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The rapid development of high-speed rail (HSR) networks has been observed worldwide in 
recent years. The experience of states operating these systems demonstrates that they are 
setting new standards of quality and contributing to the renaissance of railway as a mode 
of transport. The development of an HSR network in the TER region would significantly 
improve the competitiveness of rail, increasing the sustainability of the transport sectors 
in TER countries.

The TER HSR Master Plan Phase 2 is a continuation of the work undertaken in Phase 1, and 
extends its analysis to the following areas:

	z Technical and legislative aspects
	z Socioeconomic analysis
	z Conditions for the establishment of national and international networks
	z Financial and planning elements of HSR.

Currently, there are few railway lines in some TER member States that allow high speed 
operation. This creates a unique opportunity for developing HSR systems in individual TER 
member States, while ensuring that this development is integrated across the wider TER 
region through adequate international connectivity. This study aims to provide decision-
makers with the necessary tools to define what, if any, HSR network should be developed 
in their respective states.
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TER High-Speed Master Plan Study - Phase 1

Executive Summary 
While the benefits of high-speed, i.e. considerable time savings are evident, there is also a strong impact on 

distances. Currently, shorter travel times essentially make distances shrink, which results in a higher attractiveness 

of affected regions as a location for economic activity. This makes high-speed rail investment attractive in addition 

to the local economic benefits that arise. These effects are illustrated by an Austrian example, the Koralm railway 

Graz-Klagenfurt, a new high-speed railway link closing the gap between these two cities.

At the European level, one can distinguish between monocentric countries such as e.g. France or Hungary and 

polycentric countries like the Czechia, Germany, Italy or Poland. Whereas in polycentric countries speeds on radial 

high-speed lines may be as high as technically, operationally and economically feasible, in polycentric countries 

network effects have to be taken into account, mostly by ensuring that integrated clock-face timetables are best 

integrated with speed needs. 

Examples in France and other large countries show that time savings due to high-speed are high enough to cause 

a relevant shift from both road and air traffic to railways, sometimes even replacing air traffic completely. The 

reduction of emissions from fossil fuels has a very beneficial effect on climate and environment. Depending on 

selected speed levels, high-speed trains are competitive against road for distances above 100-200 km and against 

air up to 800 and 1,000 km. A project in the Russian Federation may extend this threshold to about 1,500 km. 

The reduction of travel times may induce new commuting behaviour, with distances of 200 km and more in  

everyday commuting.

Furthermore, the gain of safety is not negligible, as in general, railways are safer than road by a factor of at least 10.

The only disadvantage of rail, including high-speed, is the emission of noise. This can be mitigated or avoided by 

noise protection measures such as walls or tunnels, which though expensive, are supported by the progress in 

technology for reducing noise emissions of vehicles.

All the advantages of high-speed rail are reasons for political decisions to implement concrete projects, mainly 

along the most important corridors and mainly linking the large urban agglomerations. But in many cases, even 

lower traffic demand is accepted, with the goal to foster regional development.

Running at speeds of at least 200 km/h has a number of effects that have to be taken into account for the layout and 

equipment of high-speed rolling stock: air resistance and dynamic air pressure, etc. The study gives an overview of 

high-speed rolling stock, comparing the basic design types as well as infrastructure parameters. 

Examples are provided of existing high-speed lines in Austria, France, Germany, Italy and Spain are described as 

well as projects in the TER countries, including Rail Baltica, the “Centralna Magistrala Kolejowa” and the postponed 

“double Y” in Poland, the Czech projects, mainly along the Orient-EastMed and the Baltic-Adriatic Corridor, and 

projects in Croatia, Hungary, Greece, Serbia, Slovakia and Slovenia. There are also important projects, partly already 

implemented, in the Russian Federation, e.g. the existing Moscow-St.Petersburg high-speed line, with the project 

of a parallel new line, even faster, and the Moscow-Rostov na Donu-Adler and the Moscow-Nizhny Novgorod-

Kazan-Yekaterinburg project. Finally, high-speed lines also exist in Turkey, such as the new Ankara-Polatli-Eskişehir-

Istanbul line.

For high-speed lines in TER countries, the most important EU legislation consists of the TEN-T Regulation 1315/2013 

with its counterpart for implementation, the CEF Regulation 1316/2013, as well as the set of Technical Standards for 

Interoperability (TSI). 

TER High-Speed Master Plan Study – Phase 2

ii

Note

Requests to reproduce excerpts or to photocopy should be addressed to the 
Copyright Clearance Center at: copyright.com

All other queries on rights and licenses, including subsidiary rights, should be addressed to:

United Nations Publications 
405 East 42nd Street 
S-09FW001 
New York, NY 10017 
United States of America

Email: permissions@un.org 
Website: https://shop.un.org

The findings, interpretations, and conclusions expressed herein are those of the author(s) and do not 
necessarily reflect the views of the United Nations or its officials or member States

The designations employed and the presentation of material on any map in this work do not imply 
the expression of any opinion whatsoever on the part of the United Nations concerning the legal 
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its 
frontiers or boundaries.

Links contained in the present publication are provided for the convenience of the reader and are 
correct at the time of issue. The United Nations takes no responsibility for the continued accuracy 
of that information or for the content of any external website.

Photo credits: cover photo Depositphotos, other photos Adobe Stock.

ECE/TRANS/282

UNITED NATIONS PUBLICATION
Sales No. E.20.II.E.47

ISBN: 978-92-1-117264-5
eISBN: 978-92-1-005495-9

© 2021 United Nations

All rights reserved worldwide

United Nations publication issued by the 
United Nations Economic Commission for Europe

http://www.copyright.com/
mailto:permissions%40un.org?subject=
https://shop.un.org/
https://depositphotos.com/
https://stock.adobe.com/


iiivii

Executive summary

A literature review was prepared with the aim of covering the whole field of high-speed rail, in particular the 

socioeconomic benefits and the political framework, the technical aspects of planning, construction, operation 

and maintenance, track geometry and practical experience, as well as costs of implementation and operation. This 

review has provided a basis for the detailed information on the key characteristics necessary for all components 

of high-speed infrastructure. This analysis is supplemented by a discussion on the challenges associated with 

track maintenance and renewal. Finally, the analysis explains operational requirements and the trade-off between 

speed and capacity on mixed use lines and highlights some key prefeasibility and feasibility studies as examples of 

potential projects. 

Of particular importance for high-speed lines is the provision of the adequate technical parameters. For EU member 

States, the most relevant regulations are comprised in the “Technical Specifications for Interoperability” (TSI). These 

specifications have passed through a twenty years process of development and consolidation, during which the 

initially separated prescriptions for conventional and high-speed rail have been merged. TSIs cover all parts of the 

railway system, namely infrastructure, rolling stock, power supply and signalling. For non-EU countries a comparison 

has been provided of these standards with TSIs. Although not mandatory, non-EU TER countries are recommended 

to apply TSI to ensure full interoperability also across EU external borders and, for those seeking further integration 

with the EU, to be prepared for possible future EU accession. Alongside TSIs, the use of national standards may 

complement the design of high-speed railways.

This analysis also covers construction and maintenance costs, implementation schedules, funding and financing of 

high-speed projects. This shows that construction costs vary greatly, depending on the morphology and the actual 

land use as well as a result of the economic level of the corresponding country. In terms of financing, most of the 

TER countries that are also EU member States, are so called “Cohesion countries”, as such they are entitled to receive 

up to 85 per cent co-funding for railway projects, including high-speed.

Analysis, results, conclusions and recommendations

A significant component of the study focused on the calculation of traffic demand potentials are often the reason 

for implementing high-speed. The calculations have been undertaking using as a basis Lill’s travelling law of 

1891 where the traffic demand between two cities is directly proportional to the number of their inhabitants and 

reciprocally proportional to almost the square of their mutual distance. The advantage of this methodology is that 

it can produce results with limited data. This methodology is applied in two examples: the existing high-speed line 

Vienna-Linz and the high-speed line Linz-Salzburg with the forecast for the Vienna-Linz line being about twice as 

high as that of Linz-Salzburg.

In a first step, this methodology was used for a set of “reference links”, i.e. existing high-speed lines, mainly in Western 

Europe and in the Russian Federation and Turkey. The results obtained can be used as the reference values, meaning 

that they may be understood as the minimum requirements necessary for high-speed investment.

Then, calculations were made for about 80 different sections that cover most of the TER area, but are focused on the 

international main corridors. The results are seen in five maps within the report showing present potential traffic 

demand, and two forecasts for each of the two scenarios which give an indication of where priorities could be in the 

future. The high-speed strategy of Turkey is underlined as an example of good practice. This is followed by examples 

of detailed assessments, including the extended cost-benefit analyses as had been developed by the Austrian 

Railways (ÖBB). Finally, an excel tool following the NIBA method has been included with the aim of facilitating the 

decision making processes of TER countries which includes an assessment of the Slovak Orient-East Med Corridor 

section as investigated in the above-mentioned feasibility study. The excel tool is also attached to the study.
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Executive Summary 
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network effects have to be taken into account, mostly by ensuring that integrated clock-face timetables are best 

integrated with speed needs. 

Examples in France and other large countries show that time savings due to high-speed are high enough to cause 

a relevant shift from both road and air traffic to railways, sometimes even replacing air traffic completely. The 

reduction of emissions from fossil fuels has a very beneficial effect on climate and environment. Depending on 

selected speed levels, high-speed trains are competitive against road for distances above 100-200 km and against 

air up to 800 and 1,000 km. A project in the Russian Federation may extend this threshold to about 1,500 km. 

The reduction of travel times may induce new commuting behaviour, with distances of 200 km and more in  

everyday commuting.

Furthermore, the gain of safety is not negligible, as in general, railways are safer than road by a factor of at least 10.

The only disadvantage of rail, including high-speed, is the emission of noise. This can be mitigated or avoided by 

noise protection measures such as walls or tunnels, which though expensive, are supported by the progress in 

technology for reducing noise emissions of vehicles.

All the advantages of high-speed rail are reasons for political decisions to implement concrete projects, mainly 

along the most important corridors and mainly linking the large urban agglomerations. But in many cases, even 

lower traffic demand is accepted, with the goal to foster regional development.

Running at speeds of at least 200 km/h has a number of effects that have to be taken into account for the layout and 

equipment of high-speed rolling stock: air resistance and dynamic air pressure, etc. The study gives an overview of 

high-speed rolling stock, comparing the basic design types as well as infrastructure parameters. 

Examples are provided of existing high-speed lines in Austria, France, Germany, Italy and Spain are described as 

well as projects in the TER countries, including Rail Baltica, the “Centralna Magistrala Kolejowa” and the postponed 

“double Y” in Poland, the Czech projects, mainly along the Orient-EastMed and the Baltic-Adriatic Corridor, and 

projects in Croatia, Hungary, Greece, Serbia, Slovakia and Slovenia. There are also important projects, partly already 

implemented, in the Russian Federation, e.g. the existing Moscow-St.Petersburg high-speed line, with the project 

of a parallel new line, even faster, and the Moscow-Rostov na Donu-Adler and the Moscow-Nizhny Novgorod-

Kazan-Yekaterinburg project. Finally, high-speed lines also exist in Turkey, such as the new Ankara-Polatli-Eskişehir-

Istanbul line.

For high-speed lines in TER countries, the most important EU legislation consists of the TEN-T Regulation 1315/2013 

with its counterpart for implementation, the CEF Regulation 1316/2013, as well as the set of Technical Standards for 
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Executive summary

A literature review was prepared with the aim of covering the whole field of high-speed rail, in particular the 

socioeconomic benefits and the political framework, the technical aspects of planning, construction, operation 

and maintenance, track geometry and practical experience, as well as costs of implementation and operation. This 

review has provided a basis for the detailed information on the key characteristics necessary for all components 

of high-speed infrastructure. This analysis is supplemented by a discussion on the challenges associated with 

track maintenance and renewal. Finally, the analysis explains operational requirements and the trade-off between 

speed and capacity on mixed use lines and highlights some key prefeasibility and feasibility studies as examples of 

potential projects. 

Of particular importance for high-speed lines is the provision of the adequate technical parameters. For EU member 

States, the most relevant regulations are comprised in the “Technical Specifications for Interoperability” (TSI). These 

specifications have passed through a twenty years process of development and consolidation, during which the 

initially separated prescriptions for conventional and high-speed rail have been merged. TSIs cover all parts of the 

railway system, namely infrastructure, rolling stock, power supply and signalling. For non-EU countries a comparison 

has been provided of these standards with TSIs. Although not mandatory, non-EU TER countries are recommended 

to apply TSI to ensure full interoperability also across EU external borders and, for those seeking further integration 

with the EU, to be prepared for possible future EU accession. Alongside TSIs, the use of national standards may 

complement the design of high-speed railways.

This analysis also covers construction and maintenance costs, implementation schedules, funding and financing of 

high-speed projects. This shows that construction costs vary greatly, depending on the morphology and the actual 

land use as well as a result of the economic level of the corresponding country. In terms of financing, most of the 

TER countries that are also EU member States, are so called “Cohesion countries”, as such they are entitled to receive 

up to 85 per cent co-funding for railway projects, including high-speed.

Analysis, results, conclusions and recommendations

A significant component of the study focused on the calculation of traffic demand potentials are often the reason 

for implementing high-speed. The calculations have been undertaking using as a basis Lill’s travelling law of 

1891 where the traffic demand between two cities is directly proportional to the number of their inhabitants and 

reciprocally proportional to almost the square of their mutual distance. The advantage of this methodology is that 

it can produce results with limited data. This methodology is applied in two examples: the existing high-speed line 

Vienna-Linz and the high-speed line Linz-Salzburg with the forecast for the Vienna-Linz line being about twice as 

high as that of Linz-Salzburg.

In a first step, this methodology was used for a set of “reference links”, i.e. existing high-speed lines, mainly in Western 

Europe and in the Russian Federation and Turkey. The results obtained can be used as the reference values, meaning 

that they may be understood as the minimum requirements necessary for high-speed investment.

Then, calculations were made for about 80 different sections that cover most of the TER area, but are focused on the 

international main corridors. The results are seen in five maps within the report showing present potential traffic 

demand, and two forecasts for each of the two scenarios which give an indication of where priorities could be in the 

future. The high-speed strategy of Turkey is underlined as an example of good practice. This is followed by examples 

of detailed assessments, including the extended cost-benefit analyses as had been developed by the Austrian 

Railways (ÖBB). Finally, an excel tool following the NIBA method has been included with the aim of facilitating the 

decision making processes of TER countries which includes an assessment of the Slovak Orient-East Med Corridor 

section as investigated in the above-mentioned feasibility study. The excel tool is also attached to the study.
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Executive Summary 
While the benefits of high-speed, i.e. considerable time savings are evident, there is also a strong impact on 

distances. Currently, shorter travel times essentially make distances shrink, which results in a higher attractiveness 

of affected regions as a location for economic activity. This makes high-speed rail investment attractive in addition 

to the local economic benefits that arise. These effects are illustrated by an Austrian example, the Koralm railway 

Graz-Klagenfurt, a new high-speed railway link closing the gap between these two cities.

At the European level, one can distinguish between monocentric countries such as e.g. France or Hungary and 

polycentric countries like the Czechia, Germany, Italy or Poland. Whereas in polycentric countries speeds on radial 

high-speed lines may be as high as technically, operationally and economically feasible, in polycentric countries 

network effects have to be taken into account, mostly by ensuring that integrated clock-face timetables are best 

integrated with speed needs. 

Examples in France and other large countries show that time savings due to high-speed are high enough to cause 

a relevant shift from both road and air traffic to railways, sometimes even replacing air traffic completely. The 

reduction of emissions from fossil fuels has a very beneficial effect on climate and environment. Depending on 

selected speed levels, high-speed trains are competitive against road for distances above 100-200 km and against 

air up to 800 and 1,000 km. A project in the Russian Federation may extend this threshold to about 1,500 km. 

The reduction of travel times may induce new commuting behaviour, with distances of 200 km and more in  

everyday commuting.

Furthermore, the gain of safety is not negligible, as in general, railways are safer than road by a factor of at least 10.

The only disadvantage of rail, including high-speed, is the emission of noise. This can be mitigated or avoided by 

noise protection measures such as walls or tunnels, which though expensive, are supported by the progress in 

technology for reducing noise emissions of vehicles.

All the advantages of high-speed rail are reasons for political decisions to implement concrete projects, mainly 

along the most important corridors and mainly linking the large urban agglomerations. But in many cases, even 

lower traffic demand is accepted, with the goal to foster regional development.

Running at speeds of at least 200 km/h has a number of effects that have to be taken into account for the layout and 

equipment of high-speed rolling stock: air resistance and dynamic air pressure, etc. The study gives an overview of 

high-speed rolling stock, comparing the basic design types as well as infrastructure parameters. 

Examples are provided of existing high-speed lines in Austria, France, Germany, Italy and Spain are described as 

well as projects in the TER countries, including Rail Baltica, the “Centralna Magistrala Kolejowa” and the postponed 

“double Y” in Poland, the Czech projects, mainly along the Orient-EastMed and the Baltic-Adriatic Corridor, and 

projects in Croatia, Hungary, Greece, Serbia, Slovakia and Slovenia. There are also important projects, partly already 

implemented, in the Russian Federation, e.g. the existing Moscow-St.Petersburg high-speed line, with the project 

of a parallel new line, even faster, and the Moscow-Rostov na Donu-Adler and the Moscow-Nizhny Novgorod-

Kazan-Yekaterinburg project. Finally, high-speed lines also exist in Turkey, such as the new Ankara-Polatli-Eskişehir-

Istanbul line.

For high-speed lines in TER countries, the most important EU legislation consists of the TEN-T Regulation 1315/2013 

with its counterpart for implementation, the CEF Regulation 1316/2013, as well as the set of Technical Standards for 

Interoperability (TSI). 
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