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Abstract

This paper employed a stated preference approach to examine the long-term parking preferences of passengers at Imam
Khomeini International Airport, with a particular focus on their propensity to use public and paratransit modes. A total of
377 passengers were investigated with 4 price scenarios and 6 mode choice options to access the airport, and discrete choice
models, including binary, nested, and multinomial logit, were employed to evaluate the impact of parking price on passenger
behavior. The likelihood ratio test was used to validate the models, and finally, using the sensitivity analysis, the effect of each
variable on passenger choice for parking in the airport parking lot, as well as the sensitivity of each mode choice option to
changes in parking prices, were examined. The binary logit model results indicated that married travelers with larger social
networks and longer trip durations coming from their personal homes were less likely to park their vehicles at the airport.
While the assumption of nesting behavior of options could not be confirmed, the multinomial logit model exhibited better
performance than other models. Furthermore, the sensitivity analysis revealed that a 3.8% increase in parking fees, from 1.3
to $2, would reduce the probability of choosing an airport parking lot by 8.2%, while increasing the probability of selecting
a drop-off personal vehicle, rental car, taxi, and Metro by 3.8, 4.9, 11.7, and 4.3%, respectively. These findings can inform
policymakers in developing effective airport parking pricing strategies to encourage greater use of public and paratransit
modes among passengers.

Keywords Parking price - Airport access mode - Binary logit - Nested logit - Multinomial logit
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Introduction

Today, the position of airports in the transportation system
is very important. High speeds for passenger and freight
transport have greatly increased the tendency to use this
mode of transportation. Airports are an essential element
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of contemporary life and a vital source for moving people
and transporting freight around the world [1-3]. Therefore,
access to the airport and its parking lot is also an important
problem in an aviation system, and it is vital to anticipate
the decision of air travelers to choose a personal vehicle
and use a parking lot. On the other hand, the increase in air
travel demand will increase ground transportation around
the airport because airports will transport air travelers to
ground transportation mode, so air and ground travels will
be interconnected and interacted [4-6]. Airport access at
most airports around the world depends on the use of per-
sonal vehicles significantly, so a high percentage of airport
access travels are performed using personal vehicles [7, 8].
These travels can generate significant revenue for airports
through vehicle parking prices [9]. Sometimes crowded per-
sonal vehicles cause traffic at airport entrances, reducing air
quality and increasing greenhouse gas emissions [10, 11].
However, public transportation stands as a cornerstone of
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urban development and sustainability [12]. It offers an effi-
cient solution to reduce congestion, minimize environmental
impact, and provide equitable mobility for all segments of
society [13—15]. Tourists’ interaction with airport facilities,
particularly their parking choices, reflects a complex inter-
play of convenience, cost, and connectivity, making their
behavior a critical consideration in the development of effi-
cient airport transportation strategies [16].

Developing airport access policies that enable the effec-
tive use of airport access capacity is influenced by personal
vehicle travel and is an important challenge for airport man-
agement [17, 18]. Ground traffic problems, such as traffic
congestion can negatively affect air traffic management.
Therefore, airport managers and officials are increasingly
solving the problems related to ground traffic around air-
ports [19]. Project management is a critical component in
the field of airport operations, encompassing a wide range
of activities from planning and design to construction and
maintenance [20]. In the context of airport operations,
dynamic pricing refers to the adjustment of prices for ser-
vices such as parking based on current demand levels. This
approach can be used to manage the demand for parking
spaces, potentially encouraging passengers to use alternative
modes of transportation during peak times or to park in less
utilized areas of the airport [21]. The rapid growth of vehi-
cle ownership and the use of personal vehicles has greatly
increased the need for parking lots at airports. Therefore,
it is necessary to evaluate the adopted strategies correctly.
By applying highway safety concepts, such as traffic flow
analysis, congestion management, and accident prevention,
airport authorities can create safer and more efficient parking
systems that accommodate the needs of travelers while mini-
mizing the risk of accidents and improving overall airport
operations [22]. Parking facilities located in the vicinity of
airports play an important role in reducing congestion and
travel delays due to a significant increase in traffic demand
and lack of facilities. Low parking prices and easy access
to the parking lot make more passengers park in the airport
parking lots [23-25].

By increasing demand for air travel, the need to develop
airports and create new facilities for access, parking space
required, and other challenges posed by this growth in
demand, require a review of existing plans. The effects of
parking pricing at each airport are different and it is neces-
sary to conduct special studies in an airport according to
the cultural and economic conditions of the people of that
country or city. Also, the price of parking at various airports
is different in terms of congestion and air traffic load, and
as traffic increases, the price can have an increment. In this
regard, Imam Khomeini International Airport (IKIA), Teh-
ran, Iran was studied in this research. IKIA due to the lack of
bus rapid transit and also being located on the Qom-Tehran
freeway has caused passengers to often come to the airport
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by personal vehicles. Therefore, in this study, the main focus
was on public parking lots, which are for passengers and
people who are not considered airport employees. For this
purpose, in the first step, the stated preference (SP) method
was used to collect the data. In this method, various scenar-
ios were drawn for the desired situation for the respondent,
and his/her choice and decision were asked. Also, in this
study, discrete choice models, including binary, nested, and
multinomial logit models, were used to evaluate the effec-
tiveness of pricing for parking facilities. After analyzing the
choice models, the most significant variables affecting the
choice of the airport parking lot for vehicle parking, as well
as the mode choice of air travelers to access the airport,
were evaluated. In this regard, a questionnaire was consid-
ered consisting of the socio-economic parameters of pas-
sengers and also the features of the choice of each parking
price scenario, including parking price and parking time in
peak and non-peak traffic time. Additionally, the validity of
the logit models was examined through the likelihood ratio
test. Finally, the sensitivity analysis was conducted to assess
the impact of independent variables on the decision of pas-
sengers to use the airport parking facilities and to evaluate
how sensitive each parking choice option is to changes in
parking prices.

Literature review

Various studies have been conducted to examine the impor-
tant factors that have an influence on the choice of passenger
parking. Ma et al. analyzed the parking choice behavior con-
sidering specific events and tourist areas using logit models.
They showed that driving time, parking price, and walking
time were three important and effective factors in the use
of parking [26]. Some studies have focused on describing
the behavior of passengers in the choice of on-site or off-
site parking lots based on the nested logit model and have
shown that the inclusion of heterogeneity and differences
in preferences increased the ability to predict the parking
choice model [27, 28]. Moreover, in a study aimed at analyz-
ing the parking choice behavior using SP and nested logit
model, Qin et al. examined parking outside the Beijing Capi-
tal International Airport as the second busiest airport in the
world, and the choice behavior of passengers. The results
of the study showed that parking price and distance were
two important factors in the choice of long-term parking
by passengers [29]. Also, in a research conducted by Roh
on the choice of access mode to the airport and the factors
affecting that, data were collected through a questionnaire in
the airport, and the discrete choice models, including mul-
tinomial logit, nested logit, and mixed logit, were used for
modeling. The results showed that travelers coming from
longer distances were more likely to save travel time [30].
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Pels et al. [31] in a study examining the access to the airport
and competition between airports showed that in addition
to travel time, parameters, such as travel purpose, number
of companions, and place of origin, were also effective in
the choice to access to the airport. Shaaban and Pande [32]
developed binary logit models to understand parking choice
behavior and found that parking intelligence was an impor-
tant and influential factor in parking choice. Some studies
have shown that in terms of passenger access to airports,
personal vehicles have become the main mode of travel
[33]. Zaidan and Abulibdeh [34] in their study identified
the priorities of air travelers in using transportation modes
to access Hamad International Airport using a multinomial
logit model. Also, to analyze the priorities of passenger
parking choice for off-campus parking activities, a study was
conducted at Beijing Capital International Airport, in which
the binary logit model was used to analyze the relationship
between passenger parking behavior and their travel features.
The results showed that passengers preferred to use off-site
parking lots for long-term parking. In general, the main idea
of governments is to introduce policies that aim to encour-
age changes in transportation modes from private to public
transportation for airports. An interesting example in this
regard is the Italian National Airport Plan [35].

Some studies have shown that passengers who had
enough time had more flexibility for higher prices, and pas-
sengers with business purposes had more flexibility in terms
of airport access or airport choice [31, 36]. Some studies
have focused on the airport travel mode choice of employees
and passenger access options from low-cost carriers (LCCs).
In a study using the data resulting from SP, Tsamboulas et al.
[37] found that employees were very sensitive to travel time
and costs in the choice of access mode. In a similar study,
Harvey investigated the mode choice of access to an airport
in the San Francisco Bay Area. The results of the research
showed that passengers were extremely sensitive to travel
time (especially in cases where flight time increases) and
travel costs [38]. Moreover, Sobieniak et al. investigated the
mode choice of access to Ottawa International Airport using
the multinomial logit model. The results indicated that pas-
sengers were sensitive to travel time, waiting time, walking
time, number of baggage, gender, travel purpose, household
income, and travel cost [39]. Studies also showed that pas-
sengers traveling for recreational purposes had more flexibil-
ity in paying higher prices for airport access, and business
travelers had more flexibility in terms of airport access time
[31, 36].

Some researchers have examined the most important fac-
tors influencing the choice of transportation mode for air-
port access. Akar [10], by the use of the binary logit model,
showed that passengers traveling for business purposes were
more likely to choose options than other passengers. Some
studies have examined airport access options and the factors

that affect them. Their research findings revealed that travel-
ers to more distant destinations spent more to save travel time
[4, 30]. Castillo-Manzano [40] used logit models to examine
differences in the choice behavior of LCCs by passengers and
showed that a passenger who chose a LCC was more inclined
to use rental cars or public transportation. Various studies have
also shown that travel time and cost at the airport are two fac-
tors that are the main concern of air travelers in the choice of
ground access mode to access the airport, and the results have
indicated that business travelers are more sensitive to travel
time than other travelers [10, 11, 17, 36, 38, 41-44].

A variety of motivational access strategies, such as rail-
roads, have also been proposed to reduce vehicle depend-
ence on airport flights. Parking policies and regulations are
important aspects in reducing the dependence of passengers
on their personal vehicles and promoting a change in their
mode of travel to public transportation systems. Parking
pricing strategies at international airports have also been
the focus of various studies. Parking demand may vary with
parking rate changes [45, 46]. Birolini et al. examined the
impact of transportation modes on passenger access to Milan
Bergamo Airport. The results indicated that airports should
consider transportation priorities for passenger transporta-
tion to better organize transportation access modes for pas-
sengers [47]. Also, studies in the field of airport parking
show that the revenue from parking facilities is significant
and in some small and medium airports, it includes 26%
of the total airport revenue. However, in large airports, the
share of parking revenue decreases due to the presence of
other revenue-generating sectors in large airports, which
reduces the revenue from parking [48].

In this research, to obtain information to create a model,
the stated preference (SP) method was applied. The data was
collected through 377 questionnaires with different price
scenarios, each of which included 4 choices, in the form of
interviews with travelers. Finally, the discrete choice mod-
els, including binary, nested, and multinomial logit models,
were presented to evaluate the price effectiveness of parking
facilities. Finally, the logit models were validated using the
likelihood ratio test, and a sensitivity analysis was performed
to determine the influence of variables on airport parking
choice and price elasticity.

Methodology

Data collecting

In this study, an experimental design was employed to
investigate the long-term parking preferences of passen-
gers at Imam Khomeini International Airport (IKIA).

This approach was chosen for its robustness in isolat-
ing the effects of parking pricing on passenger behavior.

@ Springer
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In this regard, a questionnaire consisting of the socio-
economic parameters of passengers and also the choice
characteristics of each parking price scenario were con-
sidered. These characteristics included parking price,
parking time in peak flight traffic time, and parking
time in non-peak flight traffic time, and for this purpose,
the recommendations of ACRP Report 26, which deals
with the collection of information from air passengers
at the airport, were used. Data collection was performed
in April 2018 using 4 questionnaires at IKIA. Pricing
scenarios were determined using experimental design, in
which a total of 16 scenarios were prepared in the form
of 4 types of questionnaires. In each questionnaire, a total
of 15 questions were asked, which questions 1 to 14 were
related to the personal characteristics of passengers, travel
characteristics, and destination information, and in ques-
tion 15, price scenarios were provided. Table 1 presents
the scenarios related to questionnaires types A to D. Also,
the method of determining the mentioned scenarios for
parking prices and waiting time to find a parking space
are presented in Tables 2 and 3, respectively. This meth-
odology not only allowed for a controlled analysis of the
stated preferences but also provided a comprehensive
dataset that reflects the immediate behavioral responses
to hypothetical yet realistic changes in parking prices and
waiting times. The adoption of this particular approach
over others, such as observational studies or historical
data analysis, was driven by the need for a controlled
environment to accurately assess the impact of pricing
strategies on passenger choices. The detailed and system-
atic approach to data collection and scenario construction
is expected to yield results that offer clear insights into
the cause-and-effect relationships between parking pric-
ing and passenger behavior, thereby informing effective
policy recommendations for airport parking management.

After collecting data, the data were analyzed. The
number of samples taken at IKIA was 377 passengers
(before boarding). The number of samples was deter-
mined using the Cochran formula through Eq. 1.

. 1.96%p(1 — p)
(a/100)* + 1.962p(1 — p)/N

ey

in which 7 is the minimum number of samples required, N is
the size of the study population, a is the confidence interval
width, and p is the estimated proportion of the population
[49, 50].

Statistical analysis
In this research, the SP method was used. Therefore, after

collecting data by questionnaire, the number of levels of
each characteristic related to each level was determined. In
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Table 1 Questionnaire scenarios

Type A questionnaire

Price of a 24-h stop: $2 Waiting time to find a parking space:

15 min

Price of a 24-h stop: $0.7 ~ Waiting time to find a parking space:

10 min

Price of a 24-h stop: $1.3 ~ Waiting time to find a parking space:
25 min

Price of a 24-h stop: $2.6 ~ Waiting time to find a parking space:
20 min

Type B questionnaire

Price of a 24-h stop: $1.3 ~ Waiting time to find a parking space:

10 min

Price of a 24-h stop: $2.6 ~ Waiting time to find a parking space:

15 min

Price of a 24-h stop: $2 Waiting time to find a parking space:

20 min
Price of a 24-h stop: $0.7  Waiting time to find a parking space:
25 min
Type C questionnaire

Price of a 24-h stop: $1.3 ~ Waiting time to find a parking space:

20 min

Price of a 24-h stop: $2.6 ~ Waiting time to find a parking space:

25 min

Price of a 24-h stop: $2 Waiting time to find a parking space:
20 min

Price of a 24-h stop: $0.7  Waiting time to find a parking space:
15 min

Type D questionnaire

Price of a 24-h stop: $0.7 ~ Waiting time to find a parking space:

20 min

Price of a 24-h stop: $2 Waiting time to find a parking space:
25 min

Price of a 24-h stop: $2.6 ~ Waiting time to find a parking space:
20 min

Price of a 24-h stop: $1.3 ~ Waiting time to find a parking space:

15 min

this method, the higher the number of characteristics and
their levels, the greater the number of experimental design
scenarios [51, 52].

Pearman and Kroes proposed that the number of charac-
teristics in an experiment should be limited to 6 or 7 in each
option [53]. In addition, changes in characteristic values from
one level to another (differences between treatments of a char-
acteristic) should be large enough for respondents to differen-
tiate between them, otherwise, they may not be sensitive to
it. At least one experimental completion is required in each
SP experiment. At the experimental completion, the experi-
mental design is reviewed. In the SP experiment, respondents
were asked to express their preference for each scenario by
choosing, scoring, or ranking. Considering that the response
of respondents to the designed scenarios reflects their evalu-
ation of the characteristics under study, information can be
obtained from these responses. Answers based on scoring
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Table 2 Method of determining scenarios for parking prices

Case Price Value
Current situation when collecting the questionnaires Current parking price $1.3
Determining the response of passengers to the policy of encouraging the use of the parking lot Reducing parking price by 50% $0.7*
Determining the response of passengers to the policy of encouraging the use of public transporta- Increasing parking price by 50% $2%

tion modes instead of the parking lot

Determining the response of passengers to the policy of encouraging the use of public transporta-

tion modes instead of the parking lot

Increasing parking price by 100% $2.6

*Due to the fact that the price became more tangible when asking the passenger, the price was rounded off

Table 3 Method of determining scenarios for waiting time to find a parking space

Case Value

Common waiting time (according to average timing in peak and non-peak hours with a stopwatch) 15 min

The scenario of reducing the waiting time by 5 min (the best situation), based on timing with a stopwatch when the parking lot is quiet 10 min
and there is enough parking space at the beginning of the parking lot

The scenario of increasing the waiting time by 5 min, based on timing with a stopwatch when the parking lot is half full and there is 20 min
parking space in the middle parts of the parking lot

The scenario of increasing the waiting time by 10 min (the worst situation), based on timing with a stopwatch during peak passenger 25 min

traffic, the parking lot being full and passengers having to park at the end of the parking lot

scenarios provide the richest type of data. Questions about
personal, economic, social, and travel characteristic informa-
tion of passengers were provided in the data analysis of SP, and
descriptions of behavioral responses were also used [54-56].
In discrete choice models, the utility function of option i
for individual n is expressed as U,;. This utility function has
two parts, definite and random, and is shown in Eq. 2, which
V,; and g, are the utility definite and random components of
the choice of option i by individual n, respectively [57, 58].

Uni = Vni + em' (2)

According to Eq. 3, the decision-maker among the avail-
able options in the choice set (C,) chooses an option that is
most desirable compared to the other options. Discrete choice
models usually result from the assumption that the utility is
maximized by the decision-maker.

ieC, if U,>U,, Vm#i 3)

As aresult, the probability that individual n chooses option
i is determined by Eqgs. 4 and 5.

P,=PU,>U,,)VNm#i€C, “)

Py=Pley, —€,; <Vyu—V,,) Vm#i€eC, 5)

For modeling the data, binary, nested, and multinomial
logit models were used in this research [57].

Modeling methods
Binary logit model

Many choice models are based on the economic theory of
random utility. In these models, it is assumed that the choice
of individuals is based on the utility of options. Therefore,
the most desirable option is chosen. The utility of options is
a function of their characteristics, the decision-maker char-
acteristics, and other environmental conditions. This func-
tion has two parts, a random part and another part that is
definite and measurable [59-61].

Nested logit model

In general, the multinomial logit model is based on the
feature of independence of irrelevant options. This model
presents incorrect results in the presence of dependencies
between options. On the other hand, because the logit model
is easier to use than other models, researchers have proposed
a condition of this model that solves the problem of lack of
independence of options. The model, called nested logit, is
such that if the options are interdependent, they are placed
on a different level from the other options, and other options
are discussed on another level [62, 63].

Multinomial logit model

The multinomial logit model is one of the simplest and most
used discrete choice models. The popularity of this method
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stems from the fact that it provides a closed form to express
the possibility of the choice of options and is easy to inter-
pret [64, 65]. The structure of the logit model was first used
by Berkson in 1951. This model came to the attention of
researchers in the 1970s after McFadden’s research [66, 67].
The structure of this model was formed from the develop-
ment of a binary logit structure in cases where there are
several options [68].

In Eq. 2, different results will be obtained if different
assumptions are made about the error term distribution.
This is one of the most general and fundamental differences
between discrete choice models. In obtaining the form of a
multinomial logit model, it is assumed that the error terms
for all options follow the Gamble distribution and are inde-
pendently and identically distributed [69]. The form of the
logit model will be as Eq. 6:

eVui

Rt ©

The assumption of an independent and identical distribu-
tion of the error term in the logit model causes any change in
the probability of the choice of an option and/or delete and
add an option from/to the choice option set to have a similar
effect on the probability of the choice of other options [70].

Maximum likelihood method

The maximum likelihood method involves finding the model
variables in a way that maximizes the probability of obser-
vations. Therefore, if the desired probability function is of
the logit type, the desired coefficients in the utility function
of the various options are estimated in such a way that the
probability obtained from the probability function is close to
the probability obtained from the observations of the current
situation [71]. Accordingly, for a sample with N observa-
tions, each of which can be chosen from k options, the likeli-
hood function is defined as Eq. 7:

wp =111 P®)" 7

neN ieC,

where y,;is 1 if option i is chosen by individual n, otherwise,
it is zero, P,; is the probability of the choice of option i by
individual n and L(f) is the joint probability density func-
tion for the observed sample, called the likelihood function
[72,73].

A basic assumption in defining the likelihood func-
tion in this method is the assumption that the decisions of
individuals are independent of each other, in which case
their joint probability is equal to the product of the prob-
abilities. By setting the first derivative of the likelihood
function to zero, the values of the variables that maximize
the likelihood function are obtained. Since the maximum

@ Springer

logarithm value of a function occurs where the maximum
value of the function itself occurs, and because it is easier
to derive from the logarithm function, the log-likelihood
function is maximized instead of the likelihood function.
The first log-likelihood function and the first derivative are
presented in Egs. 8 and 9, respectively [74].

LL(B) = Log(L(P) = D Y (vu X Ln(P,(B))) ®

neN ieC,

1 aPm(ﬂ)
232 (nxpxT0) wex o

neN ieCy

()(LL)

where K is equal to the number of variables used in the
model. By substituting the standard logit probability func-
tion (Eq. 10) into Eq. 9, this relation is obtained as Eq. 11
after the simplification.

ePXui

Pi=<—"Fv 10
ZJEC” ﬁ,an ( )

A(LL)

=2 2 bu=r

i ka Vke K 11
aﬁk neNieCy ( )

By setting Eq. 11 to zero, the best values for the param-
eters are obtained to maximize the likelihood function
[75].

In these relations, the symbol LL is used to indicate the
logarithm value of the likelihood function, for which four
cases are defined:

e LL(0): A state in which all coefficients in the model
are zero and the share of all options (the possibility to
choose any of the options) is considered equal.

e LL(C): The state in which the utility function of each
travel mode equals its share of the status quo (market
share), or in other words, the utility function of each of
the options is defined as a constant value.

e LL(p): The state in which the coefficients in the utility
functions are estimated based on the maximum likeli-
hood method.

e LL(*): The state in which the proposed model has made
the future prediction very appropriate, which is assumed
to be the marginal limit and cannot be achieved.

Indeed, case 4 shows the maximum amount of like-
lihood, in which the model is fully consistent with the
observations. For comparison, it can be considered equal
to R? = 1 fitting in regression models. There must be a
condition in the form of Eq. 12 between the logarithm
values of the likelihood function in the above-mentioned
cases [76]:



Innovative Infrastructure Solutions (2024) 9:169

Page70f22 169

LL(0) < LI(C) < LL(f) < LL(*) (12)

Methods of evaluating models

Different criteria are used to evaluate logit models, some
of which are mentioned below.

Likelihood ratio test To validate the binary and multinomial
models, the likelihood ratio test was used. To examine the
statistical significance of a model in general, a statistical
comparison should be made between LL of the estimated
model and the model without considering its behavioral
variables. If LL of the estimated model is statistically better
than that of the base model, it can be said that the model
is statistically significant in general. For this purpose, the
following hypothesis test (Eqs. 13 and 14) is proposed [77]:

H() : LLbase model — LLestimated model (13)

H - LLbase model * LLestimated model* (14)

The likelihood ratio test statistics are presented in
Eq. 15 or in another way in Eq. 16.

2 (LLbase model — LL

estimated model)

value of X2 distribution table and the statistical significance
of the set of variables is examined [79].

Goodness of fit When estimating the initial model, the
best evaluation is to check the sign of the estimated coef-
ficients, their values, and the significance level of each vari-
able. However, to compare the estimated models in the next
steps, a goodness of fit parameter is used, which indicates
the improvement or non-improvement of the subsequent
models [80].

The p? statistic indicates the overall fit of the model and
its types are defined based on the measurement criteria
used. pg is equal to the difference between the logarithm
of the likelihood function in the case of zero coefficients
and the coefficients obtained from the method of estimating
the maximum likelihood divided by the difference between
the logarithm of the likelihood function in the case of zero
coefficients and the coefficients obtained in the best possible
case, as shown in Eq. 18 [81].

s _ L)~ LLO)

P0 = TLeo - LL(O) (1%)

The best state mentioned presents and estimates the
probability of the consequence of each option in such a way

~ X?(number of new parameters in the estimated model) (15)

2(LL(0) — LL(p)) > X,%“_a (16)

where «a is the significance level and N is equal to the num-
ber of parameters estimated in the model by applying con-
straints. If the calculated statistic value is greater than the
critical chi-square statistic value at the significance level a
(if Eq. 16 is established), the null hypothesis is rejected and
the model is statistically significant in general [78].

Another importance of the chi-square test is the com-
parison between the two models. If it is assumed that in a
statistical sample, two models with one type of structure
(e.g., logit) are constructed and one model has more vari-
ables than the other model, the chi-square test can be used
to compare the two models and determine the significance
of additional variables. If the model with the higher num-
ber of variables is represented by «, and the model with
the lower number of variables is presented by «a,, Eq. 17
can be used to determine the significance of the additional
variables.

—2(LL(a,) = LL(a,)) ~ Xz (17)

in which K is the degree of freedom of the model (difference
in the number of explanatory variables of the two models,
i.e., K =b—a). The X,z( value is compared with the critical

that the probability of occurrence is equal to 1 in general.
Accordingly, the value of LL(x), which is actually LL(1),
will be equal to zero, and the relationship will be converted
to Eq. 19 [82].

S 17

S 77() (19)

Similarly, if the logarithm of the likelihood function in
the case that the utility function of each option is defined
constant (case 2) be considered as a reference, p? is repre-
sented as Eq. 20 [82].

P 17

Pe= T IO (20)

pg and p? are in the range between 0 and 1, where p* = 0
indicates that the obtained model is not better than the refer-
ence model and it is better to present the reference model,
and p? = 1shows that the obtained model is a perfect model
[82].
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Results
Statistical analysis

The number of samples taken at IKIA is 377 passengers
(before boarding). Table 4 shows passenger information.
The average age of passengers was 36 years, most of which
were male (61%). In total, 66% of the people were traveling
for recreational purposes, and 14, 10, 4, and 3% of passen-
gers had the travel purpose of doing personal affairs, work,
and education, respectively, and the rest had other purposes.
Also, a large percentage of passengers (92%) traveled from
their personal home to the airport and the rest traveled from
acquaintances’ homes (7%) and hotels (1%). In addition,
based on the information obtained from the questionnaires,
the average travel time of passengers was 17 days. 34%
of passengers came to the airport by personal vehicle and
parked their vehicle in the parking lot, and 16, 15, 9, and
7% of passengers came to the airport by rental car, taxi,
bus, and Metro, respectively. Moreover, 19% of passengers
were taken to the airport by acquaintances. The desire of
passengers to reach the airport was to use a personal vehicle
that had either parked the vehicle in the parking lot or the
vehicle had been returned to a personal home by friends and
acquaintances. Also, the average number of family members
in the collected statistical data was equal to 4 people.

The dependent variable for modeling was whether airport
parking pricing is effective in changing the way of ground
access of passengers from personal vehicles to public transit
and paratransit. Moreover, the independent variables used in
modeling the effect of airport parking pricing were divided
into three general categories of individual characteristics,
parking conditions, and transportation mode, according to
Table 4. In addition, 22 independent variables were exam-
ined to investigate the effect of price on changing the way of
ground access of passengers, as shown in Table 4, in which
the description of the variables was specified.

Binary logit model results

In this section, the results of the model of the effectiveness
of airport parking pricing using a binary logit structure are
presented. By developing multiple models and logically
combining the effects of various variables, the model with
the greatest improvement in the logarithm value of the likeli-
hood function with 11 variables was finally selected as the
superior model. The results of the binary logit model are
presented in Table 5, indicating that the variables had sig-
nificant signs, which shows that the model had the ability to
analyze the response variable properly.

Analysis of the model results showed that the number of
travel days (NoDay) negatively affected the choice of pas-
sengers to use a personal vehicle and park in the parking
lot. The reason for this could be because of the increase in
parking prices due to the rise in the number of days that the
vehicle is in the airport parking lot. For travelers, particu-
larly those on extended trips, the financial burden of long-
term parking can be substantial. As the parking fees add up,
the cost-effectiveness of alternative transportation options
becomes more apparent. Moreover, the variable of the num-
ber of well-wishers (NoWell) in the model was significant
and its coefficient had a negative sign, which indicates that
passengers with more well-wishers had less tendency to
choose the airport parking lot for vehicle parking. The rea-
son for this may be that passengers who come to the airport
with more well-wishers prefer that the vehicle be returned to
the origin by its companions than to be parked in the airport
parking lot. Thus, the number of well-wishers present not
only reflects the social support of the traveler but also serves
as a predictor of their parking choices, highlighting the inter-
play between social factors and practical considerations in
travel behavior. Another variable with a positive effect on
the model was the travel purpose of drivers (Purpose), which
showed that people who traveled for recreational purposes or
to meet acquaintances were more likely to park their vehicles
in the airport parking lot.

Table 4 Variables studied in the

No Variable Description No Variable Description
research
1 NoDay Number of travel days 12 Gen Gender
2 NoWell Number of well-wishers 13 Job Job
3 Destination  Travel destination 14 Edu Education
4 Purpose Travel purpose 15 Age Age
5 Origin Travel origin 16 Mar Marital status
6 Home Passenger’s place of residence 17  NoFam Number of family members
7 Mode Mode choice to reach the airport 18  VehType Vehicle type
8 TT Duration of arrival at the airport 19  NoVeh Number of vehicles
9 NoOcc Number of vehicle occupants 20 Price Parking price
10 NOTrip Number of travels in the last 6 months 21 ~ WaTime  Waiting time
11  NoBag Number of baggage 22 Choice Choice of travel mode
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Table 5 Results of binary logit model of the effectiveness of airport parking pricing

Variable Coefficient (f,) Standard error Sig. level
Constant 7.4091 0.8201 0.0000
NoDay —-0.2154 0.0365 0.0000
NoWell —-1.4129 0.2017 0.0000
Purpose 0.2547 0.1039 0.0131
Origin —1.2865 0.3122 0.0022
Home —1.1693 0.1824 0.0000
Mode -1.1172 0.0744 0.0000
NoOcc —0.4357 0.1042 0.0000
Edu 0.3839 0.1132 0.0008
NoFam 0.2815 0.0922 0.0019
Mar —0.5843 0.2569 0.0234
Price —0.2482 0.0169 0.0000
Parameter Description Result
LL(0) Likelihood logarithm (equal share of coefficients) —1045.2641
LL(C) Likelihood logarithm (market share) —937.9724
LL(p) Likelihood logarithm (model coefficients) —423.1073
pg Fit criteria of the estimated model compared to the model with zero coef- 0.5952
ficients
P Fit criteria of the estimated model compared to the model with a constant 0.5483
parameter
=2 X [LL(0) — LL(p)] Likelihood ratio test of equal share 1244.3141
—2 X [LL(C) — LL(B)] Likelihood ratio test of market share 1029.7435
AIC 3.017

The results of the binary logit model also showed that
the variable of origin of travel to the airport (Origin) had
a significant negative sign, which means that if the passen-
ger travels from a personal home, the probability of parking
the vehicle in the parking lot increases. Also, the negative
sign of the variable of the place of residence of passengers
(Home) in the model indicates that if the passenger lives in
Tehran, the probability of choosing a parking lot decreases.
The reason for this can be that because of the proximity of
the place of residence to the airport, the passenger tends to
choose other modes of transportation to reach the airport.
In examining the effect of choosing the mode of transpor-
tation to IKIA (mode), the negative sign of this variable
shows that choosing a personal vehicle to go to the airport
had a negative effect on the choice of parking in the airport
parking lot with different scenarios. Also, the analysis of
the results regarding the variable of the number of vehicle
occupants (NoOcc) with a significant negative sign indicated
that increasing the number of occupants and the presence of
companions in the vehicle made the passenger more likely to
choose the airport parking lot for vehicle parking.

The results also showed that the variable of education
level (Edu) had a significant positive effect on the model,
so by increasing the education level, passengers were more
inclined to park in the airport parking lot. Another variable

with a positive effect on the model was the number of fam-
ily members (NoFam), so the higher the number of fam-
ily members, the more likely it is that the passenger parks
the personal vehicle in the airport parking lot. According
to the model, it can also be seen that the variable of marital
status (Mar) had a significant role with a negative sign in
the model. Accordingly, married people were more inclined
to park their personal vehicles in the airport parking lot.
Finally, according to the results of the model in the inves-
tigation of the parking price (Price) in different scenarios,
it was revealed that increasing the parking price reduced
the choice of parking in the parking lot, which is due to
increased passenger costs.

Validation and sensitivity analysis of binary logit model

One of the most basic validation tests to evaluate the logit
model is to check the amount and sign of the calculated
coefficients. As shown in Table 5, all coefficients of the
models had acceptable signs and values. Also, according
to the p-value statistic to determine the level of significance
of each explanatory variable of the model with a certain
confidence level, all explanatory variables of the model were
significant at the 95% confidence level. Moreover, the likeli-
hood ratio test to validate the whole model showed that the
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explanatory nature of the binary logit model with respect to
the equal share of 1244.3141 and market share of 1029.7435
against the critical value of 24.7294 was significant at a 95%
confidence level. In terms of the Akaike information cri-
terion (AIC), the final model was in a much better condi-
tion than the original models, and these values were gradu-
ally decreased, indicating that the model was appropriate.
It should be noted that AIC is presented according to the
effect of the number of parameters and the likelihood func-
tion, which indicates the amount of information lost by the
model, and therefore, the smaller the value of the AIC evalu-
ation criterion, the better and more appropriate the model is
compared to the other models [83]. Also, another validation
method for the binary logit model is the p2C index. Given
that the value is expected to range from O to 1, the achieved
value of 0.5483 for the p2C index is regarded as satisfactory.

In order to indicate the effect of each independent vari-
able on the dependent variable, sensitivity analysis was
performed [42]. As can be seen in Table 6, the variables

Table 6 The elasticity of independent variables for the binary logit
model

of Origin and Home had the greatest impact on passenger
choice for parking in the airport parking lot because they
had the highest amount of elasticity. The NoDay variable
had the least impact.

In the last step, the sensitivity of changes in parking
prices on the possibility of choosing a personal vehicle park
was examined and analyzed. Regarding the relationship
between the parking price and the condition of the vehi-
cle park, it is expected that with the increase in price, the
vehicle parking will decrease. According to Fig. 1, if the
parking price is equal to $3 and the other parameters have
their average value, vehicle parking will not take place in the
parking lot and if the parking price is reduced to $0.1 in the
same conditions, it is 100% likely that passengers will use
the vehicle parking.

Nested logit model results

In this study, due to the greater complexity of passengers
concerning individual characteristics, parking choices, and
transportation modes, binary models can not completely
meet the purpose. Therefore, in the next step, a more com-
plex model was developed. Among the more accurate and

No Variable Elasticity amount complex models for identifying the choice framework of
users and their desirability, the nested logit model can be
1 NoDay —0.00309 . . .. . .
mentioned [84, 85]. In this model, the existing relationships
2 NoWell —0.00215 . . .
3 Purhose 000387 among the choice options of users should be examined
u.p‘ ’ and, as far as possible, the related options should be placed
4 Origin —0.01930 . . . .
in a nest. In fact, this model, considering the dependence
5 Home —0.01911 .
between the parameters, reveals more accuracy in the results
6 Mode —0.01656 .
; NoOoc 000647 and expresses the overlap of homogeneous options well.
g Ed 0'00572 Therefore, in this study, three nests were created. The first
N ’ nest was for travelers who choose the parking lot, the second
9 NoFam 0.00429 . .
0 y 0.00873 nest was for those who choose a personal vehicle (disem-
" P ?r - 0.00361 barked by others), rental car, and taxi, and the third nest was
ree e for passengers who choose the bus and Metro. The structure
Fig. 1 The effect of increasing
the parking price in personal
vehicle parks -
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of the three nests is represented in Fig. 2, and described in
more detail in the following:

e The first nest (parking choice):
— Option 1: The passenger chooses the airport parking
lot (first choice).
e The second nest (personal vehicle, rental car, and taxi
choice):

— Option 2: The passenger chooses a personal vehicle,
who is disembarked from the vehicle of acquaint-
ances and friends at the airport and the vehicle
returns to the origin (second choice).

— Option 3: Rental car, such as Snapp, Tapsi, etc. (third
choice).

— Option 4: Taxi (fourth choice).

e The third nest: Other modes of transportation (bus and
Metro choice).

— Option 5: Bus (fifth choice).
— Option 6: Metro (sixth choice).

As shown in Fig. 2, the six options in each scenario were
converted into 3 nests in order to develop this model, and
the subsets of each option were structurally similar. After
constructing the model with the mentioned conditions, the
utility functions of the options were obtained, which can
be seen in Table 7. Moreover, in Table 8, the coefficients
and significance level of independent variables in the utility
functions of the nested logit model are illustrated. Also, the

Total data

First nest Second nest Third nest
Parking choice Personal vehicle Bus
Rental car Metro

Taxi

Fig.2 Structure of the nested logit model in this study

fitness indices of the model are presented in this table, which
are derived from the outputs of the model.

Validation of nested logit model

A fundamental step in validating the nested model involves
examining the coefficients’ magnitudes and signs. Table 8
confirms that the model’s coefficients had acceptable signs
and values. Furthermore, the p-value statistic revealed that,
at the 95% confidence level, all the variables of the nested
logit model were statistically significant. Additionally, the
validity of the overall model was examined by the likelihood
ratio test, which indicates that the explanatory power of the
nested logit model, with equal and market share values of
910.8727 and 783.5619, respectively, was significant against
the critical value 22.9825 at the 95% confidence level. Also,
for this model, other validation tests were examined, includ-
ing the p2C index value. Since this value should be between
0 and 1 and have an upward trend at each stage of model
construction, the value obtained in this model (0.2194) can
be considered appropriate. In terms of the logarithm of the
likelihood function and the AIC index, the final model was
illustrated to be appropriate. The next indicator, which is the
most important indicator of the nested model, is the value
of the inclusive value (IV) parameter of the model. This
value should be less than 1. For more accuracy of the model,
depending on the conditions of the problem, IV of one of
the nests should be placed equal to 1, which was done in this
model for the parking choice nest. After running the model,
as shown in Table 8, the IV value in the nests was higher
than 1, which did not change the output for other nests after
repeating this operation, indicating that any increase in the
utility related to the option in question (e.g., bus choice)
increases the likelihood of choosing other options (e.g.,
Metro choice). This is contrary to the utility maximization
assumption and is equivalent to creating a cross-elasticity
with the wrong sign [69]. Therefore, the assumption of the
nesting behavior of the options can not be confirmed, and
finally, the processed nested model can not be used due to
the rejection in the IV parameter test. Therefore, by remov-
ing the nests, the multinomial logit model can be used.

Table 7 Utility functions of the options in the nested logit model

Option Utility function

Parking choice u(1) = a + p; X NoDay + f, X NoWell
w(2) = 3 X NoFam + p, X Price

u(3) = fs X Home + fg X Age

u(4) = p3 X Origin + g X NoOcc

u(5) = Py X Purpose + o X Edu

u(6) = f,; X Job + f,, X Mar + f5
X Gen + f,, X NoVeh

Personal vehicle choice
Rental car choice

Taxi choice

Bus choice

Metro choice
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Table 8 Coefficients and significance level of independent variables in the nested logit model

Variable Coefficient (f,) Standard error Sig. level
Constant 8.6842 1.1797 0.0000
NoDay —0.2009 0.0352 0.0000
NoWell —0.5858 0.1792 0.0011
NoFam 0.1012 0.0447 0.0237
Price 0.0437 0.0071 0.0000
Home 1.2220 0.2346 0.0000
Age 0.0089 0.0041 0.0325
Origin 0.3324 0.1566 0.0138
NoOcc 0.2173 0.0431 0.0000
Purpose 0.6616 0.1022 0.0000
Edu —0.4608 0.1487 0.0021
Job 0.0572 0.0231 0.0133
Mar 0.5678 0.1671 0.0007
Gen 2.1229 0.4412 0.0000
NoVeh 0.3665 0.1905 0.0244
Parameter Description Result
LL(0) Likelihood logarithm (equal share of coefficients) —1852.6085
LL(C) Likelihood logarithm (market share) —1788.9521
LL(p) Likelihood logarithm (model coefficients) —1397.1723
pg Fit criteria of the estimated model compared to the model with zero coef- 0.2458
ficients
P Fit criteria of the estimated model compared to the model with a constant 0.2194
parameter
—2 X [LL(0) — LL(p)] Likelihood ratio test of equal share 910.8727
-2 X [LL(C) — LL(p)] Likelihood ratio test of market share 783.5619
AIC 3.5295
IV Parameters
Parking choice 1 Fixed
Personal vehicle choice 3.5557 0.6786
Rental car choice
Taxi choice
Bus choice 2.0619 0.4309

Metro choice

Multinomial logit model results

Since the nested logit model was rejected in the valida-
tion, the multinomial logit model was examined. In this
model, each option had a separate utility function, which
was ultimately obtained from the output of the model. These
functions are briefly representative of their option; in other
words, each represents the user choice framework for the
choice of that particular option. Up to 22 variables were
examined to construct the model, the variables of which
could be effective in the choice options and have a posi-
tive or negative effect on the choice of users, depending on
the nature of each option. In the process of developing the
model, various independent variables were introduced, and

@ Springer

according to the significance level of each variable, the final
multinomial logit model consisting of the mentioned vari-
ables was constructed. Table 9 shows the utility functions
obtained in relation to each option. Moreover, in Table 10,
the coefficients and significance level of independent vari-
ables in the utility functions of the multinomial logit model
are presented.

The results of the multinomial logit model indicated that
the variable of the number of travel days (NoDay) was sig-
nificant in the parking choice model (x(1)) and its coeffi-
cient had a negative sign, which indicates that the number of
travel days had a negative effect on the parking choice. The
observed negative impact is a reflection of the cost implica-
tions associated with prolonged parking. As travelers embark
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on longer trips, the cumulative cost of parking can become
a significant financial consideration. With each passing day,
the parking meter ticks, adding to the overall expense of the
journey. This incremental increase in cost can act as a deter-
rent, prompting travelers to seek more economical alterna-
tives. Also, according to the results of this model, it was
found that increasing the number of well-wishers (NoWell)
reduced the tendency of the choice of parking lots. This
could be due to passengers accompanied by a larger group
of well-wishers favoring the return of their vehicle to its
starting point by friends or family, rather than leaving it in

the airport parking lot. This behavior could be rooted in
the desire for a more personal farewell or the practicality of
avoiding parking fees, especially for brief trips. Moreover,
the variable of parking price (Price) had a negative coeffi-
cient in #(1) and had a positive sign in (2, 3,4, 6). The nega-
tive sign of this variable indicates its negative impact on the
choice of parking and its positive sign demonstrates the posi-
tive effect on the choice of other modes, such as taxi, rental
car, and Metro, as well as personal vehicle choice. The nega-
tive coefficient of this variable in the parking choice model
indicates that as parking prices increase, the likelihood of

Table 9 The utility functions of

. . . . Option
options in the multinomial logit

Utility function

model Parking choice

Personal vehicle choice
Rental car choice

Taxi choice

Bus choice

Metro choice

u(1) = a + f; X NoDay + f, X NoWell + f; X Price
u(2) = f, X NoFam + fs X Price

u(3) = f, X Home + f; X Age + fg X Job + fs X Price
u(4) = Py X Origin + f, X NoOcc + 5 X Price

u(5) =y, X Purpose + f, X Edu + p,3 X NoVeh

u(6) = B4 X Mar + 5 X Gen + fs X Price

Table 10 Coefficients and significance level of independent variables in the multinomial logit model

Variable Coefficient (f,) Standard error Sig. level
Constant 6.1184 0.3468 0.0000
NoDay —0.2415 0.0388 0.0000
NoWell -0.8322 0.1860 0.0000
Price (u(1)) —0.0766 0.0224 0.0006
NoFam 0.4931 0.0445 0.0000
Price (u(2.3.4.6)) 0.0748 0.0188 0.0001
Home 2.2204 0.3040 0.0000
Age 0.0154 0.0071 0.0315
Job —0.0802 0.0242 0.0010
Origin 1.0133 0.1653 0.0000
NoOcc 0.1530 0.0641 0.0171
Purpose 1.0686 0.2841 0.0002
Edu —0.5841 0.2476 0.0183
NoVeh —2.4867 1.4535 0.0071
Mar 0.8489 0.2104 0.0001
Gen 1.3675 0.2292 0.0000
Parameter Description Result

LL(0) Likelihood logarithm (equal share of coefficients) —2701.9734
LL(C) Likelihood logarithm (market share) —2802.8657
LL(p) Likelihood logarithm (model coefficients) —1342.1962
pg Fit criteria of the estimated model compared to the model with zero coef- 0.5035

ficients
P Fit criteria of the estimated model compared to the model with a constant 0.5278
parameter

—2 X [LL(0) — LL(p)] Likelihood ratio test of equal share 2719.5547
-2 X [LL(C) — LL(B)] Likelihood ratio test of market share 2921.3382
AIC 2.8824
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travelers choosing to park at the airport diminishes. Con-
versely, its positive influence on choosing personal vehicles,
rental cars, taxis, and the Metro suggests that as parking lots
become pricier, travelers are more likely to opt for these
alternatives. This shift is driven by the relative convenience,
time savings, and cost-effectiveness of these options com-
pared to expensive, long-term parking. Essentially, parking
prices are a decisive factor in transport preferences, balanc-
ing on-site parking convenience against the savings from
other modes of transport.

According to the model, it can be seen that the variable
of the number of family members (NoFam) had a positive
effect in u(2), which indicates that the more family members,
the more the passenger tends to choose a personal vehicle
to access the airport. This pattern suggests that as families
grow in size, the appeal of personal vehicles becomes more
pronounced. Larger families may find that personal vehicles
offer a level of convenience and cost savings that public
transportation or other alternatives cannot match. Another
variable with a positive effect on the model of the choice of
a rental car to travel to the airport (u(3)) is the passenger’s
place of residence (Home), which increased the probabil-
ity of using a rental car, such as Snapp, Tapsi, etc. if the
passenger lived in Tehran. This trend may be influenced by
several factors inherent to city living, such as traffic conges-
tion, which can make driving one’s own vehicle less desir-
able, or the availability of these services, which tend to be
more abundant and reliable in larger cities. Also, the positive
coefficient of the age variable (Age) in the rental car choice
model indicates that the older the passenger, the more likely
to use a rental car to access the airport. This could be due to
several reasons. Older passengers may prioritize comfort and
convenience, which rental cars provide, especially for navi-
gating through traffic or managing luggage. Additionally,
older travelers might value the reliability and predictabil-
ity of a rental car service over public transportation, which
can sometimes be less accommodating or more physically
demanding. Also, in the case of the job variable (Job), the
results of the model showed that if the passenger was a stu-
dent, housewife, retired, and unemployed, he/she was more
likely to use a rental car to travel to the airport. This prefer-
ence could be influenced by several factors. For students, the
flexibility and time-saving aspect of rental cars may align
with their schedules and budget constraints. Housewives
might prioritize convenience and safety, especially when
managing family travel. Retirees may opt for the comfort
and ease of access that rental cars provide, avoiding the
physical strain of public transport. Similarly, those who are
unemployed might find rental car services more accessible
or cost-effective, particularly if they do not own a vehicle.

Results also indicated that in the choice of a taxi to travel
to the airport (u(4)), the variable of travel origin (Origin)
was significant with a positive effect, meaning that if the
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passenger left a personal home, the possibility of using a
taxi by the passenger increased, maybe because the comfort
and privacy of leaving the personal home could make a taxi
ride more appealing. Additionally, the convenience of door-
to-door service without the hassle of parking or navigating
public transport can streamline the travel experience. Also,
the significant positive sign of the variable of the number of
vehicle occupants (NoOcc) in this utility function showed
that increasing the number of occupants and the presence of
companions in the vehicle made the passenger more likely
to choose a taxi to travel to the airport. It represents that
when passengers are not alone, the likelihood of opting for a
taxi increases, which could be due to the shared cost among
occupants making it a more economical option, or the social
aspect of traveling together in a more private setting.

By examining the effect of travel purpose (Purpose) in
u(5), the results showed that passengers who had the purpose
of recreation or meeting acquaintances were more likely to
choose the bus as their mode of transport to the airport. This
preference could be due to the cost-effectiveness of buses,
which is particularly appealing for recreational travelers who
may wish to allocate more of their budget to leisure activi-
ties. In addition, the bus offers a social environment that
might resonate with those going to meet friends or family.
Also, the variable of education level (Edu) with a signifi-
cant negative sign in this utility function showed that people
with a higher level of education were less likely to choose
a bus mode to travel to the airport. This could be due to a
variety of factors, such as higher expectations for comfort
and convenience, a greater awareness of alternative transport
options, or a higher likelihood of owning a personal vehi-
cle. Additionally, those with higher education levels may
have higher incomes, allowing them to opt for more private
and direct modes of transport. Furthermore, the number
of vehicles (NoVeh) was another significant variable that
had a negative effect on increasing the probability of the
choice of a bus to access the airport, which indicates that
individuals with access to more vehicles were less inclined
to opt for public transit options. This trend could be due to
the convenience and flexibility that personal vehicles offer,
particularly for those with multiple cars at their disposal.

The results of the choice of Metro mode to access the
airport (u(6)) indicated that the marital status variable (Mar)
was significant in the model with a positive sign, represent-
ing that people who were single were more likely to use the
Metro to get to the airport. This finding could reflect the life-
style and priorities of single individuals, who may favor the
Metro’s efficiency and cost-effectiveness over other modes
of transport. Moreover, the Metro’s appeal to singles could
be enhanced by its alignment with their flexible schedules
and possibly fewer family commitments, which allows for
greater use of public transportation systems. Finally, the
gender variable (Gen) with a significant positive sign in this
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utility function showed that men had a higher likelihood of
choosing the Metro as their preferred mode of transportation
to access the airport. This trend may be reflective of various
socio-economic factors, such as work-related travel patterns
or personal preferences for speed and convenience offered
by the Metro. It also suggests that men might prioritize the
efficiency and reliability of the Metro when making travel
decisions.

Validation and sensitivity analysis of multinomial logit
model

In examining the value and sign of the coefficients of the
variables in the multinomial logit model, the results revealed
that all the coefficients of the models had acceptable signs
and values. The likelihood ratio test also showed that the
explanatory nature of the multinomial logit model was sig-
nificant against the critical value of 29.1473 in terms of the
equal share of 2719.5547 and market share of 2921.3382, at
a confidence level of 95%. The AIC parameter as a model
fit index showed that to choose the model with the lowest
AIC value, initially this index was equal to 1.3561, which
decreased in the next steps and finally reached 2.8824. On
the other hand, in the sensitivity analysis, the sensitivity of
each significant option to changes in parking prices in the
equation y=1 was discussed. Regarding the relationship
between parking choice and price, of course, it is expected
that with the increase in price, the share of parking choice
will decrease and the share of other options will increase.
Figures 3, 4, 5, 6 and 7 shows the diagrams of probabil-
ity changes of choosing access modes to the airport with
increasing parking prices. According to Fig. 3, if the other
variables have their average value, with increasing the
parking price, the probability of the choice of a parking lot
decreases with a relatively significant slope. At the price
of $6.5, the passenger will choose the parking lot with a
probability of zero, and at the price of $0.1, the possibility

Fig.3 The possibility of choos- 50
ing a personal vehicle (park at
the airport)

45

40

35

park at the airport (%)
S

Possibility of a personal vehicle choice for

of the parking choice by the passenger will increase to 47%.
Also, according to Figs. 4, 5, 6 and 7, if the parking price
increases to $2, the probability of choosing a parking lot at
the airport will decrease by about 30% and the probability
of choosing a personal vehicle (disembarked by friends and
acquaintances), rental car, taxi, and Metro will increase by
12, 16, 22, and 8%, respectively.

Discussion

This study has provided a comprehensive analysis of the fac-
tors influencing passengers’ choices of ground transportation
to and from IKIA, with a particular focus on the impact of
airport parking pricing. The findings from the logit models
offer significant insights into the decision-making processes
of travelers, highlighting the interplay between economic,
social, and personal factors.

In the intricate landscape of transportation choices, the
binary, nested, and multinomial logit models serve as piv-
otal tools for unraveling the complexities of decision-making
processes. In this study, the results from these models pro-
vided a nuanced understanding of airport parking choices
and their influencing factors. The binary logit model, with
its focus on the dichotomy of choices, underscored the influ-
ence of travel duration and social accompaniment on parking
preferences, revealing a tendency to eschew prolonged park-
ing due to cumulative costs and favor the return of vehicles
over parking. In other words, longer travel days discouraged
the use of personal vehicles for airport parking, likely due
to escalating parking costs. Interestingly, the presence of
well-wishers also negatively influenced parking lot usage,
suggesting that travelers prefer their companions to return
the vehicle rather than incur parking fees. Conversely, rec-
reational travel increased the likelihood of parking lot usage,
indicating a preference for convenience. The origin of travel
and residence location also played significant roles, with

““
A W -
“u”, ~—~=reumn
$90000000000000000e
3 4 5 6 7 8
Parking price ($)

@ Springer



169 Page 16 of 22

Innovative Infrastructure Solutions (2024) 9:169

Fig.4 The possibility of 120
choosing a personal vehicle ]
(disembarked by friends and S . 100
. Q
acquaintances) P
eF
g
E g- 80
< @
g £
2w 60
&g
S
© 8 40
£z
= 2
3.2
7T 20
o
I
0
0 2
Fig.5 The possibility of choos- 120
ing a rental car mode
g 100
L
2
2
S 80
&
3
=
s 60
&
<
Gt
o
2 40
3
&
g 20
0
0 2
Fig.6 The possibility of choos- 120
ing a taxi mode
— 100
g\i
8
‘5 80
=
o
E
< 60
<
Yt
o
g
= 40
]
Z
& 20
0
0 2

those traveling from personal homes more inclined to use
the parking lot, while residents of Tehran showed a prefer-
ence for alternative transportation due to proximity to the
airport. On the other hand, the nested logit model, designed
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to capture the complexity of passenger choices, organ-
ized options into three nests: parking lot choice, personal
vehicle/rental car/taxi choice, and bus/metro choice. This
model accounts for the interdependencies between choices,
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Fig.7 The possibility of choos- 120
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providing a more accurate reflection of user preferences.
However, the validation process revealed issues with the
nesting structure, leading to its rejection in favor of the mul-
tinomial logit model, which with separate utility functions
for each choice, delved deeper into the behavioral patterns
of travelers. It confirmed the negative impact of travel days
on parking lot selection. It also highlighted the influence
of parking prices, which deterred parking lot usage while
encouraging alternative modes of transport. Family size
emerged as a factor increasing the likelihood of personal
vehicle use, reflecting the convenience it offers larger fami-
lies. The model also noted the propensity of Tehran residents
to opt for rental cars and older passengers to prefer rental
cars for comfort and convenience. The choice of taxis was
linked to the number of vehicle occupants, suggesting a cost-
sharing benefit, while the bus was favored for recreational
trips due to its cost-effectiveness. Lastly, single individuals
and men showed a higher likelihood of choosing the Metro
mode to access the airport, emphasizing its efficiency and
alignment with their travel needs.

In the realm of transportation research, the validation and
sensitivity analysis of the models are pivotal for ensuring the
robustness and reliability of predictive insights. In this study,
the binary logit model’s validation was affirmed through
the logical consistency of coefficient signs and magnitudes,
alongside the statistical significance of explanatory vari-
ables at a 95% confidence level, as evidenced by p-values.
The model’s overall validity was further corroborated by
the likelihood ratio test, surpassing the critical value, and
the AIC index, which demonstrated an improved fit over
successive iterations. Sensitivity analysis underscored the
elasticity of the Origin and Home variables, indicating their
substantial influence on parking choice, while price sen-
sitivity analysis depicted an expected inverse relationship
between parking prices and the likelihood of vehicle park
selection. The nested logit model, while initially showing

4 6 8 10 12 14
Parking price ($)

promise through acceptable coefficient values and significant
variables, encountered a stumbling block in the IV parameter
test, where values exceeded unity, contravening the nest-
ing behavior assumption and necessitating the adoption of
the multinomial logit model. The multinomial logit model’s
validation was similarly robust, with the likelihood ratio test
underscoring its explanatory power and the AIC suggest-
ing a well-fitting model. Sensitivity analysis revealed the
nuanced impact of parking price variations on the probabil-
ity of selecting different airport access modes, providing a
granular understanding of traveler behavior.

The comparison between the results of this study and pre-
vious literature revealed both corroborations and deviations
in the factors influencing parking choice behavior. Con-
sistent with findings by previous studies [26, 29, 35, 48],
this research confirmed that parking price was a significant
determinant in parking choice, with higher prices deterring
the use of airport parking lots. This aligns with the consen-
sus in the literature that pricing is a powerful tool for influ-
encing passenger behavior. Therefore, the impact of parking
pricing on the likelihood of choosing alternative modes of
transport is in line with the principles of demand elasticity
in transportation economics. The study’s results suggest that
passengers are sensitive to price changes, and this sensitivity
can be leveraged to manage demand and encourage the use
of more sustainable transportation options.

However, this study extended the understanding of park-
ing choice by incorporating additional variables, such as
the number of travel days and the presence of well-wishers,
which were pivotal in determining whether passengers opt
for airport parking or alternative modes of transportation.
Longer trips and the presence of more well-wishers both
decrease the likelihood of using airport parking, suggesting
a cost-conscious and socially influenced approach to travel
decisions. These results align with broader literature that
emphasizes the importance of economic [4, 26, 29, 30, 35,
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37-40] and social factors [31] in transportation choices.
These findings offer a more comprehensive view of the deci-
sion-making process, highlighting the impact of social fac-
tors and trip duration on parking preferences. Furthermore,
this study’s emphasis on the negative impact of travel days
on parking choice adds a new dimension to the literature,
which has traditionally focused on the sensitivity of business
and recreational travelers to travel time and costs [10, 11,
26, 29, 30, 33, 34, 39, 40, 42, 43]. It suggests that for longer
trips, the cumulative cost of parking becomes a significant
consideration, influencing travelers to seek alternatives.

The nested logit model’s inability to capture the com-
plexity of passenger choices in this study contrasted with
the positive assessments of nested models in the literature,
suggesting that the inclusion of heterogeneity and preference
differences might not always enhance the predictive ability
of the parking choice [27, 28]. Instead, the multinomial logit
model’s performance in this research underscored its utility
in capturing a wide array of influential factors, resonating
with the work of Ma et al. [26], Roh [30], Zaidan and Abu-
libdeh [34], Hess and Polak [36], Tsamboulas et al. [37], and
Sobieniak et al. [39], who also utilized multinomial logit
models to analyze access mode choices and found variables,
such as travel purpose, parking price, number of compan-
ions, travel purpose, and passenger age, gender, vehicle own-
ership, and employment status, to be influential. Therefore,
considering the influence of external factors on individual
decision-making and behavior within a service-oriented con-
text is important [86, 87].

In terms of policy implications, this study supported the
notion that parking pricing strategies can effectively influ-
ence parking demand and mode choice, echoing the find-
ings of Birolini et al. [47] and the Italian National Airport
Plan [35], which advocated for policies encouraging the shift
from private to public transportation for airport access. The
significant revenue from parking facilities highlighted in
this study also aligns with previous research [9, 11, 88, 89],
indicating the economic importance of parking operations
to airport revenue streams.

In summary, this study illuminated the multifaceted
nature of airport parking choices and their sensitivity to
various factors, particularly parking pricing. The insights
obtained from the logit models underscore the complexity
of passenger decision-making and the potential for strategic
pricing policies to shape transportation behaviors. The find-
ings advocate for a nuanced approach to parking manage-
ment, one that considers the diverse needs and preferences
of travelers. As airports continue to evolve and passenger
volumes grow, the findings from this research will be invalu-
able in guiding the development of more efficient, equitable,
and sustainable ground transportation systems.

@ Springer

Limitations and future research directions

While this study has made significant strides in understand-
ing the determinants of long-term parking preferences at
IKIA, it is important to acknowledge the limitations that may
influence the interpretation of the findings and to consider
the avenues for future research that can extend the knowl-
edge in this domain. The following points outline the con-
straints encountered in this research and propose directions
for subsequent inquiries to further elucidate the complexities
of airport parking behavior and policy implications:

e Sample size and diversity The study’s sample size of 377
passengers, while substantial, may not fully capture the
diversity of the airport’s user population. Future research
could expand the sample to include a wider range of
socio-economic backgrounds, travel purposes, and fre-
quencies to enhance the generalizability of the findings.

e Time constraints The study was conducted over a limited
period, which may not account for seasonal variations
in travel behavior and parking preferences. Longitudinal
studies could provide insights into how these preferences
change over time and in response to external factors, such
as economic shifts or policy changes.

e Selection bias The use of a stated preference approach
assumes that respondents’ stated intentions match their
actual behavior, which may not always be the case.
Future studies could incorporate observed behavior data
to validate the stated preference findings.

e Confounding variables While the study controlled for
many variables, there may be other unmeasured factors,
such as marketing campaigns or changes in public transit
services, that could affect parking preferences. Identify-
ing and controlling for these variables could refine the
model’s accuracy.

e Measurement error The reliance on self-reported data
introduces the potential for measurement error. Future
research could use more objective data collection meth-
ods, such as tracking actual parking behavior through
ticket sales or vehicle counts.

e Using simulation in airport safety research The current
study did not employ simulation-based methodologies,
which are essential in safety research. Simulations pro-
vide a controlled environment to analyze and predict the
outcomes of various design and engineering decisions
without real-world risks [90]. The absence of simulation
in our research limits our ability to forecast the practical
implications of our findings in a dynamic airport set-
ting, which can be recommended to be applied in future
research.

Ethical limitations:
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e The study’s methodology did not account for the poten-
tial ethical implications of increased parking fees, such
as the disproportionate impact on lower-income travelers.
Ethical considerations should be integrated into future
pricing strategy evaluations.

e Methodological constraints The rejection of the nested
logit model due to the IV parameter test suggests limita-
tions in the chosen methodology. Exploring alternative
modeling approaches, such as structural equation mod-
eling (SEM) and hybrid logit models, as well as various
types of statistical analyses and machine learning meth-
ods [91-94], could offer a more nuanced understanding
of passenger choices.

e Infrastructure and logistics The study did not consider
the limitations of the current infrastructure and logistics
at IKIA, which could influence parking preferences and
access mode choices.

e Theoretical and empirical constraints The theoretical
framework may not fully account for the complex deci-
sion-making processes of travelers. Empirical studies that
test the theoretical assumptions against real-world data
could provide a more solid foundation for the study’s
conclusions.

e Analytical limitations The sensitivity analysis was based
on the current pricing structure, which may not reflect
future economic conditions or pricing strategies. A
dynamic analytical approach that accounts for potential
changes could offer more robust predictions.

e Emerging transportation technologies The influence of
ride-sharing services on long-term parking demand and
preferences can be assessed, considering their grow-
ing popularity as a convenient alternative to traditional
parking. Also, the impact of autonomous vehicles on the
parking demand change through drop-and-go scenarios
can be investigated, potentially reducing the need for
on-site parking. In addition, the potential of integrated
mobility solutions that combine ride-sharing, autono-
mous travel, and public transportation to offer seamless
door-to-door services can be explored, affecting airport
parking requirements.

By addressing these limitations and pursuing the sug-
gested future research directions, subsequent studies can
build upon the current work to develop a more comprehen-
sive understanding of airport parking behavior and its influ-
encing factors.

Finally, it should be noted that providing specific, action-
able policy recommendations based on the findings would
greatly enhance the practical value of our research. To this
end, some policy suggestions can be recommended, such as
the introduction of a tiered pricing system, which adjusts
rates during peak and off-peak hours to manage parking
demand effectively. Additionally, the implementation of

incentive programs can be proposed for passengers who
choose public or paratransit modes, such as discounts or
loyalty points. Furthermore, some successful parking man-
agement strategies can be applied to enrich the recommen-
dations. For example, the use of license plate recognition
(LPR) technology can streamline parking operations and
improve user experience by allowing for frictionless access
and exit. Another strategy includes camera-based parking
guidance systems, which can reduce congestion and facili-
tate easier navigation to available parking spaces.

Conclusion

The present study investigated the parking preferences of
IKIA passengers using a stated preference approach. In this
regard, various price scenarios and mode choice options to
access the airport were examined. The statistical analysis
and modeling of the data collected were conducted using
binary, nested, and multinomial logit models to evaluate the
price effectiveness of parking lots. Then, the models were
validated through the likelihood ratio test, and the sensitivity
analysis was conducted to assess the impact of independent
variables on the decision of passengers to use the airport
parking facilities and to evaluate how sensitive each parking
choice option is considering the changes in parking prices.
The results showed that:

e According to statistical data, the desire of passengers to
access the airport was to use a personal vehicle that either
parked the vehicle in the parking lot or the vehicle was
returned by friends and acquaintances. Also, 22 inde-
pendent variables of social and individual characteristics
and transportation mode were examined to investigate the
effect of price on changing the way of ground access of
passengers to IKIA.

e Analysis of the binary logit model results showed that
passengers with more travel days and well-wishers and
those who lived in Tehran had less tendency to choose
the airport parking lot for vehicle parking. However, pas-
sengers with more family members who traveled for rec-
reation or meeting acquaintances from a personal home
by a personal vehicle to access the airport were more
likely to park their vehicle in the airport parking lot.
Moreover, although increasing the parking price reduced
the choice of parking in the parking lot, by increasing the
education level, passengers, especially the married ones
were more inclined to park in the airport parking lot.

e The sensitivity analysis of the binary logit model was
performed to indicate the effect of each independent vari-
able on the dependent variable, so that traveling from
a personal home and living in Tehran had the greatest
impact on passenger choice for parking in the airport
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parking lot. Furthermore, if the parking price is equal
to $3, vehicle parking will not take place in the parking
lot and if the parking price is reduced to $0.1, it is 100%
likely that passengers will use the vehicle parking lot.

e The results of the nested logit model demonstrated that
three nests were created in this study; the first nest was
for travelers who choose the parking lot, the second
nest was for those who choose a personal vehicle (dis-
embarked by others), rental car and taxi, and the third
nest was for passengers who choose the bus and Metro.
The IV parameter value in the nests was higher than 1.
Therefore, the assumption of the nesting behavior of the
options can not be confirmed, and finally, the model can
not be used due to the rejection in the IV test. So the
multinomial logit model was used.

e The multinomial logit model results indicated that pas-
sengers with more travel days and well-wishers had less
tendency to choose parking lots. Although the parking
price negatively affected the choice of parking, it had
a positive effect on the choice of other modes, such as
taxi, rental car, and Metro, as well as personal vehicle
choice. Moreover, the more family members, the more
the passenger tends to choose a personal vehicle. On the
other hand, older passengers who lived in Tehran and
were students, housewives, retired, and unemployed had
a higher tendency to use a rental car to access the airport.

e The results of the multinomial logit model regarding
the choice of taxi mode showed that the passenger who
left the personal home with more companions was more
inclined to use a taxi to access the airport. Although pas-
sengers who had the purpose of recreation or meeting
acquaintances were more inclined, people with a higher
education level and more vehicles were less likely to
choose the bus mode to access the airport. Finally, single
and male passengers had more tendency to use the Metro
mode to travel to the airport.

e The sensitivity analysis results of the multinomial logit
model also revealed that with increasing the park-
ing price, the probability of the choice of a parking lot
decreases with a relatively significant slope. Moreover,
if the parking price increases to $2, the probability of
choosing an airport parking lot will decrease by about
30% and the probability of choosing a personal vehicle
(disembarked by others), rental car, taxi, and Metro will
respectively increase by 12, 16, 22, and 8%.
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