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Abstract

The global Corona virus pandemic strongly affected travel behavior. Long-term changes are expected which will run counter to a
development of a sustainable mobility. One main issue is the setback for public transport and the preference for individual
motorized modes. This paper analyses the changes in public transport, the reasons behind and potential counter measures. It is
based on a quantitative survey, mobility data of the time before Corona and a focus groups discussion. The results suggest notable
reduction in public transport use during the pandemic and critical evaluation of implemented measures against Corona. A reduction
in public transport season tickets can be observed with variation in the values depending on subjective evaluation of public
transport, type of settlement, and teleworking frequency. The paper discusses strategies for the development of a more resilient
public transport system.
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1. Introduction

The global pandemic of the Corona virus (COVID-19) and the implemented measures to limit the spread of
COVID-19 have a major impact on all areas of the everyday life, including travel behaviour. In the beginning, the
reduced traffic volume had a positive impact on the environment. In the long term, however, new mobility routines
emerged, which run counter to the development of a sustainable mobility. One of the main issues in this context is a
setback for the use of public transport. As sustainable mobility solutions that aim to increase the number of multimodal
trips and reduce the use of individual motorized modes of transport are based on a strong and attractive public
transport, the effects of the pandemic have strong negative implications.
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Against this background, the paper analyses the changes in use of public transport and the reasons behind in order
to regain lost public transport customers and to develop strategies for a higher resilience of public transport in times
of crisis. We understand a resilient public transport as a system which is capable to absorb disturbances, regain its
functions and structures as well as recover to a basic level of service within acceptable cost and time (Wan et al.,
2018). In the context of COVID-19 this means the absorption of necessary hygiene measures as well as building trust
in public transport users while providing basic functions within acceptable time and cost.

2. Literature Review

Since the worldwide COVID-19 outbreak in 2020, the numbers of studies are increasing which investigate the
changes in travel behavior due to the pandemic. Most of the studies focus on general travel behavior, including daily
mileage and mode choices, or focus on changes in trips for specific purposes (e.g., commuting trips and teleworking
impacts). Furthermore, several studies explicitly focus on the effect of the Corona pandemic on public transport,
mainly looking at the changes and challenges for the public transport on regional (city) or national level. We focus
the literature review on (1) changes in public use in different regional contexts (mainly case studies for specific EU
city or country) and (2) policy and practice implications of the changed mobility patterns due to the pandemic
discussed currently in the scientific community.

The majority of studies on the impact of COVID-19 on public transport are case studies which focus on a certain
city or region. Despite different context-specific factors, a common trend can be observed across different European
cities. Travel behavior generally declined due to pandemic-related measures and changed travel patterns. However, it
is important to note that traffic demand did not simply change localization (Aparicio et al., 2021). The public transport
suffered from the COVID-19 pandemic most; a shift towards individual transport (shift to cars, bike, walk or micro-
mobility) can be observed. A study from Budapest (Hungary) suggests, COVID-19 measures reduced mobility by
half; modal share of public transport dropped from 43% to 22% and car use increased from 43% to 60% (Bucsky,
2020). In Poland, also a significant drop in travel times regardless of sociodemographic characteristics of travelers
was observed (Borkowski et al., 2021). Two further independent case studies show a reduction in the usage of public
transport by more than 90% in Gdansk (Przybylowski et al., 2021) and 68% in Warsaw (Klos-Adamkiewicz &
Gutowski, 2022). Also in Sicily (Italy), a significant shift from public transport to micro-mobility and/ or cycling was
observed (Campisi et al., 2020). A similar trend was registered in a survey in Netherlands; the use of car as a driver
reduced here slightly (de Haas et al., 2020). A swedish study showed that highest ridership decreased in Stokholm (by
60%), smallest in Vistra Gotaland (40%), mostly among less public transport users, suggesting that such differences
depend on the type of settlement (Jenelius & Cebecauer, 2020). Differences depending on settlement type were also
found in a study which compared big and smaller cities in Austria and Norway (Rasca et al., 2021). In smaller urban
areas public transport ridership recovered more rapid after lockdown. For Ziirich, Switzerland, it was found that people
changed route preferences and travel patterns for a recurrent trip with the public transport (Marra et al., 2022). For
Germany, an online survey found a shift away from public transport and increase in car usage, but also in walking and
cycling during the first lockdown (Anke et al., 2021). Another study for Germany in comparison with other countries
found further that high income and high educated groups could avoid using public transport and seek for alternatives
compared to other (Fitbom et al., 2021). Risk infection perception was lower among public transport users compared
to non-users. Another German study with focus on rural areas found that over the half of the respondents did not
change their travel mobility practices significantly; nevertheless, less trips by car and public transport and more bike
use were reported (Konig & DreBler, 2021). However, respondents do not predict long-term effects of the pandemic
on their mobility patterns. Furthmore, another study revealed that a lower effect of COVID-19 was observable outside
Lisbon as well as in lower income areas (Aparicio et al., 2021).

Looking at the policy and practice implications for a resilient public transport after the pandemic discussed in the
literature, various short-, mid- and long-term measures are identified. In Spain, supply and vehicle disinfection were
found to increase the stated willingness to use public transport after the pandemic (Awad-Nufiez et al., 2021).
Moreover, although higher investments are needed to improve the public transport after the pandemic, users seem to
take them as granted and expect prices to remain the same. Public transport operators have to minimize health-risk in
their services and increase the understanding of the risk of infection in the services as risk perception plays an
important role for the recovery time of public transport users after the pandemic (Gutiérrez et al., 2020, Kopsidas et
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al., 2021, Fitbom et al., 2021). Moreover, multi- and co-modality will be an important tool to increase demand for
public transport (Gutiérrez et al., 2020, Ciuffini et al., 2021). Integrated urban planning and review of current urban
planning and policy is required. Pandemic accelerated (the need for) sustainable mobility policies and the need to
rethink the whole public transport system as analyses show that returning to status quo after the pandemic will not be
sufficient to ensure resilience (e.g., Vickerman, 2021, Tsvetkova et al., 2021). Among others, adaptive and data-driven
governance is needed (Tsvetkova et al., 2021) as well as new policy and practice considerations, e.g., concept of
Responsive Transport that includes consideration about sustainability, but also health and well-being (Budd & Ison,
2020).

Overall, the studies vary in methodology, sample size and composition, as well as time period. Almost all studies,
with few exceptions (e.g., Rasca et al., 2021, Haas et al., 2020, Borkowski et al., 2021), cover the first and/ or second
corona wave, including lockdowns (spring/ summer 2020). Sample sizes and representativity vary. Various strategies
for a more attractive and resilient public transport are discussed in the literature ranging from region-specific
implications to general measures for Europe. Against this background, our multi-wave study aims to provide insights
on changes during different phases of the COVID-19 pandemic. It focusses on Germany and the public transport
users’ perspective on the efficiency of measures.

3. Method

In order to analyse the impact of the Corona virus pandemic on travel behavior, a longitudinal representative study
for Germany was set up right at the beginning of the pandemic. So far, five online surveys have been conducted at
different stages of the pandemic (spring, summer and autumn of 2020, spring and autumn of 2021) each with 1,000
respondents (the last survey with 2,500 respondents). After the first measurement point respondents participated who
have already participated in previous measurement points and the drop out was filled up with new respondents (246
respondents participated in all five surveys). The sample was weighted in order to ensure that representative
conclusions can be derived. The questionnaires address various topics (the use of transport before and during the crisis,
mobility and shopping, work and leisure, private and business travel, online-shopping, telework as well as attitudes
and personal strategies to deal with the crisis). Specific questions to former and present public transport users and the
use of transport modes before and during the pandemic provide insights about changes in the use of public transport.
Furthermore, question about how to increase the attractiveness of public transport were discussed. In order to
investigate the public transport use before the pandemic, we analysed data from the German national household travel
survey MiD (see Nobis & Kuhnimhof, 2018). Based on these analyses some questions emerged, which led us to
performing a focus group discussion with additional participants who have not responded to the online survey. The
question arose, why individuals quit their public transport abonnement and how to regain their trust and win them
back as regular public transport users. Those respondents provided deeper insights in the current situation with respect
to changes in usage patterns of public transport and the reasons behind. The focus group discussion was conducted
virtually using an online meeting platform and consisted of five persons selected to vary in age, gender, and residential
area location. The focus group discussion was audio and video recorded and fully transcribed. Despite the small
sample, the analyses of the data from the focus group discussion provided deeper understanding of decision process
and usage context of public transport for these selected persons with their individual backgrounds.

The data from the online survey were analyzed using descriptive and inference statistic methods. In order to analyze
impact factors on the decision to quit public transport abonnement and the characteristics of different public transport
users and non-users, we used a decision tree. The decision tree is a classification method which allow identifying
specific user segments, to discover relationships between them and to predict future events. All statistical analyses
were performed using the statistical software IBM SPSS Statistics 26. The data from the focus group discussions were
analyzed using a content analysis approach. The analyses were performed with the software for qualitative data
analysis MAXQDA.

4. Results and Discussion

4.1 Public transport use before Corona

For the period before Corona, data from the 2017 MiD study provide a very comprehensive picture of the use of
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public transport. At that time, the share of public transport in transport volume and transport performance was at 10%.
The share of public transport users in the total population is nevertheless higher. In 2017, almost a quarter of all people
aged 14 and above used public transport in the normal course of the week: 13% said they used public transport almost
every day, and a further 10% once to three times a week. There are major differences according to city size: in cities
with 500.000 inhabitants and more, almost half of the respondents indicated they use public transport at least once a
week. In small cities with fewer than 20.000 people, the proportion was about 12%. There are also major differences
in the trip purpose: While public transport in large cities is used for a wide range of purposes, in small cities it is
mainly used for educational and commuter purposes. If we take a look at the popularity of the means of transport,
public transport comes off worst. Only 34% of the respondents aged 16 and over said they liked using public transport.
By contrast, 60% reported this for bicycles, 77% for cars and even 83% for walking. The values differ depending on
how they are used. In general, the appreciation increases with the frequency of use. For example, 78% of people who
frequently use public transportation said they enjoy using it. However, public transportation scores lower even when
viewed from this perspective, as e.g. 96% of bicyclists said they enjoy riding a bicycle.

Prior to Corona, the development of public transport demand was primarily characterized by one aspect: stagnation.
Compared to the MiD results from 2002 and 2008, very little has changed. The situation is different for passenger
cars. The passenger car fleet in Germany increased by 6 million vehicles from 2010 to 2020 to a total of 48 million
(statistics from KBA - Federal Motor Transport Authority). The increasing multiple motorization of many households
has resulted in more and more people being able to dispose of a passenger car without consulting other household
members. The consequences are clearly visible: from 2002 to 2017, the average daily distance traveled by car
increased significantly (Nobis & Kuhnimhof, 2018, Nobis et al. 2019, Nobis & Eisenmann, 2021). Against this
background, the stagnation of public transport can definitely be seen as positive, even if public transport had already
failed to fulfill its role as the backbone of the mobility transition before Corona.

4.2 Change of mobility behavior during the pandemic

As a result of the measures taken in March 2020 to contain the spread of the Corona virus, the overall volume of
transport has fallen sharply. At this low level, there was a simultaneous modal shift in favor of the car. Before the
Corona virus outbreak, it was normal to use the car exclusively during a normal week for half of the respondents. One
third of all respondents were multimodal and used a mix of at least two of the modes bicycle, public transport and car
within a week. With the beginning of the pandemic, the share of monomodal car users increased. In the first lockdown
in spring 2020, the share of people using exclusively the car was at its highest point, with 66%. In summer 2020,
mobility behaviour had already largely returned to normal, with a share of monomodal car users about 55%. However,
with measures tightening again in the fall of 2020 and the ongoing exceptional situation, the share of monomodal car
users has levelled off at around 60% since then. Even today, its share is still 10% points higher than the pre-Corona
level. In contrast, public transport use has declined. There are both fewer people who use public transportation
exclusively and people who use a mix of public transportation and other modes over the course of a week. Especially
among multimodal persons, there was a strong trend towards the use of safe transport modes - the bicycle, but
especially the car. The results align with previous studies conducted in European countries during the pandemic
(summarized above) and show a stable continuing trend in mode choices.

The declining importance of public transport in Corona's everyday life is also manifested in the loss of regular
customers and the declining sales of season tickets for public transport: before Corona, 26% of all respondents owned
a season ticket for public transport; currently, the share is around 23%. This decline seems small at first. However, in
relation to the group of people with a public transport season ticket, this represents a decrease of 10%. The decline is
more evident if only people who had a season ticket before Corona are considered: 27% of the former season ticket
users have given up their season ticket in the meantime. 42% of them cited Corona as the main reason for cancelling.
This means that other reasons have outweighed. However, Corona is clearly taking its toll.

One of the biggest problems public transport operators are facing is the discomfort reported by the vast majority of
the population. While the respondents mostly feel just as comfortable, and in some cases more comfortable, when
using individual means of transport such as bicycles or their own cars, the dissatisfaction factor clearly predominates
for the collectively used means of transport public transport, trains, airplanes and, to a more limited extent, car sharing.
In all surveys, more than half of the respondents stated that they feel (significantly) less comfortable in public
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transport. Over the course of the five surveys, there are only minor changes. For example, public transportation
discomfort was most pronounced at the beginning of the pandemic, declined slightly in the summer of 2020, and then
increased again in the fall of 2020. Since then, discomfort has decreased slightly. This is most evident in the small
shift between the two categories "more unwell than before" and "significantly more unwell than before." As an overall
conclusion, however, it can be noted: Feeling uncomfortable in public transportation has become deeply embedded in
people's minds.

In the last three surveys, people who used public transportation at least one to three days a month before Corona
were also asked to rate items related to public transportation on a five-point scale. The results show the importance of
mouth-nose coverage on public transport. Three quarters of people are disturbed when people do not wear masks
properly on public transport. Two-thirds of the respondents are therefore in favour of better controls of the obligation
to wear masks. The same share of respondents report that they repeatedly see people who do not wear masks properly.

Half of the respondents say they currently avoid public transportation. 44% of the people are afraid of getting
infected on public transport. In addition, 56% of the respondents report it is too crowded on buses and trains. Only
27% of respondents indicated that the hygiene measures currently implemented on public transport are sufficient.

Since the results were identical in each of the three waves except for slight seasonal fluctuations, there is an urgent
need of action for public transport operators to prevent the negative image from becoming even more deeply anchored.

The results of the analyses of the qualitative data from the focus group discussions reveal various reasons behind
changes in the use of public transport depending, among others, on hypersensitivity and health concern during the
pandemic as well as changed patterns — work- and leisure one: ,, The trips have changed, inevitably so to say. And if
they change again in the reverse direction when everything normalized, I really can’t say this yet.” For some
participants, besides the travel patterns, also the value, i.e. the importance, of public transport seems to be changed
due to the pandemic: ,,I use public transport despite the current situation, but its value has changed completely. It is
now just a mode of transportation which one uses when necessary and not because it is easy to use and comfortable.”

4.3. Characteristics of public transport users and non-users during the pandemic

In the next step of the analyses, we took a closer look at regular public transport customers who quit their
abonnement during the pandemic. The prediction accuracy is 78,5% with three effective variables. Adding further or
other variables did not improve accuracy. Fig. 1 shows the results of the decision tree analysis. For each node, the
frequency and percentage of each classification in the dependent variable are presented. There are fifteen terminal
nodes which is relatively detailed segmentation resulting in very small number of persons in some of the identified
categories. Nonetheless, interesting patterns can be observed.

First, the most influential variable for the classification is the subjective evaluation of comfort level. 35,3% of the
people who feel noticeable more uncomfortable have quit their season ticket (node 2). In other words, while the overall
probability to quit abonnement during the pandemic was 22,3%, the probability for people who feel very
uncomfortable is about 13% higher. Second important factor is the type of settlement: when people feel noticeably
more uncomfortable in public transport, in areas with less than 500.000 inhabitants, the probability of quitting
abonnement is 46,2% and in larger city areas 26,5%. Similar trend can be seen on the left side of the tree, where
comfortable level seems to be heterogeneous in the group, but reduced public transport abonnement share is with
13,4% the lowest among people who live in larger cities. The results suggest higher dependency of public transport
in urban areas and are contrary to some previous studies for Europe which found stronger decline of public transport
usage in bigger cities and faster recovery in smaller urban areas (e.g., Jenelius & Cebecauer, 2020, Rasca et al., 2021).
For teleworking, in large cities, 10,7% share of people who do not telework, work from home only partly, or are not
working at all quitted their public transport abonnement compared to 23% among people who mostly telework. For
smaller cities, the trend is less clear. Among people who feel very uncomfortable in public transport and live in areas
with less than 500.000 inhabitants, the share of people who quit their abonnement is highest among non-teleworkers
and people who are not working at all (54,9%) — a trend which cannot be confirmed looking at the left side of the
decision tree. Left we see that in middle size cities, share of people who quitted abonnement is three times higher
when people do not travel to work at all (teleworking or not working). The results can be explained with potentially
less dependency on public transport in less dense urban and in non-urban area again, but also different job distribution

type.
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Fig. 1. The proposed decision tree for people who quit their public transport abonnement during the corona pandemic.

While the focus group discussion participants are not representative for the population due to the small sample size,
several patterns can be identified here as well. First, the analyses indicate that changed travel patterns during the
pandemic play an important role for quitting the abonnement and use of public transport. Four out of the five persons
stated they quit the abonnement because of not commuting to work currently and/ or due to changed leisure travel
patterns. Thus, working people whose job tasks allows to work from home were more likely to avoid public transport.
This included people with changing working place — two of the participants reported being consultants and right now
less often traveling to customers on site. People who felt uncomfortable in public transport during the pandemic seem
to have a good alternative already— bike and/ or car in the household or carsharing. These alternatives were already
used before the pandemic; however, the pandemic led to an increased use. Single participants reported they have
purchased an e-bike or subscribed for carsharing during the pandemic.

4.4 Measures to increase attractiveness of public transport from public transport users” point of view

In view of the declining use of public transport and the high share of people who feel uncomfortable on public
transport, the question arises which measures can help to improve the situation. In the 2nd DLR survey, the
respondents were therefore asked to rate a total of seven measures with a five-point scale. The results show: All
suggested measures to prevent the risk of infection in buses and trains and to reduce discomfort during their use are
rated positively. With the exception of one measure, more than half of the respondents described each measure as
(very) helpful. The measures ranking is as follows: From the respondents' point of view, the most helpful measures
are regular disinfection of vehicles and the obligation to wear face cowering. The third and fourth place are the use of
more vehicles to reduce the number of passengers per vehicle and more staff at stations and stops to ensure that the
required distance is maintained. Contactless ticketing is also considered as (very) helpful by just over 50 percent of
respondents. Only the provision of information on current occupancy of vehicles via smartphone is just below the 50
percent mark.

People who frequently use public transport (at least weekly) assess the measures only slightly different. Here, the
use of more vehicles is ranked ahead of the mask requirement, which thus falls to third place. Contactless ticketing is
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also considered slightly more helpful by this group than additional staff at stations and stops. In an open question, the
respondents were able to name further measures. Technical aids such as automatic doors, dividing partitions and better
ventilation were mentioned. However, with 26% of all mentions, compliance with existing measures - in particular
the obligation to wear face cowering - and respective control measures were mentioned most frequently. A small
group, however, is disturbed by the wearing of masks on public transport.

Several measures were discussed also in the focus group discussion. These insights are in line with the results
from the quantitative survey and provide additional aspects for using public transport before, during, and after the
pandemic. Favored short term measures include disinfectant in vehicles, air filter equipment or in general transparent
hygienic concepts and staff to control compliance of passengers with corona-related rules. For the participants
crowded vehicles were among the main issues also prior to Corona along with the time schedule that needs
improvement to carry the demand during different times of the day. These issues deteriorated with the pandemic as
people became more sensitive to travelling with other passengers. Free or cheap public transport was also one of the
main discussed topics: “And I am of course a fan of free public transport, because I think that then much more people
would use it if they don’t have to pay for it. Of course, the money have to come from somewhere — taxes or I don'’t
know where. But then we can take significant more people away from the car to the public transport, because they
can get in and out of the bus wherever they want.”

Along these lines, easier, contract-free and individual ticketing system was rated as the next necessary step to make
using public transport easier — a topic which participants reported became also more sensitive about due to the
pandemic. For the use of public transport, also independently from the pandemic, the participants reported to expect
that it is secure and accessible also for mobility-constrained people. Modern vehicles and free wireless internet were
discussed to increase comfort and thus the personal willingness to use public transport. Controversially discussed
was the potential of a digital mobility platform which allows choosing, booking, and using all modes of transport
(including public transport, car or bike share mobility services). It was a common view that this would be most
challengeable to be implemented given the number of different providers which have to get together. All participants
agreed that the various measures to increase attractiveness of public transport are necessary and needed as soon as
possible. One participant brought it to the point: ,, / think that it would be pity when only these things are implemented
by 2035. That would be for me Germany 1990 again, this is way too little. I would expect that these things are available
in the next two years and not in 13 years.”

4. Conclusions

The results confirm that public transport has lost ground during the pandemic. Simultaneously, an increase in the
use of private vehicles as well as in the perceived attractiveness of using individual motorized transport was observed.
In the last two years, these new mobility habits have developed into stable routines that cannot easily be changed.
Therefore, significant efforts are needed from public transport operators and politicians to increase the attractiveness
of public transport. This need already existed before the pandemic and has become even more urgent.

Many transport companies are reacting by developing new tariffs, as monthly tickets are no longer profitable for
people who mainly work from home. In some German cities, for example, monthly tickets are offered which are
limited to the use of certain days, but are cheaper. This may help to retain customer groups, but these new offers also
mean a loss of revenue. Therefore, an ongoing support from the official authorities — as during the lockdown phases
— is needed to compensate for the losses caused by the pandemic, so that investments can still be made.

However, financial support alone is not enough. Instead, the right framework conditions have to be created. This
includes, for example, the systematic restructuring of cities by reducing the public space used for private motorized
transport and a city-wide management of parking space. This can create attractive urban spaces with a high quality of
stay. In this way, the use of active modes of transport such as cycling and walking, but also the use of public transport,
is promoted.

In this context, future research is needed to analyze the short-term impact of the indicated new ticket offerings. In
addition, continuous monitoring is important in order to keep an eye on the development of public transport as a basis
for decisions on public funding. Finally, experimental designs and computations using traffic models help to estimate
the impact of changes in urban space on mobility behavior.
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