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Multimodal solutions as factors of increasing transport accessibility – the case 
of Slovakia-Polish Baltic coast route 
Multimodal passenger transport is an essential component of long-distance travel by 
public transport. It is not possible to establish direct rail or bus connections between 
all regions of a given country and it is even more difficult to ensure the 
communication between regions of various countries. However, in order to ensure 
relatively efficient accessibility and at the same time to maintain profitable 
connections, possibilities of convenient changes of ways of transport are possible at 
multimodal interchange nodes, which is the most important element of the 
infrastructure of multimodal passenger transport. Examples of potential applications 
of this type of mobility include tourist trips from Slovakia to Baltic Sea resorts in 
Poland. Over a dozen Polish seaside resorts located on the Baltic coast can become 
travel destinations for Slovak tourists. The article discusses the capabilities of public 
transport between Slovakia and the Polish Baltic coast. It also analyses its real-life 
effectiveness and identifies problems requiring support and implementation of an 
integrated multimodal passenger transport. This discussion is based on the analysis of 
timetables, including the basic timetable assumptions. The results of the analysis will 
include maps showing the differentiation of accessibility of the Polish Baltic coast and 
an exemplary model improving the performance of public transport between Slovakia 
and the destinations located on the Polish coast. 
Key words: public transpor t, passenger  multimodal transpor t, rail transpor t, , 
Baltic Sea, Slovakia resorts 

 
INTRODUCTION 

The performance of public transport depends on many factors, including physi-
cal distance, travel time, travel cost and infrastructure. A significant part of those 
determinants are objective soft factors related to individual preferences. However, 
public transport is unable to provide direct connections between all subregions, 
which is caused by, inter alia, considerable diversity of demand. Modelling multi-
modal passenger transport has been already discussed in the 20th century by Frie-
drich (1999) in a scientific article about software called VISUM, a public transport 
planning tool and later by researchers of transport systems and multimodal jour-
neys, including Van Nes (2002), whose work focused on transport networks and 
their hierarchy and Litman (2008), who presented a multidimensional approach to 
this issue considering the many ways of transport (transport modes) used in this 
type of mobility. Recently, this subject has been taken up by Rosik and Kowalczyk 
(2015), who described prospects for the development of public transport as a result 
of infrastructure investments, Yatskiv et al. (2017) presented a case study on the 
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operation of multimodal passenger transport on the example of Riga. Mrníková et 
al. (2017) emphasized the importance of integrating various transport modes and 
Kowalczyk (2019) and who highlighted the role of railways in commuting to large 
urban centres, pointing out that the train ought to play a key role in long-distance 
journeys, with the regional and local range of operation of bus transport. Scientific 
approaches to multimodal passenger transport are therefore varied. More and more 
multimodal interchange nodes have been and are being built. However, the Covid-
19 pandemic in 2020 affected many areas of life, including public transport. On 
many levels, the number of people using buses, trains and trams has significantly 
decreased and social confidence in mobility using public transport clearly de-
creased. According to German studies by Buda et al. (2020), in a group of 55,000 
people infected with the coronavirus, only 90 became infected while using public 
transport, which is less than 1%. Nevertheless, the number of passengers of, for 
example, trains and buses is significantly lower than before the Covid-19 pandem-
ic. Nevertheless, two possible paths of development should be considered. The first 
one is establishing the right solution that will limit the pandemic and increase con-
fidence in the safety of public transport. The second scenario says that people will 
gradually be accustomed to the conditions and will use public transport in accord-
ance with the sanitary regime. In both cases, it is advisable that public transport 
should be unconditionally developed all the time. Therefore, it is necessary to en-
sure convenient interchange options at nodes in order to improve the communica-
tion between different transport modes. So far multimodal passenger transport has 
already been playing an important role and should be a relevant research topic in 
the geography of regional, national and international transport.  

 
PURPOSE  AND  METHODS  OF  RESEARCH 

The aim of this study is to determine the transport accessibility of the Polish 
Baltic coast for passengers travelling from Slovakia, to determine the efficiency of 
multimodal passenger transport and propose solutions to any identified problems in 
this field. Slovakia, a Central European country is not directly located by a sea. The 
shortest distance in a straight line to a seashore is between Bratislava, the Gulf of 
Venice and the region of Trieste, Italy. It is approximately 370 km and the most 
convenient access is possible via Austrian and Italian transport systems. In the case 
of the Baltic Sea, the distance is much longer, but comparable for regions in north-
ern Slovakia, for example the city of Žilina. However, the distance in a straight line 
between Bratislava and the islands of Wolin and Usedom is about 670 km. On the 
other hand, the shortest physical distance between any point in Slovakia and the 
Baltic Sea is about 520 km, which is comparable to the one between Žilina and 
Gdańsk. Therefore, in practice, the Adriatic Sea is thought to be a more interesting 
travel destination for Slovaks, not only because of the shorter physical distance 
between Bratislava and the Adriatic coast, but also due to the more stable weather 
conditions. Nevertheless, it does not mean that passenger flows to the Baltic Sea 
resorts cannot be observed. In terms of rail transport and road infrastructure, it may 
appear at first sight that the journey from Slovakia to the Baltic Sea by public 
transport should take about 8 – 9 hours, preferably from an early morning departure 
until arrival in the early afternoon. This study will present examples of existing 
connections between Slovakia and Baltic Sea resorts in Poland, as well as identify 
possible difficulties and propose solutions that could ultimately improve the acces-
sibility of the Baltic Sea from Slovakia. In the article, a resort is defined as a tourist 
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destination or spa village or town. According to the definition proposed by Rancew
-Sikora (2007), a resort is a holiday destination visited by people for leisure and 
recreation purposes. There are over 70 destinations on the Polish coast that can be 
classified as resorts, but only a dozen of them will be analysed in this article. 

The research methods used in this paper include: literature research focusing on 
Slovak-Polish border area and transport infrastructure, analysis of regional, nation-
al and international train and bus timetables, the use of mathematical methods to 
present the diversity of connections and cartographic presentation methods to illus-
trate the level of transport accessibility. Multiple tables and maps present the re-
sults of research showing the spatial differentiation and possible measures to de-
scribe the level of transport accessibility.  

The author presents an original formula in order to assess the performance of 
public transport on defined routes by taking the factors of: physical distance, real 
distance, length of journey, time of departure and arrival and number of change of 
transport modes. As a result, a ranking of existing connections between Slovak 
towns and cities and Polish sea resorts and nodes is presented and discussed. Sub-
sequently the model of multimodal passenger transport is shown as an example of 
an improved timetable which also includes recommendations for future editions of 
the timetables with a reduction in the number of changes of transport modes and an 
increase of transport accessibility to the Baltic Sea coast from the perspective of 
Slovakia.  

 
REVIEW  OF  THE  RESEARCH  OF  SLOVAK-POLISH  TRANSPORT 

CONNECTIONS 

Spatial relationships between Slovakia and Poland have been analysed by sever-
al geography researchers. One of the earliest papers by Więckowski (2002) focuses 
on the cooperation between Slovakia and Poland in the public transport planning. 
The biggest importance in cross-border connections had routes between Prešov and 
Nowy Sącz via Muszyna. The author notices that there existed over 20 rail connec-
tions per day on this route. A similar number of trains were run on the route Žilina 
– Zwardoń and a dozen of train connections were launched on the route Humenné 
– Zagórz. As a supplement to the offer, bus connections served the routes: Prešov – 
Nowy Targ, and Žilina – Cieszyn via Czechia. The main route, where buses had a 
major role in public transport, was Banská Bystrica/Žilina – Nowy Targ, being the 
shortest connection between Central Slovakia and Kraków. In general, despite 
quite poorly developed road infrastructure in Poland, the possibilities of traveling 
by public transport through the Slovak-Polish border were broad.  

Michniak (2011) discusses how membership in the EU affected the develop-
ment of cross-border transport infrastructure in Slovakia and Poland. European 
funds made it possible to modernize the road infrastructure in the area of former 
border crossings near Trstená and Chochołów as well as Oravská Polhora and 
Korbielów. The author also mentions the projects that improved road infrastructure 
in the Slovak-Polish border area. Nevertheless, not all of the projects were success-
ful, as financial issues caused difficulties in their implementation. 

A detailed study on the subject of Slovak-Polish public transport connections   
is included in the work by Więckowski et al. (2012). Some of the research ap-
proaches referred to the transport accessibility of this region and tourism and issues 
rela-ted to the discussed in this work. The authors mention cross-border railways 
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connecting Čadca with Zwardoń, Košice with Muszyna and Medzilaborce with 
Łupków and notice that the number of rail connections was clearly limited. Despite 
the presence of three railways, only one day train was run on the route Čadca – 
Zwardoń. It should be emphasized here that the situation was similar in 2020, when 
there was only one direct rail connection between northern Slovakia and Poland 
provided by TLK ‘Rozewie’ train from Žilina to Gdynia. In the work, authors also 
mention cross-border bus connections serving the subregion around the Tatra 
Mountains in a very restricted area between Slovak towns like Liptovský Mikuláš, 
Poprad, Vysoké Tatry and Polish cities like Zakopane and Kraków. The research 
focuses on the time accessibility between Polish and Slovak cities and towns locat-
ed on both sides of the Tatra Mountains and on a macroscale between, for example, 
the capital cities. In 2010 the journey by car between Bratislava and the Slovak-
Polish border took around 3 hours. However, the next 6 hours had to be spent on 
the journey to Warsaw, but the forecast for 2030 shows that this time should be 
shortened by 3 hours, which also means that the estimated length of the journey 
between Slovakia and Gdańsk will be approximately 8 hours. 

Horňák et al. (2013) focus on the competitiveness of long-distance public 
transport in Slovakia, comparing journey times by various public transport modes. 
In the majority of cases train was a faster mode than bus, which means that in long 
distance traveling, like to the Baltic coast, a train should be used for most of the 
route, which confirms the assumption made by Kowalczyk (2019). The only route, 
where buses were faster, was Banská Bystrica–Bratislava. As a result, Banská By-
strica should be connected with other nodes like Bratislava or Žilina by a bus inte-
grated with trains and possibilities of easy change of modes at nodes.  

The demand side of public transport in Slovakia is presented by Garbarova and 
Strezova (2015). Despite the development of the length of roads and motorways 
(so the supply side), the number of passengers in public road transport regularly 
decreased in years 1995-2013 from about 730 million to 270 million. On the other 
hand, railways were not significantly developed, but the curve illustrating the num-
ber of passengers traveling by train in the years mentioned above was sinusoidal. 
This result may again point to the important role of rail public transport and trains 
as the major modes in multimodal passenger transport.  

An analysis of the road infrastructure in Slovakia and Poland is performed also 
by Masárová and Ivanová (2016). They describe the coefficient of localization that 
shows the level of proportionality of the distribution of roads in the network and 
makes a comparison of the infrastructure between 2005 and 2013. Undoubtedly the 
length of roads of national importance, especially motorways and expressways, 
increased in both countries and the most important in case of traveling between 
Slovakia and the Baltic Sea were the openings of the A1 motorway between Łódź 
and Gdańsk in Poland and clear progress in construction of motorways connecting 
eastern Slovakia with central parts of the country. In the case of Slovakia the big-
gest density of motorways and expressways appears in the Bratislava and central 
regions. Therefore, it is crucial to ensure the connection of other regions with im-
portant transport nodes like the capital city and Žilina. 

In general works about public transport connecting Slovakia and Poland under-
line untapped potential, which is restricted by infrastructure performance and ca-
pacity. As far as the efficiency of connections between Slovakia and Czechia or 
Austria is high, the main routes to Poland are narrow and have typical mountain 
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characteristics. Numerous scientific studies emphasise that the accessibility on the 
Slovak-Polish border area is insufficient (Więckowski 2018). More investments in 
infrastructure, especially expressways and railways, are advisable. Consequently, 
increasing supply, for example by modernizations and creating new long-distance 
connections may increase demand and, what is described in this paper, potential 
passenger flows also to the Baltic Sea coast. 

 
THE  TIME-EFFECTIVINESS  OF  THE  EXISTING  CONNECTIONS 

BETWEEN  SLOVAKIA  AND  THE  POLISH  BALTIC  COAST 

The major transport system used for traveling around Europe is the Trans-
European Transport Network (TEN-T). Fig. 1 presents possible transport corridors 
connecting Slovakia and the Baltic coast along with road and rail transport options 
via Poland, Czechia and Germany. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. TEN-T connecting Slovakia and the southern coast of the Baltic Sea 
Source: Own study based on https://ec.europa.eu/transport/infrastructure/tentec/tentec-portal/map/

maps.html, doi: 20/09/2020 
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A more detailed analysis of the timetables allows data to be obtained showing 
bus and train connections between Slovakia and the Polish Baltic coast. In multi-
modal passenger transport, as Kowalczyk (2019) emphasizes, it is advisable that 
the train should cover the longest possible section of the route to the interchange 
node. The theory of the main role of rail and bus transport in sustainable tourist 
mobility is also mentioned by Høyer (2004) as well as in the 'hub and spoke' mod-
el, described by Huang et al. (2018), where bus lines serving in a strictly defined 
area bring passengers to multimodal nodes concentrated around rail transport. Con-
sequently, the train becomes a way of mass transport in long-distance journeys. It 
is important to ensure the most comfortable change between those transport modes. 
Such changes should already be possible on bimodal nodes, the concept of which is 
analyzed in more detail by Bolkovska and Petuhova (2017). 

Some cities and towns, which are also important transport nodes, were selected 
for analysis in this work. Bratislava was chosen as the main starting point for the 
journey and Košice, Žilina and Banská Bystrica were also taken into account as a 
reference to various regions of Slovakia. Warsaw, Wrocław and Szczecin were 
chosen as examples of Polish interchange nodes on the route to the Baltic coast. As 
regards resorts located on the Polish Baltic coast the following destinations were 
chosen: Świnoujście, Międzyzdroje, Dziwnów, Kołobrzeg, Mielno, Darłowo, Ust-
ka, Łeba, Władysła-wowo, Jastarnia, Hel, Gdańsk, Sopot, Gdynia and Krynica 
Morska. Gdańsk and Gdynia are two destinations which also play a very important 
role in multimodal passenger transport, being also interchange nodes. Some of 
them located in the direct neighbourhood of national parks, are spa resorts as well 
as sea ports offering ferry connections to Scandinavian countries. The analysis was 
based on the last period of 2019/2020 and the first period of the 2020/2021 timeta-
ble edition applicable during the time of the lowest possible accessibility to the 
Baltic resorts during the year without the periodic seasonal connections launched 
only during the summer holidays (autumn and winter). 

Baltranaitė et al. (2017) draw attention in their work to the seasonality noticea-
ble in this region, forced by geographical factors, mainly climatic, but underlining 
the general important role of the Baltic region in tourism shaped by numerous at-
tractions. Therefore, it is advisable to assume the most difficult conditions that are 
possible, adapt solutions to them and then modify suggestions to periodic and sea-
sonal increases in the level of transport accessibility. A survey conducted by the 
author clearly emphasized the importance of travel time when choosing the means 
of transport, the analysis is based on the shortest possible journey from point A to 
point B marked in the timetable. As a result, the analysis includes a journey requir-
ing 10 hours, but with two changes, not a journey requiring 15 hours, but with one 
change. However, time is only a fraction of the performance of a given connection. 
A wider model, including punctuality was described by Eboli and Mazzulla (2012). 
In the case of this analysis, the number of factors was limited primarily to easily 
measurable hard factors. The stages of the analysis were divided into three parts. In 
the first stage of the study, a basic formula was put forward to assess the public 
transport performance for connections from four Slovak nodes to chosen Baltic 
resorts and transport nodes in Poland. In the first formula, generally called the 
‘Possibilities of Public Transport Indicator’ (PoPT) three factors were taken into 
account. The distance travelled was considered as a positive factor, assuming that 
reaching the furthest possible destination is an expected situation. On the other 
hand, the number of transport modes used and the number of hours travelled roun-
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ded to half an hour were chosen as negative factors. In order to determine the PoPT 
indicator, the following formula is calculated: 

 
 
 

where PoPT – Public Transport Performance Indicator, dr – actual distance in ac-
cordance with the timetable (in kilometers), n – number of used transport modes 
and h – travel time (hours). 

The indicator describes public transport performance within a range (0, 100 ]; 
value 0 cannot be achieved and 100 means that the real distance equals the physical 
distance, which is defined by Drzewoszewska et al. (2013) as the distance in a 
straight line, using one means of transport with an average speed of 100 km/h. In 
practice, this means covering the distance of 600 km, for example between Žilina 
and Hel in a straight line in 6 hours. This is naturally a purely theoretical possibi-
lity, and value  is unlikely to be equal to the distance in a straight line. The indica-
tor is very sensitive to the number of their changes. If there are more than two chan
-ges, so when the value  equals 3, the given connection is no longer attractive and 
the likelihood that travellers will opt for this connection is very low. A long jour-
ney taking up to 20 hours is also discouraging. In general, PoPT with a value above 
20 indicates a fairy well-performing connection, while a PoPT of 50 is a sign of a 
very convenient and highly comfortable connection. On the other hand, a PoPT 
below 10 is associated with a connection characterized by low attractiveness, a 
long travel time and also requires several changes of transport modes. The mea-
sured values for the above-mentioned transport nodes and resorts are presented in 
Tab. 1.  

 
Tab. 1. PoPT values for connections from the analysed transport nodes along with 

mean vales for destinations 

Source: Own study based on the E-podroznik.pl timetable. 

Destination Bratislava Košice Mean ∆ 
Warszawa 38.21 21.56 29.88 29.88 
Wrocław 36.20 18.80 27.50 27.50 

Sopot 33.33 17.60 25.47 25.47 
Gdańsk 33.24 17.39 25.31 25.31 
Gdynia 32.50 17.15 25.60 25.60 

Szczecin 20.93 13.75 17.34 17.34 
Kołobrzeg 18.13 14.12 16.13 16.13 

Władysławowo 19.05 12.09 15.57 15.57 
Świnoujście 17.87 12.50 15.18 15.18 

Międzyzdroje 17.84 12.42 15.13 15.13 
Jastarnia 17.55 11.48 14.52 14.52 

Hel 17.33 11.22 14.28 14.28 
Ustka 16.73 10.24 13.49 13.49 

Mielno 12.45 13.92 13.19 13.19 
Krynica Morska 16.66 9.40 13.03 13.03 

Łeba 14.51 9.86 12.18 12.18 
Dziwnów 11.98 12.30 12.14 12.14 
Darłowo 12.46 8.68 10.57 10.57 

Ultimate PoPT 



GEOGRAFICKÝ ČASOPIS / GEOGRAPHICAL JOURNAL 73 (2021) 2, 161-178 

168 

However, the PoPT indicator has some drawbacks that can lead to incorrect 
conclusions. Note that the indicator does not include the information whether the 
route is the shortest as possible. The distance is described only by the length of 
route, but it does not show if it is not unnecessarily extended. It is therefore advisa-
ble to improve the PoPT indicator by adding an additional parameter, which is the 
route optimization indicator (RO). It is a simple quotient of the distance in a 
straight line to the actual route length according to the timetable and is expressed 
as: 

 
  

where RO – route optimization indicator, ds – distance in a straight line (in kilome-
ters) and dr – actual distance in accordance with the timetable (in kilometers). 

The product of RO and PoPT indicator allows to define a modified PoPT indi-
cator with added information whether the selected route is indeed the shortest pos-
sible and the movement is mostly towards the destination. The product of PoPT 
and RO equals a PoPT value decreased by a level of difference between the actual 
travel route with the shortest possible, i.e. a straight line. If the travel distance is 
very close to the shortest, the RO index takes a value close to 1, so it does not sig-
nificantly reduce the PoPT index. On the other hand, a greater deviation from the 
shortest route forces a lower value of the RO index. The values of the PoPT modi-
fied by RO (Modified PoPT) for particular routes are presented in Tab. 2.  

 
Tab. 2. Values of the modified PoPT indicator for connections from the analysed 

transport nodes along with the mean value for destinations 

Source: Own study based on the E-podroznik.pl timetable. 

Destination Bratislava Banská Bystrica Košice Žilina Mean 

Warszawa 38.21 27.20 21.56 33.45 30.11 
Gdynia 32.50 30.95 17.15 28.43 27.65 
Sopot 33.33 30.58 17.60 27.61 27.28 

Gdańsk 33.24 30.05 17.39 27.26 26.98 
Władysławowo 19.05 17.94 12.09 16.67 16.44 

Wrocław 23.29 13.50 13.37 10.60 15.19 
Jastarnia 17.55 13.26 11.48 15.33 14.41 

Hel 17.33 13.04 11.22 14.53 14.03 
Szczecin 10.96 15.91 13.75 12.02 13.16 
Mielno 11.76 11.78 13.92 11.21 12.17 
Ustka 13.22 12.69 9.25 11.95 11.78 

Międzyzdroje 8.59 15.41 10.07 11.93 11.50 
Świnoujście 8.34 14.96 10.14 11.70 11.28 

Darłowo 12.46 11.98 8.68 11.38 11.13 
Krynica Morska 13.17 11.98 7.99 11.23 11.09 

Kołobrzeg 7.28 11.38 14.12 9.60 10.60 
Dziwnów 6.39 11.57 7.38 8.26 8.40 

Łeba 6.45 8.87 4.45 4.84 5.07 

Modified PoPT 
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After all a significant problem related to public transport remains unsolved. De-
parture/arrival times, especially in tourism, often become the decisive factor deter-
mining the choice of the transport mode. Ideally the journey should preferably end 
at the place of the destination at the beginning of the check-in time, so that travel-
lers can rest after the journey. Accordingly, travels definitely should not end during 
the midnight hours. In practice, such situations may occur when a day train is de-
layed by several hours instead of reaching the place of destination at, for example, 
10:00 p.m. Also, starting the journey at noon has no economic benefit at the desti-
nation, as the time of arrival is late. The optimal arrival time is around 2 p.m., be-
cause hotel rooms are usually already prepared for guests by this time (Małysz 
2019). Moreover, taking the night train is relatively comfortable, especially in cou-
chette and sleeping carriages. What is worth emphasizing is the fact that a night 
train departs from the interchange station before midnight and the timetable does 
not force the passenger to wait for the train in the middle of the night. In order to 
evaluate the efficiency of the journey in terms of departure time, a variable relating 
to the departure/arrival times should be included in the PoPT indicator. Conse-
quently, it will allow the possibility to determine the optimal travel time depending 
on the length of the route. The weights reflecting the most preferred departure 
times are included in Tab. 3. 

 
Tab. 3. Point weights describing the connection efficiency in relation to the departure 

time 
 
 
 
 
 
 
 

Source: Own study. 

 
As a result, the modified PoPT indicator is multiplied by the weight provided 

above, depending on the departure time of the fastest and most comfortable con-
nection in the timetable. Eventually, the Ultimate PoPT indicator depends on the 
distance, the length of the route in relation to the shortest possible route, the num-
ber of transport modes, the time of journey and the departure and arrival times. 
However, the expected situation that does not require any improvement, for in-
stance when: one transport mode is used, the route is as short as possible, the aver-
age travelling speed is 100 km/h, the journey begins in the morning, and thus the 
destination is reached early in the afternoon, is only theoretical. Then the Ultimate 
PoPT is 100, which is, as mentioned above, it is an unattainable value in practice. 

The ultimate PoPT (hereinafter referred to as PoPT) values for connections 
from four Slovak nodes and the mean values for specific destinations are presented 
in Tab. 4. 

 

Time interval Weight Comments 

01:00 – 05:00  0.50 Early hours are optimal for earlier arrival 

05:00 – 09:00  1.00 Optimal and comfortable hours 

09:00 – 12:00 0.50 Less potential due to later start of the journey 

12:00 – 16:00 0.25 Late arrival and possible in the middle of the night 

16:00 – 22:00 0.50 Time of departures of night trains 

22:00 – 01:00 0.75 Comfortable time of departures of night trains 
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Tab. 4. PoPT indicators for connections from the analysed transport nodes and 
the mean values for specific destinations 

Source: Own study based on the E-podroznik.pl timetable. 

 
Generally, the level of accessibility of the Polish Baltic coast from the Slovak 

perspective can be divided into four classes. The first one consists of interchange 
stations and resorts with a mean PoPT value of about 30, which means that the des-
tination can be reached in a relatively short time and with an acceptable number 
changes of modes. The second one in this case, for example Władysławowo, 
should be merged with the third class, where PoPT values are between 10 and 20. 
Usually, in this case the journey includes two or more changes of modes, which is 
an inconvenience and involves some risk of lack of communication. The lowest 
class includes destinations with poor accessibility, when the journey requires more 
than three changes of modes, which is overwhelmingly unacceptable. What has to 
be noticed is that the resorts in the lowest class are not far from Slovakia according 
to the physical distance, so the low accessibility must be the result of limitations 
related to public transport, which requires actions to improve travel conditions on 
problematic routes like, for example, Bratislava – Świnoujście. 

 
MULTIMODAL  TIMETABLE  AS  A  STIMULUS 

OF  PASSENGER  FLOWS  

The aim in multimodal passenger transport is to collect passenger flows from 
many regions and thus to use mass transport, such as trains, to bring them to inter-
change nodes offering transfer options in many different directions. If a destination 

Destination Bratislava Banská Bystrica Košice Žilina Mean 

Warszawa 38.21 27.20 21.56 33.45 30.11 

Gdynia 34.05 28.43 17.15 30.95 27.65 

Sopot 33.33 27.61 17.60 30.58 27.28 
Gdańsk 33.24 27.26 17.39 30.05 26.98 

Władysławowo 19.05 16.67 12.09 17.94 16.44 

Jastarnia 17.55 15.33 11.48 13.26 14.41 

Hel 17.33 14.53 11.22 13.04 14.03 

Mielno 11.76 11.21 13.92 11.78 12.17 

Wrocław 17.46 10.60 13.37 6.75 12.04 

Ustka 13.22 11.95 9.25 12.69 11.78 

Darłowo 12.46 11.38 8.68 11.98 11.13 
Krynica Morska 13.17 11.23 5.99 11.98 10.59 

Szczecin 8.22 6.01 13.75 7.96 8.98 

Międzyzdroje 8.59 5.96 7.55 7.71 7.45 

Świnoujście 8.34 5.85 7.60 7.48 7.32 

Kołobrzeg 3.64 4.80 14.12 5.69 7.06 

Dziwnów 3.20 4.13 5.54 5.78 4.66 

Łeba 3.22 2.42 1.11 4.44 2.80 

Ultimate PoPT 
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has access to railway infrastructure, it is advisable to provide access by train, with-
out relying strictly on the multimodal passenger transport options, but preferably a 
mass method of transport like a train. Fig. 2 presents a theoretical travel time from 
Bratislava and Košice to the Baltic Sea and the travel options from Slovakia to 
Świnoujście and Hel, taking into account only rail transport. The isochrone method 
used on the figure represents the green areas available within 4-5 hours. The red 
color, on the other hand, indicates the area that requires over 10 hours of traveling 
by train. 

Fig. 2. Theoretical travel time to the Baltic Sea from Bratislava and Košice,  
and from Slovakia to Świnoujście and Hel by train 

Source: Own study based on data from PKP Polskie Linie Kolejowe (www.plk-sa.pl) and Open 
Railway Map (www.openrailwaymap.org). doi: 16/10/2020. 
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It is clear that, in theory, the rail infrastructure allows travel from Slovakia to 
the Baltic Sea in less time than according to the timetable. The PoPT indicator indi-
cates the relatively good accessibility of Władysławowo, Jastarnia and Hel. In the-
ory, the trip to Hel from Slovakia should take only 10 hours when departing from 
Žilina. In practice, however, it is 4 hours longer. The differences in connections to 
Świnoujście are even more significant. In theory it is possible to travel from Brati-
slava to Świnoujście in 8 hours, but in practice the fastest journey takes 16 hours, 
which is also reflected in the low value of PoPT for the Bratislava – Świnoujście 
route. This proves the existing still unused potential of the infrastructure, the lack 
of appropriate communication at the nodes and inadequate planning of the timeta-
ble that unnecessarily extends the travel time.  

Based on the analysis of connections in the 2020/2021 timetable and its planned 
extensions (postponed due to the pandemic), certain time intervals should be deter-
mined at specified interchange stations when the largest number of trains depart 
from it in the largest possible number of directions. In Katowice, this kind of time 
interval is observed from 05:00 a.m. to 09:00 a.m. when direct trains are scheduled 
to depart to: Słupsk (very well connected with Ustka), Kołobrzeg, Świnoujście and 
Gdynia, providing interconnections with the entire Polish coast. However, taking 
into account the short time needed to travel from Slovakia, it would be necessary to 
start the journey at 02:00 a.m., which is a disadvantage. Still, if the departure time 
from Bratislava and Košice is 05:00 a.m., it would be possible to arrive to Katowi-
ce at 08:00 a.m. This, on the other hand, would allow the switching of trains only 
travelling to Gdynia. Another example is traveling to Wrocław via Bohumín with 
45 minutes for a change and continuing the journey to Kołobrzeg. However, it 
would still be difficult to reach Wolin Island, as the train to Świnoujście would not 
depart until 11:30 a.m. This option would also require spending up to 12 hours in 
the train from 5:00 a.m. to 5:00 p.m. A departure from Bratislava at 5:00 a.m. 
would also allow to arrive in Warsaw at 10:00 a.m. However, also in this case, the 
convenient travel options are very limited according to the 2020/2021 timetable. As 
a consequence, in order to enable easy travelling from Slovakia to the Baltic Sea, it 
is clearly advisable to use night trains, which allows spending the night time travel-
ling to the interchange nodes, arrival there in the early morning and continuing the 
journey by, for example, bus to the final destination. The model of such connec-
tions including communication and suggestions for creating new connections is 
presented in Fig. 3.  

The presented model is based on the existing rail connections and slightly modi-
fies the basic timetable, extending communications at the nodes with a possible 
minimum number of changes of time and the shortest routes of the rail connections. 
Some of the resorts are not very popular and from an economic point of view there 
are cases when communication is limited which is justified by the high degree of 
seasonality of a given resort. In the presented model, the assumption is to launch a 
direct carriage from Bratislava (via the existing EN Metropol train Budapest – Ber-
lin/Warsaw) and Humenné to the Bohumín station, where it would be possible to 
travel to Wrocław via Opole and Warsaw via Katowice. It would be possible from 
Wrocław where departing the Nightjet to Berlin and traveling by a new IC train 
from Wrocław to Szczecin via Zielona Góra to the Świnoujście station, as well as 
to IC ‘Bosman’ train to Kołobrzeg would be possible. In both cases the time be-
tween the arrival of Nightjet train and the departure of IC trains to Świnoujście and 
Kołobrzeg would be around 50 minutes, which would ensure the relatively high 
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certainty of a safe change. Other possible connections are illustrated in Fig. 3. In 
relation to the presented assumptions. Tab. 5 presents the values of the ultimate 
PoPT indicator after the eventual implementation of the model. 

Fig. 3. An exemplary model of multimodal connections from Slovakia to 
Polish Baltic resorts 

Source: Own study based on timetables (www.e-podroznik.pl), doi: 30/10/2020. 

 
Tab. 5. The Ultimate PoPT values for the proposed interconnections 

in the multimodal connection model 

Source: Own study based on the E-podroznik.pl timetable. 

Destination Bratislava Košice Mean 

Warszawa 38.21 21.56 29.88 
Wrocław 36.20 18.80 27.50 

Sopot 33.33 17.60 25.47 
Gdańsk 33.24 17.39 25.31 
Gdynia 32.50 17.15 25.60 

Szczecin 20.93 13.75 17.34 
Kołobrzeg 18.13 14.12 16.13 

Władysławowo 19.05 12.09 15.57 
Świnoujście 17.87 12.50 15.18 

Międzyzdroje 17.84 12.42 15.13 
Jastarnia 17.55 11.48 14.52 

Hel 17.33 11.22 14.28 
Ustka 16.73 10.24 13.49 

Mielno 12.45 13.92 13.19 
Krynica Morska 16.66 9.40 13.03 

Łeba 14.51 9.86 12.18 
Dziwnów 11.98 12.30 12.14 
Darłowo 12.46 8.68 10.57 

Ultimate PoPT after implementation of the model 
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The proposed model of multimodal public transport allows the increase of the 
accessibility to many Polish Baltic resorts, as well as some interchange stations. 
The improvement in transport accessibility is clearly noticeable in the case of Łeba, 
Dziwnów, Świnoujście and Międzyzdroje, as well as Wrocław and Szczecin. In 
addition, the model provides an alternative night train connection to Gdańsk, Sopot 
and Gdynia, the resorts of the Hel Spit and Central Pomerania. In all cases, the ex-
isting connections provide more convenient travel conditions, which is reflected by 
the final PoPT indicator. Fig. 4 shows routes between the interchange station and 
the destination at a regional scale, as presented in the model.  

Fig. 4. Multimodal passenger transport options on the Polish Baltic Sea coast  
Source: Own study. 

 
As a result, adequate communication would be provided in the first stage at ma-

jor transport nodes such as Wrocław or Warsaw and then at regional nodes in Po-
merania, including: Szczecin, Gdańsk, Gdynia and Białogard. A further journey by 
train to selected resorts and by bus to almost all resorts from those nodes would be 
possible. 

The model also has some disadvantages, including the need to change trains 
several times. The number of changes would be reduced, if the TLK ‘Rozewie’ 
train departing from Žilina to Gdynia was restored. However, it is difficult to pre-
dict whether this train is again included in the timetable. The routes of trains EN 
Metropol and EN Slovakia are east-west routes, which are not preferred in terms of 
passenger flows to the Baltic Sea. As a result a connection with a north-south route, 
like Nightjet or EN Chopin (from Wienna to Berlin and Warsaw) must become the 
point of interest in this case. Moreover, if these trains are delayed, this could gener-
ate further delays on the other routes. Perhaps in the future, a new Nightjet train 
may be launched, for example from Vienna to Gdynia via Wrocław. This is one of 
the possible development scenarios for night connections in Poland (Małysz 2020). 
In this case, the residents of Bratislava could also benefit from a very comfortable 
direct night connection and the reduced number of changes would increase the 
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quality of traveling. New passenger flows should be stimulated by the supply of 
rail connections to interchange nodes and then direct bus connections to resorts. 
With the development of multimodal passenger transport, it would be advisable, as 
also proposed by Le-Klähn and Hall (2015), to create a multimodal ticket for rail 
and bus services. Full integration, also in a form of full passenger information sys-
tem and travel facilities, is an obligatory element of this well-functioning system. 
As a result, an increased demand may reveal a symptom of efficient multimodal 
passenger transport, as well as improved accessibility to the Baltic coast from the 
perspective of Slovakia. 

 
CONCLUSIONS 

Multimodal public transport is the future of public transport. Direct connections 
between all regions are rarely possible, therefore it is necessary to facilitate chan-
ges on interchange nodes. Slovakia does not have direct access to the sea and may 
benefit from the development of multimodal transport infrastructure in Poland, 
which will provide it with much easier traveling to the Baltic Sea coast. The paper 
shows how timetables influence the modelling of accessibility, which differs sig-
nificantly from the theoretical physical accessibility measured by distance in a 
straight line, as illustrated on maps using isochrones. In general, the level of acces-
sibility to the Baltic Sea from Slovakia by public transport can be defined as suffi-
cient only in the case of Gdańsk, Sopot and Gdynia. It is possible to travel from 
Bratislava to those destinations in about 10 hours, which is acceptable and is de-
scribed as a quite comfortable journey. However, this transport network still has 
some possibilities that are not used. The travel time from Žilina can be even short-
er, as long-distance trains from Žilina to the Baltic Sea will perhaps be launched 
again, following the example of the TLK ‘Rozewie’ train included in the 
2019/2020 timetable. Despite the Covid-19 pandemic in 2020, further development 
of multimodal infrastructure should be planned, which, through its numerous facili-
ties for travellers, will encourage traveling by efficient public transport. The role of 
public transport through numerous investments supported by the European Union 
may nevertheless increase, so, as a result, fast trains and modern regional buses 
may connect Slovakia and the Polish Baltic coast, operating on the basis of cooper-
ation and coopetition. The integrated information and cooperation between rail and 
bus operations is also the key to well-functioning public transport and improving 
the transport accessibility of regions in many different cases. Consequently, the 
established transport options will complement each other, while continuous im-
provements in transport accessibility will stimulate regional and local development, 
thus contributing to the greater attractiveness of specific destinations and improve-
ment in the quality of everyday life. 
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Michał  M a ł y s z 

 
MULTIMODÁLNE  RIEŠENIA  AKO  FAKTOR 

OVPLYVŇUJÚCI  ZLEPŠENIE  DOPRAVNEJ  DOSTUPNOSTI – 
PRÍPADOVÁ  ŠTÚDIA  DOPRAVNÉHO  SPOJENIA  SLOVENSKA 

A  BALTSKÉHO  POBREŽIA POĽSKA 
 

Multimodálna osobná doprava je dôležitou témou vedeckej diskusie na konci druhej 
dekády 21. storočia. Základom multimodálnej dopravy je doprava viacerými spôsobmi 
(módmi), pričom k prestupovaniu medzi jednotlivými spôsobmi dopravy dochádza 
v prestupných uzloch. Dôležité je to, že pri ceste z miesta A do miesta B prebieha väčšina 
času cesty vo vlaku, ktorý zabezpečuje dostupnosť v makromierke a umožňuje cestovanie 
medzi regiónmi, ktoré sú niekedy od seba dosť vzdialené. Následne cestujúci zmení spôsob 
dopravy na prestupnom uzle za regionálny autobus, ktorým príde až do cieľového miesta. 
Vhodným príkladom použitia tohto modelu môžu byť cesty zo Slovenska k Baltskému mo-
ru v Poľsku. Pre Slovensko ako krajinu bez priameho prístupu k moru, ktorá susedí s Po-
ľskom, je nevyhnutné primerané spojenie s pobaltskými turistickými strediskami a prístav-
mi. Táto problematika je hlavnou témou príspevku.  

V štúdii analyzujeme spojenia medzi Slovenskom a obľúbenými turistickými destiná-
ciami alebo kúpeľnými miestami pri Baltskom mori v Poľsku prostredníctvom verejnej 
dopravy. Hodnotenie spojov z hľadiska času trvania cesty, počtu prestupov a trasy je možné 
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vďaka použitiu ukazovateľa možností dopravného prepojenia verejnou dopravou (PoPT) 
a jeho variantov, pričom sa zohľadňujú aj ďalšie faktory, vrátane pomeru trasy ku najkrat-
šej možnej trase a časov odchodu a príchodu. Analýza cestovného poriadku vlakov z rokov 
2020 a 2021 ukázala, že najjednoduchším spôsobom, ako sa dostať zo Slovenska na baltské 
pobrežie, je vycestovať z Bratislavy do Břeclavi alebo zo Žiliny do Bohumína a prestúpiť 
na vlak Eurocity do Varšavy a Gdyne. Úroveň dopravnej dostupnosti baltského pobrežia 
nie je homogénna. Východná časť pobrežia (napr. Gdansk, Sopot, Gdyňa alebo dokonca 
Władysławowo, Jastarnia a Hel) je ľahšie dostupná (až na niektoré výnimky, napr. Łeba). 
Iné obľúbené strediská, ako Świnoujście and Międzyzdroje, sú menej dostupné, pretože 
cestovný poriadok neposkytuje adekvátne spojenia, čo sa prejavuje v diferenciácii PoPT 
hodnoty. Pre zlepšenie dostupnosti baltského pobrežia v Poľsku zo Slovenska je nevyhnut-
né zabezpečiť adekvátne spojenia v prestupných uzloch. Vďaka tomu je možné skrátiť čas 
cestovania a znížiť počet prestupovaní, čo sa odráža na zvýšení hodnoty ukazovateľa PoPT. 
Navrhujeme preto urobiť niektoré dôležité zmeny, ktoré by len mierne zmenili cestovný 
poriadok, ale zjednodušili by cestovanie zo Slovenska k Balskému moru. Pre podporu ces-
tovania verejnou dopravou, zvlášť po kríze zapríčinenej pandémiou Covidu-19 v roku 2020 
a 2021, by mal byť pri zmenách cestovných poriadkov využitý v makromierke model mul-
timodálnej osobnej dopravy. V tomto modeli je medzinárodný úsek cesty realizovaný vla-
kom (s odchodom skoro ráno alebo nočnými vlakmi, aby cestujúci ušetrili čas), pričom 
následné spojenia regionálnymi autobusmi v prestupných uzloch musia byť zladené s ces-
tovnými poriadkami vlakov. Tento vylepšený spôsob verejnej dopravy by mohol stimulo-
vať dopyt, ako aj ponuku s cieľom naplnenia očakávaní cestujúcich. Lepšia mobilita by 
v konečnom dôsledku mohla priniesť pozitívne výsledky z hľadiska atraktivity ľahšie do-
stupných miest pre podnikanie alebo umiestnenie ďalších investícií. 
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