employment and residential popula-
tion. Only jobs or residents exist in the TAZ when the index is close to 0. On the other hand, the ratio
of jobs and residents is optimal from travel behavior perspective when the index value ranges to 1. The
parameter varies based on different empirical facts of existing research. In order to maximize the explana-
tory power of the variable, Ewing et al. (2011) uses 0.2 and Akar et al. (2016) uses 0.5 in their studies.
In this paper, this value is adjusted to 0.7.

Table 1: Endogenous and exogenous variables used in this study

Variables | Description

Endogenous Variables

Travel distances Distances traveled per home-based tour

Joint travel Joint travel ratio per home-based tour

Trip chaining Number of activity stops per home-based tour
Exogenous Variables

Lersonal socio-demographics

Female 1, if individual is female; 0, otherwise

Age Age (in years) of individual

License status 1, if individual has a driver’s license; 0, otherwise
Employment status 1, if individual is employed; 0, otherwise

Transit pass ownership 1, if individual has transit pass; 0, otherwise
Household (HH) socio-demographics

HH size Number of household members

HH vehicles Number of household vehicles

HH income Household income (in thousand US dollar)

No children presence in HH 1, if no child in the household; 0, otherwise
Youngest child’s age is up to 5 in HH 1, if the age of youngest child is up to 5; 0, otherwise
Youngest child’s age is 6 to 10 in HH 1, if the age of youngest child is 6 to 10; 0, otherwise
Youngest child’s age is 11 to 15 in HH 1, if the age of youngest child is 11 to 15; 0, otherwise
Youngest child’s age is 16 to 18 in HH 1, if the age of youngest child is 16 to 18; 0, otherwise
Urban form variables (for tour origins and destinations at TAZ level)

Residential density Residential population per square mile

Retail density Retail employment per square mile

Non-retail density Non-retail employment per square mile

Intersection density Number of intersection nodes per square mile

Bus stop density Number of bus stops per square mile

Job-population index Lr;iaej;hat measures the employment and population

6 Descriptive analysis

For the interest of this study, tours from households with one person are dropped from the dataset as
these households would not generate joint trips with members from the same household. After data
screening and cleaning, the sample data used for analysis consist of 7,398 tours, which are made by
4,655 individuals from 2,442 households within five counties of the Cleveland area. Table 2 summarizes
the descriptive statistics of the sample data. Among all the tours, the average travel distances are 17.23
miles; the mean of activity stops for each tour is 2.43; and around 25% of trip segments within each
tour are made jointly. Women are slightly more represented in the sample data than men. Around 90%
of participants have driver licenses, 7% of travelers are transit pass owners, and nearly 60% of survey
respondents are employed. The average household size is around 3, each household has two vehicles on
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average, and the average annual household income is around $70,000. About 65% of households do
not have any children, 10% of households have a child 5 years of age or younger, 7% of households’
youngest child is between the ages of 6 and 10, 13% of the households’ youngest child is between the
ages of 11 and 15, and 7% of households’ youngest child is between the ages of 16 and 18. Figure 2
demonstrates the study area, which includes Cuyahoga, Geauga, Lake, Lorain and Medina Counties of
the Cleveland area. The tour origins and destinations are presented at the centroids of the TAZs.

Table 2: Descriptive statistics of sample data

| Sample Percentage | Mean | Std. Dev.
Travel behavior for each tour
Travel distances (miles) 17.23 17.93
Trip chaining (number of activity stops) 243 1.91
Joint travel (ratio of joint trip segments) 24.83 39.45
Personal socio-demographics
Gender
Female 51.9%
Age 49.94 17.45
Has driver’s license 88.37%
Has transit pass 7.39%
Employed 58.02%
Household socio-demagraphics
Household size 2.87 1.19
Number of household vehicles 2.02 1.05
Household income (in thousand) 68.16 48.32
No children presence in household 65.27%
Youngest child’s age up to 5 in houschold 9.75%
Youngest child’s age 6 to 10 in household 7.58%
Youngest child’s age 11 to 15 in houschold 10.73%
Youngest child’s age 16 to 18 in household 6.67%

Cleveland Metropolitan Area Fef

Ohio

4 Tour Destinations. Primary out-ol-home activily locations
*  Tour Origins: Residential locations

0255 0 [ swdyarea
[ = = — )

Figure 2: Study area: the Cleveland Metropolitan Area
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7 Results

This section provides the overall model fit and effects of exogenous and endogenous variables. First,
model fit is discussed and several fit indices are demonstrated. Then the effects of endogenous variables
are presented. The direct effects of exogenous variables are shown, which indicate how socio-demo-
graphics and urban form affect travel behavior directly. Finally, the indirect and total effects of exogenous
variables are discussed. Using activity-travel patterns as mediators, the indirect effects of the exogenous
variables specify the effects channeled via the activity-travel patterns on travel distances. The total effects
are the results of direct effects and indirect effects. All the coefficients are examined but only the coef-
ficients with p-value less than 0.1 are shown in Table 3.

7.1 Model fit

The model has x* of 20.212 with 32 degrees of freedom corresponding to a probability of 0.947. This
implies the model fits the data very well and cannot be rejected. The ratio of x* and degrees of freedom
is 0.632, which is an indicator of good fit (Schermelleh-Engel et al., 2003). Other measures of fit, such
as root-mean-square error of approximation (RMSEA = 0.001), comparative fit index (CFI=0.99), and
standardized root mean square residual (SRMR=0.003) are found to be acceptable by model fit criteria
for SEM (Mueller & Hancock, 2010; Hu & Bentler, 1999).

7.2 Effects among endogenous travel behavior

According to the direct effects among endogenous variables in Table 3, all direct effects among travel
behavior are statistically significant. Trip chaining is negatively associated with joint travel. This means
increasing the complexity of tours may decrease the tendency of sharing the same travel patterns with
other family members. Trip chaining is positively associated with travel distances. This may indicate that
as tours become more complex, the travelers are likely to take indirect routes to the tour destinations.
All else being equal, joint travel is negatively related to travel distances. The results show that the tours
with higher joint travel ratio are more likely to be shorter. One possible reason is that traveling longer
distances with other household members may require more spatial-temporal coordination as compared
to traveling shorter distances. It can also be explained by the fact that tours with high joint travel ratio
tend to be local tours, such as chauffeuring children to school. The standardized total effects of two
activity-travel patterns suggest that trip chaining has stronger effects on travel distances than joint travel.

7.3 Direct effects of exogenous socio-demographics on endogenous travel behavior

Table 3 shows that most socio-demographics have significant impacts on travel behavior. Women are
more likely to travel with other household members. Being female is negatively associated with travel
distances. This finding indicates that women make shorter home-based tours then men, which is consis-
tent with the previous findings (Akar et al., 2016; Elldér, 2014; Mercado & Piez, 2009).

Age poses a negative influence on trip chaining, showing that older people tend to make simple
tours. The possession of a driver’s license is negatively correlated with trip chaining. The interpretation
of this finding could be combining multiple trip segments is not compulsory for licensed individuals.
The ownership of a driver’s license is negatively associated with joint travel. This may be because people
without driver’s licenses are more reliant on those with licenses in a car-favorable environment. Consis-
tent with existing research, the driver’s license ownership is positively related to travel distances (Akar et
al., 2016; Mercado & Pdez, 2009; Morency et al., 2011; Schmécker et al., 2005). The model results sug-
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gest that people who have a transit pass are inclined to make complex tours. This is probably due to the
fact that transit pass owners have higher propensity to utilize park-and-ride facilities. In addition, transit
pass owners tend to rely on public transit more, which may require more transfers. Susilo and Kitamura
(2008) argue that transit commuters have greater propensity to visit non-work places near transit stops
on their commute routes. The transit pass owners are less likely to travel with their family members. This
could be explained by the fact that the owners have more choices and fewer constraints when traveling.

Consistent with the findings of Lin and Wang (2014), the negative effects of being employed on
joint travel reveal that workers have higher propensity of traveling alone. The fewer intra-household
interaction in terms of traveling may due to workers’ less flexible daily schedules. On the other hand,
supporting the existing literature (Akar et al., 2016; Liu, 2012; Mercado & Péez, 2009; Schmécker et
al., 2005), workers may be inclined to travel longer distances.

Looking at the direct effects of household attributes, one can see that the household size is nega-
tively associated with trip chaining and travel distances. Similar to the findings of Kitamura and Susilo
(2005) and Susilo and Kitamura (2008), people from larger households tend to make shorter and sim-
pler tours. Wallace et al. (2000) indicates that larger households may have greater number and variety of
destinations, which decrease the tendency of making complex tours.

As anticipated, the positive effects of household size on joint travel show as household size increases,
individuals are more likely to travel with their family members. Number of vehicles affects travel distanc-
es positively and joint travel negatively. The interpretation of this finding could be that the household
vehicles are treated as a resource constraint for traveling. The household income has negative impacts
on trip chaining, implying that household income may also be viewed as a resource constraint while
combining trip segments. In agreement with previous studies (Akar et al., 2016; Dieleman et al., 2002;
Elldér, 2014; Schmocker et al., 2005), household income is found to be positively related to travel dis-
tances. The presence and age of children in households are influential factors for joint travel. Compared
to households without children, households with the youngest child between 11 and 15 tend to generate
more joint trips. This is consistent with the previous studies (Vovsha et al., 2003; Ho & Mulley, 2015),
which found that the needs for adult supervision and chauffeuring for children in these households are
higher than the counterpart.

7.4 Direct effects of exogenous urban form variables on travel behavior

The model results demonstrate that the urban form measurements influence the travel behavior at tour
origins (i.e., residential locations) as well as at tour destinations (i.e., primary activity locations). Resi-
dential density at tour origins and destinations negatively affect travel distances, meaning that the tours
people take from and to compact residential areas tend to be short. Furthermore, high resident density
in residence neighborhood is found to increase the tour complexity, which is constant with Kitamura
and Susilo (2005).

The retail density at tour destinations is positively associated with joint travel. This implies that
people may tend to travel jointly when their primary activities are located in retail intensive areas. At tour
origins, it is reasonable to see that the effects of retail density and non-retail density on activity-travel
patterns are opposite. The retail density influences trip chaining and joint travel negatively, whereas the
non-retail density affects both of the activity-travel patterns positively.

Intersection density and bus stop density capture the street connectivity and public transit accessi-
bility respectively. The results show that the increasing intersection density at tour destinations decreases
joint travel. As expected, the intersection density at tour origins is negatively correlated with travel dis-
tances, implying that people live in better transportation network areas are more likely to make shorter
tours. Increasing bus stop density at tour destinations increases the trip chaining and travel distances.
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This finding may imply that people traveling to the areas with more available travel modes are more apt
to make complex tours and travel further.

The job-population index has negative effects on travel distances at both tour destinations and
origins. On the other hand, this index has positive effects on joint travel at tour destinations and origins.
People are more likely to travel together with their family members and make shorter tours if they live
in or travel to a neighborhood with a balance of employment and population, such as commercial and
residential mix areas.

7.5 Indirect effects of exogenous variables on travel distances

Table 3 also includes the indirect effects of exogenous variables on travel distances. This research uses
activity-travel patterns (trip chaining and joint travel) as the mediating variables of the resulting travel
distances. While some of the indirect effects are channeled through either one of the patterns, others
are channeled via both. For example, the indirect effects of being female on travel distances are due to
the effects on the joint travel and channeled via joint travel. The direct effects of being female on joint
travel are positive, but because joint travel influences travel distances negatively, it decreases the indirect
effects of being female on travel distances. That is, being female may indirectly bring about a decrease in
travel distances by increasing the propensity of joint travel. Another example is that the negative indirect
effects of household size on travel distances are channeled via both activity-travel patterns and can be
decomposed into three parts. The first part is on trip chaining and channeled via trip chaining. The sec-
ond part is on joint travel and channeled via joint travel. The last part is on trip chaining and channeled
through trip chaining and joint travel. It means that increasing household size is expected to decrease the
travel distances indirectly through the channel of the activity-travel patterns.

Most of the indirect effects of urban form at tour destinations and origins are statistically signifi-
cant. It is interesting to note that some urban form variables only affect the travel distances indirectly
through the activity-travel patterns. For instance, the retail density at tour destinations only has negative
indirect effects on the travel distances. On the other hand, the increasing non-retail density at tour ori-
gins increases the travel distances indirectly through the activity-travel patterns. These findings indicate
that retail density at tour destinations and non-retail density at tour origins may not affect travel distanc-
es directly, but may have indirect effects on the travel distances caused by trip chaining or joint travel.

7.6 Total effects of exogenous variables on travel distances

The total effects are calculated by adding the direct effects and indirect effects and are included in Table
3. All the total effects of exogenous variables keep the same signs as the corresponding direct effects or
indirect effects. Most of the socio-demographic variables affect travel distances significantly at 95 percent
confidence level. The magnitude of standardized total effects helps determine which of variables have
a greater effect on travel distances. The results suggest that employment status is the strongest personal
characteristics affecting travel distances. Among household attributes, household size influences travel
distances the most.

Except intersection density at tour destinations, all total effects of urban form at tour origins and
destinations on travel distances are statistically significant. Furthermore, residential density, non-retail
density, bus stop density, and job-population index affect travel distances at tour destinations more than
they do at tour origins. This finding indicates significant influences of urban form on travel distances
exist not only at residential locations but also at primary out-of-home activity locations. According to
the results, travel distances are influenced by bus stop density and job-population index the most at tour
destinations and by intersection density the most at tour origins.
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Table 3: Model estimation results for travel behavior, socio-demographics, and urban form factors (standardized effects)

Travel distance Joint travel Trip chaining
Types of Effects Total | Indirect | Direct Total | Indirect | Direct Total | Direct
Endogenous variables: Activity Travel Patterns
Joint travel -0.025 -0.025
Trip chaining 0.435 0.001 0.435 -0.024 -0.024
Exogenous variables: Personal Socio-demographics
Female -0.043 -0.001 -0.042 0.037 0.037
Age -0.014 -0.014 0.001 0.001 -0.032 -0.032
Driver’s license ownership 0.038 -0.02 0.058 -0.031 0.001 -0.032 -0.048 -0.048
Transit pass ownership 0.026 0.026 -0.023 -0.001 -0.022 0.059 0.059
Employed status 0.120 0.013 0.106 -0.134 -0.001* -0.133 0.023* 0.023*
Exogenous variables: Household Socio-demographics
Household size -0.082 -0.024 -0.058 0.107 0.001 0.106 -0.049 -0.049
Household income 0.026 -0.016 0.042 0.001 0.001 -0.038 -0.038
Household vehicle 0.046 0.003 0.043 -0.134 -0.134

No children presence (base case)

Youngest child’s age up to 5

Youngest child’s age 6 to 10

Youngest child’s age 11 to 15 -0.001* | -0.001° 0.026 0.026

Youngest child’s age 16 to 18

Exogenous variables: Urban form at tour destinations

Residential density -0.057 -0.057
Retail density -0.001 | -0.001 0.036 0.036
Non-retail density 0.064 0.064
Intersection density 0.030° 0.001 0.028" -0.058 -0.058
Bus stop density 0.066 0.023 0.043 -0.001 | -0.001 0.054 0.054
Job-population index -0.066 | -0.001 | -0.065 0.028 0.028
Exogenous variables: Urban form at tour origins
Residential density -0.041 0.014 -0.056 -0.001 -0.001 0.033 0.033
Retail density -0.047 -0.025 | -0.022* | -0.057 0.001 -0.059 -0.061 -0.061
Non-retail density 0.018 0.018 0.039 -0.001 0.040 0.044 0.044
Intersection density -0.053 -0.053
Bus stop density -0.037 | 0.001* | -0.038 | -0.024* -0.024°
Job-population index -0.043 | -0.001 | -0.042 0.029 0.029

Coefficients in bold type are statistically significant at the 95% level

* Coeflicients are statistically significant at the 90% level

8 Conclusion

Previous studies on travel behavior consider trip chaining, joint travel, and travel distances as different
aspects of travel behavior and aim to explain these using a variety of factors, such as socio-demographics
and urban form. Using the 2012 travel survey data of the Cleveland metropolitan area, this study aims
to investigate how activity-travel patterns shape the resulting travel distances and analyze how socio-
demographics and urban form factors affect travel behavior simultaneously. In this study, the effects of
built environment are measured at tour origins and as well as tour destinations to unravel the different
effects of residential locations and primary out-of-home activity locations. SEM approaches are applied
to disentangle the interactions among the endogenous and exogenous variables. The remarks and future
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research directions are summarized as follows.

Since travel demand is derived from participating in out-of-home activities, this study assumes
that the number of activities (trip chaining) affects the ratio of joint trip segments (joint travel) for each
home-based tour. Both activity-travel patterns then influence the resulting travel distances. The model
results suggest that the trip chaining is negatively associated with joint travel and positively related to
travel distances. On the other hand, joint travel is negatively related to travel distances, implying that
people may travel jointly for shorter tours as there may be fewer spatial-temporal constraints involved.

As expected, the overall model shows that most socio-demographic attributes have significant ef-
fects on travel behavior. Besides, all indirect effects of personal socio-demographics mediated by activity-
travel patterns on travel behavior are significant. Among socio-demographic characteristics, employ-
ment status is found to be the strongest factor affecting travel distances and joint travel, while transit pass
ownership influences trip chaining the most.

The model results show that urban from affects travel distances significantly. First, the total effects
suggest that urban form factors at tour origins (residential locations), as well as at destinations (primary
activity locations), play important roles on influencing travel distances. Second, based on the magni-
tudes of standardized total effects, several urban form factors at tour destinations affect travel distances
more than they do at tour origins, including resident density, non-retail density, bus stop density, and
job-population index. Third, while some urban form variables may not affect the travel distances di-
rectly, they have indirect effects on the travel distances through the activity-travel patterns.

This research is not without limitations. One limitation is related to self-selection effects. Since this
study uses cross sectional household travel survey data without any individual attitudinal information,
the ability to estimate the impacts of self-selection at tour origins and destinations is limited. Despite the
limitation, this research gains additional understanding on the interconnection among travel behavior.
The model results also show strong evidence in favor of using urban form to explain travel behavior
not only around tour origins but also around tour destinations. Furthermore, the analysis provides im-
portant implications for transportation and land use planning. The land use regulation or urban form
modification can be used as a tool to change individuals travel behavior, which will further mitigate the
negative externalities related to transportation system.

This study can be extended along different directions. Future work could consider the influence
of activity-travel patterns on other travel behavior at aggregate level. A natural follow up would be the
investigation of how activity-travel patterns affect the travel demand and VMT at personal and house-
hold level, controlling for corresponding socio-demographics and residential urban from characteristics.
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