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Although several studies have been undertaken on the association between built environmental characteristics and travel patterns
in western societies, the impacts of the local built environment on individuals’ travel behavior considering the specific conditions
of developing nations have remained largely unknown. Thus, this paper investigates the travel behavior effects of local planning
and design in three residential neighborhoods of Shiraz, a city in the southwest of Iran.The data on land use and built environment
characteristics were extracted primarily from an existing digital map and GIS, whereas the data on individuals’ socioeconomics
and their daily travel behavior were purposefully collected using a field questionnaire survey (𝑛 = 393). A nested logit model
(NLM) based on the microeconomic utility concept was then applied to discover the impacts of personal characteristics and built
environment factors on the choice mode of the individuals. The results and the associated policy implications can be helpful in
defining a strategic agenda for neighborhood design and planning.

1. Introduction

Due to the uncontrolled urban growth, social, and cultural
considerations, Iran is going to be one of the highest car
dependent nations in the Middle East and it now has one
of the greatest vehicle ownership rates for urban areas in
the region. Consequently some undesirable impacts have
appeared including overweighting, traffic crashes, air pol-
lution and greenhouse gas production, fuel consumption,
and social exclusion [1, 2]. For instance, it is estimated that
one-third of Iranian adults are physically sedentary, and the
obvious and hidden costs to the economy of obesity-related
diseases in Iran are considerable [3]. Thus, the study of the
causal links to transportation and urban planning has a high
priority; and as a result, a new endeavor of studies should
be looking at how transportation choices are affected by the
built environment and then how the planning policies can be
amended [4].

This paper explored individuals’ travel behavior and its
relationship with the observed built environment in three

different patterns of urban development of Shiraz metropoli-
tan area. The results would be beneficial to help trans-
port/urban planners in their role of evaluating the value of
infrastructural development proposals by identifying how
health consequences can be included in their evaluation.
While most of existing literature is based on the assump-
tion of linear relationship between the built environment
attributes and the characteristics of personal travel, this study
tried to use more advanced approach; the microeconomic
behavioral discrete model is based on the utility maximiza-
tion as a multivariate technique which can test the nature
and magnitude of the direct impacts of multiple interacting
factors. This rich technique is particularly well suited to
the microscale observational community or population data
sets.

The paper is followed by reviewing the background
literature and an explanation of the approach selected for
the study. The nested logit model (NLM) procedure is then
describedwith a discussion on the significant outcomes of the
choicemodels examined on the data collected throughout the

Hindawi
Journal of Advanced Transportation
Volume 2017, Article ID 4060348, 11 pages
https://doi.org/10.1155/2017/4060348

https://doi.org/10.1155/2017/4060348


2 Journal of Advanced Transportation

case studied area. The paper is ended up with a debate on the
findings and drawing some conclusions.

2. Background

There is an increasing tendency to find out how built
environment and physical form affect travel behavior of
residents. This topic was highlighted since 1990s and has
inspired a bulk of debates thus far. Review manuscripts have
also been published summarizing relevant empirical findings
[5–10]. Despite this, several ongoing research efforts aimed at
improving the modeling and assessment tools which already
applied to measure the effects of these features.

Handy [5] argued that given the motivation to walk, built
environment is an exogenous variable that can explain the
variance in walking level. While traditional neighborhoods
encourage walking for either recreation or shopping, mod-
ern designed communities may also achieve the same goal
if they provide retail and shops within walking distance.
Furthermore, built environment impacts the definite set of
modal choices which are realistic for the travelers: built
environment plays a key role in defining whether dwellers
perceived walking as an available option. Ewing and Cervero
[11] have an extensive review of the relative predictive power
of various indicators of travel demand. They found that built
environments had stronger effects on travel distance than on
mode choice, trip generation rates, and other travel-demand
outcome measures.

Dieleman et al. [12] analyzed the impacts of built environ-
ment and individuals’ socioeconomics on travel pattern in the
RandstadHollandRegion.This study showed that both sets of
factors have strong impacts on travel distance and the mode
of travel.The physical characteristics of a neighborhood have
a sustained effect on modal choice if personal variables are
held constant. The residents of outer areas and urban fringe
were imposed to make long journeys which made them
dependent on private cars or public transit. Furthermore, the
built environment showed a significant role in explaining the
variation in travel distance by public transit.

Rajamani et al. [13] discovered that land use diversity
significantly affects the level of walking for nonwork pur-
poses including recreation and shopping. Furthermore, the
proportion of cul-de-sacs and dead-ends is influential in
the rate of walking to shopping destinations. Li et al. [14]
studied the connection between built environment attributes
and physical activity level at both the neighborhood scale
and the household scale in an older adult sample. The study
found a positive correlation between physical form variables
and walking level at the neighborhood scale. At the resident
level, the perception of safety for walking and the number
of adjacent leisure facilities were directly correlated with the
high levels of walking activity.

Amicroeconomic behavioralmodeling study undertaken
by Frank et al. [15] found that the locations of residential and
employment zones and travel cost were the most significant
factors explaining differences in modal choice. Whereas
travel time was the most significant variable in predicting
modal choice, built environment as the location of living

and working was the strongest variable when explaining the
frequency of stops taken during a tour.

A comparative study by Næss [16] in Copenhagen found
that regional-scale built environment variables had stronger
impacts on distance travelled by car than local-scale built
environment attributes.The farther the location to the central
business district (CBD) area was, the longer the distance
travelled. However, microscale neighborhood characteristics
showed no significant impact on car travel while controlling
for the distance to CBD.

Saelens and Handy [9] reviewed 42 published manu-
scripts on the interaction between the built environment
and travel behavior and attempted to extract factors affect-
ing transport-related walking and leisure-related walking.
They discovered that land use diversity and urban density
were not linked with the level of walking for transport. In
contrast, street network permeability and distance to parks
and open spaces were significant explanatory variables of
recreational walking. The research by Pan et al. [17] in
Shanghai studied the impacts of the spatial structure on the
movement patterns of residents. The results showed that, in
pedestrian-oriented suburbs, trip-makers travelled shorter
distances than trip-makers in other suburbs using the same
travel modes. Similar results were found in a research of built
environment attributes included density, land use diversity,
proximity, and accessibility to public transport with the share
of nonmotorized modes of travel in Bogota [18]. Whereas
street network density, the proportion of intersection, and
permeability were correlated with walking and cycling, other
physical factors including density, land use diversity, and
accessibility to public transport were not.The reasons for this
were less variation in urban density, proximity to transit, and
land use mix indices in the studied neighborhoods.

A meta-analysis of the land use travel literature generally
showed that travel variables were inelastic with regard to
changes in measures of the urban form. None of the built
environment variables had an average travel elasticity abso-
lute value larger than 0.4; however, the collective impact of
a number of such factors on travel might be relatively large.
Land use mix, intersection density, and the frequency of
trip attractions within walking distance were shown to be
relatedwithwalking level. Public transit use is correlatedwith
closeness to transit network and street network configuration
attributes, with land use mix as a minor factor [19].

The Giles-Corti and Donovan [20] study in West Aus-
tralia showed that the impact of the physical form attributes
on personal activity levels was less than sociodemographic
characteristics. On the other hand, the accessibility to green
spaces and leisure amenities can induce the higher level
of physical activity. Chao and Qing [21], using structural
equation models (SEMs), discovered that built environment
affects vehicle miles travelled (VMT) and vehicle energy
consumption indirectly. Instead, socioeconomic attributes
of the household including gender, vehicle ownership, and
vehicle properties showed a substantial direct impact on
VMT and energy consumption.

According to the points discussed above, the relationship
between built environment and travel behavior is more
complex than it might be assumed. It is difficult to study the
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causal relationship due to methodological challenges. While
a number of studies claim that the relationship is marginal,
others emphasize on the need to findbetterways to study built
environment-travel interactions [9].Well-designed empirical
research must be conducted to derive reliable policies that
could direct new development or make interventions in the
built environment with the aim of changing travel behavior.
A number of issues, including the strength of the evidence,
the transferability of findings, the scale of analysis, and the
causality of the relationships, must be considered before
drawing any conclusions [7]. Therefore, the effect of built
environment on travel behaviormight be less significant than
what the literature has suggested (in which socioeconomics
have not been considered). However, this does not mean that
urban planning does not help in achieving more sustainable
travel patterns. Planning policies can in fact influence travel
demand and/or modal choice by managing transport supply
and the distribution of land use.

3. Materials and Methods

3.1. Study Area. Shiraz as the case study area of this research
is the center of Fars province, which is located in the
southwest of Iran with a population of 1.9 million based
on a report from the Iranian Census Bureau [22]. The city
covers an area of 23,000 hectares with a population density
of 82 people per hectare. Shiraz is facing traffic problems,
especially intraurban traffic crashes due to a considerable
increase in motor vehicle ownership and private car users
[23]. Moreover, urban development in Shiraz has poorly
accommodated the needs of vulnerable road users.Motorized
transport modes have been developed whereas the choice of
public transport has received less attention.

Despite its semilinear growth pattern, the Shiraz metro-
politan area can be broken down into three distinct regions:
the Inner Ring, Middle Ring, and Outer Ring. Each of
these segments has considerably different populations and
built environment structures that eventually affect the travel
patterns and, in turn, the traffic challenges in each local area.
By dividing the area into separate regions, a detailed analysis
is provided revealing the explicit trends within the diverse
travel behaviors of the residents of wider Shiraz.

Shiraz’s Inner Ring refers to the districts that are between
zero and five kilometers from the Shiraz CBD (ImamHussein
Square), which is dominated by administrative/office build-
ings and a substantial percentage of residential apartments
that were built mainly in the past two decades. This ring also
encompasses the 300 hectares of the traditional and historic
quarters and the monuments and tourist sites. The Middle
Ring contains the districts that are situated 5–10 km from the
CBD, including the heritage gardens on the west and some
brownfield sites and recently renewed estates. This ring has
its own sub-CBDs, although it is mainly dependent on Shiraz
CBD in terms of business and administrative affairs. The
suburbs located in Shiraz’s Outer Ring are those that are 10–
20 km away from the CBD. Some have been developed in just
the past decade, some are master-planned new communities
or are even under construction and some were independent

rural and peripheral settlements that have been absorbed
into the metropolitan area due to the fast-growing trend
of the city. This study selected three neighborhoods from
each region: Fakhrabad (Inner Ring), Fazilat (Middle Ring),
and Beheshti (Outer Ring). These three areas, in addition,
represent three different stages of physical development
and their corresponding design patterns. Figure 1 shows the
Shiraz metropolitan area and the location and land use
distribution of the three studied neighborhoods.

3.2. Built Environment Measure. According to the literature,
the physical characteristics of a neighborhood are influential
in a resident’s choice of mode. In fact, the differences that
exist among the three areas explain part of the variance in the
travel patterns of the residents. Thus, measuring the physical
characteristics of the areas is required before beginning to
model travel behavior. Table 1 shows the differences among
the three areas in terms of physical characteristics.

3.3. Data. The land use, road network, and population den-
sity data were obtained from Shiraz Municipality. Approxi-
mately 450 questionnaires were distributed and interviewed
based on a random classified approach within the case study
areas in March, 2016, and 396 were relatively complete with
most of the questions answered. An initial comparison of the
sample characteristics to the population features, extracted
from the 2011 Shiraz Census data, indicated sound compara-
bility. The database contains 1,262 trip records obtained from
the questionnaire survey that characterize travel conducted
by individuals who lived in one of the three studied suburbs.
Respondents were asked to report all the trips they had in a
working day. For example, a respondent may go to work in
themorning (trip 1) and then in the evening go to a shop (trip
2) and after that return home (trip 3). Different modes may
be used in each of these trips. However, the dominant mode
(longest distance mode) as the choice was selected for each
individual to be included in the model.

3.4. Model Structure and Specification. The Multinomial
Logit Model (MNLM) is mostly used because of its compar-
ative simplicity, a potential to add new choices, its ease of
estimation, and the wide availability of estimation software.
However, concerns about the restrictive assumptions of the
MNLM (independent and identical distribution of error
terms) and its properties have led to a search for more
robust model structures. The Nested Logit Model (NLM)
has become widely used in a variety of contexts due to its
ability to represent similarities (covariance of error terms)
among groups of alternatives. The model, first derived by
Ben-Akiva and Lerman in early 1985s [24], is an extension
of MNLM which is designed to capture correlations among
alternatives.

For the purposes of modeling, a set of discrete choice
models were developed in order to explore the role of
explanatory variables in explaining the variation in modal
choice. The models were all differentiated by travel purpose
(work trips versus nonwork trips) because travel patterns will
vary depending on the degree to which a trip is discretionary.
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Figure 1: Shiraz metropolitan area and the three studied neighborhoods: (A) Inner (Fakhrabad); (B) Middle (Fazilat); (C) Outer (Beheshti).

Table 1: Built environment measure for the three studied neighborhoods.

Inner suburb,
Fakhrabad

Middle suburb,
Fazilat

Outer suburb,
Beheshti All suburbs

Area (ha) 84.5 102.7 92.9 280
Population (pp) 14619 14275 6317 35211
Population density (pp/ha) 173 139 68 126
Distance to CBD (km) 2.12 5.45 17.52 —
Land use mix entropy 0.63 0.34 0.21 0.39
Nonresidential/residential land use 0.72 0.31 0.12 0.38
Share of open and green space (percent) 6.2 8.7 4.3 6.4
Number of intersections 15 6 24 45
Average census block area (m2) 19,221 13,680 24,868 19,256
Average parcel size (m2) 161 343 356 286
Share of flats and apartments 31 47 18 32
Number of bus stops 10 5 3 18
Number of bus lanes passing through the
area 4 2 1 7

The NLM estimates the probability of an individual
selecting an alternative among a choice set. This method is
applied to model discrete outcome factors, wherein the log
odds of the outcomes are treated as a linear formula of the
explanatory factors. Odds ratios in the model represent the

effect of one unit of variation in𝑋 in the projected odds ratio,
with the other factors in the model held constant.

The models use the sociodemographics of the sample
households (and individuals) as explanatory factors along
with the measures of built environment. The individual is
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Table 2: The distribution of choice modes among the three case study suburbs.

Nonwork
trips,

all suburbs

Nonwork
trips,
inner
suburb

Nonwork
trips,
middle
suburb

Nonwork
trips,
outer
suburb

Work
trips,

all suburbs

Work
trips,
inner
suburb

Work
trips,
middle
suburb

Work
trips,
outer
suburb

Total trips,
all suburbs

Motorized
(percent) 84.6 82.7 87.4 89.6 91.1 87.4 90.7 95.2 87.9

Nonmotorized
(percent) 15.4 17.3 12.6 10.4 8.9 12.6 9.3 4.8 12.1

Total number of
cases 712 300 231 171 550 193 143 212 1262

Trips per person 1.81 2.12 1.97 1.31 1.4 1.36 1.22 1.62 3.2
Total number of
respondents 393 142 117 131 393 142 117 131 393

taken as the unit of analysis to achieve more disaggregated
outcomes. The choice set included five alternatives:

(i) Public transport (bus) (C5): available to all individu-
als

(ii) Taxi/van/school taxi (C4): available to all individuals
(iii) Car use as either driving alone or shared riding (C3):

available to all individuals
(iv) Walking and cycling (C2): available to all individuals
(v) Others (C1): including motorcycle and truck that is

available to all individuals apart from whom over age
65 and is designated as also being available to those
individuals whose travel distance is lower than the
maximum distance cycled by an individual

Two nests are considered: (a) nonmotorized trip with one
choice: walking and cycling (because the share of cycling
is lower than five percent, it is combined with walking)
and (b) motorized trip with three choices: car use, taxi/van,
public transport, and others. An alternative specific attribute
is computed for the nonselected alternatives: travel time. For
computing this attribute for each trip, the travel distance was
divided by the average speed of the alternative mode.

4. Results

4.1. Travel Patterns. The collected data contained 1,262 trip
records obtained from the questionnaire survey database that
represented travel conducted by individuals who lived in
one of the three case study suburbs, which were categorized
as inner, middle, and outer. The trip generation based on
trip purpose among the suburbs is shown in Table 2. The
rate of trip generation for each individual was 3.2 in total:
1.81 for nonwork and 1.40 for work trips, which shows a
higher share of nonwork trips such as shopping, leisure,
medical/dental, social work, visiting friends or families, and
personal business. The other interesting finding is the higher
nonwork trip generation for the inner suburb compared to
two other neighborhoods (about twice as many as the outer
suburb). In contrast, work trip generation for all three areas
is similar without a significant difference.

Car dependency rate in Shiraz (about 500 cars per
1000 people) has increased with improvements in economic
and welfare conditions, as the car ownership level in this
metropolitan area is higher than the average level of wealthy
Asian cities such as Singapore (70 cars per 1000 people), Hong
Kong (30 cars per 1000 people), and Taipei (175 cars per 1000
people) [25]. Only 12.1 percent of the trips were made by
nonmotorized modes of travel, that is, walking and cycling.
The rest were undertaken by one of the motorized modes
including private car, taxi, and bus.The nonmotorizedmodes
ranged between 17.3 percent for nonwork trips in the inner
suburb and 4.8 percent for trips with work purpose in the
outer suburb.

The details of modal choice for the three areas are
depicted in Figure 2. The dominant mode of travel was the
car, either driving alone or sharing rides. This was more
typical in the outer suburb and for work trips. The lowest
car usage was observed in the inner suburb for nonwork
purposes due to its close proximity to diverse destinations,
which encourages walking and cycling. The share of trips by
public bus for all three suburbs isminor and similar, although
the inner suburb has a slightly higher share. Taxi/van is
another mode used due to its flexibility and lower cost
compared to driving. Again, the inner suburb has a higher
share, and this is mostly for nonwork destinations.

4.2. Modeling Result. Different model choice models have
been developed with regard to either work or nonwork trip
base activity.

The results in Tables 3 and 4 represent the 𝑡-statistics of
the coefficients; since the absolute values of all 𝑡 statistics
are greater than 1.96, all alternative specific constants (ASCs)
and the estimated coefficients are significant at 95 percent
confidence level.

The models were NLMs, with the five mode alternatives
split between two nests to reflect the differences between
motorized and nonmotorized forms of transport. The results
from the two modal choice models can be found in Tables 3
and 4.Thegoodness-of-fit ofmodels at convergence indicated
sound fits with adjusted 𝜌2 values of 0.27 (for nonwork trips)
and 0.36 (for work trips) compared to the model which has
no coefficients.
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Figure 2: Modal choice among the three case study suburbs.

Table 3: The nonwork modal choice (all three suburbs).

Variable name, alternative Coefficients 𝑡-statistics
Alternative specific constants (ASCs)

Public transport (C5) 4.157 3.262

Taxi/van/school taxi (C4) −4.039 −6.623

Walking (C2) 0.835 3.905

Others (C1) 6.759 3.161

Alternative specific attributes (ASAs)
Travel time (min) −1.607 −7.538

Observation specific attributes (OSAs)
Age over 65 years, C5 4.389 4.880

Female, C4 0.017 2.350

Person living alone, C2, C4 −1.061 −2.382

Number of vehicles, C4 −0.421 −2.235

Number of residents, C5 0.519 3.954

Number of workers, C4 −0.274 −1.992

Number of workers, C5 −0.980 −3.646

Person living alone, C1 −1.880 −3.014

Perceived distance to shopping complex (km), C1, C2 −3.559 −3.779

Perceived distance to school (km), C4 0.395 2.119

Average floor area (squared meter), C5 −0.001 −2.657

Perceived distance to workplace (km), C2 −0.883 −3.303

Not working, retired, or worked at home, C5 4.521 3.147

𝜒2 = 918.683; degree of freedom = 28; number of iterations completed = 10; adjusted 𝜌2 = 0.27.
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Table 4: The work trip modal choice (all three suburbs).

Variable name, alternative Coefficients 𝑡-statistics
Alternative specific constants (ASCs)
Public transport (C5) 17.373 3.889

Taxi/van/school taxi (C4) −4.371 −2.976

Walking/cycling (C2) −.426𝐸 − 01 −1.991

Others (C1) −2.114 −4.655

Alternative specific attributes (ASAs)
Travel time (min) −0.396 −1.985

Observation specific attributes (OSAs)
Number of residents, C4 0.879 3.101

Female, C4 1.124 1.979

Well educated individual, C5 −13.712 −2.590

Part time/casual worker, C4 2.373 2.846

Management or professional job, C4 11.022 3.255

Household income higher than 3 million rials, C5 −2.053 −3.655

Vehicles per residence, C5 −0.698 −2.469

Single family home, C4 −0.893 −1.267

Single family home, C2, C5 −4.158 −2.883

Perceived distance to workplace > 5 km, C2 −2.235 −2.540

Perceived distance to workplace > 5 km, C4 −1.506 −2.103

Perceived distance to workplace > 5 km, C5 −1.695 −1.979

(𝐸 − nn is the representative of multiplying by 10 to −nn power).
𝜒2 = 469.291; degree of freedom = 21; number of iterations completed = 6; adjusted 𝜌2 = 0.36.

The values of 𝑡-statistics of the coefficients and the
constants in the twomodelswere all higher than the threshold
values of±1.96 (the confidence level of 95 percent), indicating
that all ASCs and the coefficient estimates of attributes were
significant. Car use as driving alone or shared ride (C3) was
considered as the reference choice here due to its higher share.

In both of the developedmodels, travel time was found to
have a negative coefficient, showing that the greater the values
of this attribute were, the lower the utility for the trip-maker
was. This means that the higher the travel time is, the lower
the profit to the traveler is. Alternatively, as this attribute
increases for an alternative, the likelihood of selecting that
alternative will reduce irrespective of trip mode or purpose.
Note that a negative coefficient value of an observation-
specific attribute does not necessarily mean that the attribute
influences the alternative negatively. Rather, it explains that
“the influence of the attribute on the alternative in question is
less positive (or perhaps more negative) than the influence of
that attribute on the alternative for which the coefficient of the
same attribute is used to normalize the other coefficients” [26].

The coefficients of the model show the significance and
strength of built environment factors and their potential
ability to enhance the explanatory power of the behavioral
models. All analyses were performed using LIMDEP ver. 10.0,
produced by Econometric Software Inc [27].

4.2.1. Modal Choice Model for Nonwork Trips. The nonwork
modal choice model, including the values of the ASCs,
the alternative specific attributes (ASAs), and the values of

coefficients and their level of significance, is provided in
Table 3.

The coefficients of the observation-specific attributes for
nonwork travel mode choice in the studied areas show
the following: the elders were more likely to catch public
transport. This is partly because of the lower ability of the
elderly to drive. Females tended to choose a “taxi-van”
alternative, perhaps because of its higher security, reliability,
and convenience. The higher the number of members who
are in a household, the more likely an individual from that
household would choose a “public transport” alternative for
nonwork travel. The higher the number of workers who
are in a household, the less likely an individual from that
household would choose a “taxi/van” or “public transport”
alternative for nonwork travel. Such an individual probably
has sufficient access to a private vehicle. Households with
an individual who lived alone were less likely to walk or
take other minor modes such as a motorcycle. The greater
the number of vehicles that were available, the lower the
likelihood that a taxi/van was used. The longer the perceived
distance to a shopping center is, the lower the propensity to
walk or to ride a bicycle/motorcycle, and so forth, is. The
farther the perceived location of a school from home is, the
higher the probability of taking a taxi/van to travel there is.
The larger the average floor area for a household was, the
lower the likelihood that a member of that household used
public transport was. The location of a job has a direct effect
on choosing a mode for a nonwork purpose, as the longer
the distance to the workplace is, the lower the likelihood



8 Journal of Advanced Transportation

of walking to that nonwork destination is. An individual
who was not employed, was retired, or worked at home
was more likely to catch public bus to accomplish nonwork
travel.

4.2.2. Modal Choice Model for Work Trips. TheNLM, includ-
ing the values of the ASCs, the ASAs, and the values of the
coefficients and their significance are provided in Table 4.The
coefficients of the observation-specific attributes for work
mode choice in the studied suburbs show the following:
the higher the number of members in a household, the
more likely an individual from that household would take
a taxi/van to travel to work. Females were more likely
to catch taxi/van to travel to work than males, perhaps
because of its higher reliability and security. Well-educated
individuals (with a postsecondary qualification) were less
likely to catch public transport towork than other individuals.
Individuals who worked in professional or management
occupations or worked part time/casual were more likely to
choose a “taxi or van” to go to work than individuals with
other employment types, perhaps because of having more
flexibility in terms of time. Individuals from high-income
households (income over 30 million Iranian rials) were less
likely to use public transport. This result primarily shows
higher car reliance among this social group. As the vehicle
number per members increased, the likelihood of selecting
to travel by public modes of transport decreased. Residents
of single-family households were the least likely to walk or
take public transport, and they were less likely to choose
“taxi/van” alternatives than residents of other dwelling types.
An individual with a perceived job distance of further than
five kilometers wasmore expected to drive alone towork than
to be a passenger in a “taxi/van,” was less probable to catch
public bus, and was least likely to walk to work.

5. Discussion and Conclusion

This paper studied the individual travel pattern of the inhabi-
tants of three types of neighborhoods in Shiraz. According to
the results of a microeconomic based nested logit model, the
following results are achieved.

The residents of the inner suburb have considerably
higher trip generation than their counterparts in the outer
suburb. For nonwork trips, the trip generation rate was
twice that of the outer suburb. However, trip generation for
work trips is nearly similar among the inner, middle, and
outer suburbs. The inner suburb, with a higher population
density, closer distance to the CBD, greater land use diversity,
and smaller median block size, exhibits a greater level of
walking/cycling and a lower share of car usage, especially for
nonwork destinations.

The residents living farther from Shiraz’s CBD have a
lower tendency to make nonwork trips using nonmotorized
alternatives. Furthermore, residing farther from the CBD
is linked with more kilometers traveled by car for work
purposes; residents who live farther away require longer
travel or perhaps they travel longer than they need to.
This is because of the centralization of jobs in metropolitan

Shiraz regardless of the general trend toward and measures
implemented to decentralize jobs. The evidence shows that
the location of employment within each of Iran’s large cities is
highly concentrated [28]. In other words, the CBD is still the
largest activity center, with one in four of Shiraz’s employment
opportunities and solid employment in the office, specialized
and service sectors. Other job centers are present on a smaller
scale, in addition to being located in the northern, southern,
and northwestern parts of Shiraz. One advantage of the inner
communities, for example, Fakhrabad, is having higher access
to the job centers in the CBD. The policy of making Shiraz
a polycentric city could be useful for modifying the current
trend of travel. The literature appears to suggest that workers
with jobs in a central area have longer commuting distance
than those who work outside the CBD and other subcenters
[29]. A study byVeneri [30] in Italy confirms that the creation
of a subcenter would increase the likelihood of finding a
job close to one’s residential area, which in turn enables
the reduction of commuting time and distance. In addition,
when an individual’s job is sited at least five kilometers from
residence, the likelihood of using a taxi/van, taking public
bus, and walking/cycling is decreased. In fact, in Shiraz, the
number of jobs compared with the resident labor force is
fairly low; therefore, employees could be challenged to find
an employment opportunity close to their residence. This
low job-housing ratio may lead to a higher average journey
time and distance resulting in the lower shares of walking/
cycling.

Whereas residents of the outer suburb are more depen-
dent on cars, especially for work trips, the inner suburb
experienced a higher rate of trip generation. An empirical
study from the Puget Sound area inWashington State showed
that residents who reduce their travel distance are more likely
to take more trips during the day [31]. Land use attributes
were shown to be significantly correlated with residents’
decisions regarding the kind of shopping trips conducted
[32]. Crane [33] argues that residents of areas with closer
proximity to shopping destinations may have higher trip
generation and higher VMT levels because lower travel cost
encourages fewer trips. Thus, households that change their
employment location may not necessarily decrease their
VMT. Instead of recentralizing working and living zones, it
might be better to provide affordable and adequate housing
in diversified medium-density communities with reasonable
proximity to job centers [34].

As Table 2 shows, the inner suburb has a better mix
of land uses and a higher level of population density. The
literature indicates that suburbs with greater density and
land use diversity generate a higher share of nonmotorized
transport.The presence of nonresidential land uses andmore
access to open and green spaces provides an opportunity for
recreational activities such as walking and cycling for leisure
[35]. Both land use diversity and urban density could affect
the aesthetic dimension of the walking setting and, as corre-
lates of walking, might therefore reflect the collective impact
of aesthetics and closeness [9]. As expected, when main
facilities and urban services such as schools and shopping
centers are located farther away, an individual is more likely
to use motorized modes. Throughout the studied areas, the
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farther the shopping center is, the less probable an individual
is to use public bus to travel there. Additionally, as expected
within the suburbs, the farther the schools are, the lower
the likelihood of walking/cycling to school is. This finding is
consistent with a study by [21], who found that accessibility
shows much better explanatory power than other physical
attributes such as urban density and network design and
land use diversity measures. Similarly, Lee and Moudon [36]
discuss that distance measures to regular daily destinations
are more efficient measures than land use entropy and street
permeability.

Selecting the bestmode of travelmeans finding the fastest,
cheapest, or even most convenient option, depending on the
impedance of modal split [37]. This study confirmed that
if the impedance is time, then the best mode is that one
with the lowest travel time. Similarly, Crane and Crepeau
[38] discovered the status of travel time as a cost variable
when making a decision whether to involve in an activity. A
theoretic handling of the time constraint issue is available in
Ettema and Timmermans [39], Gunn [40], and Noland and
Polak [41], for example.

Among the social features, it appeared that women in
all three suburbs have higher chance to take a taxi/van for
nonwork trips and for Iranian women regarding driving.
As found by Soltani and Hoseini [42] in a health study
in Shiraz, women prefer to exercise at home using private
equipment instead of going out. Some reasons could be the
lack of sufficient space and amenities such as green space
and parks within the neighborhood, in addition to social
and cultural barriers, and perceived low safety standards
within the neighborhood. The aged (over 65) are more likely
to catch public transport for nonwork destinations, as are
retired/unemployed individuals due to their decreased ability
or willingness to drive and more flexible in-vehicle time
[43]. Shigematsu et al. [44] found those aged 66 years and
older are more likely to walk instead of using other modes.
Consequently, communities are recommended to provide a
wide range of destinations close to homes to support walking
as a transport option for the elderly. Whereas managers and
professional workers are less likely to commute in a taxi/van,
part-time/casual workers are likely to do so. Individuals
from high-income households, single-home occupants, well-
educated people, and individuals from families with a higher
number of workers in all three suburbs tend not to take
public transport to work destinations. The likelihood of
public transport usage decreases if the number of vehicles in
the household increases. This is a common issue for many
developing countries [45–47].

Fares, quality of service, vehicle ownership, and house-
hold income were the most significant factors affecting the
frequency of bus use, as found by Paulley et al. [48] in their
study of the Britain bus system. In a similar study in the
Netherlands, satisfaction with the service quality and prox-
imity to the station showed the strongest impact on rail usage
[49]. Within the area of this case study, several discouraging
factors are influential: the size of the bus fleet and the coverage
of bus network lines and stations are not sufficient to serve
all the demands reliably. Bus services are often undermined
by traffic congestion, and slow-moving buses are common.

Stations and terminals do not ensure the comfort and safety
of passengers to the degree expected by high-income or well-
educated people. Under such conditions, buses have a poor
image in the minds of such social groups. Enhancing the
quality and service frequency and increasing the temporal
and spatial coverage of the transit service could make it a
more attractive alternative for other age groups.

Throughout the study area the walking and cycling
levels are very low; cycling was viewed as fridge mode of
transportation, although, within the inner city ring, which is
dominated by office buildings, considering all work-related
and utilitarian and leisure travel over a 24-hour period, only
17 percent and 23 percent of the residents walked or cycled for
work and nonwork purposes, respectively. Thus, discussions
of the potential for the built environment to induce or enable
walking/cycling should be undertaken with caution. In fact,
interventions in the physical environment may not explicitly
change the travel patterns of residents; rather, they may
generate conditions that can be expected to work against
improved behavior [9, 42]. The results of study have been
retrieved from three suburbs, which are small proportion of
Shiraz’s population. Therefore, the results are generalizable
for different studies to some extent, if they are replicated
in further geographical locations where populations with
diverse socioeconomic attributes reside. A low variation
among the built environment variables in the geographic
areas, because of the small sample size, together with less
variation within the suburbs cause the built environment
measures to be less sensitive to detecting the effect of the built
environment on modal choice.
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