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Abstract:

The Visegrad Group (V4), an informal association of Hungary, the Czech Republic, Poland,
and the Slovak Republic, represents a collective effort to enhance regional economic
cooperation and development in Central Europe. This paper aims to examine the current state
and future plans for high-speed rail (HSR) infrastructure within the V4 countries. Despite
historical underdevelopment in railway infrastructure compared to road networks, significant
strides are being made. Each V4 country is at different stages of HSR development but key
projects aim at rail connecting Budapest, Bratislava, Prague, and Warsaw, achieving speeds
between 200 and 350 km/h. This paper outlines the progress, challenges, and strategic
importance of initiatives emphasizing the V4 potential to improve regional connectivity and
economic integration.

Key words:
high-speed rail, Visegrad group, railway infrastructure

Introduction

Trends in the development of railway transport are influenced by various factors,
including economic, social, environmental and technological changes. Growing concerns
about climate change and the need to reduce emissions lead to increased support for rail
transport, which is seen as a less polluting alternative (de Bortoli and Féraille, 2024). There is
an observable trend in the world towards building new high-speed rail (HSR). High-speed rail
is a type of rail transport network utilizing trains running significantly faster than those of
traditional rail. Many authors of scientific articles deal with research in this issue. For
instance, Purba et al.(2017) discussed the factors determining the success of the HSR as
transport alternative based on experiences of Asian and European countries. International
railway passenger services have seen considerable changes in Europe over the past decades.
(Seidenglanz et al., 2021) using international railway connections within and reaching outside
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the V4 countries (the Czech Republic, Hungary, Poland, Slovakia) in 1990-2019 explored
trends and patterns in that matter. Similarly, Komorousova and Hinke (2023) assessed trends
in passenger transport within the V4 countries. HSRs enable faster and more efficient travel
between cities and support regional development. Yang et al. (2021) utilized an endogenous
innovation growth model including HSR fares and speeds to explain how HSR affected
regional technological innovation. HSR can reduce also rural poverty by improving
employment rates in the manufacturing and construction industries (Zhang, Wu and Zhou,
2023). The nexus between high-speed rail (HSR) stations and city evolution from an urban
science perspective was examined by Loo and Huang (2023). Investments in infrastructure
and rolling stock modernization simultaneously led to improved comfort, safety and reliability
of rail transport. From this point of view (Zhang et al., 2023) explored the competition and
cooperation between HSR and conventional railway. By comprehensively considering the
departure and arrival time as the representation of train service quality, they found that the
proportion of superior quality service of high-speed train is far higher than that of
conventional train. (Zong et al., 2023) performed HSR efficiency benchmarking. Their results
revealed difference among countries. Asia's HSR systems exhibited higher efficiency
compared to those in Europe, while China's HSR efficiency ranks medium in the HSR multi-
stages chain but higher in the service stage.

This article deals with the current state of high-speed rail in the countries of the
Visegrad Group (V4). At the same time, it provides an overview focused on the future of the
expansion of high-speed railway lines in the V4 member states. For the purposes of the
article, a high-speed rail is considered a rail with a minimum speed of 200 km/h.

1 The Visegrad Group V4 and the development of transport within the V4

The Visegrad Group, or the so-called Visegrad Four (V4), an unofficial association of
four countries in Central Europe, unites the Central European countries of Hungary, the
Czech Republic, Poland, and the Slovak Republic. The Visegrad Group, as a grouping of
countries sharing similar economic, cultural, and socioeconomic values, creates, among other
things, space for solving issues of economic cooperation and regional development. In all
cases, these are post-socialist countries. All V4 countries have been part of the European
Union since 2004.

Plans of HSR in the V4 countries according to UIC atlas "High Speed
km Rail" 2023
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Fig.1 The length of the railway network in the member countries of the V4
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Source: (Central Intelligence Agency, 2023b)

It is typical for V4 countries that the development of the railway infrastructure lags
behind the development of the road network (Kalmar Laszlo and Lehoczky Laszlo, 2007).
Poland has the most developed railway infrastructure in terms of the length of railway lines.
An overview of the length of railway lines in individual V4 countries is presented in Fig. 1.

In 2018, the Hungarian government decided to support the intention to build a high-
speed line Budapest - Bratislava - Prague - Warsaw. Subsequently, in October 2018, at the
meeting of the V4 countries, the Declaration of the V4 Ministers on the intention to cooperate
on the HSR project in Central Europe was signed. In May 2019, the countries' transport
ministers expressed interest in the construction of high-speed railways in the V4 countries.
Based on the recommendation of the European Commission, the Joint Declaration of the
ministers of the V4 countries followed on the project of the high-speed railway network in
Central Europe and its financing, with all four countries committing to carry out national
feasibility studies. The line is planned from Warsaw to Brno, where it is to split in the
direction of Prague and Bratislava and Budapest. The expected track speed will be from 200
kilometres to 350 kilometres per hour on individual sections.

The goal is to build a connection between the capitals of the V4 countries by high-
speed rail. These will be part of the TEN-T corridors. The plan for the development of high-
speed lines for the year 2023 in the V4 countries is presented in Fig. 2.

km Railways in the V4 countries
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Fig. 2 Plans of high-speed rail in V4 countries
Source: (Central Intelligence Agency, 2023a)

2. High-speed railways in the context of EU trans-European transport policy

The aim of the EU's trans-European transport policy (TEN-T) is to build a multimodal
network of railways, inland waterways, short sea shipping routes, and roads throughout the
EU (Fig. 3) for sustainable economic growth (Antolini, 2023). Despite the significant
technical achievements achieved throughout Europe, high-speed railways do not yet form a
network across Western Europe, and there is no high-speed network in Central and Eastern
Europe. Indeed, there is currently almost no HSR infrastructure in the Member States that
joined the EU in the recent enlargement waves (EU-Rail, 2023).

Currently, the countries of the Visegrad Group lack a sustainable high-speed alternative to
personal road transport. The increased accessibility of cities served by high-speed rail can
expand markets and boost the productivity of firms located in the newly connected region.
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This, in turn, could strengthen the economic specialization of the affected regions as well as
the overall economy. (Scordamaglia, 2015).
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Fig.3 Current view of TEN-T CORE CORRIDORS in the V4 countries
Source: (EIB, 2023)

3 Railway Infrastructure in the V4 countries

High-speed rail connections are almost completely absent in Central and Eastern
Europe. The state of the existing railway infrastructure in the V4 countries does not allow
significant progress without major investments. Nevertheless, the current situation in
individual V4 countries differs, as outlined below.

3.1 Hungary

Within the Hungarian infrastructure, most of the main railway lines have a maximum
speed of 120 km/h. Currently, trains can run at a maximum speed of 160 km/h on certain
sections of the Budapest-Hegyeshalom main line, more precisely between Tata and
Hegyeshalom stations, which speeds up traffic on the main corridor between Budapest and
Vienna.

At that time, the construction of the new Budapest-Belgrade railway line was
underway, as the first stage of the planned international railway connection Budapest-
Belgrade-Skopje-Athens. The Hungarian section should be completed in 2025. In the section
from Budapest to the border with Serbia, the maximum speed will be 160 km/h.

In the future, Hungarian State Railways (MAV) infrastructure should include sections
on other existing lines. MAV will increase there the speed limit to 160 km/h: between
Piispokladany and Debrecen from 120 km/h to 160 km/h; between Szazhalombatta and
Pusztaszabolcs also from 120 km/h to 160 km/h; between Asdd and Hatvan, the permitted
speed will be increased from 100 km/h to 160 km/(Hirado, 2023).

3.2 Czech Republic

The Railway Administration, as the manager of the railway infrastructure, is interested
in implementing several projects in the framework of the construction of high-speed lines in
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the territory of the Czech Republic at various levels of development, whether at the level of
territorial-technical study, feasibility study, environmental impact assessment, or the
construction itself.

Where possible, the intention is to build tracks with a maximum speed of 320 km/h.
The network of high-speed lines should connect the entire Czech Republic. In addition to
speeding up passenger transport, emphasis is placed on the sustainability and relief of existing
railway lines. According to the summary "High-speed lines in 2022", updated in October
2023, there are currently 1,005 km of high-speed lines planned in the Czech Republic (Tab.
1).

Tab. 1 High-speed lines in Czech Republic, 2023

Area Country/Region Status Section ::::::?EEH Year I:_ker:fth
EUROPE CZECH REPUBLIC 3. Planned Prague - Pofifany | - Brno) 320 2028 22
EURDPE C2ECH REPUBLIC 3. Planned Prague - Pofitany | - Hradec Kralove) 320 2028 29
EUROPE CZECH REFUBLIC 3. Planned Modfice - Rakvice 320 2028 35
EUROPE CZECH REFUBLIC 3. Planned Rakvice - Bredav 200 2028 23
EUROPE CZECH REPUBLIC 3. Planned Pferow - Ostrava 320 2029 73
EUROPE CZECH REPUBLIC 3. Planned Plzef - Domailice - German border 200 2030 58
EUROPE CZECH REPUBLIC 3. Planned Brno - Pferow 200 2030 20
EUROPE CZECH REFUBLIC 3. Planned Prague - Litoméfice 320 2030 58
EUROPE CZECH REFUBLIC 3. Planned Pofitany - Swétla nad Sazavou 320 2030 1
EUROPE CZECH REFUBLIC 3. Planned Velka Bites - Brno 320 2030 32
EUROPE CZECH REFUBLIC 3. Planned Svitla nad Sazavou - Velka Bited 320 2032 21
EUROPE CZECH REPUBLIC 3. Planned Prague - Beroun 200 2043 25
EUROPE CZECH REFUBLIC 3. Planned Litomé&fice - Usti nad Labem 250 2045 23
EUROPE C2ECH REPUBLIC 3. Planned Usti nad Labem - Dresden 200 - 56
EUROPE CZECH REPUBLIC 3. Planned Ostrava - Bohumin - Polish border 200 - 21
EUROPE C2ECH REFUBLIC 4. Long-term planning  Pofigany - Hradec Kralowe 320 2040 &7
EUROPE C2ECH REFUBLIC 4. Long-term planning  |Odb. Veltrusy - Most 250 2040 85
EUROPE C2ECH REFUBLIC 4. Long-term planning  Brno - Pierov 320 2050 T4
EUROPE CZECH REPUBLIC 4. Long-term planning  Rakwvice - Bieclav 320 2050 23
EUROPE CZECH REPUBLIC 4. Long-term planning  Hradec Kralové - Trutnow - Polish border 250 2050 &0

Source: (UIC, 2023b)

3.3 Poland

In 2022, Poland had 224 km of tracks in operation with a maximum speed of 200
km/h (UIC, 2023b), most of them on several sections of the Central Rail Line (Polish:
Centralna Magistrala Kolejowa, CMK) and on the line from Gdynia to Warsaw. In the near
future, these lines should be joined by high-speed lines built as part of the CPK project
(Polish: Centralny Port Komunikacyjny), with an operating speed of >250 km/h.

CPK is a transport project in Poland, which includes a new airport and a new network
of high-speed railway lines with 10 corridors leading from the airport between Warsaw and
1.6dz. In total, approx. 2,000 km of new high-speed railway lines and 3,700 km of modernized
railway lines are to be built (Fig. 4). Further development of CPK should be based on the
Memorandum of Understanding signed by the manager of Czech infrastructure “Railway
Administration”, Polish PKP and Ukrainian Railways. In addition, CPK and Ukrainian
Railways signed a cooperation agreement in January 2023 to implement a high-speed rail
connection from Poland to Ukraine. (Railtech, 2023)
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Fig.4 Map with the high-speed network development plan in Poland
Source: (UIC, 2023a)

3.3 Slovak Republic

There are currently 197 km of tracks in Slovakia with a maximum speed of 160 km/h.
On the main corridor Bratislava — Zilina — Kogice at that time, works are underway to
increase the quality of travel and the traffic speed to 160 km/h on most sections. The
Railways of the Slovak Republic awarded a contract for the development and delivery of a
national feasibility study of a high-speed line connecting the V4 countries (ZSR, 2024b) for
track sections on the territory of Slovakia in December 2022 to a selected Czech-Slovak
association of companies by the end of 2024. The subject of the contract is the provision of
services, i.e., to develop and deliver a national feasibility study entitled "National Feasibility
Study of the High-Speed Line Connecting the V4 Countries™ for the track sections on the
territory of the Slovak Republic as part of the international project "High-Speed Rail
Connection of the V4 Countries Budapest - Bratislava - Prague - Warsaw".

Construction of a new high-speed line and/or modernization of existing railway lines,
i.e., the implementation of the proposed measures and solutions at the operational and
infrastructural level will be implemented in an economically efficient manner, within a
reasonable time horizon and at acceptable financial costs, which will be compatible with
probable future financial restrictions and other needs of the Slovak Republic.

Technical solution of the infrastructure

* Development of a study on the optimal speed for each section, tentatively suggested
for a speed between 160 km/h and 300 km/h.

» New track/modernization of existing tracks.

* Determination of border crossings.
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* The connection to the existing railway line will always be solved to the nearest
existing transport facility within the Bratislava hub according to the variant unless the
proposed operating concept requires wider infrastructure modifications and to evaluate the
feasibility of such proposed technical solutions.

Transport-technological solution

*The new HSR will be dealt with in detail, or modernized track state border HU/SK —
Bratislava and all sections of the existing infrastructure directly affected by the construction
and operation of the Project.

*The need to build a new line in the Bratislava - Sekule section (as a parallel high-
speed or freight corridor to the existing railway line) will be assessed.

*The construction of a new HSR in the section Sekule — Kuty — state border will also
be dealt with in detail for smooth connection to the HSR network in the Czech Republic and
its comparison with the existing modernized line.

*In Bratislava, consider integration with other long-distance trains (in the form of one
station for high-speed and other long-distance transport).

The Railways of the Slovak Republic signed a contract for the work with the
construction contractor entitled "ZSR, Modernization of the railway line Devinska Nova Ves -
state border SR/CR". It concerns the modernization of part of the 73 km section. The track in
question is placed on the TEN-T Corridor Orient/Eastern Mediterranean (usually also referred
to as Rail Freight Corridor No. 7).

The Orient/Eastern Mediterranean Rail Freight Corridor connects Southeastern Europe
with North Sea ports in Germany via Central Europe. It runs through eight EU member states:
Austria, Bulgaria, the Czech Republic, Germany, Greece, Hungary, Romania and Slovakia.
(RFC7, 2024). The main element is the complex reconstruction of the track, platforms,
traction lines and safety equipment in the section between the Devinska Nova Ves railway
station (except for the reconstruction of the Devinska Nova Ves station) to the Malacky
railway station, including this railway station and the section from the Kuty railway station
(excluding the reconstruction of the railway station itself Kuty) to the crossing point Kuty
state border, and it is 30 km long (Fig. 5).

Fig.5 Map of the railway infrastructure with markings of the sections Devinska Nova
Ves — Malacky and Kiity — Kuity state border. (ZSR, 2024a)
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Between these two sections (from railway station Malacky to railway station Kty) is
a 43 km long section on which the GSM-R system will be built as part of this modernization.

The reconstruction of the track on the 43 km long section, platforms, traction lines,
and safety equipment should be the subject of another construction project, which is currently
in project preparation. Modernization is carried out for the most part in the existing body.

It is expected that the 73 km section will be completed by 2030. The train will travel at
200 km/h for 62 kilometers, at 160 km/h for 9 kilometers, at 140 km/h for 1 kilometer, and at
100 km/h for 1 kilometer.

3 Conclusions

The Visegrad Group has embarked on a transformative journey to develop high-speed
rail infrastructure, aligning with the broader goals of the EU's trans-European transport policy
(TEN-T). Despite a lag in railway development compared to their road networks, these post-
socialist countries are collectively advancing ambitious projects to enhance regional
connectivity and economic integration.

The development of the high-speed rail network, particularly the proposed Budapest-
Bratislava-Prague-Warsaw line, reflects a significant step towards modernizing transportation
infrastructure in Central Europe. Each V4 country is actively engaged in upgrading existing
lines and constructing new HSR routes to achieve speeds between 200 and 350 km/h. This
initiative promises to enhance regional mobility, reduce reliance on road transport, and
stimulate economic growth.

Hungary, the Czech Republic, Poland, and Slovakia are at various stages of HSR
development. Poland is leading in current operational high-speed tracks and extensive future
plans. Meanwhile, Hungary and the Czech Republic are making notable progress in upgrading
existing lines and planning new ones, while Slovakia focuses on feasibility studies and
strategic modernization projects.

The V4's commitment to HSR is set to transform their transportation landscape,
integrate them more closely with Western Europe's rail networks, and contribute to the EU's
vision of a cohesive, multimodal transport system. As these projects advance, the Visegrad
countries will not only enhance their internal connectivity but also position themselves as
pivotal players in the broader European transport network.

Finally, it is necessary to mention the importance of HSR in terms of environmental
protection and sustainability. High-speed railways contribute to environmental protection in
several significant ways. HSRs reduce greenhouse gas emissions and are generally more
energy-efficient per passenger km than cars and airplanes. HSR contributes to land
conservation, air quality improvement, and noise reduction. Compared to expanding road
networks, high-speed railways require less land for infrastructure and produce zero direct
emissions at the point of use. Overall, high-speed railways play a crucial role in sustainable
transportation systems by offering low-carbon transport, thereby contributing positively to
environmental protection efforts.
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