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Our Article

Abstract

High-Speed Rail is a new mode of intercity passenger transportation. The article
reviews the history of the U.S. HSR development and makes a comparison of peer
countries’ HSR development. With the rapid progress of HSR and the successful
competition with cars and air travel between medium to long distances (150 and
1,200 km), HSR has an increasing role in the intercity travel worldwide. The
decision-makers, transportation planners, system designers and operators, as well
as political leaders need to understand the HSR operational boundary as it to
intercity travel in which HSR would outperform one and another under which
condition. The analysis uses a simple time-distance factor to clarify the
dominance. To validate the validity of HSR in the intercity passenger rail services,
a comparison to the external competition of car and air travel is necessary.
Meanwhile, an internal examination of operational performance under the overlay
of sophisticate variables is an imperative step. The dissection, based on numerous
HSR projects, selects four interrelated trade-off elements: passenger access time
and travel time associated with the total on-line travel time, area coverage
associated with station density, station density associated with speed, and transit
unit (TU) size, frequency, and loading factor associated with an independent line
capacity. After examining the interrelations and trade-offs, a practical case study
represents one of the major U.S. economic corridors – the Northeast corridor. The
case study explores the geospatial metadata and concludes three major system
efficiency challenges; therefore, provides corresponding engineering measures to
convert an independent dead-end terminal to an integrated through-running
station, which are the priority of converting the Amtrak, the U.S. national rail, to
an accelerated HSR service. It is time to renew the government’s interest in paying
a systematic attention to the comprehensive effect of the HSR.
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https://www.amtrak.com/content/dam/projects/dotcom/english/public/documents/Maps/Natl
-System-Timetable-0317.pdf

Amtrak - U.S. National Intercity Passenger Rail System
was founded in 1971 to serve to megaregion

Source: High-Speed Rail in America, Regional Planning Association, 2011
http://www.america2050.org/2011/01/high-speed-rail-in-america.html

1. Overview of the U.S. HSR 
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Historical U.S. fund distribution across common intercity modes 

Source: High-Speed Rail International Lessons for U.S. Policy Makers, Lincoln Institute of Land Policy, 2018
https://www.lincolninst.edu/sites/default/files/pubfiles/high-speed-rail-full_0.pdf
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Historical U.S. rail fund distribution

Source: High-Speed Rail International Lessons for U.S. Policy Makers, Lincoln Institute of Land Policy, 2018
https://www.lincolninst.edu/sites/default/files/pubfiles/high-speed-rail-full_0.pdf
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Lack of legislative support 

Competing interest among 
states and political parties 

Lack of coordination at 
administrative levels 

Special interest groups 
and lobbyists 

Accumulated pension liability

Self-liquidate &
Underfunded situation

Insolvency

Reduce performance and low/ 
aging asset utilization 

Maximize revenue Astronomical fare

Reduce O& M, 
training, services

Cut services / 
No expansion

Less operating ability to 
generate revenue 

Elastic demand to low-
cost operator (i.e. bus)

Congestion on intercity 
highway and regional corridor 

Low-cost airline demand 
increase with low quality 

services

More funding supports to 
highway and airport 

expansion

Lobbyists 

Negative external effects 

*Narrative, but not mutually exclusive

The Vicious Circle of the underfunded U.S. HSR and negative effects 
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Reduce O& M, training, services due to under-funded led to massive catastrophe

Philadelphia Amtrak Derailment, May 2015
(8 were killed and over 200 injured, 11 critically)

South Carolina, Feb 2018

Seattle Derailment, Dec 2017
(3 were killed and over 62 injured)
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248 366
514

716

2010 2012 2014 2016

+19%

HSR vs Individual cars HSR vs Air transport HSR vs Bus travel

Source: High Speed Rail Traffic 2017 - International Union of Railways

895

2010 20162012 2014

1 185 1 470
2 070+15%

bln passengers - km mln passengers 

• Privacy
• Full door-to-door trip
• Own choice of date and time
• Own choice of the route
• No tickets
• Car-pooling and car-sharing

• Not efficient over long-distances
• More inventive passenger services from 

HSR
• On-demand trains
• Fares based on the phone system
• Digital-oriented and multimodal market

< 2 hours

2 hours -
3.5 hours

3.5 hours 
- 5 hours

> 5 hours

• HSR dominates the market 

• HSR is the dominant mode

• Air is the dominant 
mode 

• HSR becomes a marginal 
actor compared to air

• Low-cost service
• Offers several stops within a city
• Flexible pricing

• Not efficient over long-distances
• ground speed
• access to city centers
• more freedom and passenger 

comfort on train board

Modal shares are driven by the relationship between the respective door-to-door travel times and level of passenger services 
available on board

• Access to city centers
• Minimum access time

HSR TRANSPORTATION GROWTH

HSR COMPETITIVE ADVANTAGES

https://data.worldbank.org/indicator/IS.AIR.PSGR?end=2017&start=2000    https://uic.org/IMG/pdf/high_speed_passenger-km_20171130_.pdf
https://uic.org/IMG/pdf/uic_high_speed_2018_ph08_web.pdf

2. Performance Comparison between conventional rail, HSR, and air transport 
- The role of high speed rail in intercity travel is increasing
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0
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Tac= 60 min
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Tac = 160 min

AIR

Tac = 200 min
AIR

ac - Approach dp - Departure

Comparison of travel times Conventional Rail and Air in 1960 and HSR and Air in 2018 

Source: High-Speed Rail International Lessons for U.S. Policy Makers 
Lincoln Institute of Land Policy, 2018
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Door-to-door travel time estimation outlines HSR mode1 as the most 
convenient

Source: High Speed Brochure 2018 - International Union of Railways

Intermediate stops 
connect smaller 

cities

Few and infrequent 
stations reduce 

travel time

Minimum time of 
access and egress

Stations location in 
the city center

HSR

Conventional 
Rail

Automobile

Bus

The most important growth driver of HSR growth is time-distance factor

Car-sharing / 
car-pooling

Airline

Total cost

5 min

5 min

7,5 min

5 min

7,5 min /
5 min

5 min

25 min

25 min

0 min

25 min

0 min /
25 min

50 min

5 min

5 min

0 min

5 min

15 min /
10 min

45 min

1h25

2h10

5h15

5h15

3h15
3h15

1h05

5 min

5 min

0 min

5 min

15 min /
5 min

30 min

25 min

25 min

0 min

25 min

0 min /
25 min

50 min

5 min

5 min

7,5 min

5 min

7,5 min /
5 min

5 min

2h55

3h40

3h30

6h35

4h00 / 
4h30

4h10

55 €

55 €

65 €

10 €

25 € / 
20 €

120 €

Starting 
location

Transfer of 
main means of 

transport

Main means of 
transport

Transfer to 
final 

destination

Final 
destination 

total time (HR)
Advantages of HSR

Convenient 
integration with city 

transport











More on board 
passenger services 

and comfort

1 – considering the HSR travel time less than 3.5 hours https://uic.org/IMG/pdf/20181001-high-speed-lines-in-the-world.pdf
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43 thousand km of high speed rail are already in operation, almost 14 
thousand km are under construction, almost 12 thousand km are planned

In operation

11,9Planned

Under 
construction

Total

43,0

13,7

68,5

World HSR area coverage by types of readiness HSR length by time of readiness, thousand km

> 1,6 bln. 
passengers 

annually

> 4 thousand 
HSR trains 

in operation

Source: High Speed Brochure 2018 - International Union of Railways, Russian Railways - 2018

China
Japan
Spain
France

Germany
Italy
South Korea
USA

China
Turkey
Spain
Japan

Austria
United Kingdom
Morocco
USA

Turkey
USA
Iran
China

Spain
Russia
Indonesia
Thailand

27,7   
3,0   
2,9   
2,8   

10,0   
1,2   
0,9   
0,4   

2,2   
1,7   
1,4   
1,3   

1,6   
0,9   
0,9   
0,7   

0,3   
0,2   
0,2   
0,2   

1,1   
0,8   
0,7   
0,6   

http://www.hsrail.ru/info/vsmm/
https://uic.org/IMG/pdf/20181001-high-speed-lines-in-the-world.pdf



3. Operational Dissection and Performance Measure of HSR 
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Figure 3.1  Passenger access and travel time by station density
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Figure 3.2 Station area coverage by density
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Figure 3.3 Travel disutility by station density and speed



Figure 3.4 Travel distribution between station 
density and speed

Figure 3.5 Operation strategy for shifting individual 
equilibrium to system optimum



Event Operational alternatives Benefits

System and 
technology design 

Speed increase

Reduced operating costs 
(street transit modes)

Reduced investment and 
operating costs

Increased revenue

Travel time saved

Waiting time saved

New passengers (diverted 
from automobile)

New passengers 
(induced trips)

Reduced congestion –
increased mobility

Reduced 
number of 

vehicles if ΔT ≥ 
h

Reduced 
headways

or

Schedule 
revision

Investment and 
effort to improve 

operations

Operator

Existing passengers

New passengers

Community

Figure 3.6 Evaluation on speed increase 
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4.  A case study: New York Pennsylvania Station: Existing challenges and 
corresponding engineering measures 



*Tunnel & yard capacity

*Column  *Platform gap & screen doors 

*Network

Power 

*Vehicle seat/way/station (escalator, stairs, platform)/Line capacity

Rolling stock *Track

*Scheduling 

Emergency evacuation protocol 

*Line/network pairing/ridership sculpting 

Safety standard (FTA requirements)

*Operation strategy

Administrative 

Energy regenerative /Wayside storage 
(25% power reduction) incentive 

Environmental impact study (EIS)

*Construction phases 

*Policy/Regulations 

Fare collection type (technology)

Procurement timeline & process 
– Special purpose vehicle (SPV) 

Infrastructure

Operation

Technical 

*The book provides technical contents to support the 
RUN program. Each sub-category has been treated as a 
single project. Each project includes sub-components. 

Rethink Studio – Regional Unified Network Program BreakdownTravel Demand 
Forecast
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New York City Regional Transit Plan 2050 
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NY-NJ-CT Tristate Transit Plan 2050



Existing situation: Low capacity mode for intercity passenger travel

Source: Wikipedia1, New York Business Journal2, CBS3, NBC New York4

Aerial footage on Lincoln tunnel (NY-NJ bidirectional) 



NY-NJ Gateway Tunnel Project

NY-NJ Gateway Tunnel
(Opened in 1937 & 1954)

Trump administration cut $4BN budget to the tunnel project 
in FY2018

Source: RPA 2012



Figure 4.1: Low Network Capacity (Up) vs. Flexible Track Alignment for Higher Operation (Down) 

NY Pennsylvania station Dead-end conflict (Up) vs. Through-running flow (Down)



Figure 4.2 Operation efficiency: increase of tunnel and track utilization 

Selected schematic design on track reengineering, network realignment (Left) and counter operation strategy (Right) within the Penn station construction phasing Plan



Figure 4.3 Limited Passenger Circulation vs. Platform Expansion to Expedite Boarding and 
Alighting Process

Penn Station existing platform condition (Upper-left and lower two) vs. Engineering improvement on vertical circulation (Upper-right).



Figure 4.4 Disconnected Network Services vs. Unified Network to Increase Regional Connectivity

Comparative analyses of dead-end (Left) vs. through-running (Right) network capacity at the New York Pennsylvania Station



5. Russia HSR Case Studies and Future Networks  



Dr. Vuchic and Deputy Mayor of Moscow 

Mr. Maksim Liksutov

Russia Federation Broadcast Interview

Exclusive meeting with Dean of St. 

Petersburg State University Dept. 

Transport along with Rethink Studio 

(Sept 2018)

Moscow Metro



High speed rail in Russia

• Type: Siemens Velaro

• Operation since 2009

• Average speed – 180 km/h

• 15 times a day

• 2-3 stops

«SAPSAN» (eng. «Sapsan»)
Moscow – St. Petersburg

Source: Russian Railways

• Type: Talgo TransMashHolding

• Operation since 2015

• Average speed – 130 km/h

• 5 times a days

• 5-7 stops

• Type: Alstom

• Operation since 2010

• Average speed – 120 km/h

• 8 times per day 

• 5-7 stops

«STRIZH» (eng. «Martin»)
Moscow – Nizhniy Novgorod

• Type: Siemens Desiro

• Operation since 2013

• More than 170 trains on different 
routes

• 5-7 times a day

• 2-10 stops 

«ALLEGRO»
St. Petersburg - Helsinki

«LASTOCHKA» (eng. «Swallow»)
Connects cities Moscow, St Petersburg, Sochi, Krasnodar, Yekaterinburg, 
Kaliningrad, Rostov-on-Don with other regional towns

635 km
distance

3h40
Travel time

32.2 mln
total passengers
since its launch

442 km
distance

3h35
Travel time

1.9 mln
total passengers
since its launch

100-500 km
distance

25 min – 6h
Travel time

9.2 mln
total passengers
since its launch

407 km
distance

3h27
Travel time

2.3 mln
total passengers
since its launch



Railway network in Russia

Routes of planned HSR lines

Route of TransSib (Trans Siberian line)

Route of BAM (Baikal – Amur line)

Routes of existing conventional lines



Planned HSR «Eurasia» – is a corridor, connecting Chinese and European 
HSR networks through the Russian HSR network

Source: Russian Railways

Travel time from Moscow to Beijing by railway is reduced to 32 hours - by 4 times 
Desirable delivery period for a potential customer is 3-5 days

China High Speed Train NetworkEuro Carex

HSR in Russia will connect major HSR systems into the HSR Eurasia

ITC East-West (planned)
ITS North-South
Baikal-Amur Mainline
ITS Primorye-1 and Primorye-2

7700 km
HSR length from Moscow to 

Beijing

30 h 
Travel time from Moscow to 

Beijing

2300 km
HSR length across Russia

9500 km
Total HSR length from Europe 

to Beijing

http://www.hsrail.ru/info/silkway/

http://www.hsrail.ru/info/silkway/
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HSR-1 project: HSR Moscow - St. Petersburg

Source: Russian Railways

St.Petersburg
PetrozavodskMinsk

Kiev

Volgograd

Moscow
Vladimir

N. Novgorod

Kazan
Penza

Astrakhan

Makhachkala

Adler

Krasnodar
Samara Ufa

Yekaterinburg

Novokuznetsk

Krasnoyarsk
Novosibirsk

Astana

Urumqi
Beijing

Barnaul

Chelyabinsk

Voronezh Ryazan

Tomsk

Perm

• The Program enables more than 50 express routes 
• Total length of HSR and SR lines will exceed 7 thousand km

• More than 70% - 100 mln people live in the catchment area 

Moscow – Kazan – Yekaterinburg (200-400 km/h)
Moscow – North-West (St. Petersburg) (200-400 km/h)
Moscow – Center - South (200-400 km/h)
Railway line (140-200 km/h)

8h
Travel time from Moscow 

to Yekaterinburg

1595 km
HSR length to 
Yekaterinburg



HSR-1 project: HSR Moscow - St. Petersburg

Source: Russian Railways

HSR in operation on the existing line

• 1988 – feasibility study, 1992 – design and project documentation approved by the 
Expertize

• 2006 - establishment of JV «High Speed Railways»

• 2013 – approval of the President to build the HSR

• Procurement of 20 French ALSTOM trains

• Length – 640 km, Travel time – 2h30

• Maximum speed – 400 km/h, Frequency – 42 trains per day, Traffic forecast – 14 mln
passengers annually

• Idea rose in 1960-s, a trial operation was tested

• Research work and testing done in 1969 – 1974, signalling system was upgraded 

• First high speed trains ER-200 launched in 1984

• New high speed SAPSAN trains launched in 2009 and still operate

• Travel time – 3h35, distance 15 trains per day

HSR-1 on new planned line 
(30 km remote from the existing line), lies through Velikiy Novgorod



770 km
Length of line
From Moscow 

to Kazan

10.5 mln
Annual passenger

flow

350-400
km/h Speed

4-fold
Reduction in journey

time

HSR-2 project: new high speed line from Moscow to Kazan

Source: Russian Railways

3h30
Travel time

From Moscow 
to Kazan

14 h 07min 3 h 30min

3 h 55min 2 h 00min

• Moscow-Kazan

10 h 32min 1 h 30min

Moscow

Vladimir

Cheboksary

Kazan

Yekaterinburg

210 km 1 h 45 min

197 km 55min

251 km 2 h 10 min

226 km 1 h 05 min

479 km 6 h 41

min

220 km 50min

230 km 3 h 51

min

127 km 40min

Nizhny

Novgorod

Railway location

• Moscow, Moscow Region, Vladimir Region, Nizhny  
Novgorod Region, Chuvash  Republic, Mari-El Republic  
and the Republic of Tatarstan

1st stage of the construction

• Launch planned in 2024

• A part of HSR line of  301 km length

• Will connect Zheleznodorozhnyi town in Moscow Region 
with Gorokhovetz in Vladimir Region

Total travel time

• Nizhny Novgorod-Kazan
• Moscow-Nizhny Novgorod

one-hour accessibilityzone

HSR route
Using existing rail



Source: Russian Railways

Nizhny Novgorod
Region

Kirov Region

Republic of Tatarstan

Ivanono
Region

Ryazan Region Mordovia  Republic Ulyanovsk  Region Samara
Region

Yaroslavl  
Region

Tver Region

Moscow Region

Vladimir Region

Mari El  
Republic

Central Federal  
District

Volga Federal District

Shumerlya
0,03 mln

Chuvash  
Republic

Volzhsk
0,05 mln

Kstovo
0,06 mln

Arzamas
0,1 mln

Sarov
0,1 mln

Murom  
0,12 mln

Gus  
Khrustalny
0,06 mln

Sobinka
0,02 mln

Yoshkar-OlaMoscow
16 mln

Vladimir

Nizhny  Novgorod  
2,1 mln

Cheboksary
0,7 mln

Kazan
1,6 mln

1,2 
mln

Novo-
cheboksarsk

1,3 mln
0,25 
mln

0,3 mln

Kovrov
0,14 mln

0,27 
mln

12 mln

More than 150

From 50 to 150

From 35 to 50

Less than 35

Population in  
agglomerations

2,1 mln people

More than 1,0 mln

From 0,5 to 1,0 mln

From 0,2 to 0,5 mln

From 0,1 to 0,2 mln

From 0,05 to 0,1 mln

Less than 0,05 mln

Population in cities
Thousand people

Population density
Persons/km2

Population density in the HSR-2 catchment area

Dzerzhinsk

HSR-2 route

Bor
0,12 mln 0,47 

mln
0,12 
mln



Existing agreements on Moscow – Kazan HSR 

Russian High-Speed Railways, Mosgiprotrans,
China Railway Eryuan Engineering Group Co. Ltd
In total, over 50 entities, including Russia’s leading design

Contract amounting $400 
USD signed in May 2015 

• Joint project and design documentation development, timeline, 
territory preparation for the construction 

1 - Eurasian Development Bank (EDB) - founded by Russia and Kazakhstan in January 2006 with the mission to facilitate the development of market economies, sustainable economic growth, and the expansion of mutual trade and other economic ties

Russian Railways, Sinara Group, Siemens, 
Alstom, China CNR Corporation

• Definition of technical requirements to the rolling stock
• Agreement on the rolling stock purchase: 11 trains (27 cars) and  

production localization in Russia
• Transfer of technologies to "Ural Locomotives"

Preliminary precontractual
discussion

Counterparties and agreements Subject Status

Russia and China • Agreement on using Chinese technologies while constructing the HSR 
line with Russian companies participation

Memorandum of cooperation 
for the HSR construction 
signed in May 2015

Russian Railways, China Railways, 
Ministry of Transport of Russia, 
State Committee for Development of China

• Moscow – Beijing Eurasian HSR transport corridor development
• Roadmap for Chinese-Russian cooperation

Memorandum of cooperation 
for the HSR construction 
signed in October 2014

Eurasian Development Bank (EDB) 1 and 
Russian Railways

Agreement signed in May 
2018

• Finance arrangement and capital contribution to the SPV
• Fund rise from international investors

Russian Railways and Russian High-Speed 
Railways, Systra, SNCF

End of 1 work phase in 2016• Engineering research, project documentation of construction of the 
first site of the highway Moscow – Nizhny Novgorod development

DESIGN

FINANCE & 
CONSTRUCTION

ROLLING STOCK

Stages

PROJECT 
ORGANIZATION

Russian Metals and Mining companies

Potential Investors - Russian Direct Investment Fund, 
BRICS New Development Bank, Silk Road Fund and 
Russia-China Investment Fund, Infrastructure Fund of the 
Russian Federation

Pension Fund of Russia
National Welfare Fund of Russia

Negotiations since 
September 2014

China Development Bank • Interest shown to the project concerning the extension of the HSR line 
to Beijing

• OHL (Spain), Bouygues, Systra, SNCF, Vinci (France), Salini (Italy) 
showed interest in participating in the constrcution of the HSR

Negotiations since 
March 2014

• Finance arrangement Preliminary precontractual
discussion

Preliminary precontractual
discussion



Total investments in a project Moscow – Kazan HSR equal $25.3bn USD

$6.0 bn
State budget capital grant

Whole cycle of 
construction

Loan from 
Chinese investors

Capital from 
German Initiative Fund

Commercial loans

State budget
capital grant

National Welfare Fund
investments

Infrastructure loans

Other private 
investors

Total

2,2

25,3

7,5

4,1

6,0

2,1

2,0

1,4
22.5 years
Payback period

4.8%
Average profitability

0,5Design and project
documentation

Track 
construction

Railway stations
and depots

Rolling stock
procurement

Connection and 
Signalling systems

Automobile 
Roads

0,7

Total

Other systems

16,4

4,6

0,7

0,8

1,5

25,3

Project financing by sources, bln USD

• 20-year loan
• 4% of annual rate
• State guarantee

PPP-Concession agreement

• Grant on an 
irrevocable basis

Investment projects, bln USD

Subsidy for operation and 
loan payment is given on 

annual basis

ConcessionaireState

Operation after 
the launch

Key financials 1

1 - according to the investment model of Russian railways, Russian transport strategy 2030

$6.0 bn
State budget capital grant

Transfer of land plots to the 
concessionaire for the 

construction

Construction peculiarities

• Implementation of Chinese technologies

• 85% of production localization in Russia



$ 193 bln
Aggregate GRP increase

48 th
People involved in
construction works

370 th
New created jobs

HSR-2 construction leads to increase in spillover effects

* Source: Moscow Metro, Russian Railways

Passenger comfort

Seamless trade

Population mobility

Economy boost

• Multimodal transport systems development

• Seamless passenger transit

• Unified fare system – cost reduction for the passenger

• Integration into city transport – unified navigation and schedule time

• Safety of travelling

• Unified service and technology space – unified online service 

• Additional tax income into the regions budgets

• Newly created jobs – 370 thousand 
• Increase in budget income – $61 bln USD during the forecasted 

period 2026-2036 by agglomeration effects

• Additional investments into local industries – heavy industry, 
mechanical engineering, scientific developments (Ural Locomotives, 
Mechel), manufacturing industry

• Estimated Trans-Siberian Cargo turnover by 2 times

• Increase in mobility – work travelling, tourism

• Integration of large cities into one agglomeration – more than 20 mln people

• Territory coverage – 15 %

230 min
Total travel time Moscow -

Kazan

354 tons
Of metal required for the 
construction of the HSR

$174 bln
Estimated GDP increase 

till 2030

• Rapid growth of e-commerce from China to Europe



High speed railways

Stuttgart - Muenchen

Tokyo - Aomori

Length of 
track, km

CapEx, bln USD Fare cost, USD,

Madrid - Barcelona

Paris - Lyon

Beijing  - Shanghai

Moscow - Kazan

1 km cost, mln
USD

• Costs per 1 km of track in Russia, however, are higher than that of its analogues
• Necessary subsidies on operation amount 180 mln USD

Annual subsidy on 
operation of the line, 
mln USD

Moscow – Kazan HSR comparison to other world high speed railways
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Source: Russian Railways, working group analysis



6. Conclusion 



6.1 Regional Unified Network (RUN) 



Source: ADB Urban Development Series - Green Cities, Nov 2012 p31

Proven Studies on successful industry linkages create strong economic cluster 



6.2 Reduce administrative layers and competing interests 



1910
New York Region Commuter Rail & Waterfront Terminals, 1910. Penn Station and eight 
waterfront terminals provided many ways  between Manhattan and New Jersey.

6.3 History doesn’t repeat itself, but it does rhyme  - by Mark Twain

New York Region Commuter Rail, 2016. Penn is the primary means of access between New 
Jersey and Manhattan.

2018

• What’s past is past. However, the present can conditionally fall into the same rat hole and the current cast of 
imprudent can make the same mistakes.

• It’s never too late to go to the “wrong” direction vs. What kind of city do people want and how to get there? 
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6.4 Amtrak turnaround and learning from the international best practices 

ONE  
REGIONAL  

PLAN



Latest Activities 



Online course 

https://vuchic.seas.upenn.edu/apta-lifetime-award/

https://vuchic.seas.upenn.edu/apta-lifetime-award/
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https://vuchic.seas.upenn.edu/

Dr. Vukan R. Vuchic’s Urban Transit Trilogy



Online course 
structure



Thank you 



Appendix



Moscow Central Diameters



Alternative to HSR-2 «Moscow – Kazan» the same budget may be allocated to the 
new ground metro lines in Moscow - Moscow Central Diameters with better effect

Effects after the introduction of MCD-1 and MCD-2 in 2019 - 2020

10% metro lines adjacent to MCD

20% central railway terminals

12% all Moscow transport infrastructure

Improved transport service for 
2,6 mln people

Decreasing travel time more than 2
times

2,280,000
Passengers seats per a day

5 min. intervals between 
trains during rush hours Length of station stop – 1 minute

Public transport integration

Clear navigation

High-tech and comfortable 
trains 

Integration within the Moscow 
and Moscow region transport 
system

Unified payment methods

Reduction of  passenger traffic intensity:

MCD1
(Odintsovo-Lobnya)
MCD2
(Nakhabino-Podolsk)

Length of route, 
km

Number of 
stations

Traffic, 
mln pass per year
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80 38

28 42,9

48,6

Main indicators for MCD-1 и MCD-2 (2019 – 2020)

260
226
191
187

146
131
130
104

69

1.060

286

468

419

588
532

460

321

427

190

107
154

123
84
108

64

365

195

444

469
232
274
320

245
453

301

194

333

581

553

1.593

2.960
1.970

1.399

2.041

888

1.785

2.468

740

1.543
1.663
1.700

1.008

768
672

Length of route, 
km

Number of 
stations

Traffic, 
mln pass

Moscow 2023
Shanghai

NY
Sydney
Beijing

London
Moscow 2018

Paris
Madrid

Guangzhou
Mexico City
Hong Kong

Delhi
Berlin
Taipei

Singapore
Santiago

San-Paulo

Total 132 66 91,5
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Gorkovskoye

Passenger density in trains during the morning rush hour, %

0 50 100 150

Нахабино

Лобня

Лосиноостроская

1

2

3

4

5

6

7

8

9

1

Yaroslavskoye 2

Kurskoye 3

Belorusskoye 4

Kazanskoye 5

Savelovsloye 6

Paveletskoye 7

Rizhskoye 8

Liningradskoye9

Kiyevskoye
1010

▪ All the lines are overloaded in peak hours
▪ The high density of population of trains sharply reduces

appeal of local trains to passengers
▪ MCD launch will reduce the intervals, provide with additional

track construction, and will help get rid of infrastructure
restrictions

Existing lines

Moscow Central Diameters will reduce the infrastructure restrictions in Central 
Transport Railway Hub for the quality increase of transport service in Moscow

1

2

3

4

5

8

7

6

9

10

MOSCOW
Vnukovo

Novoperedelkino

Lyublino

Sheremetyevo

Domodedovo
Podolsk Domodedovo

Pushkino

Bolshevo
Mytishchi

Nakhabino
Balashikha

Zheleznodorozhnaya

Lyubertsy

Lobnya

Vykhino
Reutovo

Usovo

Odintsovo

Kryukovo

Solnechnaya

Lesnoy gorodok



Travel time reduction:

Ryazan
Tula

Kaluga

Smolensk

Tver Yaroslavl

Vladimir

Moscow

Route To Moscow 
by car

To the nearest 
Metro station after 
the MCD launch

Reduction

Moscow - Kaluga 4 h 8 min 2 h 20 min 2 times

Moscow – Tula 4 h 2 h 2 times

Moscow – Ryazan 4 h 22 min 2 h 40 min 1,5 times

Moscow – Vladimir 4 h 24 min 2 h 2 times

Moscow – Yaroslavl 4 h 5 min 2 h 2 times

Moscow – Tver 3 h 22 min 55 min 3,5 times

Moscow – Smolensk 6 h 20 min 4 h 20 min 1,5 times

Passenger seats

IncreaseCurrently Projected

Moscow - Kaluga 19 264   38 528   100%

Moscow – Tula 13 244   34 916   164%

Moscow – Ryazan 20 468   40 936   100%

Moscow – Vladimir 8 428   18 060   114%

Moscow – Yaroslavl - 24 080   100%

Moscow – Tver 27 692   37 324 35%

Moscow – Smolensk - 24 080   100%

Infrastructure of Central Transport Hub is used in 14 
regions by more than 1,8 mln people a day

1,243

1,821

488
44
28
13

Kaluga region

Moscow region

Moscow

Other regions 

Vladimir region

Tula region

5
Total

69%

27%

6%

Moscow 
Region

▪ More than 33 mln people live in Moscow region and nearest regions 

▪ About ¼ of Russians will feel the transport service quality increase 
inside the regions

1,3

1,4

7,5

1,1
1,5

1

1

1,3

х - population, mln people.

14 regions

Route

Moscow Central Diameters will improve the communication between the economic 
centers and regions of the Russian Federation



peak-hours

ComprehensibleInterchanges tourban  
transport

Integration in thetransport  
system of Moscow and  
Moscow Region

Payments with«Troika»  
card

Modern andconvenient  
rolling stock

5 minutes headwayin  
peak-hours

No service breakduring  
the day

Working hours are the  
same as in MoscowMetro:  
5:30 a.m. – 1:00a.m.

Main features



Improved transport services for 2,3
mln.  people

Travel time reduced more than twice

Benefits of starting MCD-1 and MCD-2

Reduction of pressure on the transport
systems

• 10% for adjacent metrolines

• 3-5% for street and road network (TheMoscow Automobile

Ring Road, TheThird Ring Road, Garden Ring)

889 thousand passenger places aday

• 20-25% for central railroad terminals

• 12% for all transport infrastructure of

the city



Moscow Central Circle and New Rolling Stock



Moscow Central Circle is a pioneer of implementing the innovative solutions in public transport

2

54 km 
length of MCC

31 interchange station
to ground transportation

20 interchange 
stations  to 
Moscow Metro

10 interchange 
stations  to railway 
transport

15% reduction of 
passenger traffic 
intensity of  the Circle 
Line

20-40%
reduction of  passenger 
traffic intensity of central 
railway terminals

5 min. intervals 
between trains during 
rush hours

High-tech 
"Lastochka" 
trains 

Accessibility of 
public places

Unified ticket 
system with 

Moscow Metro

and unified 
city navigation

Innovative passenger 
services  

and continuous 
welded rail

and equipment 
for the 

disabled

* Source: Moscow Metro, Russian Railways



High-tech "Lastochka" trains running at MCC

Pass-through

Vandal-resistant glass

Washrooms
in 1st and 5th car

220 V charger

Special allocation of seats
2+2 arrangement

Hand-rails for passengers

42 «Lastochka» trains

177 train pairs per working day
150 trains per weekend day

1 500 people
train maximum capacity

40 years life cycle of a train

Climate-control  system

Cycling carriers
Wheelchairs and carriages can be 
transported in 2nd or 4th car

Equipment for people 
with disabilities

MCC rolling-stock

Wi-Fi

Monitors in cars

* Source: Moscow Metro, Russian Railways



ROLLING STOCK

LCC gives opportunity to divide expenses for rolling stock for extended time length and reduce 
operational costs

Life cycle contracts accelerate the process of surface public transport vehicles renewal 
and improve economic efficiency of SUE «Moscow Metropolitan»

391
mln. USD

Price of 
contract

336

Cars’ delivery

15 years

Contract term

since 2016

Time of 
delivery

Annual 
payment

26
mln. USD

* Source: Moscow Metro



Lighting Informational panelsWalkthrough 
gangways

USB-chargers

More than 150 proposals from passengers concerning
«Moscow» train functional specifications were received 
and analyzed at «Aktivniy grazhdanin» (Active citizen) 
platform.

«Moskva» train (81-765)
264 cars / 33 trains already delivered
1640 cars / 212 trains will be delivered till 2020

Handrails of special form

USB charging devices installed at 
intermediate cars

Sensors monitor more than 100 
indicators

Improvements in driver’s control and 
informing system

Special adaptive lighting and air 
conditioning

Proposals from drivers led to improvement of 
technical aspects of the rolling stock

Air conditioning and disinfection systems

Sensor informational panels with interactive metro map and opportunity to create 
routes
Adaptive lighting – cold in the morning and warm in the evening

«Moskva» train is created by passengers and specialists 
of Moscow Metro

* Source: Moscow Metro



ROLLING STOCK

LCC gives opportunity to divide expenses for rolling stock for extended time length and reduce 
operational costs

Life cycle contracts accelerate the process of surface public transport vehicles renewal 
and improve economic efficiency of SUE «Moscow Metropolitan»

5 390
mln. USD

Price of 
contract

Reduction of 
maintenance 

costs

Annual 
payment

1 576

Cars’ delivery

30 years

Contract term

since 2014

Time of 
delivery

180
mln. USD 15 %

* Source: Moscow Metro


