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Built environment (BE), as an objective variable, plays a substantial role in urban residents’ behavior. However, the perception
toward a BE, as a subjective variable, varies among people. To identify the role of perception toward BE, we used a stated preference
(SP) survey conducted in January-February 2015 at the Imam Khomeini International Airport (IKIA), Tehran, Iran. The data was
drawn from 641 individuals; 359 of them were residents of Tehran. For the estimation of the model, a hybrid discrete choice model
was used to capture the latent variable, in addition to mode attributes and trip conditions, with 1795 SP observations. Psychometric
questions concerned the perception of ease in access to main streets or highways and good traffic conditions within their residential
areas. The results showed that the latent variable (positive perception toward built environment or PBE) had a significant positive
effect on people’s willingness to park at the airport. Moreover, the gender, age, marital status, level of education, experience living
in a foreign country, and income level also influenced the formation of perception toward the BE and airport transportation mode

choice.

1. Introduction

Previous studies regarding built environment (BE) and
transportation mode choice indicate that higher population
densities, better local transport accessibility, and more choice
diversity often result in less car and more public transport
usage [1]. However, not all people perceive their BE in
the same way, and their perceptions are subject to various
behavioral influences [2, 3].

Many studies considered the objective effects of a BE,
but there is little work available that focused on attitudinal
and perceptional behavior toward the BE [1, 4, 5]. There are
excellent studies that capture psychometrical variables affect-
ing active travel preferences, such as walking and cycling [6-
10], but little research exists that analyzes the psychometric
effects of BE, particularly the influence of perceptions toward
BE on access to the airport. Therefore, this study investigated
the simultaneous effects of perception toward BE and airport
access mode choice.

For this purpose, we conducted a survey at Imam Khome-
ini International Airport (IKIA) during January-February
2015. The airport is located 30 kilometers (19 miles) south-
west of Tehran and was designed to replace the Mehrabad
International Airport (MIA), which is now inside Tehran’s
city boundaries [11]. Currently, IKIA serves only international
flights with one passenger terminal, consisting of a total
annual handling capacity of 6.5 million passengers. However,
asecond terminal for the pilgrimage flights is currently under
construction. IKIAs capacity has grown impressively from
2005 to 2014 with an average annual growth rate of 23% [12].
Airport access from Tehran is currently provided only by
hired cars—either taxis or vans or private cars—parked at
the airport or using passenger drop-off. Currently, there are
two car parking options at IKIA: a covered parking area near
the terminal, which is fully occupied during peak hours, or
outdoor parking areas, from which passengers are ferried to
and from the passenger terminal by a free bus service [11].
Plans for an extension of the southern part of Tehran’s metro
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train line 1 to access IKIA are under construction, and a
long-term plan exists to add a new metro line 3—an express
line—directly to IKIA [13]. However, neither of those metro
lines are currently available, and no other plans for other
transportation modes, such as a bus line, exist. Currently, air
passengers can use metro line 1 to reach the nearest available
station to IKIA (Shahed station) and take a taxi from there to
the airport.

Tehran, the capital of Iran, has a population of about 8.3
million [14], which positions Tehran as the 16th largest city in
the world ranked by population density [15]. Tehran occupies
a mountainside with an altitude of 900 to 1700 meters
above sea level. A vast network of highways, interchanges,
ramps, and loops serves Tehran [16]. The concentration of so
many people and their activities in Tehran cause significant
transportation problems. Therefore, Tehran suffers from
significant economic, social, and environmental challenges
[17]. However, the major environmental issue in Tehran is air
pollution [18], and Tehran’s environmental quality score in
2006 was 56.5%, or “middle ranking.” Additionally, Tehran
achieved a score of 61% for built environmental needs [19].

With these characteristics and challenges in mind, our
primary focus in this study was on how Tehran’s air pas-
sengers perceive their BE and to analyze the BE’s effects on
transportation access mode choices to the IKIA. We chose
a recent modeling framework called hybrid choice modeling
(HCM) to evaluate access mode choice. Ultimately, the find-
ings of this study provided a more in-depth understanding of
behavioral decisions regarding transportation mode choice,
which could assist transportation policy makers and airport
planners, particularly in a developing country like Iran.

The remainder of this paper is structured in five sections.
In Section 2, we described previous literature regarding
airport access mode choice and BE. In Sections 3 and 4,
we explained the modeling framework and formulations for
incorporating a psychometric variable (perception toward
BE) into the choice process, our case study, the data, and
a description of the psychometric variable. In Section 5, we
reported the modeling results, and, in Section 6, we provided
a summary of our findings and avenues for future research.

2. Background

2.1. Literature Review Regarding Airport Access Mode Choice.
Multiple studies have been conducted regarding airport
access modes over the past four decades, which is due
to the importance of the connection between the fastest
means of transportation and ground transportation modes.
Different aspects of travel time (total time, out of vehicle,
in vehicle, and waiting time) and/or access costs have been
evaluated as primary attributes in a majority of studies [20-
33]. While travel time and cost remain significant variables
within previous transportation evaluation models, with the
exception of socioeconomic variables, disparate studies also
found other significant attributes, including flight frequency
and frequency of service [20, 21]; luggage (passengers
amount of luggage, convenience in storing luggage, and
airport luggage storage capacity) [20, 22, 23, 34]; the user-
friendly nature of the modal and safety [24, 34]; nationality
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[22]; and trip purpose (in a majority of studies). Therefore,
previous studies provided insight into the factors affecting
air passengers choices regarding airport access modes, but
almost all of these studies used observable variables to define
passengers’ preferences. For example, if safety or convenience
are psychometric variables, these studies tended to consider
them as observable variables and input them directly into
the utility function. Another example of related work that
psychometrically assessed airport passengers’ preferences
was performed using segmentation analysis, which was based
on attitude statements of the Theory of Planned Behavior
and Norm-Activation Theory at Manchester Airport [35]. The
results of this study indicated that two groups, “Conflicted
Greens” and the “Pessimistic Lift Seekers,” had the greatest
potential to reduce private car use to airports [35].

Therefore, there is a gap in the literature concerning
the use of psychological variables (latent variables) within
evaluation of the choice process. Regarding the analysis of
the effect of psychological variables on transportation mode
choice, we previously analyzed the influence of personality
traits on mode choice to IKIA using a hybrid latent class
discrete choice model, which revealed that individuals with
different personalities have a willingness to use different
transportation modes to the airport [36]. Using the same
data for the stated preference choice and the different items,
we asked resident air passengers of Tehran about their
perceptions of the traffic conditions of the residential built
environment, which is available on a different part of that
questionnaire used for previous study. This present study’s
main aim and its unique contribution is to identify the
probable association between the effect of air passengers’
perceptions of the traffic condition of the built environment
and their choice of transportation access mode to IKIA.

Accordingly, we focused on one latent variable, specifi-
cally passengers’ perception toward built environment (PBE)
in their choice of transportation access to the airport.

2.2. Literature Review Regarding Built Environment. Built
environment (BE) achieved great interest in previous inter-
disciplinary studies, particularly regarding transportation.
While the effects of BE analyzed various human behaviors,
like public health, depressive symptoms, obesity, physical
activity, and so on [37-39], BE’s effects on transportation
planning were primarily evaluated through its consequences
on households through vehicle miles or distance traveled,
residential selection, and transportation mode choice, in
which the majority of the studies indicated that increased
population density tended to produce less car use (or fewer
vehicle miles traveled) [40-46]. [47] indicated that due
to interest in “growing smart” and sustainable forms of
urbanization, the study of BEs and their impact on travel
behavior will only increase BE’s importance over time. Hence,
the inclusion of BE data in transportation mode choice
studies was particularly relevant for urban settings [48]. BE
factors fell under the domains of density, diversity, and design
factors [49]. After controls for sociodemographics and other
confounders, design variables tended to have more associ-
ation with transit and walking choices [50]. Reference [51]
concluded that the characteristics of the spatial environment
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seemed to have a demonstrable relationship with mobility
and choice of transportation modes. They also mentioned
that the reduction in car use is greatest in a densely built-up
area [51].

However, BE has an objective effect on transportation
mode choice, and its subjective effects, such as perception and
attitudes toward BE, are considered significant. Therefore,
attitudes toward travel and land use may be the real deter-
minants of travel distance and residential location [52]. With
multivariate analysis of cross-sectional data, [53] showed that
people’s attitudes largely explain differences in travel behavior
between suburban and traditional neighborhoods [53]. Using
the nested logit model, [54] indicated that sociodemographic
and attitudinal factors played a significant role in vehicle type
choice [54]. They also showed that preferences, attitudes, and
the BE itself played prominent roles in explaining variations
in nonmotorized travel more than for auto and mass tran-
sit trips [55]. In another study, [56] analyzed individuals
environmental attitudes and urban design features’ effects
on travel patterns and found that individuals’ concerns had
a strong relationship with walking within and near their
neighborhoods but not with cycling or public transport use
[56].

Despite efforts to capture the subjective effects of BE, most
previous studies used a two-stage approach when considering
the perceptional and attitudinal variables of mode choice.
Hence, there is a research gap in determining psychometric
perceptions toward BE and their effects on travel mode
choice. Therefore, a comprehensive analysis needs to be
performed to reveal such effects, especially in employing a
simultaneous modeling approach.

3. Modeling Framework

Traditional discrete choice models represent the choice pro-
cess undertaken by individuals facing mutually exclusive
alternatives under uncertainty [57]. These approaches make
use of observed variables to reveal the behavioral process of
decision makers, including sociodemographic information
and alternatives’ attributes; therefore, such approaches have
been criticized by behavioral scientists because they disregard
the psychometric aspects of decision makers [9, 58]. Previous
attempts have been made to include attitudes and perceptions
of individuals within choice modeling, but these studies set
attitudinal variables as explanatory variables within the utility
function, which may suffer from measurement errors because
the responses of individuals to the statements remained
indicators of attitudes or perceptions, rather than a direct
measurement of attitudes [59-61].

Recently, a new generation of discrete choice models,
such as hybrid choice models (HCMs), has been developed
to integrate latent constructs or psychometric variables such
as attitude and perception, into the utility function without
suffering from measurement error problems or endogeneity
bias, which allow researchers to capture psychometric effects
of individuals within a choice model [59, 61]. HCMs consist
of measurement models that determine the relationship
between indicators and psychological factors; HCMs form
a structural model that explains the latent constructs with

the help of individual characteristics and the discrete choice
kernel.

This study investigated the effect of perception toward BE
in transportation mode access to the airport. To do so, we
constructed settings using an HCM with three indicators that
reflected the perceptions of individuals about ease of access
and good traffic conditions within their BE. Next, a latent
variable for PBE was defined and entered directly into the
utility function of the choice sets (Figure 1).

The upper section of Figure 1 displays a type of structural
equation model (SEM) referred to as a multiple indicator and
multiple causes (MIMIC) model, which is a confirmatory
factor analysis model that relates explanatory variables to
the latent construct and uses indicators to reflect PBE. This
type of SEM is useful for prediction purposes and represents
sociodemographic characteristics of individuals to predict
the latent variable. For example, the age of respondents
explained differences in PBE. Therefore, the utility of the
choice model was a function of the attributes of alternatives
and of the explanatory variables related to these alternatives—
for example, travel frequency represented in Figure 1—and
the latent construct. We adopted the approach presented
by Bolduc et al. to model the integration of the latent
construct (PBE) within the discrete choice model (in this
case, a multinomial logit model). The SEM measurement
and structural model are defined in the next section. The
functions of the measurement model can be written as [62]

I=a+APBE+v v~ N(0,Zv)

1 if U; = maxj {Uj} 1
y; = i = modes,
0 otherwise

where

I is vector of 3 indicators of latent construct PBE,

«a is vector of unknown parameters that indicated an
association between response to scale,

A is vector of unknown parameters that relate latent
variables to indicators (loadings),

v is vector of random error terms,

Zv is vector of diagonal matrix with variance of error
terms on diagonal, and

y,is choice indicator, taking value 1if mode i is chosen
and 0 otherwise.

The structural model is written below [62] as follows:
PBE=Xb+w w~N(0,2w) 2)
U=X,B+yPBE+¢ e~iidEV1(0,1), (3)
where

X, is matrices of explanatory variables,

X, is matrices of attributes of alternatives and
explanatory variables,
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FIGURE 1: Path diagram of hybrid choice model.

b is vector of unknown parameters used to represent
the effect of explanatory variables on the latent con-
struct,

w is random disturbance term,
U is vector of utilities,

B is vector of unknown parameters used to describe
the effect of attributes of alternatives and explanatory
variables on modes,

y is vector of an unknown parameter associated with
latent variables (here just a latent variable) present in
the utility function,

eisvector of i.i.d extreme value type 1 error terms, and

Yw is variance of random disturbance term w.

The joint probability of choice model with latent variable
PBE and its indicators, which are the joint probability of
observing y; and I, can be written as follows [62]:

P(y,1]X;,X,,0) = LBEP(yi | PBE, X,,0) W

- f; (I | PBE, ) fpge (PBE | X,,b) dPBE,

where 0 is the all unknown parameters in (3) and § is the full
set of parameters to estimate (6 = {0, A, b}). The first term
of the integral corresponds to the choice model; the second
term corresponds to the measurement equation of the latent
construct; and the last term corresponds to the structural
equation of the latent construct (PBE).
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4. Case Study

4.1. Questionnaire Design. This study used a stated preference
(SP) survey questionnaire designed to analyze passengers’
behavior regarding accessing Imam Khomeini International
Airport (IKIA). In addition, various psychometric questions
were used, which related to PBE. Six modes—Drop-off, Park,
Van, Taxi, Metro, and Bus—were considered as alternatives,
even though metro and bus modes are not currently available.
The metro line from Tehran to IKIA is currently under
construction. The core element of any SP discrete choice
model is choice experiments. The experimental attributes
were travel cost (specific for all modes except drop-off);
travel time (specific for all modes); three levels for parking
facilities (park at terminal parking, park at covered outside
of terminal parking areas, and park at outdoor, outside of
terminal parking areas); trip purpose; amount of luggage;
whether the traveler was making the trip alone, with a friend,
or with family; weather conditions; and two facility types for
metro and bus. We did not find significant results for weather
conditions or facility type. Therefore, these attributes were not
included in the utility functions. The levels were combined,
and 100 different scenarios based on a D-efficient design
were produced in which each respondent faced five scenarios.
Therefore, 20 different questionnaires were produced. The
attributes and attribute levels for the mode choice experiment
are presented in Table 1.

For identification of the latent construct (PBE), we used
a MIMIC model where the indicators consisted of three
questions reflecting residents’ perception of ease of access
and good traffic conditions within their residential area. The
choices were “(1) I think the streets of my residential area
are standard and proper,” “(2) I think traffic flow at my
residential area is fluent and convenient,” and “(3) I think
my residential area has good access to main streets and high-
ways.” Regarding defining the items, we acknowledge that
many previous researchers have conducted environment and
transportation studies and fewer studies have considered the
perception of the built environment [40, 64-69]. However,
we aimed to investigate the residents’ perceptions of the
association between the traffic conditions of their residential
built environments and their choice of transportation mode
to the airport. We could not find suitable literature on that
topic, as majority of previous studies were not focused on
defining items based on capturing the perceptions of the
traffic conditions of the built environment. Accordingly, we
tried to define the items. Therefore, the items in this present
study are new, and they have not been examined in any
previous studies. This is part of the contribution of the paper.
The items may not be justifiable in terms of what has been
investigated in previous studies, but this paper may also
open up a new avenue for further studies that exclusively
aim to deal with another aspect of the perceptions of the
built environment (traffic conditions) rather than previously
measured items that evaluated the perceptions of many
different subjects of the built environment.

4.2. Data. We conducted a paper-based random system-
atic survey of passengers departing from Imam Khomeini

TABLE I: Attributes and attribute levels for mode choice experiment.

Attributes Number of levels Levels

Bus: 5,7,9,11, 13 ten
thousand IRR"
Metro: 0.5,1, 1.5, 2, 2.5
ten thousand IRR
5 Taxi: 50, 55, 60, 65, 70
ten thousand IRR
Van: 50, 55, 60, 65, 70
ten thousand IRR
Parking cost: 5, 6, 7, 9,
11 ten thousand IRR

Travel cost

Bus: 60, 70, 80, 90, 100,
110, 120 min
Metro: 40, 50, 60, 70,
80, 90, 100 min
Taxi: 45, 50, 55, 60, 70,
80, 90 min
Van: 45, 50, 55, 60, 70,
80, 90 min
Park: 40, 50, 60, 70, 80,
90, 100 min
Drop-oft: 40, 50, 60, 70,
80, 90, 100 min

Travel time 7

Trip Purpose Leisure, business

[NS I NS}

Amount of luggage Heavy, light

Clear, rain, snow, air

Weather conditions 4 :
pollution

Alone, with family,
with others (except
family)

Trip accompany type 3

Roofed terminal,
roofed outside terminal
(not available now at
IKIA), not roofed
outside terminal

Parking type 3

Luggage check-in and
boarding pass, free
internet access

Metro and bus facilities 2

28970 IRR is equal to 1 US dollar (USD) [63].

International Airport (IKIA) during January-February 2015.
A total of 641 individuals provided complete responses in
which 359 (56%) of them were residents of the city of Tehran.
In order to account for PBE, we separated out the resident
respondents from the sample. Table 2 provides an overview
of resident sample descriptive statistics, which shows that
273% were under 30 years old, 65.5% were male, and a
similar percentage, 65.5%, of respondents were married. A
little over half of the sample had experienced living abroad
(52.4%) or had a university degree (56.3%). More than half
of respondents (52.6%) had a monthly income between 30
and 100 million IRR (IRR (Iranian Rial) is Iran’s currency;
each US dollar (USD) is equal to 28970 IRR [63]), 30.9%
had less than 30 million IRR, and only 7.8% had more than
200 million IRR. Almost all residents had a car (95.5%)
and 29.8% had an average air travel frequency of once or
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TABLE 2: Sample descriptive statistics.
N % N %
Gender Household’s monthly income
Male 235 65.5 less than 30 million IRR 111 30.9
Female 124 34.5 30-100 Million IRR 189 52.7
Age 100-200 Million IRR 31 8.6
Less than 30 98 273 More than 200 million IRR 28 7.8
30 and more 261 727 Number of cars in household
Marital status None 16 4.5
Single 124 34.5 One 143 39.8
Married 235 65.5 Two 142 39.6
Lived abroad More than two 58 16.1
Yes 171 47.6 Trip frequency in a year from IKIA
No 188 52.4 Once or less 107 29.8
Education Two times 93 25.9
Not university 157 43.7 Three times 74 20.6
University degree 202 56.3 More than three times 85 23.7
Current mode Trip purpose
Roofed terminal parking 67 18.7 Business 115 32
Outside terminal parking 42 1.7 Leisure 133 37
Drop-oft 54 15 Educational 38 10.6
Taxi 184 51.3 Others 73 20.4
Van 12 33 Amount of luggage
Trip origin One piece 26 72
Home 350 97.5 Two pieces 206 574
Office 8 2.2 Three pieces 96 26.7
City business centers 1 0.3 More than three pieces 31 8.7

less from IKIA, followed by two times (25.9%), three times
(20.6%), and more than three times (23.7%). The majority
of respondents started their trip to the airport from home
(97.5%), followed by respondents who left from the office
(2.2%). More than half of respondents indicated that they
accessed the airport by taxi (51.3%), while 30.4% parked at
airport parking areas, 15% were dropped off, and only 3.3%
used a van service. Leisure was reported by most passengers
as the purpose of travel by resident respondents (37%),
followed by business purpose (32%), educational purpose
(10.6%), or other purposes (20.4%). The respondents were
asked to indicate their amount of luggage; most of them had
two pieces (57.4%), followed by three pieces (26.7%) and more
than three pieces (8.7%), and only 7.2% had one piece of
luggage.

The responses regarding indicators of PBE are reported
in Table 3. Three questions were asked of respondents,
which reflected their perception of the ease of access and
good traffic conditions within their BE. The responses to
these three questions were ranged upon a five-point Likert
scale: “Strongly Disagree,” “Disagree,” “Neither Disagree nor
Agree,” “Agree,” and “Strongly Agree.”

For determining whether the sample is the representative
sample of resident population of Tehran or not, it must be
noted that according to the statistics available for the city of
Tehran, the mean age of the population in that city is 31.2
years [70], which is slightly different from the mean age of the

study’s sample, which is 39.1 years (359 individuals completed
the questionnaire). Moreover, the mean average income for
households in Tehran is 27 million IRR, which is different
from our sample, where most of the respondents (52.7%)
indicated that their monthly household income ranged from
30 to 100 million IRR [71]. This difference may be attributed
to the fact that Imam Khomeini International Airport (IKIA)
only serves international flights, and international air passen-
gers may have more income than average residents of Tehran
because international air passengers go on international
business or leisure trips. The average population of Tehran
might not be able to take these kinds of trips, especially in a
developing country such as Iran, in which a high difference
in socioeconomic status (SES) may exists among residents.
Additionally, based on the census reports conducted in
November 2011, 4,130,915 of the 8,293,140 residents of Tehran
were male (49.81%) and 4,162,225 were female (50.19%) [72].
Thus, there were differences between the study sample and
the population of Tehran; 65.5% of the study sample was male
and 34.5% was female. This may be attributed to the following
reasons. First, only people older than 17 were selected to
answer the study questions because individuals younger than
17 might not answer the questions correctly. They are also
more dependent on their parents or other people for trans-
portation to the airport and so they can take an international
flight. Moreover, we could not identify a gender ratio for
the population older than 17 from information provided by
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TABLE 3: Descriptive statistics of indicators.
(@)
Question Mean Stdv
(1) I think the streets of my residential area are standard and proper 1.49 1.24
(2) I think traffic flow at my residential area is fluent and convenient 1.42 113
(3) I think my residential area has good access to main streets and highways 2.63 L1
(®)
Question Strongly Disagree% Disagree% Neither Disagree nor Agree% Agree% Strongly Agree% Total N
QL 253 33.2 15 20.1 6.4 359
Q2. 23.5 37 15 22.8 1.7 359
Q3. 6.1 12.8 12 50.4 18.7 359

IKIA authorities and the transportation agencies in Iran.
Second, as mentioned before, IKIA only serves international
flights; therefore, the gender ratio of the resident population
of Tehran who take international flights may be different from
the total population of that city.

Accordingly, we tried to find a relevant study that exam-
ined resident air passengers at IKIA. We were only able to
find a study that was conducted on air passengers at Tehran
airports (IKIA and Mehrabad International Airport [MIA])
[73]. In that study, 1242 of the 2757 respondents who used
these two airports were residents (45%) of Tehran [73], which
is 11% less than our study (56% of the respondents in our
study were residents of Tehran). However, that study’s report
about the share of resident air passengers is based on the
total sample gathered from both IKIA and MIA, and the
population of MIA air passengers may be different from the
population of IKIA air passengers. Owing to the lack of data
and due to the limitations of information available in Iran, we
could not find valid data regarding the resident population
of Tehran who make use of IKIA from the IKIA authority
and transportation agencies in Iran. Therefore, based on the
above-mentioned statements, our sample seems to be the
only available representative sample of resident air passengers
that use IKIA. This could be a limitation of our study, and
the study’s findings cannot be generalized to the behavior of
the resident population of Tehran. Consequently, the study’s
results may be limited to residents of Tehran who only use
IKIA.

5. Model Specification and Estimation Results

5.1. Model Specification. As presented in Section 3, Modeling
Framework, the HCM framework that we adopted, consists of
two main components: a MIMIC model and a discrete choice
model. This framework described how individuals’ percep-
tions toward BE can affect transportation mode choice to the
airport [59]. The MIMIC model consisted of measurement
and structural relationships. The measurement equations
related a latent variable (PBE) to its indicators (three percep-
tional questions), but the structural equations explained the
latent variable (PBE) with exogenous explanatory variables.
There was another structural equation in the HCM, linking

the attributes of alternatives, explanatory variables, and the
latent variable to the utility function of the transportation
modes. In this section, we continue the illustration of each
part of the model’s equations.

The six alternatives were considered in the choice set—
Drop-oft, Park, Van, Taxi, Metro, and Bus—where metro and
the bus are not currently available. Each individual was faced
with five different SP scenarios. Therefore, of the 359 resident
responses, there were 1795 SP observations. Taxi was chosen
710 times (39.55%), followed by metro 405 times (22.55%),
park 265 times (14.8%), van 195 times (10.85%), drop-off 175
times (9.75%), and bus 45 times (2.5%).

The deterministic part of the utility function for mode
choice consisted of attributes and, in our case, two explana-
tory variables “average air travel frequency in a year” and
“number of car ownerships in the household.” The exper-
imental attributes of alternatives were “travel cost,” “travel
time,” “trip purpose,” “amount of luggage,” “trip accompany
type,” and “parking type.” We estimated many different
models, but we did not find any significant results regarding
weather conditions or metro/bus facilities. Therefore, these
attributes were not included in the utility function. We also
included the interaction of the number of cars in a household
variable and the latent variable or PBE within the utility
function for the van, taxi, metro, and bus choices but included
PBE in the utility function of the park alternative without
considering the interaction. Also, the alternative specific
constants (ASCs) were included in all the utility functions
of mode choice except for parking mode. The equations
of discrete choice utility functions are presented below as
follows:

Udrop-off = ﬁdrop-off + sdrop-oﬁ
Upark = ﬁfreq pFreq + :Bheavy pHeaVY

+ IBIiesure pLiesure + IBfamilpramﬂy

Cost P >
Income

+ ﬁcostp <

+ Brerminal p Lerminal P + Bppg ,PBE

+ gpark



Uvan = ﬁvan + ﬁfrequreq + ﬁheavy vHeaVy
+ ﬁfriend vFriend + ﬁfamily vFamﬂY

CostV
+ﬁCOStV InCOl‘Ile

+ Bppe NCH x PBE + ¢,,,

) + Brime, Time V/

CostT )

U... = -+ Freq + (_
taxi ﬁtaxl ﬁfreqt q ﬁcostt Income

+ Busme; Time T + Bppp NCH x PBE

* Etaxi

Umetro = ﬁmetro + ﬁfreqmFreq + ﬂheavymHeaVY

+ ﬁfamilymFamﬂy + BcosthOSt M

+ ﬁtimemTime M+ ﬂpBEmNCH X PBE

+ emetro

Ubus = :Bbus + ﬁheavy bHeaVY + ﬁliesure bLiesure
+ Beosty COSt B + Biimep Time B

+ BepepNCH x PBE + ¢,
(5)

Freq is average air trip from IKIA in a year by
individuals,

Heavy is amount of luggage (1 for heavy luggage, 0
otherwise),

Leisure is trip purpose (1 for leisure purpose, 0
otherwise),

Friend is trip accompany type (1 for make trip with
friend, 0 otherwise),

Family is trip accompany type (1 for make trip with
family, 0 otherwise),

Terminal P is type of parking area (1 for terminal
roofed parking area, 0 otherwise),

Cost P is cost of parking area per day (ten thousand
IRR),

Cost V is travel cost by van (ten thousand IRR),
Cost T is travel cost by taxi (ten thousand IRR),
Cost M is travel cost by metro (ten thousand IRR),
Cost B is travel cost by bus (ten thousand IRR),
TimeV is travel time by van (min),

Time T is travel time by taxi (min),

Time M is travel time by metro (min),

Time B is travel time by bus (min),

Income is household’s monthly income (ten million
IRR)
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NCH is number of cars in household,

PBE is latent variable regarding perception toward
built environment, and

gdrop-off’ Spark’ Evan> €taxi> €metro> Sbus AI€ €TTOT terms rel-
ative to the utility function of each mode.

The measurement equations which use the values of
perceptional questions (indicators) as dependent variable to
reflect latent variable PBE can be written as shown below.

where:

I, =a; + A\PBE + v,
I, = a, + A,PBE + v, (6)

I, = a; + A;PBE + v,

I,, L, I; are indicators relative to perceptional ques-
tions 1 to 3,

a4, &,, oy are unknown parameters that indicate asso-
ciation between response to scale («, is set to 0 for
normalization),

A1> Ay, A5 are unknown parameters that relate latent
variable PBE to the indicators (A, is set to 1 for
normalization), and

U}, U, U3 are random error terms.

The structural equation in the MIMIC model explains
differences in latent variable PBE with exogenous explanatory
variables by linear relations. The present model uses explana-
tory variables age, gender, marital status, experience in living
abroad, education, and income to identify variation in PBE.
The equation is given bellow.

where:

PBE = by + b,

geAge

< 30 + beepaie Female + by, g Married

(7)

+ b“vingexpLivingExp + b.g,Edu

< University + b,

ncomellCOMe < 3 + wppg,

Age < 30 is age (1 for having age equal or less than 30
years old, 0 otherwise),

Female is gender (1 for female, 0 otherwise),
Married is marital status (1 for married, 0 otherwise),

LivingExp is experience in living abroad (1 for no
experience in living abroad, 0 otherwise),

Edu < University is education (1 for less than
university degree, 0 otherwise),

Income < 3 is household’s monthly income (1
for monthly income less than 30 million IRR, 0
otherwise), and

wppg = random error term.
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5.2. Model Estimation Results. The results of transportation
mode choice for airport access are presented in Table 4.
For calculation of the hybrid choice model which is the
simultaneous combination of SEM and discrete choice model,
we used PythonBiogeme software package which was devel-
oped by Bierlaire [74]. All estimated travel time and cost
parameters are in the expected signs. However, travel time
parameters for the van, taxi, and metro were not significant.
The results showed that more frequent air travelers are
inclined to use the van, taxi, metro, and park at the airport
modes. In addition, more frequent travelers had an increased
tendency to park at the terminal’s covered parking area, while
leisure travelers were more inclined to park at the airport
or use the bus. A large amount of luggage had a significant
positive effect on parking at the airport or using a van service,
with a negative impact on the tendency to choose the metro
or bus. Being accompanied for the trip had a significant effect
on transportation access to the IKIA. Being with family on a
trip increased the tendency to park at the airport or to use a
van service, while it decreased willingness to use the metro. In
addition, making a trip with friends resulted in an increased
tendency to choose a van service.

For inclusion of the latent variable PBE, as previously
mentioned, we considered the interaction of PBE with the
number of cars in the household for the van, taxi, bus, and
metro modes as an additive term for inclusion in the utility
of parking at the airport. A more positive perception of BE
(better traffic conditions and ease of access to main streets
and highways) was in line with increased willingness to park
at the airport. In addition, the interaction of the latent variable
with the number of cars in households had a negative effect
in choosing other transportation modes, with a particularly
increased negative effect on the metro and bus choices.

Table 5 shows the results of the structural and mea-
surement equations. The structural equations revealed that
younger passengers, or those less than or equal to 30 years old,
had a more positive perception toward their BE than older
people. Females and passengers who were married, rather
than males or singles, perceived that their built environment
was in good condition. In addition, less-educated (less than
a university degree) and lower-income passengers (monthly
income less than 3 million IRR) perceived their BE more
positively, while the most significant explanatory variable
in determining PBE was experience in living abroad, where
those who had not experienced living abroad had more
positive PBE.

In the calibration process, we tried to calibrate many
models to identify the best model based on the fit criteria
of the overall HCM and the significance of the estimated
parameters. Therefore, we were able to determine that age,
gender, marital status, condition of experience living abroad,
educational level, and income had a 10% significance level.
Hence, we kept these variables.

Table 6 depicts the calculation of direct elasticity and
cross-elasticity of travel time and travel costs. Direct elasticity
represented the average percentage change in the probability
output of an alternative, with a response to a 1% change in the
value of the variable (attribute) of that alternative. Meanwhile,
the cross-elasticity is the amount of change in the choice

TABLE 4: HCM model estimation results, mode choice model.

Parameter Estimate Stderr t-stat p value
Barop-oft 0481 0283 170  0.09
Byan 0422 0490 086 0.39
Braxi 258 0321 802 0.00
Boretro 222 0371 599  0.00
Boue 204 106 193 0.5
Parking cost/income, park -0.189  0.0435 -4.34 0.00

0.278 0.146 190  0.06
Heavy, park 0.348 0150 232  0.02
With family, park 0.390 0157 247  0.01
Terminal roofed parking, park  0.352 0144 244  0.01

Leisure, park

Frequency, park 0.129 0.0357 3.61  0.00
Travel cost/income, van -0.0165 0.0059 -2.80 0.01
Travel time, van —-0.00841 0.00524 -1.60 0.11
Heavy, van 0.912 0171 532  0.00

With friend, van 0.739 0.221 334 0.00

With family, van 0.601 0.246 244 0.01
Frequency, van 0.0681 0.0394 173  0.08
Travel cost/income, taxi —-0.0153  0.0036 -4.24 0.00
Travel time, taxi -0.0016  0.0033 -0.48 0.63
Frequency, taxi 0.081  0.0346 234 0.02
Travel cost, metro —-0.0942 0.0985 -0.96 0.34
Travel time, metro -0.004 0.003 -1.33 0.18
Heavy, metro -1.09 0.146 -746 0.00
Family, metro -0.675 0.169 —-4.00 0.00
Frequency, metro 0.0936  0.0363 258  0.01
Travel cost, bus -0.135  0.0661 -2.05 0.04
Travel time, bus -0.0217  0.0107 -2.02 0.04
Leisure, bus 0.850 0.383 222 0.03
Heavy, bus -0.967  0.406 -2.38 0.02
PBE, park 0.173 0101 172 0.09
NCH x PBE, van —-0.0829 0.0406 -2.04 0.04
NCH x PBE, taxi -0.120  0.0294 -4.09 0.00
NCH x PBE, metro -0126  0.0375 -3.36 0.00
NCH x PBE, bus -0.129  0.0968 -133 0.8
Observations 1795

Respondents 359

HCM parameters 49

Initial Log-L -20730.5

Final Log-L -10494.9

s 0.494

P 0.491

probability output of an alternative with response to a 1%
change in the value of an attribute of another alternative [75-
77]. One important property of multinomial logit models
(MNL) is the existence of the same cross-elasticities for all
the other alternatives in the choice set, which is due to the
independence from irrelevant alternatives (IIA) property of
MNL [75-77]. The direct elasticity results show that travel
time and travel costs are only elastic for the bus transport
mode (values of elasticity analysis for them is greater than
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TaBLE 5: HCM model estimation results, structural and measure-
ment equations (MIMIC parts).

Parameter Estimate  Stderr  #-Stat  p Value
Structural equations

boge 0.917 0.0671  13.66 0.00
Age <30 0.36 0.630 5.71 0.00
Female 0.111 0.0588 1.89 0.06
Married 0.230 0.0574 4.01 0.00
Not lived abroad 0.442 0.0558 7.92 0.00
Education < university 0.138 0.0786 1.75 0.08
Income < 3 million IRR 0.117 0.0592 1.97 0.05
o, 0.906 0.0410 2212 0.00
Measurement equations

a, 0 N.A N.A N.A
a, 0.194 0.0958  2.03 0.04
o 211 0.0577  36.60 0.00
A 1 N.A N.A N.A
A, 0.825 0.0622  13.25 0.00
A, 0.346 0.0346  10.00 0.00
o, 0.793 0.0433 1833 0.00
Oy, 0.804 0.0310  25.99 0.00
Oy 1.06 0.0184 5762 0.00

TaBLE 6: Elasticity analysis of travel time and travel cost (values in
%).

Travel Travel cost or travel
Modes . .
time cost/income

Direct-elasticities

Park N.A -0.380

Van —0.484 —0.258

Taxi —0.055 -0.152

Metro -0.232 -0.114

Bus -1.836 -1.186
Cross-elasticities

Park - N.A 0.047

Van On probability , -7 0.030

of other

Taxi transport  0-046 0.120

Metro modes 0.052 0.024

Bus 0.032 0.019

1), which represents that with a 1% increase in the amount
of travel time or travel cost of bus alternatives, the probability
of choosing bus service decreases more than 1%.

Analysis of the behavior of resident air passengers in
Tehran also revealed that they are less sensitive to the travel
time of taxis and the travel costs of the metro, which may
be due to the relatively low travel costs of the metro in
comparison to other modes of transport in Iran, and the
confidence interval of travel time they consider when using
taxis. Based on the information presented in Table 4, it
must be noted that travel costs for the metro and the travel
time estimated for vans, taxis, and the metro were not
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statistically significant, which might be attributed to resident
air passengers considering free time before a flight for access
to the airport, and they may have a relatively higher income
than other passengers as they are able to take international
flights (IKIA only serves international flights). In addition,
we compared our results to the findings of previous studies
of elasticity analysis; however, such elasticity analysis does
not exist, particularly in the context of ground access to
the airports’ literature review. As the HCM methodology is
relatively new, almost all significant scholarly papers which
used hybrid choice methods did not report elasticities [7, 8,
10, 61, 62, 78-85].

6. Discussion and Conclusions

This paper investigated the influence of travelers’ perceptions
toward BE in airport access transportation modes. For this
purpose, we used SP data gathered from departure resident
air passengers at Imam Khomeini International Airport dur-
ing January and February 2015. With 359 validated responses
and a total of 1795 SP observations, a hybrid choice model was
implemented to capture the effect of the latent variable within
the choice process.

The discrete choice model results indicated that with the
introduction of the metro alternative, the metro option could
catch a high share of passengers at 22.55%. However, the
bus option captured only 2.5% of travelers, similar to results
presented for the Port Columbus International Airport bus
system, where only 2.35% of respondents had interest in using
the bus; therefore, the bus option would not attain much of a
share [20]. Moreover, in line with the study of Taoyuan Inter-
national Airport, which indicated that convenience in storing
and retrieving luggage was one of three primary concerns
of air travelers [24], policymakers must focus on finding a
better solution for more convenient luggage storage within
the metro to increase its potential share in accessing IKIA.
Additionally, traveler accompaniment type had a significant
effect on passenger’s airport travel mode choice to IKIA, in
which those who were traveling with friends had an increased
tendency to choose van transport, while those who traveled
with their families showed an increased willingness to park at
the airport or use a van service.

The result of the effect of the latent variable (PBE)
on transportation access mode choice showed that a more
positive PBE led to more willingness to use a private car
and park at the airport. These findings were in line with
previous studies of BE’s objective effect, which indicated that
living in denser population areas reduced private car use,
while living in a less dense population area or a suburban
location increased private car use [44, 46, 53]. Additionally,
the interaction of the number of cars in the household and
PBE had significant negative effects in the willingness to
choose van, taxi, and metro modes of transportation, with
the most negative impact on choosing the metro. Because
more than half of the sample data (56%, or 359 out of
641 responses) were Tehran residents, the more positive
perception of resident air passengers toward their BE led to
an increased tendency to park at the airport. This tendency
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may cause more problems for the near-airport environment
such as air and noise pollution.

The MIMIC model showed that sociodemographic char-
acteristics of individuals can explain the variation in PBE.
Younger passengers, females, married people, less-educated
persons, and low-income individuals had higher values of
PBE. In addition, experience living in a foreign country was
noteworthy in explaining differences of PBE and showed
that inexperienced individuals had an overall more positive
PBE. However, this data also showed an opportunity for
policymakers; people’s perceptions regarding BE were on
the side of more public transport; therefore, increased mass
transit options could affect the behavior of transportation
users toward less private car use. Targeting policy toward less-
educated persons and younger passengers and introducing
BE similar to that of other countries could improve future
transport outcomes, particularly within developing countries
such as Iran.

Regarding the limitation of the study, the sample may
not be the representative of the resident of Tehran and
the results of this study might not be generalizable to the
behavior of resident of Tehran but only to those resident air
passengers making international flights at IKIA. Therefore,
whether domestic flights become available at IKIA or not
will need further research. Moreover, The SEM fit criteria
within HCM must be calculated and reported which required
further research [86].

For future studies, the mismatch effect of perception
toward existing BE and the objective BE must be taken into
account. In addition, perceptions toward both the airport
environment as a destination and the parking environment
could benefit from a more detailed investigation, specifically
regarding travel behavior in accessing the airport. Other
perceptional and attitudinal aspects, including BE’s effects
on the habit of car use, ecological behaviors, and personality
traits, should be considered in the access design of airports.
Moreover, we suggest that future studies develop a method
to analyze the existence of a covariance term between error
terms and find a way to calculate the modification fit indices
of the SEM portion of the hybrid choice model, which can
strengthen the fit of the model to the sample data. It is also
recommended to analyze the effect of PBE and other latent
construct specially personality traits as previously reported
that have significant effect on access mode choice to airport
[36].
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