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Abstract: The outbreak of COVID-19 caused many changes in people’s life. One of the most signif-
icant is the travel behaviour and transport mode choice. This study focus on the changes that the
inhabitants of Vienna made in their travel choices because of the virus. The same research about
spatial modelling the transport mode choice of commuters in Vienna was completed in 2019 and is a
topic addressed in our previous work. Based on our developed methodology, this article indicates
that public transport is not a dominant transport mode choice as it was before the virus outbreak.
The main result of this paper is geographically defined areas of application of individual alternatives
shown on the final map of modal shift in Vienna, which could provide theoretical support for policy-
makers and transportation planners. For the city of Vienna, we found that the area of the city where
cars are now used has increased, which certainly has a negative impact on air quality and life in the
city. The advantage of the methodology is that it can also be applied to other cities in the world.
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1. Introduction

In December 2019, the Chinese city of Wuhan experienced an outbreak of a contagious
coronavirus, COVID-19 (2019-nCoV or SARS-CoV-2) [1]. The virus spread rapidly world-
wide, and on March 11, 2020, the World Health Organisation (WHO) announced a global
pandemic [2]. Measures have been taken worldwide to curb the virus; most countries
implemented social distancing measures and recommended their citizens to stay home
(with online education and promotion of teleworking). The way of life for most people has
changed noticeably [3], and the effects can be seen from socio-economics to politics.

In the past, transport decision-making research has focused on sustainable transport
issues in urban areas and quality of life, as most countries face an increased need for
mobility [4]. In order to achieve sustainability in mobility and transport, the key is in
encouraging the use of public transport [5] and other sustainable, active transport modes.
Prior to the coronavirus outbreak, the transport system planning was primarily focused on
efficiency, i.e., maximising the volume of passengers with the smallest number of vehicles
to minimise adverse environmental problems such as pollution [6]. Essential factors for
transport system planning are the variability of travel demand and the level of service
of public transport line [7]. Both mentioned factors were drastically changed during
the pandemic.

The consequences of measures taken during a pandemic have significantly affect
urban mobility [5]. The areas most affected are travel patterns [3] and day-to-day transport
choice decisions. Individual transport choice decisions can contribute to pollution and
congestion or be a path to sustainable opportunities [8]. The changes in transport decisions
happen because the mode of transport is chosen based on various factors that changed
significantly during the pandemic due to the measures taken [9].

The effect is different for a particular transport mode, but the most significant effect
is detected for public transport [2,3,10]. Additionally, public transport has an important
role in transmitting the virus [11], especially in urban, densely populated environments [6].
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In Italy, the initial analysis revealed that trips performed by public transport significantly
impacted the new COVID-19 situation only 1 week later [12].

Analyses reveal that because of the virus transmission, many public transport users,
despite higher costs, may now use a car [13,14]. Other authors report that many people
will prefer to choose transport modes where the risk of virus infection is lower in the future.
The actual changes (which will be visible and measurable) in the use of individual transport
modes will depend on the habits that people had before the coronavirus outbreak [15],
based on the available transport network, different socio-economic status, and other factors.
In the environments where the residents mostly used active modes of transport (walking,
bicycles, scooters) or automobiles before the pandemic, the change will be very small or
non-existent. Meanwhile, in environments where residents primarily relied on public
transportation before the pandemic, the change will be pronounced.

It is clear that the spatial distribution of favoured modes of transport is changing
due to the coronavirus epidemic. For more accessible and more reliable transportation,
planning is necessary to know these spatial changes. Understanding mode choice is an
important factor in the process of transport planning and management policy [8].

The motivation for the research is the development of a methodology that would help
in deciding transport planning—especially given the fact that the outbreak of the virus
has changed people’s transport habits. Decision-makers need a tool to help them plan and
make strategic decisions. However, the methodology presented in the article provides just
that—an insight into changes in decision-making.

This paper aims to investigate the changes in transport mode choice in Vienna city
to present the spatial changes in the transport mode choice. More precisely, the aim is to
find and compare the difference between pre-COVID-19 and the COVID-19 situation on
habitants’ mode choices. Spatial changes were recorded after the first wave of the epidemic
and might significantly affect future spatial management, including transportation.

The paper is organised as follows. Section 2 provides an overview of the literature in
three steps. The first covers the most significant changes in travel behaviour due to COVID-
19 worldwide, from which we can highlight the reduction in public transport. In the second
step, the literature review focuses on analyses of changes in mobility before and after the
outbreak of COVID-19, which confirms that the methodology we present in this article is
a novelty. Additionally, the third step is a brief overview of the authors’ methodologies,
which further confirms the originality of the methodology adopted. Section 3 reports
methods and materials discussing the data collection and model formulation; the adopted
model consists of Analytic Hierarchy Process (AHP) and geographic data. Section 4
describes the main results with some descriptive statistic and the map of the selected city.
Section 5 provides a discussion of the main findings. Finally, conclusions are reported in
Section 6.

2. Literature Review
2.1. Reported Changes in Travel Behavior Because of COVID-19

One of the first analyses of changes in public mobility patterns because of the virus
outbreak was performed in the United States, based on the location data from mobile
devices, and showed the reduction of personal mobility [16]. In Italy, by far the most
affected European country in terms of infection and mortality in the first wave, the aver-
age daily mobility rate has decreased by 42% compared to the period before COVID-19
lockdown [12].

In some observed cities (Augsburg in Germany, Vienna in Austria), the number of
public transport users decreased by 80% in the first wave of the epidemic. The decrease in
Spain was 75%, in Paris (France) 70%, and in bigger cities in Germany (Berlin, Hamburg
and Munich), about 40-60% [17]. Fear of contracting the virus while using public transport
is one of the main reasons for the decrease [3]. Recent research in Turkey has shown that
women have expressed a higher level of fear of infection than men. The results were
based on the statistical {-test comparing the differences in a filling of fear between genders.
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Perceptions of the virus also differ according to different demographic characteristics (age,
education level, and vulnerability) [18].

Due to the pandemic, the factors which determine the mode choice have changed [10].
With the increasing use of automobiles for personal use, some countries have increased the
use of alternative transport modes (walking and cycling), where and when the areas allow
sufficient distance (for prevention of spreading virus) [19].

2.2. Modelling Changes in Travel Behaviors

In the current time of the pandemic, many authors prepared analyses on travel
behaviour modelling. In Table 1, we present some of the most related to our research.

Table 1. Literature overview of changes in mobility and transport mode choice caused by COVID-19 pandemic.

Article Year Country Data Collecting Method
Carteni, Di Francesco, Data from Italian national census Multiple linear
. 2020 Italy (ISTAT), 3
and Martino . regression model
Automatic sensors data
I Panel survey during the
Sha}qpael, De ]ong, . 2021 Istanbul epidemic (comparison of phase Descriptive statistics
Alpkokin, and Rashidi
1,2, and 3)
.. . Longitudinal analysis Survey about habits, prior to
Shamshiripour, Rahimi, encompassing multiole and during the coronavirus
R. Shabanpour, and 2020 Tllinois (US) p 5 P Combining stated preference
! survey waves
Mohammadian Travel behaviour surve (SP) and revealed preference
y (RP) methods
Simple model that relates an
Engle, Stromme, 2020 USs County-level panel data individual’s travel decision
and Zhou GPS data to perceived disease
prevalence
Moslem, Campisi,
Szmelter-Jarosz, Online survey prior to COVID
Duleba, 2020 Southernmost Italy outbreak (Nov and Dec 2021) Best-worst method
Nahiduzzaman, and March and April 2020
and Tesorier
. Panel survey during the
Sha}ql.)ael, De ]ong, . 2021 Istanbul epidemic (comparison of phase Descriptive statistics
Alpkokin, and Rashidi
1,2, and 3)
Online survey about mobility
Anke, Francke, 2021 Germany habits before and Descriptive statistics
Schaefer, and Petzoldt . .
during pandemic
Politis. Georeiadis On-field survey before COVID
! & ! 2021 Greece (2019) and online survey after Descriptive statistics

Papadopoulos et al.

outbreak in 2021

As seen in the literature review, the transportation modal shift was nowhere presented
with the spatial modelling such as in our paper. The other authors tested whether the
differences between the transportation data in conjunction with sociodemographic data
are statistically significant. Some of them [12,20] used the data about transportations flows
from some statistical institutes and transportation agencies and determined differences in
mobility behaviour based on statistical data. In [21], authors combined stated preference
(SP) and revealed preference (RP) data, and they used a questionnaire to obtain data.
A survey in [22] also based data gathered from a survey conducted during pandemic
time, but as in [20], they do not have comparable data before the COVID-19 outbreak.
The pre-pandemic data are thus the result of people’s memory about their habits before the
outbreak. The ones who had collected data before the pandemic time and could repeat the
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survey between the first wave are [6], with the results of their best-worst method being
weight scores for specific transport mode. Another who collected data before the outbreak
is given in [23], who only used descriptive statistics to determine the changes in the modal
shift. The results from [6,23] offer a good insight into what has changed in human mobility
behaviour, but they are not related to geographical data such as ours.

On the contrary, we have used the pre-pandemic RP and SP data obtained through
our previous research and compared them to the data obtained during the pandemic time
in the same area of Vienna city.

2.3. Mode Choice Models

The study of transport choice is not a popular topic only because of the outbreak of
COVID-19 but has been studied by the authors before. Various methods have been used
for the purpose of modelling transport decisions. A brief literature review in the field of
methodologies has already been made in [24]. The methods used in the latest research are
presented in Table 2.

Table 2. Literature overview of mode choice models.

Used Methodology Authors

Abe, 2021; Guo, Susilo, Antoniou, and Penestal,
2021; Halawani and Rehimi, 2021; Priya,
Mathew, and Subbaiyan, 2020; Rahman, Islam,
and Joyanto, 2020

Binary logit model Tuan and Thanh Huong, 2020

Multinomial logit and mixed logit models

Multiple linear and binary logistic models Zannat, Islam, Sunny, Moury, Da Tuli, Dewan,

and Adnan, 2021
Hybrid models or integrated choice and latent Tran, Yamamoto, Sato, Miwa, and
variable (ICLV) Morikawa, 2020
Best-worst method Duleba, Moslem, and Esztergar-Kiss, 2021

Among the more recent contributions to the study of transport choice, logit models
predominate [25-29]. Logit models are a good method for evaluating the effect of different
factors of mode choice and for understanding individual choices [28]. For example, to study
the option for the shift to public transport in a car-oriented city with logit model using
a spatial analysis approach [30]. Use the hybrid model to analyse the attitudes towards
physical activity on mode choice. The hybrid models enable integrating some variables,
which are not used in the conventional mode choice models, such as comfort, convenience,
attitude, etc. This is their advantage over the traditional mode choice models. For example,
authors used binary logit models [31] and multiple linear and binary logistic models [32]
but to a much lesser extent.

The first time was best-worst method used for transport decision making [6,33], which
is also based on some personal aspects but have fewer pairwise comparisons than other
methods based on AHP. However, like other described methods, the results are not related
to the geographical presentation and cannot be directly helpful in the planning or adapta-
tion of the transport network. Addressing this gap, our methodology was developed.

3. Materials and Methods

The method used in the paper is based on the methodology presented by Sinko et al.
in one of the recent papers [24]. The methodology’s core is a trade-off between measur-
able costs (time) and subjective decision-making factors changed during the COVID-19
pandemic period.

The steps in the methodology are presented in Figure 1 and discussed in the subsec-
tions further.
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Transport mode alternatives

- Walk
- Bicycle
- Automobile
- Public transport (the combination with walk and
bicycle)
Subjective factors Objective factors
- Convenience - Travel time
- Ecological aspect T
- Accessibility and
interchanges
AHP method OD cost matrix
Combining
results
¥
Minimum
search
v
Graphical
presentation

Figure 1. Methodology adapted in article.

3.1. Survey and AHP Calculation

The pre-COVID-19 survey was performed in the summer of 2019 and is described in
detail in [24]. The continued research, realised during the COVID-19 period, tackled specific
additional questions and was conducted in January 2021 using an online questionnaire.
The first part of the questionnaire conducted information regarding gender, age, the type of
respondents daily outside activity (job, education, shopping), whether he/she possesses an
automobile, the main reason for daily outside activity, and the distance to outdoor activity.
The second part of the questionnaire was intended to capture one’s subjective opinion about
changes in traffic behaviour because of COVID-19. Data from that part of the survey were
not used as an input in the spatial model of differences between the mode choice before and
between COVID-19 measures. Instead, the results from that part of the questionnaire were
used to check if our model’s results show differences in the same way that people perceive
in their daily use of transportation. The third part of the questionnaire was designed to
collect data for our model. The survey was realised with the help of an Austrian company
specialised in data collections with its own access panel. A total of 200 people fulfilled the
questionnaire. The company did not provide the number of people who were invited to
complete the questionnaire. Survey respondents were selected randomly within Vienna
city. RP data were analysed using the AHP method, which is, due to its simplicity and
effectiveness, a widely used method for multi-criteria decision-making [20] and is suitable
for decision-making problems such as transportation mode choice.

The respondents were asked to grade the predetermined decisions factors (which was
the same three as in 2019) compared of all possible pairs (Figure 2) on the 9-grade Likert
scale propped by Saaty (1980).
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Convenience

Convenience

Ecological aspect

Ecological aspect

Accessibility and
interchanges

Accessibility and
interchanges

Figure 2. Example of the Likert scale based question in the survey.

From each response, we constructed a judgement matrix of pairwise comparisons.
Later, with the geometric mean of all constructed matrices, the group judgement matrix was
calculated for each question to obtain the factor ranking. Since the consistency ratio (CI) for
all matrix used for AHP calculation were <0.1, it implies that the respondents’ evaluation of
mode choice factors preference is consistent. For more detailed AHP methodology, reader
is redirected to [21].

3.2. Creation of GEO Dataset and OD Cost Matrix Calculation

The detailed process of creating the GEO dataset and Origin—Destination (OD) Cost
Matrix calculation is described in [24]. In short, creating a GEO dataset consisted of two
steps. First, preparation of a map with spatial layers for map visualisation (e.g., city
boundary, districts, main roads, main river) and a fishnet layer of 250 by 250 m cell
size. Second, the preparation of a so-called network dataset wasconducted, which is an
ArcGIS dataset that is designed to support network analysis. For the presentation of
geographic data and for calculations, an ArcGIS for Desktop 10.8.1 software with Network
Analyst extension was used. The software is widely used for different optimisations and
display of various analyses related to COVID-19 [28,34-37]. For creating a network dataset,
an Intermodal Traffic Reference System Austria dataset (GIP.at) (gip.gv.at, 2019) was used.
Over the Vienna area, a network with 6648 origin points was created. Each of those points
represents the origin point j for travel decision. OD cost matrix presents the travel times
from each individual of the 6648 points of origin to the selected goal destination for all
five included alternatives. The selected goal destination could be any destination within
the observed city, under the condition that the group under the study of inhabitants is not
targeted by trip purpose. In such a case, we generally perform modal split (meaning modal
share presenting the percentage of passengers using a particular mode of transport or the
number of trips with a specific type of transport mode) or modal shift situation (meaning
the switching from one transport mode to another).

3.3. Calculation of the Trade-Off

The final solution is the combination of subjective and objective elements. As seen
in (1), the final decision is the product of the time (gathered from OD cost matrix based on
time, described in Section 2.2) and the multiplicative inverse of PR value for specific mode
i (calculated with AHP method, described in Section 2.1).

1
~ PR;

wjj ti; @
where w;; presents the final weight for a decision on a specific transport mode i for an
individual point on the map j. When all weights are calculated, the minimal weight (2) is
selected for the final result.

min w; (2)

3.4. Examined Study Area

The city of Vienna is the largest city in Austria, with about 1.9 million inhabitants. The
city has a well-developed public transportation network [23]. Inhabitants of Vienna use
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private motorised traffic only to a small extent, according to the data from 2019. As many
as 30% of them prefer to walk, 7% to cycle, and 38% to use public transport for daily travels.
Only 25% of inhabitants use automobiles for their transportation. Vienna has the lowest
car ownership rate (37 cars per 100 inhabitants) of all provincial capital cities in the country.
The fact that Vienna residents favour public transport is also confirmed by the number of
annual passes sold in 2019 (852,300) [22].

At the time of conducting the survey, Austria had a third lockdown (from 26 December
to 7 February). Inhabitants were required to wear FFP2 mask; curfew lasted the entire day
(exceptions were: work, buying essentials, helping others, individual physical activity);
shops, personal services, restaurants, and hotels were closed [38].

4. Results
4.1. Sociodemographic Characteristics of the Study Sample

This section highlights the quantitative analysis of a sample of 200 participants.
As shown in Table 3, the representations of men and woman are equal. The respon-
dents’ age ranged between 17 and 55 (mean average value: y = 38.39, standard deviation:
o =10.41 years). Most of the daily activities of the respondents (almost half) were work;
the following are purchases and shopping (about 30%) and shopping. The smallest share
of respondents have some other activities (such as taking kids to kindergarten and school,
walking, etc.) every day, and fewer respondents were travelling to various educational
activities every day. The reason for that distribution could be in the age structure of respon-
dents. Among other activities, respondents stated everyday walks and taking children to
the kindergarten. The average distance for daily travel was 11.355 kilometres (with the
standard deviation ¢ = 19.23), with a maximum of 200 and a minimum of 0 kilometres.

Table 3. Sociodemographic characteristics (sample 1 = 200).

Sociodemographic Variable Characteristics n %
Male 100 50

Gender Female 100 50

15-19 4 2

20-29 40 20

Age 30-39 56 28

40-49 70 35

50-59 30 15

Job 86 43

Education 16 8

Daily outside activity Shopping 58 29
Sport 22 11

Other 18 9

4.2. Changes in Behavior Because of COVID-19

Respondents have evaluated their agreement with the statement: “For myself, I can say
that the situation with the COVID-19 pandemic has changed my travel habits” according
to the Likert scale from 1 to 9 (Figure 3).

The analysis revealed that 43% of respondents strongly agree that they changed travel
habits (Figure 3). In total, 69.5% of all respondents agree with this statement. Only 25% of
respondent maintain that their travel habits have not changed, and 5.5% are undecided.
The average grade for the first statement was 6.55 (with the standard deviation ¢ = 2.89).

More than 50% of respondents stated that they strongly disagree that they used a
completely different mode of transport before the epidemic (Figure 4). In total, 74% of
all respondents disagree with the statement. Only 17.5% of respondents have changed
transport modes completely. The arithmetic mean for this statement was 2.87 (o =2.53).



Sustainability 2021, 13, 7116 8 of 15

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Strongly Disagree (1) m Disagree (2) B Moderately Disagree (3)
Mildly Disagree (4) B Undecided (5) B Midly Agree (6)
B Moderately Agree (7) W Agree (8) W Strongly Agree (9)

Figure 3. For myself, I can say that the situation with the COVID-19 pandemic has changed my travel habits.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M Strongly Disagree (1) M Disagree (2)  Moderately Disagree (3)
Mildly Disagree (4) B Undecided (5) W Midly Agree (6)
W Moderately Agree (7) W Agree (8) W Strongly Agree (9)

Figure 4. During the pandemic, I used a completely different mode of transport before the epidemic.

The crucial question is whether the respondents avoid public transport because of the
risk of infection (Figure 5). In total, 53% of respondent stated that they do not avoid public
transport, and 40.5% prefers not to use public transport because of the risk of infection.
The average mean of answers was 4.51 (o = 3.21).

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m Strongly Disagree (1) m Disagree (2) ® Moderately Disagree (3)
Mildly Disagree (4) B Undecided (5) H Midly Agree (6)
W Moderately Agree (7) W Agree (8) B Strongly Agree (9)

Figure 5. I avoid public transport because of the risk of infection.

4.3. Comparison in Factors before and during the COVID-19 Situation

As aforementioned, we need the priority weight for each of the alternatives and
decision factors included in a survey for the final mode choice map. Calculation based
on Saaty methodology [21] on three selected factors revealed that the ecological aspect
has become more important than convenience (Table 4). The least important remain
accessibility and interchanges.
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Table 4. Differences in factors.
2019 2021
Priority Priority
Factor Weight Rank Weight Rank

Convenience 0.3626 1 0.3069 2

Ecological aspect 0.3398 2 0.3885 1

Accessibility and interchanges 0.2976 3 0.3046 3

4.4. Preference Rate for Selected Alternatives

The local weights were calculated after pairwise comparison for all included transport
mode from the perspective of individual decision factors. Later, the products from the
local weights of the alternatives matrix and factor weights were calculated to obtain the
preference rate for alternatives (Table 5).

Table 5. Differences in preference rate for selected alternatives.

2019 2021
Alternative Preference Rate Rank Preference Rate Rank
Walk 0.2223 3 0.33977 1
Bicycle 0.2361 2 0.24134 2
Automobile 0.2047 4 0.22436 4
Public transport 0.3369 1 0.23580 3

Before the COVID-19 breakout, public transport was the most popular transport mode.
In researchconducted during the pandemic, it has lost popularity and is now in third place.
Walking and bicycling overtook public transport.

4.5. Mode Choice Map

Our method’s main goal is to combine the objective factor (travel time) and the
calculated stated preference and show the results on the map. To show the difference that
the pandemic of coronavirus caused, Figure 6a presents the situation in 2019 (before the
virus outbreak), and Figure 6b presents the situation in 2021 (middle of the pandemic).

It is seen that the inhabitants of Vienna are much more active in 2021 than they were
in 2019. They use more modes of transport in which active participation is required.
People who live in the area around the determined goal for trips use the bicycle to travel
daily in both observed periods. Only a smaller area near the University makes trips by
foot in both cases. However, it is seen that people living in the area along the Danube
river became even more active. Generally, in 2019, most of the population used public
transport (combined with walking and biking), which in the year 2021 is compensated by
bicycling and even more by automobile. From the perspective of sustainable transport,
the situation in Figure 6b (2021) is very worrying. In the past, public transport was one of
the very commonly used sustainable modes. In the event of a continuation of the COVID
virus situation, it will undoubtedly be necessary to consider developing new or different
sustainable transport which will not involve close contact and which people will be willing
to use. The Inner City, which is the historical heart of Vienna, remains active in terms
of transport mode, although it is located relatively far from the selected goal destination.
It means that active modes of travel combined with public transport still prevail there.
Automobile use has increased slightly but is in the minority.
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Figure 6. (a). Mode choice in the Vienna for year 2019. (b). Mode choice in the Vienna for year 2021.

The trend in the use of individual transport mode is more precisely seen in Table 6.
The growth of the areas whose major decision were automobiles is more than 1000%
compared to the year 2019, and around 200% more areas” major decision is now using
bicycles. On the other hand, using public transport combined with walking fell by about
70% and combined with the bicycle fell by about 50%.
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Table 6. Trend of individual transport mode use (comparison between 2019 and 2021).

Change %
Bike +195.01
Automobile +1390.57
Walk 0
Public transport combined with walking —72.68
Public transport combined with biking —48.05

5. Discussion

Like other recent studies, this study represents an approach to address the changes
in travel habits and changed travel mode choices. The advantage is the geographical
presentation of the transport choice for the individual areas in the city. However, it can
be a helpful input in urban mobilisation planning and strategic responses to the changes
brought about by COVID-19.

The Austrian Government has taken strict measures to prevent the spread of the
coronavirus. Despite restrictions, public transport in Vienna was never interrupted. It was
only advised to avoid public transportation insofar as use is not necessary [39].

The selection and final ranking of index preferences of alternatives from the survey in
2021 were expected based on the inhabitants” habits before the COVID-19 outbreak. As we
noted in the Introduction, residents made extensive use of public transportation before the
outbreak [22]. The use of public transport has decreased by two ranks compared to 2019
(Table 2) and was replaced by walking and bicycling. The reasons for the bigger share of
automobile users in the final map is in the accessibility with walking and cycling, due to
long distances between origin and selected destination areas. Although some countries
report an increased share of driving with automobiles, only a small percentage of Vienna’s
inhabitants own a car [22]. Those who do not have an automobile have no other alternative
to exchange the prior use of public transport if they want to avoid the public transport.
Due to the relatively good connections with public transport in the city centre [23] and its
immedjiate vicinity, the inhabitants do not own a car. Due to that, the change in the Inner
City to bicycles is expected. The inhabitants, who live farther away from the city centre,
probably need automobiles and have the opportunity to change from public transport
to automobile.

For a better insight, we analysed the shift in modal split for individual modes in
Vienna in Table 7.

Table 7. Modal choice shifting because of the COVID-19 pandemic.

Shift in Transport Mode n %
Active-Active 0 0
Active—Public 0 0

Active—Automobile 45 0.68
Public-Active 827 12.44
Public-Automobile 2903 43.67
Public-Public 25 0.38
Automobile-Public 0 0
Automobile-Active 0 0

The active modes are walking and bicycling, and there were no changes at all—only
the one closest area to the selected goal area uses walking for trips completed. There were
no shifts because of the long city distances, and the ones that used bicycles before the
pandemic continue to use them. Since public transport represents the most significant
opportunity to become infected with the virus [11], no shifts were made from other modes
of transport to public transport. On the other hand, a large percentage of areas that use
public transport before the pandemic now use automobiles (43.67%). Shift from public
transport to an active mode (bicycle) is also significant (12.44%). Less than 1% made the
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change from one active mode to automobile and from one combination of public transport
to another, but these shifts are not made because of the COVID-19-related changes.

Other authors reported some different changes and shifts. In Germany, there was a
significant reduction in the use of automobiles and buses. At the same time, the rise of
walking was detected [40]; other research in Germany [41] reports about the modal split
shift away from public transport (a reduction of about 18%). At the same time, an increase
in the active mode (of about 20%) and the use of an automobile (of about 3%) has been
detected. In Greece [42], the drop in use of public transport is around 21%, and growth in
trips made on foot is about 34%. Additionally, in Italy [6], there is a significant shift from
public to individual transport modes such as walking, using automobiles and ride-sharing.

In Figure 7, only COVID-19-related changes are shown. We have only shown changes
that we find worrying in terms of pollution. Previously sustainable areas, where now
residents are expected to choose automobiles for proposed trips, are coloured. Residents
in areas closer to the city centre and areas closer to the final destination still choose active
transports due to their proximity. Those from more remote places where they used to use
public transport are now mostly more inclined to drive an automobile.

9 12 Kilometers Legend

I Wirtschaftsuniversitat

Main roads
t:"_‘ Inner City
7 District boundaries
Danube river
Change
@ Bike to Automobile
Public to Automobile

N

A

Figure 7. Areas of changes in Vienna.

The outbreak of COVID-19 changed the way people live. At that moment, it is hard
to say what the development of the disease will be and if the use of public transportation
as we know today will continue or the researchers will be forced to find new directions
of public transport, especially for people who cannot afford their own private transport
for various reasons. In the case that a new way will not be found, there is a threat that
pandemic will cause the use of older and environmentally damaging automobiles, the
use of which is typical for Asia [13]. A similar situation may happen in Europe since the
average age of automobiles in Europe is 11.5 years old in 2021 [43].
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In our research, we have shown that the automobile becomes the dominant transport
mode in Vienna. In Figure 7, it is seen that inhabitants of the large geographical area
make less-sustainable decisions about transport modes than prior to COVID-19. Based
on the research in Istanbul, the authors are concerned that the automobile will remain
the dominant mode of transport even after the pandemic [5]. If the map of modal split
(Figure 7) will remain the same in Vienna for a long time after the pandemic, the pollution
of the city due to transport will be much higher.

To prevent excessive pollution due to changing decisions about transport mode,
the city’s municipal managers will have to make critical strategic orientations about city
mobility. The results from this article could be helpful in this process.

The methodology adopted was shown in the example of Vienna city but could be
used in any other city in the world. However, travel mode choice results will differ and
perceived differences because COVID-19 will be different in different parts of the world.
However, for all, it is considered that with the help of our mode-choice map, the decision
at the strategic level can be made in the future about network planning.

6. Conclusions

While the number of trips and shorter routes has decreased due to the outbreak
of COVID-19, which has had a positive effect on the environment, life is returning to
normal. With the release of social measures and the improvement of the pandemic situation,
people are starting to travel again, embark on leisure trips, and perform daily duties.
The period when the pollution situation has improved is over. In this article, we wanted
to check how the changed transportation decisions during the pandemic will shape the
mobility of a larger city. The applicability of the methodology was shown in the example
of Vienna, where before the outbreak of the pandemic, a large share of residents used
public transportation.

The evidence is clear: due to the fear of being infected with the virus (when the virus
has not yet been completely eradicated), more people choose to use an automobile than
before. In the study case, about 40% of participants agree that the pandemic has changed
their travel habits. Moreover, around 40% argue that they now have been avoiding public
transport. We confirm the modal shift from sustainable modes to the use of automobiles
with the methodology presented in the paper. Compared to 2019, before the virus outbreak,
in 2021, there is a larger area of the city where people now prefer automobiles and bicycles
usage, while the area where residents opt for public transport is much lower.

It is also important to address that these changes may not be constant, for there is
high uncertainty about how the situation with COVID-19 will develop. In the future, more
in-detail factors and the impact that the virus will have on future transport choices shall be
analysed. The changed situation and different conditions will create a new map of mode
choice in cities. Therefore, our results in a small percentage could differ from the actual
situation of transport use. We, as with other authors, study the existing situation. We do
not even dare to guess much about the future.

The methodology presented considers only preference rate in one part, not how
individuals actually decide every day about transport modes. An individual’s hypothetical
choice may differ from his actual one.

The added value of our work, in addition to the shown changes about the modal
split, is the presented methodology, which can be used to model the spatial distribution
of transport mode choice in any large or small city. Moreover, it can be used to model the
modal split because of various changes and condition worldwide, not just a COVID-19
outbreak. Such models could be helpful for city authorities in strategic decisions about
transport networks.

In our opinion, the field of transport during a pandemic should not slide down on
the list of priorities of individual governments (either urban or national). However, it can
even be an opportunity to maintain (safe) public transport by encouraging active forms of
mobility as much as possible (because of the health benefits they have), and we recommend
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the use of an automobile only for urgent, otherwise unsolvable situations. COVID-19 is not
the only situation that has surprised us. Therefore, we must not compromise on transport
policies, but we must take the opportunity to regulate them better.
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