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Abstract: This paper focuses on actual knowledge of the effects of changes in infrastructure on modal split of different transport modes, as
well as on knowledge of long-term evolution of modal split in areas with dynamic development of transport systems. Further it focuses on
studies on relations between modal split and greenhouse emissions and on studies on social factors influencing travel behaviour. Important
part of this article are summarisations of articles about changes of travel behaviour of inhabitants of locations, where was opened new
transport infrastructure, with focus on new infrastructure intended for public transport.
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1. Introduction

This paper is summarisation of articles focused on different aspects,
that influence travel behaviour of inhabitants of various areas
around the world. Changes of this travel behaviour led to changes in
so called modal split of transport modes. The modal split is the
share of certain transport mode on overall transport work. Modal
shift is then understood as the change in modal split.

It is important to have knowledge about factors leading to modal
shifts, because nowadays are trending topics as is increasing of
modal split of public transport, walking and cycling. These modal
shifts are currently very desired, because the decrease of usage of
individual car and motorcycle transport can lead to reduction of
greenhouse gas emissions. Transport is one of the main sources of
greenhouse gas emissions. The greenhouse gas emissions are the
reason of global warming, which is unwholesome effect. Global
warming can damage many ecosystems around the world, as well as
it can negatively affect the environment in which people live. Other
reasons for reducing share of individual transport modes are freeing
space in city streets, occupied by parking cars, as well as reducing
congestions.

In recent years, many countries committed to reducing greenhouse
gas emissions. Very important is The Green Deal, the agreement of
European Union countries. Under this agreement, Europe should
become the first climate neutral continent. This should be reached
by reducing greenhouse gas emissions levels by 55% in year 2050
in comparison to year 1990. The way to achieve the goals of this
agreement is developing electromobility, in the field of individual
transport, as well as in the field of public transport. Development of
individual electromobility can lead to reduce of emissions, but
development of public transport can also reduce congestions and
free space, especially in big cities.

Another reason to study different factors influencing modal split of
transport modes is the need to determine, which moves can lead to
modal shifts. Great amounts of financial costs are nowadays
invested in many transport construction, but not all of them lead to
improvement of traffic in particular area.

2. Methods

Articles focusing on modal shifts use many types of methods. The
most important are Stated Preference Surveys and Revealed
Preference Surveys. Some articles also use linear programming or
transport modelling.

In Stated Preference Surveys, potential riders are asked what would
make them change their mode of travel. The disadvantage of these
surveys is that the truth of the answers is not guaranteed. To gain
representative answers, the large number of respondents is needed.

49

Another important method is Revealed Preference (RP) surveys.
Here, data on the actual numbers of passengers on the means of
transport are used. By comparing passenger numbers before and
after a change in transport infrastructure, it is possible to get a more
accurate picture of the impact of that change. The disadvantage of
this method is that the impact of a transport measure is only
assessed after it has been put into operation.

SP and RP surveys are often combined to make use of advantages
of both, and to minimize their disadvantages.

Linear programming is used to find optimal value of objective of
function limited by constraints. It can be used to determine, which
modal split of different transport modes is optimal from view of
both financial costs and environmental impacts.

Transport modelling is way to determine impacts of traffic changes.
It should be used during the process of decision making about the
transport structures. It shows impacts on public and individual
transport without need to invest funds to create the new structure.

3. Results and discussion

As for the literature on infrastructure changes and related changes in
modal split, it has been divided into several groups for the purposes
of this paper.

3.1. Articles dealing with the building of infrastructure and
the related modal shift in favour of public, cycling or
walking transport

In this section, articles related to the effects of infrastructure
construction on modal split are discussed. There are not many
articles dealing with changes in the division of transport work after
the commissioning of new transport infrastructure, not least because
the construction of a major transport structure is needed to carry out
such research.

The first paper [1] focuses on Bus Rapid Transit (BRT), i.e. buses
in dedicated lanes. This mode of transport has been developing a lot
recently, especially in Asia. Compared to rail transport, it has the
advantage of lower system construction costs and is also more
flexible. As part of this work, a survey was conducted among the
residents of Khon Kaen City, Thailand. There are many people
using cars and motorcycles for transportation in this city. A Stated
Preference survey was used just among the users of these individual
means of transport. The research focused on the willingness to
change the means of transport in response to different bus travel
times and fares, as well as the increasing price of private means of
transport, the increasing travel times by private means of transport,
and the combination of decreasing bus travel times with increasing
private means of transport prices.
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Among the findings of this survey are that if BRT travel times and
fares were the same as existing public transport, 25% of car users
and 30% of motorcycle users would switch to BRT. These high
numbers are since survey respondents live along the planned BRT
route. The main reason for the change for these users is that the new
BRT buses are supposed to be air-conditioned and more
comfortable than existing buses. As bus fares decrease, and bus
travel times decrease, the number of car and motorcycle users who
would be willing to change their mode of transportation increases.
For motorcycle users, the percentage of people who would be
willing to change mode is higher than that of car users. According
to the survey, travel time is particularly important for people who
currently use a car. In contrast, the cost of travel is more important
to motorcycle users. In addition to reducing public transport travel
times and fares, charging for road use and parking is recommended
to achieve a higher public transport mode share.

The second paper [2] also focuses on BRT. The relationship
between BRT and transit-oriented development (TOD) is examined.
TOD is a mode of land development induced by and relying on one
or more rapid transit systems. This paper examines the potential
problems perceived by BRT riders when changing their means of
transportation. Findings from various other articles dealing with
BRT are summarized.

Following paper [3] focuses on the question of whether the
construction of new infrastructure for walking and cycling leads to a
shift of passengers from cars to these modes. The city of Cambridge
was used for the research, where a new road was opened with a
pedestrian and cycle path. Questionnaires were used to investigate
how the mode of travel to work has changed since the opening of
the path compared to before the path opened.

Only a small proportion of respondents had completely changed
their habits, with a partial change towards active modes of transport
being more common. Most respondents showed highly variable
transport behaviour. The research revealed a wide variety of
changes in transport behaviour, with changes in infrastructure not
leading to one type of change in respondents' behaviour.

Study [4] examines the changes in transport behaviour of residents
around the new metro line in Mumbai. Revealed Preference (RP)
and Stated Preference (SP) survey data were used to determine
econometric models of mode choice. It combines these two types of
surveys to exploit their strengths and minimize their weaknesses.

The RP survey was conducted among passengers using the new
metro line. The RP survey collected information about the social
status of the users of the new metro line, details about the old way
of travelling to work before the metro line was put into operation
and the new way of travelling. The SP survey was conducted among
users of the road running parallel to the new metro line. Questions
on the social status of participants, their usual mode of transport to
work and questions on which mode of transport the interviewee
would prefer depending on waiting time for the connection, travel
time, comfort, cost of transport number of transfers, were included.

The research was designed to realistically determine the value of
travel time. According to the survey, approximately half of
individual car users will not change their mode of transport, while a
quarter are very likely to change their mode of transport. The
remainder may or may not change their behaviour.

According to these studies, it appears that the construction of new
transport infrastructure for public or cycling transport does not
automatically lead to an increase in the share of sustainable
transport. Especially for people using cars, public transport is often
not very attractive even if it is significantly improved. The main
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users of newly built infrastructure remain people who were already
using public transport.

3.2. Articles dealing with the evolution of the modal split in
a particular area, which is influenced by various
factors

In this part of the paper, studies looking at the long-term evolution
of mode shares in a particular area, be it a city or an entire state are
focused.

The first study [5] deals with the competitiveness of rail transport
compared to bus and individual car transport on various routes
within the Czech Republic. According to this study, the modal split
is determined by several groups of factors. The first group includes
the characteristics of the transport participant itself, such as family
status, access to a private car, ownership of a driving licence,
income and type of employment. The second group includes factors
related to the trip itself, such as the reason for the trip and the time
at which the trip takes place. The third group includes quantitative
and qualitative characteristics. Quantitative characteristics are, for
instance, travel time, cost of travel, availability and cost of parking,
if applicable. Qualitative characteristics include factors that are
difficult to measure, such as convenience, safety or reliability.

In the Czech Republic, regular yearbooks are published on traffic
volumes by mode. However, these yearbooks do not contain
information on the directions or purposes of these journeys. The
only source of information on these parameters is the results of the
Census of Population, Houses and Flats. However, this takes place
only once every ten years, and the results are released with a delay.
In this study, the modal split is therefore modelled using discrete
choice theory, specifically a nested logit model.

The study itself evaluates the relationship between Prague or Brno
and other cities or regions in the Czech Republic. According to the
model, there was an increase in the share of individual car transport
between 2001 and 2011, with a more pronounced increase between
2006 and 2011. In this model, due to the time constraint of 2011,
the effects of, for example, the entry of private carriers on the
Prague - Olomouc/Ostrava rail link have not been hidden. The
highest shares of public transport were recorded on routes along rail
corridors or on routes with sufficient supply of connections by both
modes of public transport.

The development of transport infrastructure and the related growth
of urban development and population is the subject of this study [6].
It traces the development of Jeddah city in Saudi Arabia from 1964
to 2007. It mainly uses aerial and satellite imagery to study the
development of the city and its transportation infrastructure. Using
the se data sources, the evolution of the built-up area of the city,
changes in land use, population density or the density of the
transport network are mapped.

Data from traffic studies are also used. Based on these data, the
number of intra-city trips in relation to the area of the city or the
development of modal split in the city are mapped. These data show
a significant increase in the use of private cars in this city: from 50
per cent of this mode in 1970 to 93 per cent in 2007. In contrast, the
share of public transport has fallen dramatically: from 19 percent in
1970 to 2.3 percent in 2007. Other modes of transport, such as
walking and cycling, have similarly declined.

The authors of this study put this development in the context of the
development of the city's transport infrastructure and the increase in
its area and population. Another factor that has influenced this
development is the city's transport policy, which has promoted the
use of individual car transport, but not the development and use of
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public transport. The study focuses mainly on the relationship
between the increase in the size and population of the city and the
development of transport infrastructure, without addressing socio-
demographic characteristics that also influence the use of different
modes of transport.

The following article [7] concerns the implementation and
evaluation of a Revealed Preference transport survey in the area
between Lovosice and Most. The results of this survey showed that
the share of passengers on public transport depends to a large extent
on how attractively a bus stop is located. Furthermore, the
limitations of the classic car survey are mentioned, where the exact
starting and finishing stop of the passenger is unknown.

The article [8] describes high-speed rail systems in various
European countries, namely Austria, Germany, Benelux, France,
Italy and Spain. Due to their short travel times, even shorter than
those of cars even in terms of door-to-door connections, HS lines
can lead to significant changes in modal split. Geographical
conditions are identified as a major factor influencing the shape of
the high-speed rail system, but also the operational concept. In
countries with a dominant centre, radial lines are run, with
timetables adapted to demand. In contrast, a higher degree of
regularity can be observed in networked systems.

In the article [9] the authors deal with different variants of
operational concepts on suburban lines. An efficient operating
concept is important in order to attract as many passengers as
possible and thus increase the modal split of public transport. The
line from Prague to BeneSov was used as a case study. Three
approaches are compared: one-level service, combination of
stopping and semi-fast train and zone-oriented timetable. These
options are compared in terms of travel times to Prague and the
number of train sets needed. The zone-oriented timetable, which
requires more train sets but still performs better than the one-level
service, comes out best in the comparison of travel times.

The possibilities of introducing a regular timetable in Central
Eastern Europe in the period after the collapse of the socialist bloc
are dealt with in the book chapter [10]. A punctual timetable is
important because of its higher attractiveness for passengers and
therefore higher modal split, as well as from an operational point of
view. The introduction of the timetable in the Czech Republic is
also the subject of an article [11]. Previously, the timetable on
railways in the Czech Republic was demand driven. Gradually, the
tact timetable was introduced, initially on long-distance lines. For
further development of the integral timetable in the Czech Republic
it is necessary to harmonize its requirements with new infrastructure
measures.

As these articles show, in the long run, the share of public transport
in the division of transport labour is declining. If public transport is
not supported at all, the decline is very significant; if there is at least
some support, the decline is more moderate. In any case, the decline
in interest in sustainable transport is a frequent phenomenon. To
increase interest in public transport, more support for this mode
would be needed, but this is rather exceptional.

3.3. An article dealing with modal shift from the perspective
of social practice theory

In the third section, an article dealing with changes in people's
transport behaviour from a sociological point of view is mentioned.
Transport experts often forget about the sociological influences on
the choice of means of transport, but these influences are very
important in people's decision-making. The article [12] uses the
example of two English cities to describe the obstacles facing
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efforts to increase the share of environmentally friendly modes of
transport such as bus and cycling. The social background of
individuals often causes resistance to these modes of transport. It is
therefore important not to forget the social dimension in campaigns
to promote these modes of transport. It is also important to tailor
education and healthcare provision to promote these modes of
transport. An integrated approach in policies is important,
emphasising the importance of the use of these modes of transport
in relation to the present day. There is also a need to use new and
more radical forms of campaigning to promote green transport.

3.4. Articles dealing with the links between building public
transport infrastructure, the resulting modal shift and
reducing CO2 emissions or transport costs

Many studies look at reducing CO, emissions for only one transport
mode. There are also studies that examine multiple transport modes
simultaneously. This study [13] also deals with the quantitative
evaluation of modal shifts between transport modes and the
building of infrastructure measures.

An advanced mathematical programming model to minimize
transportation costs is developed within the study area. In this
model, among other things, the maximum modal shift rate is
constrained. Costs for infrastructure construction, new vehicle
acquisition, or maximum vehicle loads are also accounted for. The
maximum CO, production is also limited.

It uses mainland China as a case study. The results show a gradual
decline in the share of petroleum-powered vehicles in all modes of
transport. In contrast, the share of vessels powered by natural gas is
increasing in waterborne transport. The share of electric and
hydrogen powered vehicles is increasing, although the share of
diesel-powered vessels remains higher in waterborne transport due
to the high prices of these environmentally friendly propulsion
modes. Due to the high cost of building metro lines, buses are used
extensively in public transport.

As for CO, emissions, these need to start reducing immediately for
freight transport, while passenger transport is experiencing a
temporary increase.

The International Energy Association (IEA) has collected a large
amount of data on the modes of transport used by passengers in
passenger transport around the world. It has also developed a
mobility model (MoMo), which is built in Excel and calculates a
number of transport indicators, energy consumption, pollutant
emissions and greenhouse gas emissions. MoMo is not an
optimization model but is embedded in an optimization framework.

In this study [14], this model is used for "what-if" scenarios,
modelling the amount of emissions in the event of a change in the
behaviour of transport users. A new module has been developed,
modelling GHG emissions and energy consumption from modal
shifting. The study deals with so-called BLUE Shifts, i.e. situations
where the modal split of transport work changes towards greener
transport modes. Furthermore, in this scenario, overall less
commuting is foreseen in connection with better land-use planning.
BLUE Shift is then compared to a situation without a change in the
division of transport labour towards greener transport modes.

Other articles dealing with this topic include [15], which discusses
different ways to reduce emissions in Lille, France. These ways
include not only a carbon tax, but also indirect ways of reducing
emissions, such as tolls or paying for parking.

Carsharing and its impacts on greenhouse gas emissions are
addressed in a study [16]. It looks at how carsharing has changed
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the behaviour of its users compared to before they started using it.
The survey was conducted in eleven European cities. Some users
have sold their personal car or postponed the purchase of a new one.
This has freed up some space on city streets, but the results varied
from city to city.

There are also many articles dealing with modal shift and the
associated reduction of greenhouse gas emissions in freight
transport. However, | have not listed these articles here because |
am primarily concerned with passenger transport in this text.

4, Conclusion

Due to impacts of greenhouse gas emissions, it is important to
support means of transport, that do not impact environment so
heavily. The more environmentally friendly transport modes, as are
public transport, walking and cycling, should be promoted. These
transport modes usually are not as comfortable and fast as
individual transport, so it is important to persuade people to use
them by making them cheaper and more fashionable.

It is very important not only put in operation new infrastructure for
these sustainable transport modes, but also to convince people to
use it. Especially in poorer countries is very important the social
status. The people using cars are considered to be of higher status
than people making their trips by public transport or by bicycle. It is
important to change the bad reputation of sustainable means of
transport, because otherwise it is not possible to increase the usage
of them.

The results of many surveys show that most of the users of new
travelling infrastructure for public transport are the people, who
already used public transport before the new infrastructure was put
in operation. There are not many new riders, which can be
explained by habits, which are difficult to change. With introducing
new public transport infrastructure, some new users of public
transport are gained, but usually it lasts longer time to persuade
people to change their habits. Another problem is that people in
Stated Preference surveys sometimes do not tell the truth about their
real transport habits. Some people try to look more caring about the
environment, so they tell that they would switch to public transport,
if it were faster or more comfortable, even though it is not true.

The situation is similar for cycling and walking. These means of
transport can be used for shorter distances, because they are
physically hard. Not everybody can use these ways of transport, as
the people using them need to be in good shape. On the other way,
cycling or walking can improve the physical condition of people
and make them healthier.

Longer travelling times are the main disadvantages of sustainable
transport modes. People using cars usually put emphasis on their
time, because they are busy, and they do not want to spend time
doing unimportant activities. Therefore, it is crucial to make public
transport competitive in the means of travel times. Possibility to
work during commuting can also attract more people to public
transport, so it is important to have possibility to use not
overcrowded vehicles. Because of these people should, for instance,
trains have first class sections.

Without promotion, the modal split of sustainable transport modes
will decrease. The individual electromobility can reduce greenhouse
gases as well as usage of public transport, but it will not lead to
freeing of space in cities and reducing congestions.
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