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Abstract: Transportation systems require many challenges in providing seamless door-to-door
mobility. The main initiatives are encouraging a shift from private to other transport modes by
providing a fully integrated multimodal service in which the coordination and data sharing among
different stakeholders are required. The idea of this paper is to analyze the mode choice, as well as the
variables that affect the travelers’ airport access mode choice. For that purpose, we used multinomial
logistics (MNL) regression to determine probability of mode choice given various multimodal chain
alternatives. The inputs of the proposed model were based on the answers from the participants of
the online survey which was disseminated in Europe. Through more than 2000 answers to the survey,
we collected the data related to the factors that influence the airport access mode choice, travelers’
attitude, motives for traveling, as well as the socio-demographics of participants. Afterwards, we
investigated the influence of the main factors that have an impact on the non-coordination in the
multimodal travel chain. The obtained results highlight the impact of the factors “reliability” and
“waiting time” in making mode choice.

Keywords: mode choice behavior; multinomial logistics regression; correlation analysis; seamless
D2D travel; coordinated multimodal service

1. Introduction

Transport systems are facing many challenges in providing efficient mobility solutions
regarding both users’ and transport authorities” perspectives. There are numerous local
initiatives of policymakers in mitigating the issue (i.e., traffic congestions, noise, and
pollutions) which is mainly caused by the widespread use of private cars (see [1]). The
problem with congestions on roads, to and from the airports, is also part of the challenge,
with more people using air transport each year. A multimodal passenger transport system
that includes air transport is one of the concepts towards the sustainable practice which
should result in more use of public transport (PT) systems, and further, in reduction of
pollution and alleviation of road congestion [2].

The idea of this paper is to investigate the opportunities and the aspects to be man-
aged for providing seamless door-to-door (D2D) multimodal trips that consist of several
transport modes, with the air transport mode as the main leg in the multimodal chain.
Specifically, the seamless D2D multimodal trip should provide the coordinated trip and
service to the travelers, from origin to destination, by including several transport modes
(bus, train/metro, car, taxi) for arriving to the airport, as well as for departing from the
airport to the final destination. The introduction of such a multimodal service requires
many aspects to be managed, e.g., integrating airport access into city planning, the shift
from private to other transport modes, etc. Most airports have more than one ground
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option that provides access to/from the airport for people. Thus, when making mode
choice decisions, passengers are affected by many factors, particularly journey time, cost,
travel time reliability, etc. [3]. Travel time reliability proved to be an important attribute
of the transport system for passengers because of the potential risk of the late arrival and
missing the flight [4]. Moreover, differences in mode choice airport accessibility are partly
explained by demographic differences, e.g., age, education, etc. [5,6].

Supporting this concept, we analyzed several aspects for creating multimodal trip
service considering passenger behavior and mode choice when traveling to and from the
airport, as well as the impact of the non-coordination in multimodal trip. For that purpose,
we designed and disseminated, in different European countries, a survey related to the
transport mode choice, travel habits vs. travel purpose, frequency, factors influencing
mode choice of the trips, as well as socio-demographic characteristics. After collecting the
answers from the survey (this survey was conducted online due to world pandemic of
COVID-19, for the purpose of the SYN+AIR project (894116) from the H2020-SESAR-2019-2
call. Respondents were mostly from Greece, Italy, Spain and Serbia (where project partners
originated from), as well as from the other countries in Europe), firstly, we analyzed
travelers’ habits and the opportunities for creating integrated multimodal transport. For
that purpose, we provided correlation analysis, in which we were able to determine the
explanatory variables that affect the travelers’ airport access mode choice (e.g., travel cost,
travel time, reliability, waiting time, etc.). Secondly, to determine the influence of the
mode choice question, and to assess the behavior of travelers in choosing the multimodal
travel alternative, we performed the multinomial logistics (MNL) regression based on three
proposed scenarios [7].

Therefore, the main questions that arise are: (i) If “train”, “taxi (or ridesharing services

”ou

like Uber of Lyft)”, “metro”, “combination of modes (bus or train)”, “car (someone drops me
off /pick me up)”, “car (park at/near the airport)”, and “bus” modes are available, which
one is the most commonly chosen to travel to/from the airport? (ii) What are the factors
that affect transport airport access mode choice? Furthermore, we analyzed the influence
of the factor “reliability” and “waiting time”, as well as the impact of non-coordination in
the multimodal travel chain.

This research aims to conduct and update the results of previous studies on airport
accessibility at the European level. It provides valuable information about the available
transport services and their use at many airports in Europe. Moreover, the survey data
reveal a different situation in some countries in terms of transport infrastructure, as well
as different passenger’s perception of factors that influence mode choice (cost, travel
time, waiting time, reliability, security, etc.). All the obtained data helped in exploring
existing ground access behavior and factors that may encourage PT use and decrease use
of private cars and taxi, as well as providing some insights on demographic characteristics
of passengers ready to change their attitude towards PT.

The result of the study differs from the existing literature in providing comprehensive
statistical analysis that covers transport systems in terms of mode characteristics. Further-
more, according to our knowledge, there is a lack of studies that are based on large surveys.
In this paper, we provided the results based on the survey conducted in different countries
with 2199 responses and 25 questions related to motives, preferences, and travel behaviors,
as well as sociodemographic profile. In addition, we proposed a method to handle answers
given on Likert scale to be used in statistical analysis.

The structure of the paper is organized as follows. In the Section 2, we provide the
literature review related to the airport access mode choice. The Section 3 is dedicated to
data and methodology, while the results are provided in the Section 4. In the Section 5,
the impact of the non-coordination in multimodal trip is discussed, while the Section 6 is
dedicated to the conclusion and further developments.
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2. Literature Review

At most large airports in Europe, the landside access modes and systems are based
on the road and railway transport modes, such as cars, taxis, buses, subway/metro, re-
gional /national conventional, and HSR (high-speed rail). The influencing factors for airport
access mode choice are availability, access time, access cost, transport service frequency,
reliability, punctuality, convenience of the arrival time at the airport, existence of transfer,
and convenience of handling luggage. The access time and price have been approximately
linearly correlated with the airport access distance at almost all land-side access modes and
their systems across many European and US airports [8]. Air travelers” access mode choice
models are based on individual characteristics (gender, age, car ownership, income, etc.)
and alternative specific attributes. In order to understand airport accessibility, researchers
take into account trip purpose (business or leisure air trip), so-lo/group journey, the size of
passenger group, number of baggage items, etc.

A brief overview of selected papers on mode choice (published in last 15 years) is
presented in Table 1. It points out the case study, model used, and main findings of
the research.

Table 1. Some selected papers on airport access mode choice.

Reference Case Study Model Used Main Findings—Results
Ground access market was shared between buses and
Airport Express Railway (AE). The main reason for bus
9] Hong Kong International Multinomial logit model choice was low travel cost, and for AE high travel time
Airport (HKIA) & reliability. If the travel time reliability of buses would
improve, a significant proportion of departing air
passengers would switch to buses.
Out of-vehicle and in-vehicle travel times are two
Taoyuan International dominant factors that affect outbound air travelers’

[10] Airport in Taiwan Mixed logit model choice of airport access modes. Time-savings, no
transfers and convenience of storing and retrieving
luggage are important.

King Khaled Determinants of airport access mode choice: income,

[11] International Airport, Binary logit model luggage, travel time, and nationality. More travellers

Saudi Arabia used private cars than any other airport access mode.
Port Columbus The most important factor to consider alternative modes
. . . . was reliability, followed by travel time to the airport,
[12] International Airport, Binary logit models o . .
Columbus. OH. USA and flexibility of departure time for both business and
T non-business travelers.
The choice of airport access mode is significantly
Gimpo Airport and Descriptive analyses affected by travgl time, trtavel distance, trip purpose, age,
[5] Daegu Airport, R . del gender, occupation, and income. Demographic
Korea egression mode characteristics affect access mode choice for
non-business more than for business travel.
The individuals who display neuroticism were more
Imam Khomeini . likely than the others to be concerned al')c?ut carrying
[13] International Airport Lat(?nt class hybrid he‘avy luggage and about wea‘the%‘ COI‘l.dltl'OI.IS wherT
(IKIA), Iran choice models using public transport. Conscientious individuals likely
’ paid more attention to travel cost than to any other
attribute of public transport.
Significant factors and variables included the trip
Ataturk International distance to access IST, type of destination, trip cost tc?
[14] Airport (IST), Multinomial logit (MNL) IST, car 'ownersh%p status, err}ployment §tatus, travelling
Tstanbul, Turkey group size, location of the trip origin with respect to

public transit influence, and time difference between the
flight time and departure time to IST.
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Table 1. Cont.

Reference Case Study Model Used Main Findings—Results
Hamad International Binary logit (current) and ~ The models results showed that current and future
[15] Airport (HIA), multinomial logit access mode choice is significantly affected by the trip
Doha, Qatar model (future) and socioeconomic characteristics of the HIA users.
Low-cost air passengers are not low-cost customers
regarding the access mode choice. Business passengers
. are willing to pay more than non-business ones for a
Milan-Bergamo . . . ° . .
[16] airport. Ttal Mixed logit model reduction in travel time. Non-business passengers are
pott, Haly more prone to using public transport than business
travelers, although both categories of passengers exhibit
a strong aversion to the train-bus alternative.
The airport choice depends on price and quality of air
services offered at a specific airport, but also on the time
Bari airport and Brindisi Nested logit, mixed and cost required to access it. Travel costs have a lower
[17] airport in Apulia region multinomial logit, and (negative) influence on the utility of business travellers
in Italy mixed nested logit than for non-business ones. In all the proposed
scenarios, car (passenger) remains the alternative with
the largest predicted market share.
People strongly prefer a departure airport situated in
Germany, Netherlands their own country. Factors that influence the airport
[18] 4 ! Conditional logit model choice: the number of carriers, the number of flights,
and Belgium . -, -
dominance of LCCs (positive effect), a negative effect of
travel time.
Fuzzy level based weight Underg.round metro has t}}e hlghest score among fche
. alternatives, followed by light rail transit, bus rapid
. assessment—weighted . . . .
Istanbul Airport, transit, and premium bus services. Various factors
[19] aggregated sum product . e . . .
Istanbul, Turkey . including financial, operational, environmental, and
assessment—Heronian . . C .
project-specific characteristics lead to a problem setting
mean operators model -
where many uncertainties should be addressed.
Destination type as international or domestic affected
the airport access mode choice. For domestic travel, car
. Three models for both ownership increases use of car. Passengers on
Ataturk International ) . . ) . L -
[20] Airport in Istanbul. Turke multinomial and mixed international destinations value time more than
p ’ y logit model domestic travellers, while the influence of cost is similar.
The reliability of mass transport modes can be marketed
to passengers to increase their uses.
Bonus or cash voucher for taxi or rental car could
China’s Bay Area with A multinomial logit improve the ground service frequency. Hesﬂgtmg
. model, a random forests customers may be attracted by a low price, high
[21] three airports (Hong Kong, . . . .
. algorithm, and deep frequency ground service. Recording the page view
Shenzhen and Zhuhai) - . .. . .
reinforcement learning would help airlines and airports to easily
discover hesitancy.
First, the results indicate that given the same levels of
Catchment area is income and environmental concern, a person voting for
Switzerland, and the Green Party is less likely to fly than voters of the
[22] 16 airports in Switzerland, Lognormal hurdle model  other major parties. Second, who lives closer to airports,
France, Italy, Germany in particular to large ones, has more air travel. Third,
and Austria. persons with higher environmental concern are less
likely to travel by air and if they still do, they travel less.
Leisure tourists’ travel mode choice for dispersal, and
23] Cairns, Australia Discrete choice model the significance of destination in these choices. The

dispersal of air leisure arrivals can be facilitated and
stimulated by public transport.
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Table 1. Cont.

Reference

Case Study

Model Used

Main Findings—Results

[24]

London airports:
Heathrow, Gatwick,
Manchester, Stansted,
and Luton

Descriptive statistic
analysis based on survey

The role played by airport ‘meeter-greeters’ in a ground
access context. ‘Meeter-greeters’ and percentage of total
passengers is obtained for five observed airports and
share of passengers traveling with them by market
segment. The environmental and economic implication
of ‘meeter-greeters’ for an airport and possible solutions.

[25]

Case study: from Taipei to
Shanghai, Tokyo,
and Seoul

Nested logit model and
error components logit

The joint choice behavior of access, airports, and flights
exploring interdependence between choice dimensions
and traveler’s heterogeneity Access time, access cost,
and egress time are effective landside attributes,
whereas fare and frequency are important flight
attributes for the joint choice of access modes and
flight routes.

Brisbane,
Australia

Traditional multinomial
logit (MNL) and mixed
logit (MXL) models

Travel time, travel cost, the number of transfers, and the
amount of luggage were found to play a significant role
in airport access choice. The out-of-vehicle time is also
important factor; but interestingly, walking time had a
much greater influence than waiting time, because of
carrying luggage. Familiarity with airport access modes
have been shown to significantly influence the choice of
access mode.

[26]

Newcastle upon Tyne

MNL models

The model explains passengers’ mode choices in terms
of access time, household car ownership, the size of the
access group, and luggage count. Business travelers are
more sensitive to access time than leisure passengers.
Passengers to domestic destinations are found to be
more sensitive to access time compared to
international-bound passengers.

[27]

Athens
International Airport

Discrete choice random
utility model

The important factors for the ground access mode
choice by airport employees are travel time and costs,
and income.

Employees are willing to use the metro/suburban rail
service if competitive fares and travel time are provided.

[6]

Taiwan

Descriptive statistic
analysis based on survey

Elderly air passengers prefer to ask family members to
drive them to the airport, while general passengers
prefer to take a taxi. The results also indicate that
“safety” is the most important item in the choice of
access mode and “user friendly” and “convenience for
storing luggage” as the next most important items for
the elderly. Elderly passengers are found to be less likely
to use PT than private transport.

(28]

Seoul, Korea

Mixed logit model

Different characteristics were found in choosing the
mode of transportation between business and leisure
air passengers.

Business passengers wanted a safe secured mode
regardless of fare. Leisure passengers are more willing
to use duty-free shops.

[29]

Japan’s intl. hub airports

Binomial logit model

Service levels including travel time, waiting time, travel
cost, departure timing from home, the arrival timing at
the airport, and delay cost affects ground access

mode choice.

Airport ground accessibility has been largely investigated in different ways as: access
mode choice in the light of passengers’ preferences and behaviors [9,12], modal split to
determine market share [17], integrated airport choice and access mode choice, integrated
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choice of airport, airline and access mode choice in an airline type choice context—low-cost
carriers and full-service carriers [18], modal split for relocated airports, or an assessment of
the introduction of a new mode [10,16].

However, this work differs from the existing literature in providing comprehensive
statistical analysis based on the survey conducted in different European countries covering
heterogeneities of their transport systems in terms of mode characteristics and service sup-
ply. Taking into consideration that the survey sample size is very large (2199 respondents),
diversity of passengers’ behavior and attitudes towards airport access mode is captured.
Moreover, this research investigates the impact of non-coordination of multimodal transport
system by estimating explanatory variables that affect the mode choice behavior.

3. Data and Methodology

This section provides the methodology for determining travelers’ habits. According
to the obtained survey results, we performed a correlation analysis to determine the main
questions that influence the multimodal travel choice for the airport access, which are used
in MNL regression.

The comparison among multimodal trip alternatives have been distinguished by three
proposed cases: (i) Case A in which the mode choice “Train” is defined as a reference
category; (ii) Case B in which the mode choice “Combination of modes” is defined as a
reference category; and (iii) Case C in which we applied a resampling technique and used
“Combination of modes” as a reference category.

3.1. Description of the Survey

The survey was designed considering three parts related to mobility profile, travel
preferences, and sociodemographic of travelers. The main scope of the survey was to
“quantify the tradeoffs that users consider when selecting travel alternatives and identify
traveler characteristics that reflect their emotions, attitude, and travel behavior” [30]. The
survey was disseminated online due to COVID-19 pandemic restrictions, translated in five
languages (Italian, Greek, Serbian, Spanish, and English).

In order to obtain reliable results and to ensure the quality survey process, a careful
specification of survey procedure was designed. After identification of the main scope
of the survey, the target respondents were identified as air travelers mainly from four
countries involved in research, but also from other European countries, with required
sample size of minimum 1200 respondents. The questionnaire design passed through
several phases in which a team of researchers from Greece, Italy, Spain, and Serbia, based
on literature research as well as researchers’ previous experience, developed questions
within multiple internal brainstorming sessions. That resulted in the questionnaire structure
which enabled to obtain information related to: (i) the socio-demographics of travelers (i.e.,
gender, age, average income); (ii) the travelers’ habits, travel purpose, and trips” frequency;
and (iii) the factors that affect the choice of travel mode. After conducting a pilot survey, the
questionnaire was refined and a final version with 25 questions (a few of which included
several sub-questions) was obtained.

Finally, the data collection started on 31 March 2021 and lasted until 18 May 2021,
with in total 2251 collected responses. For dissemination of the questionnaire, official social
networks (e.g., LinkedIn), SYN+AIR’s website and some similar projects” websites, portals
concerning aviation, and different passengers’ associations were used. Data collection
was constantly monitored in order to obtain a quality sample as a prerequisite for reliable
survey results. Through this consistent monitoring process, some challenges with the
online survey were successfully avoided. For example, having too many unemployed
respondents or students in a sample is a common pitfall in online surveys, or difficulties
reaching the older population. In this research, such challenges were prevented with
well-chosen distribution channels and constant monitoring of the sample. After noticing
that some groups of respondents appeared in a sample more than expected, distribution
channels were redirected in order to fill this gap (for example, after receiving high number
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of responses from female respondents, the questionnaire was distributed through one
aviation portal whose followers are mainly men and gender inequality in the sample
was fixed).

The obtained dataset was analyzed and in the cleaning process, 52 responses were
rejected which resulted in a total of 2199 answers, which were further examined (194 an-
swers from Spain, 719 from Greece, 444 from Italy, 562 from Serbia, and 280 from other
counties). The fact that the questionnaire was offered in five languages (English, Italian,
Greek, Serbian, and Spanish) additionally contributed to reaching the targeted sample and
getting desired feedback from different groups of air passengers (different by ages, gender,
trip purpose, frequency of travel, etc.), as well as to reaching this valuable sample size.

3.2. Correlation Analysis

For selected variables, we applied Pearson’s correlation to determine meaningful
correlations. The Pearson’s correlation coefficient is a measure of the covariance between
two variables X and Y, divided by the product of their standard deviations, as reported in
Equation (1) [31]. Here, x;,y; are i element of the variables X and Y, # is the size of sample,
and X, v are the mean of variables X and Y.

P ):ln:l (xi - )(yl - y) (1)
S n 2 [en 2
\/Zi:1(xi — %) \/Zi:1 vi—v)

The Pearson correlation represents a linear association between two variables, which
can take a value between —1 and 1, so that value —1 indicates a perfectly negative corre-
lation, while 0 value indicates no correlation between two variables [31]. Since answers
related to multiple-choice question were (usually) independent, we transformed them in
a new binary variable, and we calculated the Pearson correlation among them with Phi
coefficient. In this way, positive correlation Phi coefficient indicates a high number of com-
mon answers between two binary variables (both affirmative and negative answers). We
considered only the correlation where the Pearson’s coefficients greater than 0.1 are defined
as positive correlation, while the values lower than —0.1 are defined as negative correlation.

3.3. Multinomial Logistics Regression

In this section, we provide a short description of MNL regression analyses that we
used to determine the users’ perspective for making multimodal choices in their travel,
based on the outputs from survey. Based on correlation and descriptive analysis from the
disseminated survey, we determined explanatory variables that affect the airport access
mode choice. Consequently, the question related to mode choice (“If all of the following
transport modes are available, which one would you choose to travel to/from the airport?”)
was analyzed to identify and understand the main travel attributes that determine the
users’ perspective for making multimodal travel choices.

MNL regression is conceptually similar as the binary logistics regression, but the main
difference is that the method provides parameters related to the choice between more
than two alternatives. In such a way, it examines the relationship between the dependent
variable and a set of independent variables. To describe such type of dependent variable
(i.e., question related to mode choice), the method needs to compare alternatives i, one by
one, with the baseline category j. For example, in the case of baseline category logit, the log
of ratio of probability is calculated as follows [32]:

P(cat '
M = Bio + Bitx1 + ... + Bixy @
(category;)

where Bjj is the constant of i alternative, x; are k explanatory variables, and Bj is the
parameter of alternative i related to x; explanatory variables that can be binary, categorical,
ordinal, or continuous.
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4. Results

In this section, we report the main findings from the conducted survey, correlation
analysis, and MNL regression. In the Section 4.1, we provided descriptive statistics of the
considered questions from the survey related to the mobility profile and travel preferences
of respondents. The results of the Cramer’s V and Pearson correlations for questions
related to the mode choice, as well as the factors that influence mode choice, are described
in the Section 4.2. Finally, Section 4.3 is devoted to the results of the MNL regression, in
which we distinguished three cases for determining explanatory variables that affect the
traveler’s choice.

4.1. Descriptive Statistics Related to Considered Questions from Survey

In this section, we focus on the descriptive analysis of the conducted survey. Through
2199 collected answers, we obtained the information of respondents related to the socio-
demographic (i.e., gender, age, average salary), travel frequency, the factors that influence
the travel mode choice, etc. Related to the socio-demographic characteristics, it can be
observed that 54.43% of respondents were female, and 44.52% of them were male (the rest
of respondents declared either as other or rather not say), with an average age of 39 years.
In addition, most of the participants, 61.07%, have an average household income, while
20.55% of them have high income [30].

Some of the main findings of the survey are summarized as follows. The first part of
the survey, related to mobility profile, analyzed the most common motives for traveling
by airplane such as “mostly for business”, “only for business (meetings, conferences, etc.),
“mostly for leisure”, and “only for leisure (vacation, visiting family, etc.)”. According to the
answers, “mostly for leisure” was selected as the most common purpose of travel for most
of the respondents, resulting in 42.02%, Figure 1. On the other hand, the lowest number of
respondents, 3.14% of them, selected “only for business”.

26.69%

3.14%
42.02% ’

= Mostly for business Only for business Mostly for leisure Only for leisure
Figure 1. The most common motives for traveling by airplane.

The second part of the survey was related to the travel preferences of passengers,
where respondents selected transport options for arriving to/from the airport among
“train”, “taxi (or ridesharing services like Uber of Lyft)”, “metro”, “combination of modes
(bus or train)”, “car (someone drops me off/pick me up)”, “car (park at/near the airport)”,
“bus” mode choice alternatives. As expected, most of the respondents (40.11%) selected
“car (someone drops me off/pick me up)”, while “bus” was the chosen by the least number
of respondents (2.59%), Figure 2.

Moreover, the respondents were able to determine the importance of the factors that
influence their decision in selecting travel mode choice though the relative scale of impor-
tance (not important, less important, important, more important, and most important).
These factors were related to the waiting time, travel time, travel costs, reliability, security,
weather, crowdedness, trip purpose, and familiarity of the city. For example, the factor
“reliability” was rated as “more important” and “most important” more than other factors,
when making the mode choice, by 34.88% and 33.97% of respondents, respectively. In
addition, the factor “travel time” was rated as “important” by 42.25% of participants when
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selecting the mode of transport. Furthermore, the factor “travel costs” was selected to be
“important” when making the mode choice by 39.79% of the respondents, while the factor
“waiting time” was selected as “important” by 42.20% of respondents. Furthermore, in

V77i

all the cases, less than 10% of the answers rated factors “reliability”, “travel costs”, and
“waiting time” as “not important”. Therefore, these factors demonstrate high influence on
the attitude and mode choice of travelers.

Car (someone drops me off/pick me up) | NG 0.11%
Metro | I 16.96%
Car (park at/near the airport) | N NIIIINEEE 15.37%
Taxi (or ridesharing services like Uber of Lyft) | N NN 12.64%
Train I 7.05%
Combination of modes (bus or train) [l 5.05%

B

C

s I 259%
Other | 0.23%
0% 10% 20% 30% 40% 50%
Figure 2. Travel preferences of passengers related to airport access mode choice.

4.2. Results of Correlation Analysis

The structure of the survey was made from the total of 44 variables (22 nominal
string variables with more than 2 answer choices, 13 numeric (Likert) variables, 7 binary
variables, and 2 continuous/scale questions (complete questionnaire can be seen in [30])).
However, we concentrated on the questions related to the mode choice and the factors
that influence mode choice. Related to those selected variables, since most of them are
nominal, we first performed Cramer’s V test to get an insight into the strength of the
relationship between observed categorical variables. Figure 3 presents a heatmap with
the results of Cramer’s V test which measure association between the airport access mode
choice and all other variables from the survey. Based on the obtained results, variables with
Cramer’s V test statistics value higher than 0.1 were further transformed into quantitative
(dichotomous) categorical variables and Pearson’s correlation was applied to determine
meaningful correlations.

In Table 2, we reported the results of the meaningful correlations related to the mode
choice selection among “Car (someone drops me off/picks me up)”, “Car (park at/near the
airport)”, “Train”, “Bus”, “Metro”, “Taxi (or ridesharing services like Uber or Lyft)”, “Com-
bination of modes (e.g., bus and train)”, and “Other” mode choice alternative. Specifically,
we reported the variables with a Pearson correlation coefficient greater than 0.14 in absolute
value, while “bus”, “combination of modes”, and “other” mode choices have been omitted
due to weak values of Pearson correlation. For example, the choice of the “Car (someone
drops me off /picks me up)” alternative is positively correlated with female respondents
who travel “only for leisure”, have Greek residence, and belong to the age group between
“18 and 29” years. On the other hand, it is negatively correlated with male respondents with
Spanish residence, who travel “mostly for business”, and are members of frequent flyer
program (FFP). Furthermore, respondents with Greek residence were positively correlated
with “comfort” as a factor for choosing the “Car (park at/near the airport)” alternative
in Scenario B (Car or Train). The respondents with Serbian residence were negatively
correlated to “travel cost” factor when choosing the “Car (park at/near the airport)” mode
in Scenario B (Car or Train). Moreover, respondents with a permanent residence in Serbia
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were positively correlated with selecting the “Taxi (or ridesharing services like Uber or
Lyft)” alternative for traveling to/from the airport, since taxi prices in Serbia are lower
compared to other countries. On the other hand, the respondents with Serbian residence
were negatively correlated with preferring public transport when traveling as a group of
five or more people. Furthermore, the “train” mode involved only two main negative
correlations, while “metro” mode showed positive correlations related to the influence of
traffic congestion, when deciding the mode choice for reaching the airport [30].

frequency -0.088

most common purpose -0.125
printing boarding pass -0.072
FFP -0.150

PT relevant info -0.051

if travel as a group 5+ -0.282
airport mode choice
influence of congestion -0.191
serching info (home) -0.061
searching info (dest.) -0.061
changing transport mode -0.072
luggage type -0.090

check—in luggage -0.000

transfering emotion -0.056

stress: check—in - 0.052

stress: security check - 0.075

stress: passport control - 0.049

stress: walk to gate - 0.051

importance: waiting time - 0.063

importance: travel time - 0.023

importance: cost - 0.049

importance: reliability - 0.047

importance: security - 0.062

importance: weather - 0.037

importance: crowdedness - 0.073

importance: trip purpose - 0-040

arriving at airport -0.035 importance: city familiarity - 0.056

1.0
scenario A: bus or train -0.139

scenario A: reason -0.065
scenario B: car or train -0.316
scenario B: reason -0.146
scenario C: plane or train -0.197
scenario C: reason -0.074
country of respondent -0.216
gender of respondent -0.133
age of respondent -0.062 -0.4
disability affecting travel -0.069
employment status -0.054
-02
household income -0.120

household size -0.000

no. of cars in household -0.077
-0.0

Figure 3. Heatmap of Cramer’s V correlation between initial categorical variables and airport access

mode choice.

Table 2. Main Pearson correlations related to the question (If all of the following transport modes are

available, which one would you choose to travel to/from the airport?).

l\f&(;:leiri}:?\jze Main Positive Correlations P?ﬁi‘;:;gﬁfg{,;g’:‘l Main Negative Correlations Piezrls\?;;(ngeﬁi,:lg':‘l
Respondents that selected "Only 0.142 ’%\isops(t)lr}lzd‘belr;stisntehsas.t”saesle; ted ~0.147
eisure” as a purpose of travel
purpose of travel
Car (som?one drops me Respondents with a permanent Respondents that are members
off/picks me up) residence in Greece 0185 of frequent flyer program —0.145
Female gender respondents 0.182 Respondents Wlth 4 . —0.156
permanent residence in Spain
Respondents 18 to 29 years 0.141 Male gender respondents -0.171
Respondents that selected
“Comfort” as a factor that Respondents that preferred
influence the mode choice 0.172 “Train” over “Car” in —0.224
Car (park at/near between “Car” or “Train” in Scenario B
the airport) scenario B
Respondents with a permanent 0192 Respondents with a 0.143
residence in Greece ’ permanent residence in Serbia ’
Respondents that preferred
. . “Plane” over “Car” in —0.162
Train No positive correlations greater - Scenario C
than 0.14 Respondents with a 0162

permanent residence in Greece
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Table 2. Cont.

Mode Choice . . . Pearson Coeff. > 0.14 . . . Pearson Coeff. > 0.14
Alternative Main Positive Correlations in Absolute Value Main Negative Correlations in Absolute Value

Respondents that selected
trafflc congestion™ as a facto1j 0.207 Respondents with a

that influence their mode choice . . —0.150

Metro . - permanent residence in Greece

when going at the airport

Respondents that preferred

e 1 PP . 0.182
Train” over “Car” in Scenario B

Taxi (or ridesharing Respondents with a permanent Rlelsl;lfizr’f;:sts i\ta ;I;r:rflerred
services like Uber P p 0.166 p P —0.207

or Lyft)

residence in Serbia

travelling as a group of five or

more people

4.3. Results of Multinomial Logistics Regression

The multinomial analysis was applied to determine explanatory variables that affect
the traveler’s choice. As shown in Figure 4, the categorical dependent variable (question
related to mode choice) is formed by seven alternatives with a different number of an-
swers, ranging from 57 for the mode “Bus”, and 882 for the choice “Car (someone drops
me off /picks me up)”. The independent variable considers the importance of significant
attributes “waiting time”, “travel time”, “travel costs”, and “reliability” in the question
related to the factors that influence the mode choice, as well as socio-demographic infor-
mation. In the case of the question as a dependent variable, we merged the alternatives in
two choice sets: private and public transport. As shown in Figure 4, the considered sample
of a total of 2083 cases was formed by 1220 respondents who preferred private modes of
transport, and 863 that opted for public modes of transport.

To apply MNL regression, we proposed three cases as Case A, Case B, and Case C. In
Case A, we referred to “Train” mode choice as a reference category, while in Case B we
defined “Combination of modes” as a reference category. However, according to the results
of the survey, we faced an unbalanced number of responses related to the transportation
mode choice question (i.e., “If all of the following transport modes are available, which one
would you choose to travel to/from the airport?”). Therefore, in Case C, we applied the
resampling technique for capturing and analyzing the concept of multimodality in which
we have the equal preferences (the equal number of responses) related to each travel mode
alternative. For that purpose, we selected as a benchmark the total number of 111 answers
related to the “Combination of modes” alternative. Since we faced a higher number of
responses for car and taxi alternative, as well as a lower number of responses for metro, bus,
and train alternatives, we applied a resampling technique in which we randomly extracted
the answers from other transport modes to reach a balanced sub-sample. Specifically, we
randomly selected 111 responses from the initial database related to the five travel mode
choice alternatives (i.e., “Car (park at/near the airport)”, “Car (someone drops me off/picks
me up)”, “Combination of modes”, “Train/Metro/Bus”, and “Taxi”) to match with the
111 responses collected for “Combination of modes” alternative. In this case, from the
initial 2199 responses, we randomly selected 111 replies of each transportation mode to
match with the 111 responses collected for “Combination of modes” alternative, which
corresponds to a total of 555 answers.

The MNL regression is reported by providing the comparison among the travel mode
choices alternatives considering Case A, Case B and Case C. In general, the result of the
MNL regression, considering all transportation alternatives, showed that the included
variables can correctly predict the 40.3% of cases (variance scores R?> = 12.4% by Cox
and Snell, and R? = 12.4% by Nagelkerke), as reported in Table 3. However, we can
conclude that the model is much more accurate for those who preferred the alternative
“Car (someone drops me off/picks me up)”, resulting in 91.8% correct predictions.
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L Travel mode choice alternatives }

‘ Private (1220) ‘ ‘ Public (863) ‘
j “-‘\“k\
" Rail (528) ‘ ‘ Road (335) ‘
£ , b = N - E
|Car (someone | | Car (park | ;/ l Combination
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Figure 4. Multinomial choice related to public and private modes.
Table 3. Classification matrix of the MNL regression—Case A and Case B.
Predicted
Observed Car (Park Car (Someone ..
Bus at/near Drops Me C(())rfnll\:/[l(r)lgsson Metro Taxi Train % Correct
the Airport) off/Picks Me up)
Bus 0 0 55 0 2 0 0 0.0%
Car (park
at/near 0 1 313 0 14 7 3 0.3%
the airport)
Car (someone
drops me 0 0 810 0 44 23 5 91.8%
off /picks me up)
Combination 0 0 97 0 10 2 2 0.0%
of modes
Metro 0 0 305 0 51 15 2 13.7%
Taxi 0 3 219 0 34 21 1 7.6%
Train 0 0 122 0 28 3 2 1.3%
Overall 0% 0.2% 87.6% 0% 83%  32% 0.7% 40.3%
Percentage

As previously mentioned, the imbalance of replies showed the tendency of classifying
most of the answers into category “Car (someone drops me off/picks me up)”. Accord-
ingly, the prediction of alternative “Car (someone drops me off/picks me up)” resulted
in 810 replies over total 882 (see Figure 4), which led to the probability of 91.8% (i.e., the
ratio between 810 and 882 is 0.918). However, other transportation mode alternatives
showed a much lower percentage, less than 20%, such as the “metro” alternative with the
prediction of 13.7%, i.e., 51 cases of 373 total. For example, “bus” and “combination of
modes” alternatives had a prediction of 0% since the total answers for such alternative
were 57 and 111, respectively.
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4.3.1. Case A (Reference Category “Train”)

The Case A was implemented to observe the differences between the various available
travel alternatives with the “Train” mode as a reference category for public transport
mode. For example, the comparison of the private and taxi alternatives versus train mode,
regarding the factor “reliability”, showed the preference of public alternatives versus
private ones. This can be interpreted as a better response of the public transport system to
react to any unexpected events, during the journey to and from the airport. Additionally,
the rating of importance of the factor “waiting time”, is lower for the alternative “train”
versus the others. This result highlights the greater willingness of facing with higher
waiting times for those who prefer to use the train, compared to the other modes.

Specifically, in Table 4, we report the detailed results of the MNL for Case A by
distinguishing comparisons of other transportation mode alternatives with “Train” as a
reference category as follows:

Bus versus Train mode;

Car (park at/near the airport) versus Train mode;

Car (someone drops me off / picks me up) versus Train mode;
Combination of modes (e.g., bus and train) versus Train mode;
Metro versus Train mode;

Taxi versus Train mode.

The column Sig.c reports the significance level—values less than 0.05 in Table 4 (or
between 0.05 and 0.1 in Table 5) for the Wald statistic based on its Chi-square distribution,
where the Wald statistic (considering variables having a single degree of freedom) is the
squared ratio of B and its standard error S.E. ? The Exp(B) can take the values between the
lower and upper limits considering the confidence level C.I. ¢ of 95% (or of 90% in Table 5).
Most of the analyzed variables were significant on 5% level and those are reported with
95% confidence intervals, while a smaller number of variables showed significance on the
10% level and are reported with 90% confidence intervals.

As observed from Table 4, the independent variables “business travel purpose”, and
“reliability”, with a significant coefficient less than or equal to 0.1, negatively affected
the probability of choosing the “Bus” versus “Train” odd ratio lower than 1 (OR < 1).
Differently, a positive effect on the probability of choosing the “Bus” versus “Train” was
related to female users (OR > 1). However, the significant variables for selecting “Car (park
at/near the airport)” vs. Train mode alternative were related to factors such as “waiting
time”, “reliability”, “travel cost”, “business travel purpose”, “female gender”, and the “age
group from 50 to 65”. Therefore, one unit increase of the importance related to the factors
“reliability”, “travel cost”, “business travel purpose”, as well as the age group from 50 to 65,
negatively affected the probability of selecting the “Car (parking near the airport)” versus
“Train”, Tables 4 and 5. On the other hand, the factors “waiting time”, and female gender
had a positive effect on the probability of selecting the “Car (parking near the airport)”
versus “Train”. In the second situation of selecting Car (someone drops me off/picks me
up) vs. Train mode alternative, the “age group from 50 to 65”, “business travel purpose”,
and one unit increase of the importance of the factor “Reliability”, negatively affected the
probability of choosing the “Car (someone drops me off /picks me up)” versus the “Train”
mode, see Table 5. However, we can observe the positive effect of the one unit increase of
the importance regarding the factor “Waiting time” and “female gender”, on the probability
of choosing a “Combination of modes” versus the “Train”. In addition, one unit increase
of the importance of the factor “waiting time”, “female gender”, and “high-income level”
positively affected the probability of using the “Metro” versus “Train”, while the business
motivation to travel was related to a negative effect. In the situation of “Taxi” vs. the “Train”
mode, one unit increase of the importance regarding the factor “waiting time”, “female
gender”, and “high-income level” positively affected the probability of choosing “Taxi” vs.
the “Train”.
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Table 4. Results of multinomial logistic regression (Case A)—95% confidence level.

Case A—Bus vs. Train

Significant variables (questions)

95% C.I. % for Exp(B)

; c —
with Sig.© <0.05 B S.E.Tof B Wald 5ig. OR=Exp(B) — o Upper
Factor “reliability” —0418 0.179 5.456 0.019 0.658 0.463 0.935
Female gender 0.713 0.335 4536 0.033 2.040 1.059 3.931
Only business” asa motive ) 9,9 0.394 5.546 0.019 0.395 0.182 0.856

for traveling

Case A—Car (park at/near the airport) vs. Train

95% C.I. 4 for Exp(B)

- . . .

S1gn1f1c3vri1’; }Y?;;Elis é%léestlons) B S(;fé Wald Sig.© OR = Exp(B) B Corer
Factor “waiting time” 0.383 0.113 11.382 0.001 1.466 1.174 1.831
Factor “travel cost” —0.331 0.101 10.835 0.001 0.718 0.590 0.875
Female gender 0.847 0.219 15.004 0.000 2.333 1.520 3.581

Case A—Car (someone drops me off/picks me up) vs. Train

95% C.I. 4 for Exp(B)

Significant variables (questions) S.E.“@ .
. . B Wald Sig. € OR = Exp(B
with Sig. € < 0.05 of B a 8 p(B) Lower Upper
Factor “waiting time” 0.434 0.103 17.796 0.000 1.543 1.261 1.887
Female gender 1.194 0.199 35.866 0.000 3.300 2.233 4.878
Age from 50 to 65 —0.469 0.227 4.247 0.039 0.626 0.401 0.977
Only business” as amotive _g 53¢ 0.197 10.461 0.001 0.528 0.359 0.778
for traveling
Case A—Combination of modes vs. Train
fonifi ; i a 95% C.I. 9 for Exp(B
Slgmﬁcjvr;: }:/z;mbclis O(c({)l;esnons) B SfB Wald Sig.© OR = Exp(B) p(B)
8- . o Lower Upper
Factor “waiting time” 0.318 0.144 4.869 0.027 1.375 1.036 1.824
Case A—Metro vs. Train
Significar}t Valjialzles (questions) B S.E.@ Wald Sig.© OR = Exp(B) 95% C.I. * for Exp(B)
with Sig. ¢ < 0.05 of B Lower Upper
Factor “waiting time” 0.365 0.111 10.876 0.001 1.441 1.160 1.790
Female gender 0.474 0.216 4.826 0.028 1.607 1.052 2.453
High household income 0.475 0.230 4.281 0.039 1.608 1.025 2.522
Only business” asamotive 45 0.212 4281 0.039 0.645 0.426 0.977
for traveling
Case A—Taxi vs. Train
Significar}t Valjia‘tzles (questions) B SE.® Wald Sig. < OR = Exp(B) 95% C.I. 4 for Exp(B)
with Sig. ¢ < 0.05 of B Lower Upper
Factor “waiting time” 0.497 0.118 17.799 0.000 1.643 1.305 2.070
Factor “travel cost” —-0.339 0.104 10.749 0.001 0.712 0.581 0.872
Factor “reliability” —0.239 0.122 3.859 0.049 0.787 0.620 0.999
Female gender 0.807 0.227 12.613 0.000 2.241 1.436 3.499

a. Standard Error; c. Significance level; d. Confidence Interval.
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Table 5. Results of multinomial logistic regression (Case A)—90% confidence level and significance
level between 0.05 and 0.1.

Significant variables (questions)

S.E.“ 90% C.I. 4 for Exp(B)

with 05 < Sig. © < 0.1 B of B Wald Sig-* OR=Exp(B) — Upper
Case A—Car (park at/near the airport) vs. Train
Factor “reliability” —0.220 0.118 3.484 0.062 0.803 0.660 0.975
Age from 50 to 65 —0.476 0.257 3.440 0.064 0.621 0.406 0.950
“Only business” asamotive ) 39 0.218 3.206 0.073 0.677 0.473 0.970
for traveling
Case A—Car (someone drops me off/picks me up) vs. Train
Factor “reliability” —0.199 0.107 3.463 0.063 0.819 0.687 0.978
Case A—Combination of modes vs. Train
Female gender 0.470 0.273 2.972 0.085 1.601 1.020 2.509
Case A—Taxi vs. Train
High household income 0.419 0.241 3.030 0.082 1.520 1.021 2.264

a. Standard Error; c. Significance level; d. Confidence Interval.

4.3.2. Case B (Reference Category “Combination of Modes”)

Case B of the multinomial analysis was carried out to investigate the attitudes of
respondents related to the choice between one mode and combination of modes for access-
ing the airport. Therefore, the chosen reference alternative was “Combination of modes”.
According to the results, in this regression we observed that, in some cases, the factor
“travel time” assumed a lower importance for respondents who preferred the solution
“Combination of mode”. Such result perceives a major travel time of such multimodal
travel alternative, also because it did not include any form of coordination between trans-
portation systems. More detailed results of the Case B by distinguishing comparisons of
transportation mode alternatives with “Combination of modes” as a reference category
were investigated as follows:

Bus versus Combination of modes;

Car (park at/near the airport) versus Combination of modes;

Car (someone drops me off /picks me up) versus Combination of modes;
Metro versus Combination of modes;

Taxi versus Combination of modes.

The results of the MNL regression for Case B related to the significance level with
values less than 0.05 are reported in Table 6, while in Table 7 the values considering the sig-
nificance level between 0.05 and 0.1 are reported. According to Table 6, we can observe that
one unit increase of the importance regarding the factors “waiting time” and “reliability”
negatively affected the probability of using the “Bus” versus the “Combination of modes”,
while the factor “travel time” had a positive effect. One unit increase of the importance
related to the factors “travel cost” and “age group from 50 to 65” negatively affected the
probability of preferring the “Car (parking near the airport)” versus the “Combination of
modes”. On the other hand, the importance of the factor “travel time” had a positive effect
on choosing “Car (parking near the airport)” versus the “Combination of modes”. Concern-
ing the results of the comparison between the mode “Car (someone drops me off/picks
me up)” versus the “Combination of modes”, it was observed that “female gender” had a
positive effect, while belonging to the age group from 50 to 65 shows a negative influence.
However, the probability of using the “Metro” versus the “Combination of modes” was
positively influenced by a high income level. One unit increase of the importance regarding
the factor “travel time”, “high income”, and “business purpose” positively affected the
probability of choosing “Taxi” versus the “Combination of modes”, while the factor “travel



Sustainability 2022, 14, 9267 16 of 23

cost” had a negative effect. In addition, one unit increase of the importance regarding the
factors “waiting time” and “female gender” negatively affected the probability of choosing
the “Train” versus the “Combination of modes”.

Table 6. Results of multinomial logistic regression (Case B)—95% confidence level.

Case B—Bus vs. Combination of Modes

Significant var_ia‘tzles (questions) B S.E.® Wald Sig. ¢ OR = Exp(B) 95% C.1. for Exp(B)
with Sig. € <0.05 of B Lower Upper
Factor “travel time” 0.450 0.194 5.384 0.020 1.569 1.072 2.294
Factor “reliability” —0.371 0.188 3.888 0.049 0.690 0.477 0.998

Case B—Car (Park at/near the Airport) vs. Combination of Modes

Significar}t var'iabcles (questions) 5 SE. @ Wald Sig.© OR = Exp(B) 95% C.I. 9 for Exp(B)
with Sig. € <0.05 of B Lower Upper
Factor “travel time” 0.292 0.133 4.823 0.028 1.339 1.032 1.738
Factor “travel cost” —0.252 0.111 5.100 0.024 0.778 0.625 0.967

Case B—Car (Someone Drops Me Off/Picks Me Up) vs. Combination of Modes

e e . . o, d
Slgmflcar}t }:/e;r.labcles éc(l)t;esnons) B SE.@ Wald Sig.© OR = Exp(B) 95% C.I.“ for Exp(B)
with Sig. ¢ < 0. of B Lower Upper
Female gender 0.724 0.215 11.313 0.001 2.062 1.352 3.143

Case B—Metro vs. Combination of Modes

95% C.I. 4 for Exp(B)

D . . .
NSRS n S wa s onemym) e 0O
High household income 0.799 0.292 7.458 0.006 2.223 1.253 3.943
Case B—Taxi vs. Combination of Modes
Significant var_iatzles (questions) B S.E.® Wald Sig. ¢ OR = Exp(B) 95% C.1.“ for Exp(B)
with Sig. € <0.05 of B Lower Upper
Factor “Travel cost” —0.260 0.115 5.139 0.023 0.771 0.616 0.965
High household income 0.743 0.301 6.085 0.014 2.101 1.165 3.791

“Only business” as a motive

- 0.548 0.257 4.550 0.033 1.730 1.045 2.862
for traveling

Case B—Train vs. Combination of Modes

95% C.I. 4 for Exp(B)

Significant variables (questions) S.E.“@ .
. . Sig. ¢ OR = Exp(B
with Sig. ¢ < 0.05 B of B Wald 8 *p(B) Lower Upper
Factor “waiting time” —0.318 0.144 4.869 0.027 0.727 0.548 0.965

a. Standard Error; c. Significance level; d. Confidence Interval.

Table 7. Results of multinomial logistic regression (Case B)—90% confidence level and significance
level between 0.05 and 0.1.

Signiﬁc.aﬁt Varia;)‘lesc(questionS) 5 S.E. A Wald Sig.© OR = Exp(B) 90% C.I. 4 for Exp(B)
with 0.5 < Sig. © < 0.1 of B Lower Upper

Case B—Bus vs. Combination of modes
Factor “waiting time” —0.322 0.187 2.973 0.085 0.725 0.532 0.987

Case B—Car (park at/near the airport) vs. Combination of modes
Age from 50 to 65 —0.487 0.288 2.860 0.091 0.614 0.382 0.988
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Table 7. Cont.

Case B—Car (someone drops me off/picks me up) vs. Combination of modes

Age from 50 to 65

—0.480 0.261 3.377 0.066 0.619 0.402 0.952

Case B—Taxi vs. Combination of modes

Factor “travel time”

0.233 0.137 2.871 0.090 1.262 1.007 1.582

Case B—Train vs. Combination of modes

Female gender

—0.470 0.273 2972 0.085 0.625 0.399 0.980

a. Standard Error; c. Significance level; d. Confidence Interval.

4.3.3. Case C

In Case C, we referred to the “Combination of modes” alternative, and then we
randomly extracted the same number of cases from other transport modes to reach a
balanced sub-sample. Furthermore, the number of alternatives was reduced by merging
the alternatives “Metro”, “Bus”, and “Train” in one new dummy category. In summary, the
rating of the factor “travel time” positively affected the choice of the “Car (park at/near
the airport)”, while the importance of “travel cost” and “reliability” pointed out negative
influence. The category “Train/Metro/Bus” emerged as the positive effect of the importance
related to the factor “reliability”. The higher rating of the variable “waiting time” positively
affected the probability of choosing the alternative Taxi versus the combination of modes.
On the other hand, the importance of factor “travel cost” showed a negative influence.
Next, we report the results of the MNL regression of the Case C for the following situations:

Bus versus Combination of modes

Car (park at/near the airport) versus Combination of modes
Train/Metro/Bus versus Combination of modes

Taxi versus Combination of modes

According to the results in Table 8, the resampling strategy reached a lower percent-
age of total correctly predicted cases compared to the regression considering the whole
sample (34.1 < 40.3). However, considering the prediction of each alternative, the obtained
percentage was more uniformly distributed. The variables included in the model correctly
predicted 34.1% of cases. Furthermore, in this case, results were more accurate for those
who preferred the alternative “Car (someone drops me off/picks me up)” (48.6%) than for
other modes. Additionally, the results of the model are reported considering the variance
scores R? = 16% by Cox and Snell, and R? = 16.7% by Nagelkerke. Accordingly, we can
observe that the obtained variance scores of the multinomial logistic regression considering
resampling strategy were higher than the multinomial logistic regression of the whole
sample. This is due to the equal number of 111 replies that were initially randomly selected
for each one of the 5 considered alternatives. In this way, the probability of selecting each
one of the considered alternatives was much more accurate, as well as the total prediction
regarding the ratio of predicted and total number of responses for each alternative (e.g., the
correct prediction of 54 for “Car (someone drops me off/picks me up)” over 111 of the total
answers led to the overall prediction of 48.6%), as reported in Table 8.

Further, we report the results of the MNL regression of the Case C related to the
significance level (lower than 0.05) in Table 9, and significance level between 0.05 and 0.1
in Table 10. Considering the comparison between the alternatives “Car (someone drops
me off/picks me up)” versus “Combination of modes” in Table 9, we can observe only
one significant factor as “female gender” that showed a positive influence on this mode
choice. However, one unit increase of the importance regarding the factor “travel time”
positively affected the probability of using the “Car (park at/near the airport)” versus
the “Combination of modes”. On the other hand, a negative effect was related to the
independent variables concerning the importance of “travel cost” and “reliability”, while
belonging to the age group from 50 to 65 showed a negative influence. Additionally, a
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single significant independent variable emerges as the result of the comparison between
the “Train/Metro/Bus” versus “Combination of modes”. In particular, this independent
variable regarded the importance of “reliability”, where a growing level of the latter
positively affected the probability of choosing the group of three modes of transport
“Train/Metro/Bus”. Moreover, one unit increase regarding the variable “waiting time”,
and business travel purpose positively affected the probability of choosing the “Taxi”
versus the “Combination of modes”. Differently, the importance of the variable “travel
cost” showed a negative effect.

Table 8. Classification matrix of the MNL regression—Case A and Case B.

Predicted
Observed Car (Someone Drops  Car (Park at/near . . Combination o
Me off/Picks Me up) the Airport) Train/Metro/Bus Taxi of Modes % Correct
Car (someone drops me 54 19 12 13 13 48.6%
off /picks me up)
Car (park at/near 29 33 10 23 16 29.7%
the airport)

Train/Metro/Bus 26 10 39 24 12 35.1%
Taxi 25 14 15 50 7 45.0%
Combination of modes 36 13 31 18 13 11.7%
Overall Percentage 30.6% 16.0% 19.3% 23.1% 11.0% 34.1%

Table 9. Results of multinomial logistic regression (Case C)—95% confidence level.

Case C—Car (as Passenger) vs. Combination of Modes

e e . . o, d
Slgmflcar}t }:/g{labcles O(c({)l;estlons) B SE.a Wald Sig.© OR = Exp(B) 95% C.I.“ for Exp(B)
with Sig. € < 0. of B Lower Upper
Female gender 0.896 0.296 9.181 0.002 2.449 1.372 4.372
Case C—Car (park at/near the airport) vs. Combination of modes
. g . . o, d
Slgmflcar}t }:fzylalzles O(cg;estlons) B SE.“ Wald Sig.© OR = Exp(B) 95% C.I.% for Exp(B)
with Sig. © <0. of B Lower Upper
Factor “travel costs” —0.357 0.141 6.436 0.011 0.700 0.531 0.922
Age from 50 to 65 —0.812 0.398 4.174 0.041 0.444 0.204 0.968
Case C—Taxi vs. Combination of modes
.. . . o, d
Slgmflcath ﬁ/?la‘tzles éc(l)téestlons) B SE. @ Wald Sig.© OR = Exp(B) 95% C.I.% for Exp(B)
with Sig. © <0. of B Lower Upper
Factor “waiting time” 0.386 0.166 5.434 0.020 1.472 1.063 2.037

“Only business” as a motive

- 0.647 0.313 4277 0.039 1.910 1.034 3.528
for traveling

a. Standard Error; c. Significance level; d. Confidence Interval.

Table 10. Results of multinomial logistic regression (Case C)—90% confidence level and significance
level between 0.05 and 0.1.

o . : 90% C.I. * for Exp(B
Slgmflc.z;lﬁtov;rlak‘gb.lesc(quoeitlons) B S.E.* Wald Sig. € OR = Exp(B) p(B)
with 0.5 < 5ig. © <0. of B Lower Upper

Case C—Car (park at/near the airport) vs. Combination of modes
Factor “travel time” 0.283 0.161 3.101 0.078 1.328 1.017 1.732
Factor “reliability” —0.277 0.164 2.842 0.092 0.758 0.578 0.994
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Table 10. Cont.
Case C—Train/Metro/Bus vs. Combination of modes
Factor “reliability” 0.284 0.169 2.809 0.094 1.328 1.005 1.756

Case C—Taxi vs. Combination of modes

Factor “travel costs”

—0.246 0.140 3.112 0.078 0.782 0.621 0.985

1

a. Standard Error; c. Significance level; d. Confidence Interval.

5. The Impact of Non-Coordination in Multimodal Trip

The results of the three cases of MNL analysis reflect the actual situation related to
transportation mode choices, which is dominated by non-coordination among TSPs. To
assess the impact of non-coordination, we performed further analysis, starting from the
interpretation of the coefficients in the MNL analysis related to the statistically significant
independent variables. Specifically, we were able to estimate the change in the probability
of a certain choice by varying a single independent variable and keeping all the others
constant. In this way, we estimated the Likert scale factors that influenced mode choice
(“How much do the following factors influence your choice of mode when travelling to
and from the airport?”), such as “waiting time, and “reliability”.

Thus, we represented the ranking of the airport access mode choice preference, accord-
ing to the importance of the factor “waiting time”. According to Figure 5 and the presented
ranking, the probability of choosing “Taxi” was higher than the probability of choosing
other modes when the factor “waiting time” was highly important, while the choice of the
“Bus” mode would correspond to the situation in which “waiting time” was a less impor-
tant factor. Such outcome confirms what is expected regarding the preference of private
transport modes and “Taxi” compared to “Train”, in which travelers prefer these mobility
solutions when the waiting time or delays are of significantly higher importance. For
example, the probability of choosing “Taxi” is 1.6 times higher than choosing “Train”. This
can be observed from the results of the MNL analysis regarding the OR ratio, as follows:

Combination of modes, (OR = 1.375)

Metro, (OR = 1.441)

Car (park at/near the airport), (OR = 1.466)

Car (Someone drops me off/pick me up), (OR = 1.543)
Taxi, (OR = 1.643)

2 3 4 5

Taxi (or Car (Someone Car (park Metro ‘ombination Train
ridesharing drops me at/near the of modes
services like off/pick me airport)
Uber or Lyft) up)

Figure 5. The ranking of mode choices regarding the importance of factor “waiting time”.

We can state that the importance of “waiting time” resulted in higher probability of
choosing “Car (as passengers or drivers)” in the case of the non-coordination among TSPs.
However, we can expect lower waiting time if the coordination among TSPs exists, and
therefore, higher probability of choosing the public transport modes.

In Figure 6 is reported the ranking of mode choice according to the one unit increase
in the importance of the factor “reliability”. We can observe low preference regarding the

choice of “Bus”, “Car”, and “Taxi” mode, according to the one unit increase of the factor
reliability factor. Therefore, we can state that the importance of the reliability causes the
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higher probability of choosing public modes versus private ones, which can be confirmed
with the B values, as follows:

e Bus, (B=-0.418)

e Taxi, (B=-0.239)

e  Car (park at/near the airport), (B = —0.220)

e  Car (Someone drops me off/pick me up), (B = —0.199)

2 3 4 5 6

e N

Metro/Train

Combination Car (Someone Car (park Taxi (or Bus
of modes drops me at/near the ridesharing
off/pick me airport) services like
up) Uber or Lyft)

Figure 6. The ranking of mode choices regarding the importance of factor “reliability”.

The importance of factor “reliability” is not significant when comparing “Car (as
passengers)” with “Combination of modes” in Case C. Moreover, the comparison of “Car
(as driver)” with “Combination of modes” in Case C, results in a lower negative value
of parameter B = —0.277. Accordingly, we can observe the higher importance of the
factor reliability for “Combination of modes”, as well as a positive effect for the union
of “Train/Metro/Bus” which resulted in B = 0.284. On the other hand, the importance
of the factor “reliability” for “Bus” mode is lowest due to the following reasons: (i) the
importance of the factor “reliability” for Bus mode is lower than “Train” mode; (ii) the
number of the answers for “Bus” mode is significantly lower than the other modes.

6. Conclusions

In this paper, we analyzed the travelers’ mode choice behavior, as well as the factors
that influence their airport access mode choice. The outcome of the analysis investigates the
opportunities for shifting from private to public transport modes. Specifically, we provided
correlation analysis to reveal the main factors that influence travelers’ mode choice and
consequently, we provided MNL regression to assess the probability of selecting certain
travel modes. The model has been applied to a real-case study considering the answers
obtained from the participants in the SYN+AIR’s survey, [30].

According to the results of the meaningful correlations, the participants who preferred
private solutions i.e., car (as passenger/driver) were positively correlated with: (i) traveling
for leisure by plane; (ii) not being a frequent flyer; (iii) not being influenced by traffic
congestion; (iv) having a low income level; and (v) traveling mostly for business (those
who chose Taxi). Furthermore, these respondents belong to the younger age groups, and
mostly, they perceive waiting and travel time as more important factors than reliability
and travel cost, when choosing the airport access mode. On the other hand, travelers
who opted for public modes, were positively correlated with: (i) being influenced by the
traffic congestion (those who preferred train and metro); (ii) being mostly males (those
who opted for the train); (iii) declaring a high income level; and (iv) preferring to travel
within the groups of 5 people (those who preferred metro and Taxi), e.g., respondents from
Spain (preferring Bus) and Serbia (preferring Taxi). These respondents perceived as more
important the reliability and travel cost than waiting and travel time when choosing the
airport access mode.

The main finding of our model confirmed previously found factors that influence the
airport access mode choice, but also provided a new insight with respect to the multi-modal
service with air transport as a main leg. Namely, after performing MNL regression, it was
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shown that the factor “reliability” has the highest importance for the Train/Metro union in
the case of non-coordination among TSPs. Nevertheless, even in this case, we can notice
that the reliability has a significant impact when selecting more than one transport mode
choice. Thus, the impact of reliability should be supported even in the case of coordination
among TSPs in order to minimize the risk of missing the flight. Furthermore, the waiting
times in between should be balanced and reduced to improve passengers’ experience.
Attractive service features tailored to air passengers in terms of improved reliability and
reduced waiting times will result in higher probability of choosing public transport modes,
such as metro and train. Consequently, transport operators (and the environment too)
should benefit from an increase of the share of travel demand shifted from the private
car. Moreover, through the attributes (i.e., waiting time and reliability) are given the terms
for establishing coordinated multimodal services in the practical applications. One of the
practical applications is to push Mobility as a Service (MaaS) technology, where, in the
process of journey planning, the Maa$S operators receive the data from the network, TSP’s
services, and users’ preferences to plan the journey and optimize travel routes. In this way,
the reliability would be an important factor for providing a seamless journey considering
the following perspectives:

e  From users’ perspective, we can introduce better reliability of public modes (bus, train,
metro) by offering coordinated multimodal timetables. In the Maa$, this could be
achieved through the demand prediction by obtaining information from passengers
(i.e., origin, destination, time of requested service). At the same time, the better
timetable coordination will result in reduced delays and waiting time.

e  From public authorities’” perspective, we can achieve better reliability by provid-
ing infrastructure accessibility that will encourage users to use more sustainable
travel modes.

e  From the policy making perspective, the reduced waiting times and increase of relia-
bility could be helpful for shifting the demand from private cars to other travel modes.

However, this study has certain limitations related to the period of time when survey
was conducted. Namely, the pandemic situation influenced passenger responses since they
needed to recall to their last travel by air. Also due to pandemic, we were forced to conduct
online survey. Although we are aware of the challenges of online surveys and tried to avoid
pitfalls, we believe that a face-to-face survey would provide more reliable results.

For further developments, we aim to deepen the concept of the coordination among
different TSPs considering the data that need to be shared among them, as well as the de-
velopment of smart contract frameworks. This would enable the possibility for passengers
to have a seamless D2D journey with “single ticket” experience, as well as accessibility to
the real-time information in the multimodal chain.
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