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Abstract

The 20th century marked the rise of High-Speed Rail (HSR) as a transformative
innovation, revolutionizing transportation with its focus on efficiency, safety, and passenger
comfort. However, its global expansion has been uneven due to factors like political instability,
technological limitations, and financial constraints. Despite this, there is widespread interest in
HSR projects, particularly in developing nations. This thesis investigates how the theory of
New Structural Economics facilitates HSR development, especially in Eurasia, where a
confluence of factors such as national determination, economic goals, demographic pressures,
and logistical necessities intersect. It explores the motivations of political leaders in pursuing
HSR, driven not only by transportation needs but also by socio-economic goals like job
creation and societal stability. Furthermore, it examines China's proactive role in the Eurasian
HSR initiative, shedding light on its geopolitical ambitions and organizational prowess. This
thesis also considers the potential geopolitical implications of Eurasian HSR development,
including economic interdependencies, shifts in transportation routes, and changes in global
geopolitical dynamics.

Keywords: High-Speed Rail, Eurasia, Geopolitics, Economic Development, Transportation
Infrastructure, China, New Structural Economics, Political Stability



Streszczenie

Praca doktorska omawia znaczenie budowy HSR w kontekscie braku rozwojowego
impetu w gospodarce §wiatowej. Z jednej strony, budowa i eksploatacja HSR jest symbolem
osiagniecia, ktory demonstrowa¢ moze site polityczng i ekonomiczng kraju. Z drugiej strony,
jest takze jednym z waznych czynnikéw napedowych zrownowazonego rozwoju
gospodarczego. Wiele krajow zyskato dtugoterminowy impet rozwoju dzigki budowie HSR.
Praca dyplomowa omawia zapotrzebowanie na infrastruktur¢ na obszarze Eurazji. Badanie
bada wykonalno$¢ i potencjalne $ciezki budowy HSR Eurazji w kontekscie rywalizacji miedzy
glownymi potggami i rozwoju klastrow regionalnych.

Praca doktorska podkresla pilne zapotrzebowanie na ustanowienie i zarzadzanie
Transkontynentalnym HSR w systemie Nowego Strukturalizmu, aby zwigkszy¢ sit¢ napedowa
wzrostu gospodarczego i osiaggnaé cel podniesienia poziomu tgcznosci.

Badanie przedstawia cele badania, ktore ma na celu przeglad rozwoju kolei duzych
predkosci w Eurazji i jego wptywu na spoteczenstwo w ciagu ostatnich trzech dekad, zwtaszcza
madro$¢ wygenerowang w procesie inicjacji projektu, finansowania, budowy i eksploatacji
kolei duzych predkosci. Badanie ma na celu dostarczenie nowej struktury do zrozumienia roli
kolei duzych predkosci w rozwoju spotecznym i gospodarczym, zwlaszcza uwzgledniajac rolg
panstwa, regionu, spoteczenstwa, organizacji, uczestnikow i interesariuszy w dzialaniach
transportowych.

Wyniki tych badan przyczynia si¢ do glebszego zrozumienia wyzwan i mozliwosci
stojacych przed budowa eurazjatyckiej kolei duzych predkosci w kontekscie nacisku na nowa
infrastruktur¢ w epoce poopandemicznej oraz rzucg $wiatlo na optymalng i najbardziej

efektywng drogg oraz potencjalne wyniki w obecnych warunkach.

Stowa kluczowe: kolej duzych predkosci, Eurazja, Chiny, Azja Srodkowa, Nowa ekonomia
strukturalna, tacznos¢, integracja regionalna
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Introduction

High-Speed Rail (HSR) denotes a form of passenger rail transport known for its high
speeds, typically exceeding 250 kilometers per hour (155 miles per hour). HSR systems employ
dedicated tracks, advanced signaling and control systems, and specialized train designs to attain
these high velocities. The principal objectives of HSR are to furnish efficient, rapid, and
convenient transportation choices for passengers across medium to long distances, thereby
diminishing travel durations, mitigating congestion on roads and at airports, and fostering
sustainable mobility.

The development of HSR is intricately linked to economic imperatives, often necessitating
significant political decisions for their implementation. Consequently, ongoing HSR projects
exert considerable political and economic influence. The correlation between political systems,
their associated policies, and economic progress has long been a focal point of scholarly
discourse in the field of social sciences worldwide. This discourse has generated numerous
classic theories and perspectives that continue to shape global political and economic
trajectories. In an era characterized by modest economic growth and a pending technological
revolution, the political-economic perspective embodied by Keynesianism has experienced
numerous revivals.

Keynesian economics emphasizes the importance of aggregate demand in determining
economic output and employment levels. Keynes advocated for government intervention,
particularly fiscal policy (government spending and taxation), to stabilize economies during
periods of recession. He argued that during economic downturns, the government should
increase spending to stimulate demand and create jobs, even if it means running budget deficits.
Conversely, during periods of economic expansion, the government should reduce spending to
prevent inflation.!

Starting from end of the 20th century and the beginning of the 21st century, mankind
launched large-scale HSR construction and built cross-regional and cross-border HSR projects.
HSR deployment has been witnessed across diverse nations globally, thereby facilitating
economic growth, enhancing regional connectivity, and fostering environmental sustainability.
HSR could pave the way for Eurasian countries to spur growth, attract investors, and pool local

wealth. Furthermore, it has elevated the level of supply chain security, connectivity, personnel

1 Keynes, J. M. (1936). The general theory of employment, interest, and money. Harcourt, Brace and Company,
108-110.



exchanges, and regional political coordination at the political level. Understanding the major
drivers (determinants) of the HSR development on the Eurasian continent is of the utmost
importance not only for policymakers in the Eurasian countries but also for a broader public of
scholars, pundits and researchers who are interested in the dynamics of the infrastructure sector
development and how the trans-border HSR system can contribute to sustainable economic
growth in Eurasian countries.

The demand for constructing HSR initially stems from economic imperatives. However,
the planning, construction, and operation of these railways ultimately embody political volition.
The construction of HSR is often accompanied by heated discussions about economic
development and Political competition. There are some debates and differing opinions in the
academic community regarding the relationship between HSR and social development. These
debates mainly focus on the degree, mode, and scope of the impact of HSR on social progress.

The focus of the debate first revolves around the contribution of HSR to economic growth.
Sasaki, Ohashi and Ando believe that HSR have a significant contribution to economic growth.
They believe that the construction of HSR can drive investment, create employment
opportunities, promote the development of related industries, and ultimately drive overall
economic growth?. However, there are also Monzon, Ortega and Lopez who are skeptical about
the contribution of HSR to economic growth. They pointed out that economic growth is a
complex process, and HSR may only be one factor, rather than the determining factor®. In
addition, Coto-Millan, Vicente and Belen pointed out that the construction of HSR may bring
higher costs, which may have a negative impact on economic development®,

Another academic discussion focuses on this topic: the impact of HSR on regional
development. Chen and Hall believe that HSR have a positive impact on regional development.
Chen and Hall believe that the construction of HSR can improve transportation conditions,
promote economic activities and personnel mobility within the region, and thus promote

regional economic development®.
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There are another academic debate mainly revolves around the balance between the
economic and social benefits of HSR. Chengzhu, Xiulan, and Jinfang emphasize the social
benefits of HSR, such as improving transportation efficiency and reducing environmental
pollution. They believe that these social benefits are important considerations for the
construction of HSR®. On the other hand, Vickerman also concerned about the economic
benefits of HSR. Vickerman believes that when evaluating the impact of HSR, more attention
should be paid to their economic benefits, such as promoting the development of industries
along the line and improving land value’. Within the academic community, diverse perspectives
and debates emerge regarding the nexus between HSR construction and economic development.
These disparities primarily stem from variations in circumstances across countries and regions,
alongside the methodological diversity and heterogeneity of data sources employed. Despite
the divergent scholarly discourse, an abundance of evidence underscores the criticality of
establishing an efficient and robust HSR network for fostering economic advancement.
Presently, 27 nations worldwide have inaugurated and operationalized HSR systems with
speeds exceeding 200 km/h, with 13 of these countries or organizations being constituents of
the G20. This underscores the pivotal role played by HSR-operating nations in shaping the
global economic landscape.®.

Since the birth of HSR, researchers have been continuously paying attention to their
unique role in politics.

Givoni believes that the construction of HSR has a significant impact on national politics.
On the one hand, as an important component of national infrastructure, the construction and
operation of HSR often require government support and investment, which helps to strengthen
the authority and cohesion of the government®. On the other hand, the construction and
operation of HSR may trigger games and conflicts among stakeholders, which may have a

certain impact on the political stability of the country®.
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At the regional level, HSR infrastructure serves to bolster political cooperation and inter-
regional exchanges. Through the reduction of geographical barriers, the utilization of HSR
facilitates heightened political engagement and collaboration within regions, fostering
strengthened economic linkages and personnel mobility among them, thereby advancing the
trajectory of regional political integration.** For instance, during the nascent stages of the
European Union, the advent of European HSR networks like Eurostar and TGV (France's
intercity HSR service) significantly contributed to the advancement of European integration.

Chen has highlighted that the construction and operation of HSR systems may exert
significant influence on international politics. On one hand, HSR infrastructure can serve as a
conduit for fostering cooperation and facilitating exchanges between nations, thereby
promoting amicable inter-state relations. The China-Laos Express railway project exemplifies
this, as evidenced by the sustained elevation of political mutual trust and public sentiment
between the two countries following the railway's inauguration. On the other hand, the
development of HSR networks may engender disputes over international political interests,
geopolitical considerations, and potential alterations to primary routes of international trade,
thereby impacting international relations to a certain degree.*?

In the study of the relationship between transportation infrastructure and economic and
social development, there is a viewpoint known as “The modest leading development in
transportation”. Qingguo believes that transportation construction should be moderately ahead
of the level of social development, in order to achieve the purpose of transportation
infrastructure to assist economic development and improve the level of political integration®2,
Compared to the linear nature of maritime transportation, the emerging paradigm of land
transportation, exemplified by HSR, can be conceptualized as an economic corridor. Along the
routes traversed by HSR lines, all stations, towns, and cities experience continuous outward
expansion, creating a contiguous expanse. These interconnected expanses coalesce to form
extensive economic networks known as "Economic corridors.” Such corridors facilitate the
establishment of a flat network encompassing working surfaces across different countries,
driven by the influence of economic corridors. Within this network, the magnitude of

11 Bonnafous, A.(1987) The Regional Impact of the TGV. Transportation, 1987(2), 34-38. https://doi.org/
10.1007/BF00837589

12 Chen, X. (2022). " CORRIDOR-ISING" IMPACT ALONG THE BELT AND ROAD: Is the Newly
Operational ~ China-Laos  Railway a Game-Changer?.  European  Financial  Review, 4.
https:/digitalrepository.trincoll.edu/cgi/viewcontent.cgi?article=1328&context=facpub [accessed 30 January
2024]
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information exchange and the frequency of cultural interactions far surpass those facilitated by
maritime transportation'#.

However, the reality remains that a significant number of countries worldwide face
substantial challenges in embarking on new HSR projects. Given the capital-intensive and
technology-driven nature of HSR development, nations lacking adequate financial resources
and advanced railway construction capabilities exhibit lower levels of HSR implementation
relative to their developmental capacities, particularly prevalent among developing countries.
Presently, only a handful of developing nations, including China, Indonesia, Morocco,
Uzbekistan, and Turkey, have initiated HSR projects. Although the aspiration to develop HSR
networks enjoys widespread consensus among leaders in many developing countries, the
majority find themselves constrained by limited resources and technical expertise, rendering
them unable to realize such ambitions. Across the globe, numerous countries face pressing
needs for HSR expansion; however, the challenge lies in attracting substantial external
investments and overcoming barriers to HSR implementation. This situation is particularly
pronounced on the Eurasian continent, where despite possessing cutting-edge HSR networks
at its extremities, the connecting regions, such as Central Asia and Eastern European countries,
grapple with inefficient railway systems.

The impetus of sluggish economic growth in the post-pandemic era, coupled with the
populace's demand for efficient transportation infrastructure, has prompted numerous nations
to embrace HSR initiatives. These endeavors are consolidated within the framework of the
International Union of Railways (UIC), and are synthesized alongside the operational
experiences of existing HSR systems across various countries, culminating in the publication
of the World HSR Annual Report. This report serves as a catalyst for fostering international
collaboration in financing, planning, construction, operation, and maintenance of HSR projects,
as well as facilitating technical exchanges among nations. Its overarching objective is to
facilitate cross-national research endeavors, promote exploration in HSR development, and
collectively establish a comprehensive global HSR network.

The prevailing challenge lies in the organizational structure of the International Union of
Railways (UIC), an alliance established among national railway entities of diverse countries,
which lacks binding authority over individual nations' railway development policies.
Characterized by a relatively loose organizational framework, the global development of HSR

4 Nannan, Z., Yilun X. (2005) Research on the Impact of High Speed Railways on the Development of Regions
Along the Line. Regional Research and Development, 24(3), 32-36. https://doi.org/10.3969/j.issn.1003-
2363.2005.03.008



manifests a scenario where the strong entities tend to dominate while the weaker ones struggle
to keep pace.!® Seizing upon the opportunities presented by domestic demographic dividends
and relatively robust capital reserves, only a select few developing nations, such as China and
Indonesia, have embarked on HSR projects. Conversely, certain regions deemed as developed
have encountered analogous hurdles. For instance, the Baltic countries devised early HSR plans,
yet construction remains stalled primarily due to inadequate capital resources®. Worldwide,
the progress of HSR confronts multifaceted challenges encompassing disparate gauge
standards, financial constraints, disruptions in supply chains, diminished political trust among

nations and regions, and complexities in coordinating cross-border operations.
Theoretical Framework

The theoretical framework adopted in this thesis incorporates several seminal theories,
each providing distinctive perspectives on the intricacies of Eurasian HSR development and its
ramifications for regional connectivity and economic integration. Given the scarcity of
academic inquiries focusing on transnational and cross-regional HSR, coupled with the absence
of established geopolitical theories specifically tailored to HSR systems, this thesis adopts a
multidisciplinary approach by integrating various interdisciplinary theories to underpin the
research.

Geopolitical Hinterland Theory: the Geopolitical Hinterland Theory, rooted in the
works of geopolitical scholars such as Halford Mackinder, emphasizes the geopolitical
significance of transportation networks in shaping regional power dynamics and geopolitical
relations. Applied to Eurasian HSR, this theory posits that the development of HSR
infrastructure can extend the geopolitical hinterland of participating nations, enhancing their
influence and connectivity within the Eurasian region. At the same time, it will strengthen the
role of the Hinterland region of Eurasia in the global political landscape.

International Transportation Politics Theory: drawing upon International
Transportation Politics Theory, this framework examines the interplay between geopolitical
interests, international cooperation, and transportation infrastructure development. By

analyzing the political dynamics surrounding Eurasian HSR initiatives, this theory elucidates

5 Yang, W. (2019, May 28). Some thoughts on the release of CRRC’s 600km/h maglev train. Guancha.cn, The
Observer. https://user.guancha.cn/main/preview?id=121073 [accessed 30 January 2024]

6 Pomykata, A., Engelhardt, J. (2023, in press). Concepts of construction of high-speed rail in Poland in context
to the European high-speed rail networks, Socio-Economic Planning Sciences, 85(2).
https://doi.org/10.1016/j.seps.2022.101421



the complex interactions among state actors, international organizations, and private
stakeholders in shaping transportation policies and projects across national borders.

New Structural Economics Theory: grounded in New Structural Economics Theory,
pioneered by Justin Yifu Lin, this framework emphasizes the role of infrastructure
development in fostering economic growth and structural transformation. According to this
theory, investment in transportation infrastructure, such as HSR networks, can enhance market
access, facilitate resource allocation, and stimulate technological progress, thereby
contributing to sustained economic development in the Eurasian region.

Political Economy Theory: the analysis of the Eurasian HSR project is enriched by the
application of political economy theory. Political economy theory provides a robust framework
for understanding the complex interplay between political processes, economic factors, and
social dynamics shaping the development and implementation of HSR initiatives in the
Eurasian context. By examining the project through a political economy lens, this thesis delves
into the underlying power structures, vested interests, policy priorities, and institutional
arrangements that influence decision-making, resource allocation, and project outcomes.

By integrating these theories into the theoretical framework section, this dissertation
provides a comprehensive conceptual lens for understanding the potential of Eurasian HSR and

guiding the subsequent analysis in the thesis.
Justification and Contribution

The evaluation of the potential of Eurasian HSR is a timely and imperative endeavor,
warranted by several compelling justifications and promising contributions to the academic
and practical domains.

Advancing Academic Discourse: Through a rigorous evaluation of the potential of
Eurasian HSR, this dissertation contributes to advancing academic discourse in multiple
interdisciplinary fields, including transportation studies, economic development, geopolitical
analysis, and infrastructure planning. By synthesizing insights from diverse theoretical
frameworks and empirical evidence, this thesis fosters a deeper understanding of the complex
dynamics shaping the evolution of HSR networks in Eurasia, thereby enriching scholarly
debates and laying the groundwork for future research endeavors.

Addressing a Knowledge Gap: Despite the increasing attention garnered by HSR
initiatives globally, there remains a notable dearth of comprehensive assessments specifically
focused on the Eurasian context. By undertaking this evaluation, this dissertation seeks to fill

this critical gap in the existing literature, providing insights into the unique challenges,
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opportunities, and implications associated with the development of HSR networks across
Eurasia.

Informing Policy and Practice: The findings of this dissertation are poised to offer
valuable insights for policymakers, stakeholders, and practitioners involved in the planning,
implementation, and management of HSR projects in the Eurasian region. By shedding light
on the potential economic, social, and geopolitical impacts of Eurasian HSR, this thesis
endeavors to inform evidence-based decision-making and strategic interventions aimed at
maximizing the benefits and mitigating the challenges associated with HSR development.

Promoting Sustainable Connectivity: Beyond its immediate academic and policy
implications, this dissertation underscores the broader significance of Eurasian HSR in
fostering sustainable connectivity, economic integration, and regional cooperation. By
evaluating the potential of HSR as a transformative driver of regional development and
connectivity, this thesis contributes to the broader discourse on sustainable transportation
solutions and their role in advancing global sustainable development goals.

From the perspective of addressing academic gaps and generating scholarly insights, this
interdisciplinary thesis attempts to make a significant contribution through its execution of
cross-country field data collection and questionnaire surveys. Extant scholarship on HSR,
especially in developed nations, exhibits a considerable depth and breadth. Nonetheless, a
predominant focus on developed countries or those boasting well-established HSR
infrastructures has led to a conspicuous scarcity of scholarly investigation into the hinterland
territories within the Eurasian continent.

Indeed, historical factors have contributed to the longstanding neglect of research in this
area. Following the dissolution of the Soviet Union, the hinterland regions, traditionally
perceived as the sphere of influence of Russia, endured restrictions on academic freedom,
hindering scholarly exploration. Moreover, the inherent efficiency and convenience of
maritime transportation have often overshadowed the strategic significance of the Eurasian
land corridor.

Due to these aforementioned factors, the significance of investigating this topic has
prompted the undertaking of case studies, field research within countries involved in potential
HSR projects, and the collection of questionnaire samples. This dissertation offers up-to-date
data and insights gleaned from field surveys conducted along the Eurasian land transport
corridor.

Furthermore, while existing research on the relationship between HSR and political
economy has primarily focused on individual countries, this thesis offers a significantly
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broader perspective. Encompassing a vast majority of HSR users across the Eurasian continent,
including landlocked countries situated within the hinterland, this thesis stands out for its
comprehensive coverage spanning multiple nations.

By articulating these justifications and contributions, this dissertation underscores the
significance and relevance of evaluating the potential of Eurasian HSR, setting the stage for a

comprehensive and impactful scholarly inquiry.
Research Objectives

The research objectives of this thesis are structured to comprehensively investigate and
analyze various aspects of the Eurasian HSR initiative, aiming to provide valuable insights into
its development, challenges, and potential impacts:

Firstly, the thesis seeks to investigate the factors influencing HSR development by
examining political, economic, technological, and environmental determinants that shape the
project's trajectory. Secondly, it aims to identify and analyze the challenges hindering the
realization of the Eurasian HSR project, including financial constraints, geopolitical tensions,
technical complexities, regulatory barriers, and socio-cultural considerations. Thirdly, the
thesis endeavors to explore the similarities and differences between HSR projects in Asia and
Europe through a comparative analysis, examining technological standards, funding
mechanisms, operational models, network integration, and socio-economic impacts.
Additionally, the research objective includes analyzing the geopolitical dynamics surrounding
the Eurasian HSR initiative and assessing its implications for intergovernmental relations,
regional cooperation, and strategic alliances among participating countries and stakeholders.

Moreover, this thesis encompasses four supplemental aims. The thesis seeks to evaluate
the feasibility and viability of proposed connectivity routes for the Eurasian HSR network,
considering factors such as geographic terrain, population density, demand projections,
infrastructure capacity, and alignment with national development priorities. Furthermore, it
aims to propose evidence-based recommendations and policy prescriptions to address key
challenges, mitigate risks, and maximize opportunities for advancing the Eurasian HSR project,
ensuring alignment with sustainable development goals and long-term regional objectives.
Additionally, the thesis aspires to contribute to academic scholarship and policy discourse on
transcontinental transportation connectivity by synthesizing empirical evidence, theoretical
frameworks, and case studies relevant to the Eurasian HSR initiative, thereby informing
decision-making processes and fostering informed dialogue among stakeholders. Lastly, the

research objective includes providing insights into the potential impacts of the Eurasian HSR
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project on global transportation networks, regional geopolitics, economic development, and
environmental sustainability, thus contributing to a deeper understanding of its implications

for the Eurasian continent and beyond.
Hypothesis and Research Questions

To enhance the precision of this thesis's research direction, a main hypothesis and five
auxiliary hypotheses are proposed.

Main Hypothesis: The successful implementation of the Eurasian HSR project will
significantly enhance regional connectivity, foster economic development, and promote
geopolitical cooperation among the countries involved.

Supplementary Hypotheses:

1) Improved connectivity through the Eurasian HSR will lead to increased trade
volumes and economic growth in the regions served by the railway network.

2) The Eurasian HSR project will facilitate greater people-to-people exchanges and
cultural integration among the nations along its route, thereby strengthening social ties and
fostering regional stability.

3) The geopolitical influence of the countries participating in the Eurasian HSR project
will be positively impacted, as evidenced by enhanced diplomatic relations and collaborative
efforts on transnational issues.

4) In the planning and implementation phases of the Eurasian HSR project, China,
known for its competitive edge in engineering and HSR technology, stands poised to wield
greater regional and cross-regional political and economic influence via infrastructure
diplomacy.

5) It may been expected that the project will induce changes in the geopolitical
landscape of the region, resulting in a relative power balance where sea power predominates
and land power is strengthened.

Research Questions: Setting research questions is essential for precisely defining the
logical framework of the study. These questions guide the collection and processing of
information and data throughout the research process, enabling thorough analysis and the
development of unique insights for this thesis.

1) Can the existing HSR cases and studies in Europe and Asia provide substantial
insights for the preliminary assessment of the Eurasian HSR project?

2) What are the expected passenger and freight demand projections for the Eurasian

HSR, and how will they influence the project's economic viability?
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3) Which international organizations or organizational experiences are likely to exert
significant influence on the planning and execution of the Eurasian HSR project?

4) Through which countries and regions are the potential routes of the Eurasian HSR
anticipated to traverse?

5) To what extent does the Eurasian HSR project impact China's geopolitical and

economic interests from project planning through construction to completion?
Methodology

The methodology employed in this thesis adopts a multifaceted approach to analyze the
Eurasian HSR project. Because the research on cross-border HSR has certain complexity and
involves multiple disciplines, an interdisciplinary approach is used. Empirical research serves
as a fundamental methodology employed in this graduation thesis.

The deductive method was employed extensively throughout the research process of this
thesis. Following this methodological approach, the author derived a hypothesis from existing
theories and principles, positing that the Eurasian HSR project would significantly improve the
level of connectivity and thus alter the geopolitical and economic landscape. Beginning with
this hypothesis, data was collected and analyzed to validate its assertions. This methodology
aligns with quantitative research methods, wherein empirical evidence obtained through
systematic observation and measurement is utilized to test hypotheses.

In the specific research and practice process, drawing upon various methodological
frameworks, including geopolitical analysis, case analysis method, data analysis methods,
SWOT matrix analysis method, field research, and inductive approach, this thesis aims to
provide a comprehensive understanding of the project's complexities, challenges, and
potentials.

Geopolitical analysis serves as a foundational framework for examining the strategic
dimensions and geopolitical implications of the Eurasian HSR project. Case analysis method
facilitates in-depth examinations of selected HSR projects within the Eurasian region, allowing
for the exploration of project-specific factors and lessons learned. Data analysis methods,
including quantitative and qualitative techniques, are employed to analyze demographic,
economic, and transportation data sourced from various sources. The SWOT matrix analysis
method systematically evaluates the internal strengths and weaknesses, as well as external
opportunities and threats, of the project, informing strategic decision-making.

Field research involves firsthand data collection and observation conducted in relevant

geographical areas and among key stakeholders, enriching the understanding of practical
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realities and dynamics shaping HSR development. An inductive interview approach is utilized
to collect primary data from stakeholders across diverse sectors and regions, capturing nuanced
insights and validating findings.

Geopolitical Analysis: Geopolitical analysis stands as a pivotal methodological approach
in the thesis providing a nuanced framework for comprehending the intricate interplay between
geopolitics and infrastructure development. This approach encompasses critical elements such
as geopolitical contextualization, infrastructure diplomacy, and strategic connectivity,
collectively illuminating the geopolitical dimensions of the Eurasian HSR project. Functionally,
the initiative of enhancing connectivity represents what every country should do for its own
interests: establish as many supply channels as possible. This can both hedge against
unforeseeable supply disruptions and enhance the country’s connectivity and influence?’.
Within this framework, the author's analysis primarily delves into two focal points: Firstly,
infrastructure diplomacy is emphasized, elucidating how infrastructure endeavors such as HSR
can serve as diplomatic instruments to further geopolitical aims. The thesis investigates how
nations leverage infrastructure investments to bolster their sway, foster economic
amalgamation, and fortify diplomatic bonds with neighboring states. Through the lens of
infrastructure diplomacy, the thesis evaluates the Eurasian HSR project's role in shaping
geopolitical alliances and fostering regional cooperation. Secondly, infrastructure diplomacy
emerges as a central tenet of geopolitical inquiry in the thesis, spotlighting the utilization of
infrastructure projects like HSR as diplomatic instruments to advance geopolitical objectives.
The thesis explores how nations, particularly HSR powers, exploit infrastructure investments
to augment their influence, propel economic convergence, and consolidate diplomatic ties with
neighboring countries. Through a prism of infrastructure diplomacy, the thesis assesses the
Eurasian HSR project's impact on geopolitical alignments and the cultivation of regional
cooperation.

Case Analysis Method: The case study method was employed to facilitate an exhaustive
and nuanced comprehension of global HSR development. This entailed a meticulous
examination of project development trajectories and accrued experiences within prominent
HSR-operating nations worldwide. Through the analysis of successful HSR project case studies,
invaluable insights were garnered into the determinants of success and the attendant challenges
encountered. Wan contends that certain nations, exemplified by China and Japan, exhibit
relatively modest profitability thresholds owing to their substantial passenger volumes and

7 Khanna, P. (2016). Connectography: Mapping the future of global civilization. Random House, 18-19.

25



advanced economic standing, thereby bolstering HSR construction and operation endeavors.
He posits that in regions characterized by high population densities, HSR implementation can
catalyze the flow of diverse economic and social dynamics, thereby fostering accelerated
economic growth. Consequently, China and Japan evince relatively lenient profitability
requisites*®. In contrast, the European context presents a divergent scenario wherein the
viability of HSR profitability assumes paramount importance. These nuanced academic
observations are predicated upon the utilization of the case analysis methodology.

SWOT Matrix Analysis Method: The SWOT (Strengths, Weaknesses, Opportunities,
Threats) matrix analysis method was utilized to assess the feasibility of the Eurasian HSR
project and identify potential obstacles and unstable conditions. Through a systematic
examination of internal strengths and weaknesses, as well as external opportunities and threats,
this method provided a comprehensive evaluation of the project's viability and potential risks.

Field Research and Data Analysis Methods: Trade data theoretically constitutes a vital
cornerstone for the analysis of driving factor of Eurasian HSR. Field investigations and visits
to some countries on the Eurasian continent, especially in Central Asia, have made the author
realize how complex and difficult it is to obtain real border trade data from these landlocked
countries, as the prevalent “multimodal transport™ transportation mode and the legacy of poor
customs clearance rules in the region have reduced the authenticity of the data. As Guo and
Liu pointed out, the Eurasian Customs Union is a relatively irregular economic and trade
alliance, with some gray areas in customs declaration'®. Compared to the data collected by
Eurasian Customs Union, the data from China and the European Union appear to be more
accurate. Consequently, the author engaged in consultations with customs officials from
Kazakhstan and Russia, discovering that statistical data sourced from the European Union or
China is fipreferable over that from the Eurasian Customs Union. The semi-structured
interviews with customs staff supported the further research of this thesis, clarified reasonable
solutions for extracting data, and also clarified the direct interests of customs staff in handling
cross-border trade and personnel exchanges. The Eurasian Customs Union manifests as a
somewhat irregular economic and trade consortium, characterized by certain ambiguities in
customs declaration procedures. Despite encountering myriad challenges throughout the
research process, the utilization of data analysis methodologies persists, with particular

18 Ibid.15, 5.

9 Zhigang, G., Wei, L. (2016) The Impact of the Russia Belarus Kazakhstan Customs Union on Economic and
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emphasis on international trade data procured from the EU and China, alongside regional
population datasets. These datasets assume a pivotal role in forecasting the demand for
Eurasian HSR and formulating judicious route designs. The ability to select appropriate data
represents a favorable outcome derived from field research conducted through on-site visits.

The data provided by the two ends of Europe and Asia, that is, the EU and China,
especially related to trade volume and trade structure, form the basis of this thesis. As Hong
and Zhang pointed out that under normal, natural, and non deliberate human intervention
conditions, the trade volume between the two ends of the Eurasian continent will continue to
maintain a large amount.?’ Xu also pointed out, the management system of China Railway CR
emphasizes the importance of comparing annual statistical data with annual plans. The relevant
government departments need to make partial adjustments to the five-year plan for the next
year based on annual data. Statistical data from both ends of the Eurasian continent indicate
that railway transportation between China and Europe is showing a thriving trend.?

Questionnaire Survey and Quantitative Analysis Method: To stimulate public demand
for Eurasian HSR and devise a feasible operational model, A questionnaire survey was
designed, distributed, and analyzed. The interviewees were mainly passengers in airports in
Asia, Europe and the America. Adequate samples were collected to ensure representativeness
across diverse demographic segments. Utilizing quantitative analysis methods, the collected
data were analyzed to discern public preferences, travel behaviors, and acceptance of HSR
services. This quantitative approach facilitated the formulation of evidence-based strategies for
promoting and implementing HSR initiatives. Through the integration of these methodologies,
this thesis aimed to provide a comprehensive assessment of the potential and challenges
associated with the Eurasian HSR project, offering valuable insights informed by both
qualitative and quantitative analyses.

By integrating these methodological approaches, this thesis endeavors to provide a
rigorous, multifaceted analysis of the Eurasian HSR project. The methodological pluralism
adopted in this thesis facilitates a holistic understanding of the project's complexities,
challenges, and potentials, contributing to scholarly discourse and policy formulation in the
field of transportation infrastructure development and geopolitical studies.

2 Junjie, H., Qianyu, Z. (2021). Does "the Belt and Road" facility connectivity has a pulling effect on enterprise
exports - Mesomeric effect analysis based on trade costs. International Trade Issues, 2021(9), 138-156.
https://doi.org/1002-4670(2021)090138-1

2L Houguang, X. (2015). The Chronicles of Chinese HSR. Hunan Literature and Art Publishing House. [In Chinese]
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Use of Study

The dissertation holds several implications and applications:

Academic Research: The thesis contributes to academic scholarship by synthesizing
empirical evidence, theoretical frameworks, and case studies relevant to the Eurasian HSR
initiative. The key findings of this dissertation can support readers who wish to have a broader
overview, including scholars and practitioners investigating and understanding the latest
developments and historical trajectories of regional HSR. Researchers in the fields of
transportation, geopolitics, economics, and environmental studies can use this thesis as a
foundation for further studies and analysis. It also can be used as a starting point for further
research on China’s infrastructure foreign policy, especially the combination of political and
economic policies.

Policy Development: The findings of this thesis can inform policymakers at both national
and international levels about the feasibility, challenges, and potential benefits of implementing
HSR projects in the Eurasian region. Policymakers can use the insights provided to shape
infrastructure development policies and investment strategies.

Infrastructure Planning: Infrastructure planners and developers can utilize the
dissertation's assessment of proposed connectivity routes for the Eurasian HSR network. By
taking into account factors such as geographic terrain, population density, and demand
forecasts, planners can make well-informed decisions regarding route alignments and
investment priorities.

International Cooperation: The insights provided by the thesis can facilitate
international cooperation and dialogue among stakeholders involved in transcontinental
transportation connectivity. By fostering informed discussions and decision-making processes,
the thesis can contribute to enhanced collaboration among countries and organizations invested
in the development of HSR networks in Eurasia.

Overall, the findings of the thesis serve as a valuable resource for various stakeholders

involved in the planning, development, and operation of HSR projects in the Eurasian region.
Novelty

The novelty of the dissertation is multifaceted and encompasses several key aspects:

Holistic Evaluation of Eurasian HSR: This thesis provides a comprehensive
examination of the potential of HSR in the Eurasian context, addressing a significant gap in
the existing literature. While previous studies have largely focused on HSR projects in specific
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regions or countries, this thesis offers a holistic evaluation of the Eurasian region, considering
diverse geographical, economic, and geopolitical factors that influence HSR development.

Integration of Geopolitical Analysis: A distinguishing feature of this thesis is the
integration of geopolitical analysis into the evaluation of Eurasian HSR. By examining the
geopolitical dimensions of HSR projects, the thesis offers valuable insights into how political
factors shape infrastructure development and regional cooperation in Eurasia, contributing to
a deeper understanding of the interplay between geopolitics and transportation connectivity.

Interdisciplinary Approach: Another novel aspect of this thesis is its interdisciplinary
approach, drawing on insights from political cience, economics, transportation studies, and
railway technological science. By synthesizing knowledge from diverse fields, the thesis
provides a more holistic perspective on the potential of Eurasian HSR and its implications for
regional connectivity and development.

Policy Recommendations: In addition to analyzing the current status and prospects of
Eurasian HSR, this thesis proposes evidence-based policy recommendations to address key
challenges and maximize opportunities for advancing HSR projects in the region. These
recommendations are informed by empirical research and aim to guide policymakers and
stakeholders in making informed decisions about infrastructure investment and development
priorities.

Focus on Sustainable Connectivity: The thesis underscores the broader significance of
Eurasian HSR in fostering sustainable connectivity, economic integration, and regional
cooperation. By evaluating the potential economic, social, and environmental impacts of HSR
projects, the thesis contributes to the discourse on sustainable transportation solutions and their
role in advancing global development goals.

In summary, the thesis offers a novel and comprehensive analysis of Eurasian HSR,
integrating geopolitical analysis, interdisciplinary perspectives, and policy recommendations
to advance scholarly understanding and inform decision-making processes in the realm of
Trans-continental transportation connectivity.

Structure of the Study

The primary objective of the initial chapter is to establish a theoretical framework for
subsequent research, focusing on the examination of HSR projects in key countries and their
transnational implications. Drawing upon the principles of New Structural Economics, this
chapter elucidates the underlying rationale behind individual countries' pursuits of HSR, with

a particular emphasis on economic catalysts and factors of integration. This chapter further
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examines the distinctive role of HSR within geopolitics and its function as a conduit for
infrastructure diplomacy. Additionally, it discusses the constructive role played by international
organizations in fostering the global development of HSR projects and cross-border
connectivity.

The subsequent chapter serves to provide an overview of HSR's emergence over the past
five decades and its multifaceted role in shaping politics, economics, and regional integration
within human society. This chapter underscores HSR's significance in driving economic
development, fostering regional cohesion, and bolstering politics integration. This chapter
further examines the distinctive role of HSR within geopolitics and its function as a conduit for
infrastructure diplomacy.

Chapter 3 delves into the evolution of HSR within Asia, highlighting the region's
remarkable achievements, propelled by high population density and the dominance of key
nations. Offering a comprehensive inventory and analysis of HSR development history and
challenges encountered in Japan and China, this chapter examines the rapid progress and
widespread acceptance of HSR across Asia. It also outlines the decision-making processes
underpinning HSR projects in Asia, noting the parallel rise of Asian powers alongside HSR
advancement.

The subsequent chapter delves into the trajectory of HSR development in Europe, drawing
from the experiences of European nations to elucidate key insights. Notably, Germany and
France's contributions to European integration through HSR are explored, alongside European
technicians' innovative advancements in HSR technology. The The chapter also discusses
novel HSR operation modes and auxiliary functions beyond passenger transportation, showing
the versatility of HSR. A comparative analysis of HSR projects between Asia and Europe
further enriches the discussion.

Chapter 5 explores the myriad driving factors behind the ambitious Trans Eurasian HSR
project, encompassing both endogenous and exogenous influences. Highlighting the pressing
need for a swift cross-border railway channel, the chapter critiques existing Eurasian railway
networks, citing their obsolescence in meeting contemporary global development needs.
Political barriers hindering Europe-Asia connectivity, such as low political mutual trust and
geopolitical conservatism, are also examined.

In Chapter 6, the dissertation employs expert consultation and weighted analysis to assess
the feasibility of potential Eurasian HSR routes. Providing conclusions and recommendations
for the further development of Trans-continental HSR, this section evaluates factors such as
geographical terrain, population dynamics, political risks , and economic imperatives.
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During the writing process of this thesis, various types of sources were consulted to gather
comprehensive and reliable information. These sources encompassed a wide range of scholarly
and non-scholarly materials, each contributing unique perspectives and insights to the research
endeavor. Incorporating diverse sources of information from academic journals, dissertations,
reports, statistical yearbooks, newspapers, online media, and academic conferences enriched
the research process, fostering a comprehensive understanding of the multifaceted dimensions

of Eurasian HSR development.

Chapter 1. Theoretical Basis for HSR Construction

This chapter focuses on the theoretical basis for the development of HSR in Eurasia. In
the core area of Eurasia, that is, the area that passes through the Eurasian railway, most of the
countries along the line are developing countries with a relatively large population and a high
population growth rate, but the economic level is relatively poor, and relatively poor living
conditions for people. Although many of these countries have achieved certain development
achievements, they generally lack the continuity and stability of development. Development
momentum and development stagnation are often repeated under the influence of various

reasons.
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1.1 Theoretical Framework: New Structural Economics

Acruel fact in the current global social development pattern is that,, in the last five decades,
only a few countries have upgraded themselves from poor countries to middle-income
countries, to ultimately become one of the advanced economies. To date, no developing country
has succeeded in completely developing itself based on mainstream theories, but a few
successful economies, such as South Korea and Japan, have achieved steady and rapid
development by implementing policies that seem wrong, and in opposition to mainstream
theories. New Structural Economics attempt to create a new set of economic development and
transformation theories from the success or failure of the developing and transitioning countries
themselves.

The core assumption of the new structural economics is that a country, a society, and its
economic structure, at each point in time, are determined by its factor endowments and its
structure at that point in time. From an economics perspective, capital, labour, natural resources,
etc., are often referred to as ‘factor endowments’ in different countries with different levels of
development, and the relative richness of factor endowments is different in each country.
Developing countries usually have a scarcity of capital and a lack of foundation, but labour and
natural resources are relatively abundant. Developed countries generally have relatively
abundant capital, but the labour force is relatively low. For each economy, factor endowments
are given at each point in time, but they can change over time. New Structural Economics used
it as an entry point to conduct research. The factor endowment of any economy at any point in
time is actually the total budget of the economy at that point in time. The structure of factor
endowment determines the relative price of the element: with relatively more elements, the
price is relatively inexpensive: with relatively few elements, the price is relatively expensive.
As aresult, the relative prices of capital labour and natural resources in countries with different
levels of development are different.??

In short, the factor endowment and its structure simultaneously determine the relative
price, that is, the total budget for its various elements of a country or a society. The relative
price of different factors determines the comparative advantage of its economy. For example,
in a country with relatively abundant labour and relatively low capital, its industry with
comparative advantages is a labour-intensive industry. The production cost will be relatively

low compared to the country with a relatively expensive labour force. These countries have a

2 Lin, J., & Chang, H. J. (2009). Should Industrial Policy in developing countries conform to comparative
advantage or defy it? A debate between Justin Lin and Ha-Joon Chang. Development policy review, 27(5), 483-
502. https://doi.org/10.1111/j.1467-7679.2009.00456.x
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low cost in this industry, which has a competitive advantage. Therefore, the premise of
competitive advantage is comparative advantage. If all industrial sectors of an economy
develop according to the comparative advantage of this economy, this economy must be the
most competitive.

The former World Bank senior vice president, economist Justin Yifu Lin, proposed a hew
dynamic plan for comparative advantages in new structural economics. What does that mean?
Each comparative advantage corresponds to a specific optimal industrial structure, and the
comparative advantage is also changing. In the past, capital was scarce for most developing
countries. Capital surplus phenomenon comes into being along with the emergence of
accumulation of labour-intensive industries. Then the optimal industrial structure will change.
This is a dynamic process that can form a continuous spectrum from a low-income agricultural

economy to a high-income industrialised economy.
1.1.1 Main Concepts of New Structural Economics

New ideal of new structural economics. The new structural economics is aimed at
industrial upgrading and economic growth in developing countries. Therefore, understanding
the “newness” of new structural economics requires finding out from the development
trajectory of development economics. So far, development economics has undergone such
three stages of evolution. First, after World War 11, the subject of economic development was
born from the need for economic growth. Rosenstein-Roddan, Jordahl, Hirschman, and
pioneers such as Prebisch, Singh, Nax, and Lewis, all stressed that due to the existence of
various market failures, less-developed countries often cannot get its economy to take off,
which requires the government to formulate specific industrial policies to promote
industrialisation for economic growth.?® For example, government could implement a policy
through market protection to cultivate an internationally competitive industrial sector. Second,
some radical industrial policies have suffered setbacks since the 1980s; for example, the Latin
American regime was captured by huge interest groups and distorted economic development.
Kruger, Lall, and others have launched a challenge to traditional development economics; they
haven’t pay much attention about usefulness and necessity of industrial policy or any other
government intervention policy, but emphasise the creation of a free market and the

government plays a crucial role in market resource allocation.?* Third, with the dilemma

2 Hirschman, A. O. (2012). The rise and decline of development economics. In The theory and experience of
economic development. Routledge, 372-390.

24 Krueger, A. (1974). The Political Economy of Rent-Seeking Society. American Economic Review, 64(3), 291-
303. https://www.jstor.org/stable/1808883 [accessed 30 January 2024]
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caused by the implementation of the ‘Washington consensus’ globally at the end of the 20™"
century and the outbreak of the global economic crisis in the early 21% century, which makes
academic began to rethink mainstream neoclassical economic thinking and judgment, re-
emphasising industrial policy, and actively exploring theoretical changes in development
economics. One notable representative figure is Lin Yifu, an esteemed scholar renowned for
his involvement in economic policy decision-making within developing nations, coupled with
his tenure in esteemed international organizations like the World Bank.

In this context, Lin advocated a new structural economics based on the combination of
traditional structural development economics and neoclassical economic analysis.
Correspondingly, the new structural economics has dual characteristics. On the one hand,
unlike neoclassical economics, which homogenises the structure of both developed and
developing countries, the new structural economics is devoted to the analysis of the differences
in industry, technology, and the market characteristics between developed and developing
countries, and attempts to find a way to promote industrial-level and corporate governance of
developing countries to the same level as developed countries through government policy. On
the other hand, traditional structuralism treats structural differences between countries with
different levels of development as exogenous, New Structural Economics believes that this is
inherent in the difference in the factor endowment structure. In fact, the traditional structural
economic policy is based on developed countries as a frame of reference. These countries
accomplished the goal of establishing a perfect modern industrial system by stimulating the
development of capital-intensive industries that were lacking in developing countries; they did
it through administrative measures, price distortion measures, trade protection policies, and
import substitutions, as well as adopt various institutional arrangements. The new structural
economics emphasises that in the integrated world market, the industrial structure of
developing countries should be established based on the comparative advantage determined by
the endowment structure of the factor endowment. In an integrated world market, the industrial
structure of developing countries should be based on the comparative advantage determined
by the endowment structure of the factor endowment. The role of the government is mainly to
solve the problems of property rights protection, information supply, and the external
coordination that enterprises face in the process of industrial upgrading. In the meanwhile, the
market plays a central role in allocating resources is a fact should be respect by government.
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1.1.2 How New Structural Economics Works on Regional Development and Industrial
Upgrading Related to HSR

How do developing countries identify target industries? The new structural economics
argues that the economic structure at each point in time depends on the given factor endowment
structure at that point in time. This theory takes the self-generated ability of the enterprise as
the basis of microanalysis, and introduces the differences between the national economic
structure and related characteristics of production activities of different degrees of development
into the theoretical analysis of modern economics. Correspondingly, Justin Yifu Lin advocated
the industrial policy of promoting the transformation of comparative advantage and the
upgrading of production structure. The key to this was to determine the target industries for
development. Further, to guide the formulation of industrial policies of various countries, Lin
also constructed the ‘Growth Identification and Facilitation Framework’ (GIFF), consisting of
two steps: identifying new industrial sectors in which a country may have potential
comparative advantages; and eliminating constraints that may prevent the rise of these
industries, while creating conditions that make these industries a practical comparative
advantage for the country. The first of the two steps is key.

To help identify such potential sectors, Lin proposed a six-steps of ‘growth screening’
process:

1) The government of a developing country develops a list of trade goods and service
sectors that have been produced for more than 20 years in a high-growth country with a similar
factor endowment structure and a per capita income of about 100% to 200% higher than itself.

2) In the list of industries, the government prioritises industries in which domestic
private companies have spontaneously entered, and seeks to identify barriers preventing other
private companies from entering the industry and obstacles for improving the quality of their
products.

3) For those new industries on the list, or those that are rarely engaged in exporting, the
government can take specific measures to encourage the high-income countries to invest in the
country in industrial sectors that identified in the first step and take advantage of the low cost
of their own labour. Supporting domestic private enterprises to enter these industries through
the establishment of incubation bases.

4) Inaddition to the industries identified in the first step of the list of traded goods and
services, the government should also pay close attention to other private enterprises that have
successfully achieved self-discovery in their own countries and provide assistance in scaling
up these industries.
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5) In developing countries with poor infrastructure and a poor business environment,
the government can invest in industrial development zones and export processing areas, and
make necessary improvements to attract domestic private companies or foreign companies
willing to invest in the target industrial sectors.

6) The government can also provide incentives for domestic pioneers or foreign
investors in the list of industries identified in the first step to compensate for the non-
competitive public knowledge created by their investments.

How does the government play a role in the industrial upgrading? The new structural
economics emphasises that the government should play an active role in industrial upgrading,
and thus advocates a positive and proactive government doctrine. Drawing on the experience
of China, Justin Yifu Lin divided China’s industries into five types based on the gap between
existing industries and international frontiers, further refining the functional commitment of
the government in different types of industrial development and upgrading.

1) “Catch-up industry’ refers to existing industries with lower technology and added
value than similar industries in developed countries, such as automobiles, high-end equipment,
and high-end materials. The government can support domestic enterprises to acquire overseas
enterprises with advanced technology as a one of the key elements of technological innovation
and industrial upgrading, and can support domestic enterprises to set up overseas R&D centres
to directly utilise high-end foreign talents to promote technological innovation. It is possible to
attract manufacturers of high-end manufacturing products to set up factories in China through
investment promotion policies.

2) Advanced industries refer to industries where products and technologies are already
internationally advanced or close to the highest international standards, such as home
appliances, HSR, and shipbuilding. The government can set up research funds to support the
high-investment, high-risk basic research required for the development of new technologies
and new products. At the same time, the government can help companies that acquire new
technologies and new products through large-scale procurement to form large-scale production
faster to improve the international competitiveness of products. It can also provide support in
talent training, capital, law, consular protection, and investment protection so that it supports
companies in expanding overseas markets, thereby maintaining the country’s leading position
in the industry.

3) ‘Withdrawal-type’ industries refer to industries that have lost their comparative
advantages or have comparative advantages but have also sufficient production capacity, such
as steel, cement, flat glass, electrolytic aluminum, and other building materials industries as
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well as labour-intensive export processing industries. The government can encourage talented
enterprises in the industrial cluster to upgrade to high value-added chains in terms of brand,
R&D, and market channel management by providing talent training and exhibition platforms.
It can be established through information, talent training, financial support, and cooperation.
Establishing joint industrial parks and other support systems could assist enterprises in
transferring to low-wage countries or regions, and could also support some enterprises in
surplus-capacity industries to transfer their production capacity to countries surrounding the
‘The Belt and Road’ initiative and satisfy their strong infrastructure investment demand.

4)  ‘Curve-over-vehicle’ industry refers to emerging industries with high human capital
demand and short development cycles, such as software for information and communication
industries. Governments can encourage innovative talents to start businesses by providing
incubation bases, strengthening intellectual property protection, encouraging venture capital,
formulating talent and tax incentives, and promoting relevant industries by taking advantage
of the huge domestic market, scientific and technological innovation, and complete production
and processing capabilities to make further development in these industrial sectors.

5) 'Strategic' industries are characterized by high capital intensity, lengthy research and
development cycles, and substantial investment requirements. While China may lack a
comparative advantage in these sectors, it maintains strategic relevance, particularly in areas
related to national defense security such as large aircraft, aerospace, and supercomputing
industries. The government can bolster new product and technology development by directly
allocating financial resources from the central budget. Moreover, it can support domestic
production through government procurement initiatives and facilitate export promotion to
other countries. Local governments can also enhance their strategic positioning by improving
both soft and hard infrastructure, including investments in education, healthcare, and
environmental sustainability. These efforts aim to attract strategic industries to establish
operations within their administrative jurisdictions, thereby fostering economic development
and industrial upgrading in a mutually beneficial manner.

From the perspective of new structural economics, the development of infrastructure is
fundamental and contributes to the formation of rapid industrial agglomeration for the long-
term and stable economic development of developing countries. In addition, several key
industrial sectors must be developed to sustain long-term development momentum. China has
absorbed and applied the ideas of new structural economics, and has incorporated the HSR and
its supporting industries into the development plan, forming an efficient and fast transportation
network, and this network is still growing. The construction of HSRs is not limited to the HSR
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itself, but also drives scientific research, infrastructure construction, social employment and so
on. This is worth learning for some booming countries.

1.2 Theories of Urban Belts, Transportation Economics, and the Socioeconomic Spillover
Effects by HSRs

Urban belts, transportation economics, and the socioeconomic spillover effects of HSRs
also provide a positive theoretical reference for HSR construction.

The traditional theory of development economics believes that the main factors affecting
economic growth are land, capital, labour, technology, etc., and their different combinations
affect the level of economic growth. However, with the continuous evolution of economic
growth theory in the 20" century, the analysis of economic growth factors is also expanding to
wider perspectives. In the Harrod—-Domar model, by analysing the relationship between
investment, savings, and economic growth, capital accumulation plays a decisive role in
economic growth.?® The neoclassical economic growth model represented by Solow is again
in the Harrod—Domar model. Based on the model, some new factors affecting economic growth,
such as mutual substitution between production factors, exogenous technological progress, etc.,
have been added.?

In the new growth theory that emerged in the 1980s, the academic community internalised
the progress of technology, indicating the decisive role of knowledge accumulation and human
capital accumulation in promoting economic growth. Later, Becker, Yang Xiaokai, and others
proposed that the deepening of the labour division is the source of economic growth, and the
division of labour is introduced into the analysis of economic growth. Transport economists
and economic geographers believe that convenient transportation conditions are an important
factor in economic growth, and point out that the prosperity of a regional country has two main
characteristics: a busy industrial and agricultural production foundation, and a busy
transportation sector.

From the perspective of transportation, urban economic development and transportation
interactions interact. The urban area is the centre of politics, economy, and culture in a certain
region, and is an important base for the creation of material wealth and spiritual wealth in the
whole society. Its fundamental feature lies in its concentration. It is a spatial and regional

% Hagemann, Harald (2009). ‘Solow’s 1956 Contribution in the Context of the Harrod-Domar Model’. History
of Political Economy. 41 (Suppl 1): 67-87.

% Haines, J. D., & Sharif, N. M. (2006). A framework for managing the sophistication of the components of
technology for global competition. Competitiveness Review: An International Business Journal, 16(2), 106-
121. https://doi.org/10.1108/cr.2006.16.2.106

38



system with an intensive population, an intensive economy, and an intensive scientific culture
for the purpose of agglomerating economic benefits. It is related to a certain spatial extent, and
each functional unit is interconnected to form an organic whole. The function of the city may
be multifaceted, but transportation is an essential material basis for a city centred on any
function.

Transportation is the force that promotes the formation of cities, and purely isolated cities
cannot survive. Because the city is both a population gathering place and an industrial gathering
place, it is the carrier of industrial development. As producers of goods and services, cities
must export the products, goods, and services they produce outside the city to obtain the
necessary income. At the same time, as consumers of substances and services, a large number
of substances, services, and products are brought in from the outside every day to fulfil all the
city’s needs. Therefore, no city exists in isolation. As a city develops, it must be connected with
other cities—that is, there must be spatial interaction between cities. Spatial interactions
include element interactions in political, economic, social, cultural, and other aspects; indeed,
economic linkages are the most basic connection. Economic linkages must be realised through
logistics, people flows, capital flows, and information flows. Although the importance of
capital and information flows is increasing, logistics and people flows will be increasingly
important in the future. Transportation is the link through which this economic connection can
be realised. The exchange of material, workforce, and information between cities through

transportation is shown in Figure.1-1.

Figure.1-1 Structure for Transport Connectivity
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To a certain extent, transportation connectivity links are the main characterisation of urban
outside economic relations, which are of great significance to urban economic development.

Polish urban scientist Piotr Zalemba proposed the “point—axis progressive development”
theory. He had important plans for the development of Szczecin and its surrounding areas after
the Second World War. Later, during his visit to China, he also proposed important planning
guidance for the development and planning of Guangzhou. ‘Point—axis development’ refers to
the development of “point—axis progressive diffusion”, which means that one or several linear
transportation facilities that have development value within a certain area has become a
development axis in this area. Some points above the axis (usually cities or urban
agglomerations) will be prioritised for development and will generate growth poles; but as the
economic strength of the points along the axes continues to change, the focus of regional
economic development will shift to a concentrated point or centres at relatively lower levels.
In addition to the development centre, the development axis will continue to extend to the less
developed areas or to areas farther from the development axis. The extended areas and newly
diffused areas can form a new, relatively low-level development centre. Through such
continuous extensions, points and axes of different grades are formed in the region, such that
the ordered points and axes are alternately connected to each other to form a ‘point—axis space
structure’ in the region.

The basic meaning of the theory of comprehensive network development: According to
the general law of the process of spatial integration, after the construction and improvement of
the regional ‘point—axis system’ is completed, it is necessary to focus on the development of
‘points’ and ‘axes’ and the comprehensive network construction within the hinterland. As one
of the basic theories of regional development, the ‘point—axis development theory’ elaborates
the objective law of spatial structure in economic society. The comprehensive network is an
extension from the ‘point-axis system’ to the external space, which can spread the
opportunities and the potential of development to a larger area and more areas, so that the entire
region can more fully utilise various production factors. Its formation logic refers to the
following Figure.1-2. In China, Liu analyzed the effects of the first HSR in southern China
based on the point axis theory.
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Figure.1-2 Four Stage of Development according to ‘Point—-Axis Progressive
Development’ Theory

Own elaboration based on source compiled from Liu, C. (2017). Study on spatial structure dynamic
evolution of tourism economic zone along Wuhan-Guangzhou HSR. Open Access Library Journal,
4(12), 1-11. https://10.4236/0alib.1104045. [accessed 30 January 2024]

Growth Pole Theory. In 1950, the French scholar F. Perroux quoted the concept of

‘magnetic pole’ in physics and proposed the growth pole theory in geo-economic. Later,

through his own efforts and that of American scholars Freisman and Hirschman, and Swedish

scholar Meldell, etc., the theory is maturing. The theory holds that the economic space has a

dominant dominating effect and regards it as a kind of magnetic field, in which the magnetic

pole unit with propulsion and conduction (such as the industrial sector occupying a large

proportion in the industrial structure), that is, the growth pole. First, this effect will act at

different points to different degrees, and then begin to spread around the different channels and

will gradually form a scale, which will affect the economy of the entire region. However, this

effect does not occur in all places.?” Its functional mechanism as shown in the following

Figure.1-3.

27 Richardson, H. W. . (1976). Growth pole spillovers: the dynamics of backwash and spread. Regional Studies, 10 (1), 1-9.

DOI:10.1080/0959523760018501

41



Figure.1-3 Schematic Diagram of Growth Pole Theory
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Own elaboration based on source compiled from Liu, C. (2017). Study on spatial structure dyn
amic evolution of tourism economic zone along Wuhan-Guangzhou HSR. Open Access Library
Journal, 4(12), 1-11. https://10.4236/0alib.1104045. [accessed 30 January 2024]

The growth pole theory has three characteristics. 1) In a geographical space of economic
activity, a city with considerable scale or certain functions could be regarded as a growth pole.
2) There must be one or more powerful industrial sectors in the city that play a leading and
supporting role in other industrial sectors in addition to having a positive effect on geospatial
economic activities. 3) It has a recirculation effect and a diffusion effect. The recirculation
effect is a process of agglomeration. This refers to the fact that the production factors in space
are attracted to and promoted by the leading industries, and continue accumulating around the
growth poles and its surroundings area, which in turn promotes the further development of the
growth poles and even leads to an unbalanced state of regional economic development. The
diffusion effect, that is, the growth pole, enhances its own economic strength while spreads
around it through a series of linkage mechanisms with a progressive approach, which drives
the economic development of the relatively backward regions and narrows the gap, thus
promoting the formation of the next growth pole. According to growth pole theory, the
economic development process extends from point to surface, from local influence to all, with
a progressive and inter-connected approach, one that is organically unified. The carrier or
manifestation of this process can be urbanisation, urban-rural integration, industrial structure
upgrading, the development of science and technology parks, and new industrial parks.

1.3 The Role of International Organisations on HSR

International organisation refers to an international consortium established by two or more
governments, political parties, groups, or individuals based on specific purposes. The
development process of modern international organisations transformed from the universal to
the specialised, from the global to the specific regional, from the intergovernmental to the

nongovernmental, from the political to the economic, and includes cultural, social, ecological,
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health, and human rights concerns, etc. All kinds of international organisations cover every
aspect of human activity. The field, the diversity of its types, and the breadth of the field are
unprecedented. International organisations have become an important part of the contemporary
international community.

After the preparations and theoretically discovery of the 17 and 18" centuries. The
exploration and innovation of institutions and systems of a series of international conferences
in the 19" century provided the basis for the emergence and development of modern
international organisations in the 20" century. Subsequently, a variety of international
organisations flourished in the late 1980s. In the era of globalisation, international

organisations have become important actors in international relations.
1.3.1 The International Union of Railways (UIC)

The organisation closely related to the development of the world HSR is the the
International Union of Railways (UIC; French: Union internationale des chemins de fer,
International Union of Railways). Unlike the goals of international political organisations—
seeking peace, avoiding war, and effectively preventing war with peaceful mechanisms, the
UIC’s mission is to ‘promote rail transport at world level and meet the challenges of mobility
and sustainable development’.

1) Afterits founding in 1922, UIC has 194 members across five continents;

— Active members: 73 (including from Europe, Russia, the Middle East, North
Africa, South Africa, China, Pakistan, Taiwan, India, Japan, Korea, Kazakhstan,
Afghanistan, and companies operating worldwide such as Veolia Transport);

— Associate members: 68 (including from Asia, Africa, America, and Australia);

—  Affiliate members: 53 (related or ancillary businesses or services)®,

2)  The main tasks of UIC:

—  Facilitate the sharing of best practices among members (benchmarking);

—  Support members in their efforts to develop new business and new areas of
activities;

—  Propose new ways to improve technical and environmental performance;

—  Promote interoperability; create new world standards for railways (including

common standards with other transport modes);

2 1j,J., Wang, D., Peng, Q., & Yang, Y. . (2019). A study of the performance and utilization of high speed rail in china
based on uic 406 compression method. Linkdping University Electronic Press, 28-33.
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—  Develop capabilities for member/states (high speed, safety, security, e-business,
etc.)?®

UIC pays attention to defining the perimeter of intercity and HSR business (actors, assets,
technologies, traffic, statistics, etc.), which helps with an understanding of their specificities
and therefore serves to focus action on their core elements. It also contributed to making
research on key performance indicators (KPIs) of companies operating high-speed trains and
conduct studies compares mixed-traffic high-speed lines to better understand why this choice
was made and what its consequences were. Regarding technology, a report on the ‘optimal
speed’ for rail concludes that rail commercial speed is still increasing, while the commercial
speeds of air and road transport have now remained constant for many years. China resumed
the operation of bullet trains with a maximum speed of 350 km/h, while Indonesia's HSR
system has set a speed target of 360 km/h. Since most of the world’s HSR standards are
established by the UIC, the organisation has the responsibility and obligation to deliver the
latest technology and forward-looking information on HSR to the people of the world,
especially to decision-makers. Besides, UIC also contribute to the implementation and

development of international HSR standards.
1.3.2 Current Status of 1SO in Railway Aspect

The International Organisation for Standardisation (ISO) is an international standard-
setting body composed of representatives from various national standards organisations.
Founded on 23 February 1947, the organisation promotes worldwide proprietary, industrial,
and commercial standards. It is headquartered in Geneva, Switzerland, and works spans the
world. It was one of the first organisations granted general consultative status with the United
Nations Economic and Social Council.

As a major industrial product, the standards related to railways directly determine their
application and popularisation. ISO has a major influence on railway standards.

As a relatively mature international standardisation organisation, the ISO established
several railway-related technical committees in its early years. ISO/TC 204 (the technical
committee for intelligent transportation systems), 1ISO/TC 22 (the road vehicle technical
committee) and 1ISO/TC 269 (the technical committee for railway application standardisation),
established in 2012, are mainly responsible for international and regional standards related to

international standardisation of HSRs. It is worth noting that there is a subcommittee of ISO/TC

2 Pomykata, Agata. 10th UIC World Congress on High Speed Rail. TTS Technika Transportu Szynowe-go 25
(2018),2-3.https://yadda.icm.edu.pl/baztech/element/bwmetal.element.baztech-7b2a094f-00ab-4dee-aeb8-
5e38bd6f3a47/c/PomykalaTTS9en.pdf [accessed 30 January 2024]
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269 on railway infrastructure and rolling stocks which is responsible for the standardisation of
all related products and services in the rail transit industry, including infrastructure, equipment,
and component operation and maintenance methods and technologies, as well as infrastructure
and port standards for rolling stock connections, etc. ISO/TC 269 adopts integrated policies
that combined with the standard proposed by the technical committee for the standardisation
of railway applications (CEN/TC 256), a subcommittee under the European Committee for
Standardisation. This has led to many original European standards becoming international

standards through a rapid process.
1.3.3 IEC Role in International Railway Standard

The International Electrotechnical Commission (IEC) is a global standards organization
that develops and publishes international standards for electrical, electronic, and related
technologies, collectively referred to as 'electrotechnology'. The scope of IEC standards
encompasses a wide array of technologies, including power generation, transmission and
distribution, home appliances, office equipment, semiconductors, fiber optics, batteries, solar
energy, nanotechnology, and marine energy, among others. The IEC also manages four global
conformity assessment systems that certify whether equipment, systems, or components
conform to its international standards. EIC is deeply involved in the development of railway
standards, due to the close interweaving of HSR technology and electronic technology.

IEC/TC 9 (the technical committee for electric traction equipment and systems
standardisation) is responsible for international standardisation in the field of electric traction
equipment and systems. There are currently 27 P (participants) members (20 of which are
European countries) and 10 O (Observers) members. The committee is responsible for the
development of international standards in the field of transportation, including trunk railways
and urban rail transit (including subways, trams, trollies, and fully automated transport systems)
as well as magnetic levitation transport systems. In IEC/TC 9, the country with the largest
number of conveners of the working group is Germany, and the responsible working group
mainly covers the field of electric traction overhead contact network, ground equipment for
traction power supply, and pantograph, ground DC switchgear, and insulation coordination.
The Italian working group mainly covers train communication networks, in-vehicle multimedia
systems, vehicle driving record systems, and electrical terminology. The French working group
mainly covers the field of combined systems for urban-oriented transportation and command
management systems, traction transformers and reactors, as well as generator, motor, and

related control systems. The Swiss working group mainly covers the field of rolling stock

45



converters, ground-powered converters, and permanent magnet synchronous motors. The UK
is primarily responsible for vehicle test methods and communications, signal, and processing
systems. The Japanese working group mainly covers linear motors, power capacitors, and
radio-based columns as well as vehicle control systems and other fields. The standards being
developed by IEC/TC 9 covers vehicle equipment, control systems (including communications,
signal, and processing systems), ancillary equipment and other ancillary facilities, urban rail
transit (including subways, trams, trollies, and fully automated transport) as well as the field
of magnetic levitation transportation systems.

According to the principle of standard system division, IEC/TC 9 standards are mainly
divided into communication and traction power supply, signal, rolling stock, basic standards,
and processing systems. Each category can be subdivided again. Generally speaking, the
IEC/TC 9 international standard is relatively inferior in its systematisation, and the division of
categories is not very clear. There are systemic standards and functional standards, as well as

product standards within the established standards.
1.3.4 Status of European Railway Standard

The European Committee for Standardisation of Railway Applications (CEN/TC 256),
part of the European Committee for Standardisation (CEN), is directly responsible for the
revision and supervision of European railway industry service and mechanical product-related
standards. Its secretariat located in Germany and it has established a many European standards.
CEN/TC 256 consists by three technical subcommittees: track (SC1), wheel-set bogie (SC2)
and brake (SC3). There are 32 working groups, including tracks, gauges, fire, and noise, which
basically cover all areas of rail transit except electrical and electronic. CENELEC/TC 9X is the
ninth technical committee of the European Electrotechnical Commission. It corresponds to the
scope of work by IEC/TC 9 in the technical field. It is divided into SC 9XA (communication,
signal, and processing system), SC 9XB (locomotive vehicle) and SC 9XC (ground equipment)
three technical subcommittees. Among them, there are eight direct working groups of TC 9X,
five working groups of SC 9XA, 19 working groups of SC 9XB, 12 working groups of SC
9XC, and one joint working group. CENELEC/TC 9X has developed many European standards,
and some common standards such as EMC(Electromagnetic compatibility), RAMS(reliability,
availability, maintainability, and safety), insulation coordination, electrical hazard protection,
and urban rail system requirements. Standards for rolling stock and components,
communications, signal, and processing systems, as well as ground equipment are developed
by SC 9XA, SC 9XB, and SC 9XC. Compared with IEC/TC 9, CENELEC/TC 9X is ahead of
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IEC/TC 9 in the development of key electrical system standards for rolling stock, while IEC/TC
9 works better than CENELEC/TC 9X in the field of train communication networks. It means
that CENELEC/9X and IEC/TC 9 are organically combined: the two are complementary to
each other. They have developed a set of integration policies that are conducive to
standardisation to work more closely together. In addition, CENELEC/TC 9X has established
a joint working group (the Joint Do-it Group) with CEN/TC 256 aims to cooperate closely with
AEIF (European Railway Interoperability Association), as well as UIC and ERRI (the
European Railway Research Institute). As a European organisation, CENELEC/TC 9X is
actively cooperating with non-European countries. For example, it meets regularly with the
Japan Industrial Standards Survey, and conducts work exchanges in international
standardisation.

The positive attitude of CENELEC/TC 9X in the development of railway standards also
reflects the EU’s hope that more non-European countries would join the European standard in

a larger scope to expand its product market and achieve mutually beneficial cooperation.
1.3.5 Organizations Structure for the Cooperation of HSR

International organizations play an important role in the construction of the Eurasian
HSR project, which can be reflected in promoting international cooperation, providing
financial support, formulating standards and regulations, promoting technology exchange and
transfer, and promoting economic development and social benefits.

International organizations, especially professional ones, have played a promoting and
constructive role in the overall development of HSR. Its functionality is mainly reflected in the
following aspects:

1) Reduce transaction cost.

2) Formulate a unified HSR standard system.

3) Establish a communication and liaison platform for HSR operators between

countries.

The following text attempts to elaborate on the important role of international
organizations in the development of HSR in globalization at a more detailed level.

In general, international organisations are conducive to the unification and compatibility
of the Eurasian HSR standards. Standardisation and compatibility of HSR standards can further
reduce construction costs. From a long-term perspective, it will help reduce transaction costs.

In the short run, it will facilitate the rapid construction of the current HSR network and facilitate
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the use and promotion of existing mature technologies, equipment, and related components, as
well as operational experience from all countries and regions of the world.

Second, international organisations are conducive to top-level route planning and design.
The existence of international organisations is more conducive to further coordinate and refine
the construction of railway trunk lines as well as balance the interests of various places and
meet the needs of as many regions as possible. It plays a vital role in popularising HSRs.

Third, international organisations related to HSR can promote the construction of
communication platforms and liaison mechanisms. In the future, intercontinental HSR is bound
to pass through more countries and affect the people from more countries and regions, and this
urgently demands a communication and coordination dialogue platform for HSR countries. In
the process of train construction and operation, the railway departments of various countries
are bound to encounter many potential problems related to route design, operational
arrangements, maintenance and repair, and income status, as well as workload distribution,
which requires close communication and coordination. International organisations will
certainly play a vital role in this regard.

Fourth, international organisations are conducive to facilitating the movement of people
and goods. The strength of international organisations is to fully communicate and coordinate
international affairs. International organisations can mediate and coordinate in the middle
through their own professional characteristics even in inter-state affairs where diplomatic
relations have not been established. This feature of HSR international organisations will further
facilitate the exchange of personnel and trade goods between countries by railway

transportation, thus helping to consolidate friendships in international relations.
1.4 Summary

International organizations play significant roles in global affairs, particularly in the realm
of transportation connectivity. Although there are international bodies specifically dedicated to
railways, their perceived influence is often considered limited. However, with the rapid
expansion of HSR networks worldwide, there is an urgent need for efficient and universally
impactful international organizations.

A century ago, geopolitical scholars recognized the pivotal role of railways in extending
political influence, and with HSR surpassing traditional rail in speed, its political ramifications
are likely even more profound. Economic geographers have also investigated the influence of
railways and HSR on the economic geography landscape, providing valuable insights from

their professional standpoint.
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The framework of New Structural Economics advocates for HSR construction by
highlighting the role of transportation infrastructure in facilitating industrial upgrading,
fostering regional coordination, and unlocking economic growth potential. It emphasizes the
importance of supportive policies, private sector engagement, and integrated development
across various industries.

International bodies such as the International Union of Railways (UIC), International
Organization for Standardization (ISO), and other professional organizations devoted to HSR
collaborate closely with governments, industry experts, and stakeholders to advance HSR
development. They offer technical expertise, research support, and capacity-building initiatives
to member countries, thereby contributing to the expansion of HSR networks worldwide.
Furthermore, these organizations facilitate knowledge exchange, host conferences and
workshops, and promote the sharing of best practices among HSR stakeholders, fostering
continual improvement and innovation in the sector.

In summary, theoretical research on the intersection of railway development and political
economy has laid a solid groundwork for widespread HSR construction. Thanks to
international cooperation spearheaded by organizations such as the UIC and ISO, the pace of
HSR expansion has accelerated. The reciprocal process of theory informing practice and

practice enriching theory has propelled the advancement of HSR on a global scale.

Chapter 2. The Role of HSR in Regional Intergration

The implementation of a HSR system can yield manifold positive ramifications for
political economics. Empirical investigations from diverse nations have predominantly evinced
the constructive impact of HSR on socio-economic advancement, political cohesion, and the
augmentation of various metrics of social governance. To a certain extent, the adept operational
efficiency, adaptable scheduling, and comprehensive management competencies exhibited by
state-owned railway enterprises, encompassing HSR networks, also mirror the overarching
governance capacities of the respective nations. Moreover, the seamless network operations
and sustained operational stability of HSR within a given region further signify the political

and economic integration of the locale to a certain degree.
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2.1 The Concept of HSR

HSR is a fast and efficient way of transporting railways that is different from traditional
railways. At present, the international standard for passenger railways is 110-200 km/h for
normal speed; 120-160 km/h for medium speed; 160200 km/h for fast; 200-400 km/h for
high speed; and 400 km/h for a special high speed. The ‘HSR Tribe’ proposed by the
International Railway Journal has classified the railway transportation system with a speed of
160 km/h. For many years, the “high-speed” of HSRs is only a relative concept. There is no
strict definition of the concept of HSRs in various countries and organisations, and the

standards are different, as shown in Table.2-1.

Table.2-1 HSR Standards around World

Country and Region Standard for HSR
Japan The maximum operating speed is 200 km/h or above.*
USA The maximum operating speed 145 km/h (90 mph) or above.

200 km/h for technically transformed old lines; 250-300 km/h? for newly
constructed lines
International Union of New lines designed for speeds above 250 km/h and in some cases,

Europe

Railways (UIC) upgraded existing lines for speeds up to 200 or even 220 km/h®
China D-series high-speed train 200-250 km/h
G-series high-speed train Above 250 km/h

Note:

1. Japan Railways. (31 July, 2023). JR Outline History and Overview of the Tokaido Shinkansen. Central Japan
Railway Company. https://www.jrailpass.com/blog/tokaido-shinkansen-jr-pass. [accessed 30 January 2024]

2. Pyrgidis, Christos N. (2016). Railway Transportation Systems: Design, Construction and Operation. CRC Press.
ISBN 978-1-4822-6216-2.

3. Ibid.2.

Own elaboration based on source compiled from UIC. (2012). ‘Development of China’s Transport’ on
Dec. 29 & The State Council Information Office of the People’s Republic of China, Beijing, 2016. 10-11.

Due to the consistency of the calibre and the consideration of relevant materials, the HSR
concept studied in this thesis is the current railway transportation system with a speed of more
than 200 km/h. The basic features of HSR (HSR) are demonstrated in Figure.2-1.

Figure.2-1 Features of HSR

50



Own elaboration based on source compiled from Wanming, L. (2002). Research on the Main
Technical and Economic Issues of China’s High-speed Passenger Dedicated Lines. [Unpublished
doctoral dissertation]. Southwest Jiaotong University.

Compared with other modes of transportation, HSR has several unique competitive
advantages:

First, it is fast. Speed is the most important indicator of the technical level of HSRs. At
present, the train speed of HSR systems is much higher than highways. On the other hand,
although aircraft are faster than HSRs, the airport is generally far away from the city and the
waiting time is longer. In contrast to cars and airplanes, HSRs have the shortest arrival time in
a certain interval, usually between 205 km/h and 1058 km/h.*® As an innovative mode of
transportation, HSR presents a paramount advantage in revolutionizing the velocity and
efficacy of land-based transit systems, notably enhancing travel speeds to a significant degree.
Consequently, this transformative capability of HSR holds the potential to redefine the concept
of "space". Notably, when individuals traverse the terrestrial terrain aboard contemporary high-
speed trains exceeding speeds of 250 kilometers per hour, there is a perceptible reduction in
perceived spatial distance. Particularly evident is this phenomenon when traversing distances
of up to 1,000 kilometers between cities serviced by HSR, where a discernible compression of
spatial dimensions is experienced - a notable contrast to the spatial distances perceived when

utilizing conventional modes of transportation.

% Shuming, Z. (2014). Analysis and Evaluation of the Impact of HSR on Regional Economy along the Line.
[Unpublished doctoral dissertation]. University of Tianjin, 101-103.
https://www.zhanggiaokeyan.com/academic-degree-domestic_mphd_thesis/020314685318.html [accessed 30
January 2024]
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Second, the operating density is high and the volume is large. On the one hand, HSRs
continue the advantages of traditional railways; on the other hand, due to the higher density of
transmission, not only the volume of transportation is greater, but it also provides passengers
with more convenient services. In addition, HSR can also improve operating income in solving
the problem of intercity passenger travel dilemma. The ratio of the number of passengers
transported by HSR, expressway, and civil aviation within the unit time is 1 : 0.34 : 0.32.%!

Third, HSRs are relatively safe. Since most HSRs have dedicated railways, the whole
route is completely isolated from outside roads. The trains are mainly controlled by the central
system computer. The trains operate with the assistant of automatic control systems, equipped
with automatic parking, automatic operation, equipment and road fault alarms, and disaster
protection alarms. Such devices effectively prevent train accidents and greatly reduce the
damage of driving accidents. Statistics show that the ratio of passenger casualties in train
passengers, airplanes, and cars is 0.18/14/192 (person/billion people/km).%2

Fourth, HSR has high adaptability, the punctuality rate is high, and the compatibility is
good. On the one hand, HSRs inherit the advantages of traditional railways, which are less
affected by natural conditions such as geography and weather. Because HSR is equipped with
a modern train operation control system, it ensures that the train can operate safely around the
clock in all kinds of severe weather conditions, unless an earthquake occurs, triggering the
emergency brake. On the other hand, the high punctuality rate is one of the reasons why HSRs
are popular in the modern era. Due to the reliability of the HSR system equipment and the
rigorous transportation organisation, passenger trains have a very high punctuality rate. In
addition, the HSR is also compatible with existing railway lines.

Fifth, HSRs save energy, occupy less land, and have less pollution. HSRs not only have
low energy consumption, but also make comprehensive use of resources. Because HSR uses
electric locomotive traction, its energy comes from many sources, and current aviation and
most highway vehicles can only be powered by advanced gasoline. In addition, high-speed
lines occupy less land than highways. At the same capacity, the land required for HSRs is only
1/4 to 1/6 of the land required for a four-lane highway. Moreover, an electrified HSR basically

eliminates dust, soot, and other exhaust gas pollution, and the noise pollution is also low.

31 Dongrong, L., Xiaoyan, Y. (2010). A Preliminary Study on the Development of Chinese HSRs. Market
Modernization, 2010(14), 170-180. https://doi.org/10.3969/j.issn.1006-3102.2010.14.108

3 Wanming, L. (2002). Research on the Main Technical and Economic Issues of China's High-speed Passenger
Dedicated Lines. [Unpublished doctoral dissertation]. Southwest Jiaotong University. 101-103.
https://cdmd.cnki.com.cn/Article/CDMD-10613-2002128583.htm [accessed 30 January 2024]
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The technical and economic advantages of HSR make it become a more economical and
effective solution for transportation within certain distances.

According to the operational experience of some countries operating HSR, the main
social utility objectives of HSR providing high-speed service are:

1) saving passenger travel time;

2) attracting passengers from other modes of transportation;

3) reduced transportation pressure on existing railway lines;

4) eased intercity traffic congestion;

5) HSRs have low energy consumption, low emissions, and are more environmentally

friendly; and

6) the cities along the HSR line will be more closely connected, expanding the regional

scope of the labour market and revitalising the regional economy.

While aviation transport has undoubtedly enhanced travel efficiency by considerably
reducing both travel time and distance, its operational framework, centered around airports,
markedly contrasts with the familiar daily environment. Consequently, air travel experiences
typically commence with a series of distinct phases such as waiting, boarding, security
procedures, takeoff, and landing, thereby engendering a distinctly separate "up-in-the-air"
lifestyle removed from the routines of daily life. This departure from the quotidian realm results
in passengers being situated within a markedly different "navigation™ state, thereby severing
the continuity with familiar surroundings and sentiments. Consequently, the impact of aviation
transportation primarily manifests as a "space change" rather than "space compression". In
contrast, HSR operates at ground level, where the embarkation and disembarkation processes
seamlessly blend with the daily landscape, preserving the essence of familiar spaces albeit in a
condensed and compressed form.

This sort of space compression effect will cause a special connection between the “HSR
cities”. These cities seem to be connected by a time—space tunnel. Passengers who often use
HSR feel they are connected to other people by HSRs. For those who frequently take HSR,
cities with HSR and those that do not have HSR (“non-space compression” cities) belong in
two different categories. The reclassification of such cities is not based on their politics,
economic elements, industrial, or cultural characteristics, but through a relatively subjective
‘space sense’ and ‘accessibility’. Such a classification experience will break the original
traditional urban division criteria, form a new concept of urban categories, and change

perspectives for people in the city.
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2.2 The Role of HSR in Social development

Since the inception of the world’s first HSR, the Japanese Shinkansen, in 1964, the
development of HSR has become a central focus of transport infrastructure policies in both
Europe and Asia. Research on the role of HSR in regional economies predominantly centers
on two aspects: economic impact and spatial effects. This emphasis stems from the fact that
most HSR lines operate within a single country. Scholars have conducted extensive and
comprehensive studies on the economic and spatial effects of HSR, employing various
methodologies and perspectives, yielding a plethora of findings. Studies examining the
economic impact of HSR typically investigate its influence on population dynamics, regional
economic markets, industry development, and passenger transport markets. Meanwhile, the
spatial effects of HSR research vary depending on the scale of analysis, leading to differing
conclusions at transnational, national, regional, and urban levels. This subsection primarily

offers insights from the fields of demography, urbanization, and regional integration.
2.2.1 The Impact of HSRs on the Urban Population

In the modern era, population, especially the urban population is an important economic
element and indicator.

Upon examining prior research endeavors concerning the Shinkansen system in Japan, it
becomes apparent that regions hosting Shinkansen stations exhibit a notably higher population
growth rate compared to those devoid of such infrastructure. Notably, Nakamura and Ueda's
investigation spanning ten Japanese regions revealed that during the period from 1980 to 1985,
six regions endowed with Shinkansen stations experienced population growth rates surpassing
the national average, while regions lacking such stations witnessed growth rates below the
national average. Employing discriminant analysis to scrutinize the correlation between
population dynamics across 33 regions and economic activities associated with the Shinkansen,
they discovered a substantial 90% concordance between the two variables. Their findings
underscore the pivotal role of proximity to Shinkansen stations as a catalyst for regional
growth.3

However, some scholars have questioned the authenticity of the population growth caused
by HSR. It is still unclear whether the population growth will be caused by the Shinkansen
service. In other words, the causal relationship between Shinkansen and population growth is

3 Nakamura, H., Ueda, T. (1989, May 4-7). The Impacts of the Shinkansen on Regional Development.
[Conference presentation]. Proceeding of the 5 World Conference on Transport Research, Yokohama, Ventura.
Western Periodicals. https://pure.iiasa.ac.at/id/eprint/1225/1/XB-80-508.pdf#page=119 [accessed 30 January
2024]
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difficult to determine—is the Shinkansen bringing regional population growth, or is it because
some regions have grown to build Shinkansen? Sands believed Shinkansen has transferred
population growth, but has not induced it.3* Later, research by Sasaki et al. on Japan found
that the construction of Shinkansen does not necessarily lead to the dispersion of population,
especially when only the Tokyo—Okayama line runs; it will also bring population to the central
area.%®

Chia-Lin Chen and Hall’s research on the British InterCity 125 and 225 is the latest in the
HSR population effect. By comparison, they found that between 1971 and 2001, regardless of
whether or not there was an HSR city within one hour, the population increased, while the
population of London itself was declining; that is, the urban population one to two hours from
London was basically growing. They believe that the difference in demographic changes
reflects the different effects of HSR on one-hour cities and two-hour cities. At the same time,
this result reflects the complexity of the HSR population effect—the opening of HSR may
promote the migration of metropolitan populations. The academic article also provided us with
an important revelation: the population effects of HSR may be concentrated in the two-hour
range.%

At present, there are relatively few studies on the population effect of HSRs, mainly
because population changes are affected by various factors. It is difficult to identify the real
effects of HSRs. There are high requirements for data quality and processing methods. At this
stage, the study of the population effect of HSR has not yet formed a unified conclusion. It is
widely believed in the academic community that regional centres with stable or growing
populations and healthy economies are more profitable because of HSR projects than regions
with stagnant or declining economies. Overall, the impact of HSR on the entire region’s

population is relatively small.
2.2.2 The Impact of HSRs on Urbanisation

According to the core—edge theory, the impact of transport infrastructure on urban
economic development is determined by the diffusion—return effect. Economic growth in core
cities affects economic activity in marginal regions through positive spread effects and negative

backwash effects. ‘Spread effect” means that all the marginal areas surrounding the core cities

3 Sands, B. D. The Development Effects of HSR Stations and Implications for California. Built Environment
(1978-), 19(3/4), 257-284. http://www.jstor.org/stable/23288581. [accessed 30 January 2024]

% 1bid.1, 82-84.

% Chen, C, L., Hall, P. (2011). The Impacts of High-speed Trains on British Economic Geography: A Study of
the UK’s Intercity 125/225 and Its Effects. Journal of Transport Geography, 2011, 19(4), 689-704.
https://doi.org/10.1016/j.jtrange0.2010.08.010
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will acquire capital and talent from the core cities as the infrastructure of the core cities and
surrounding area improves, and will be stimulated to promote the development of the region
and gradually catch up with the core cities. The backwash effect refers to the negative impact
of economic growth in the core cities on the economic development of marginal regions, that
is, the growth of one megacity comes at the expense of the development of the surrounding
areas. Due to the convenience of transportation and the flow of labour and financial capital
from the marginal area to the core city, the problem is that the population in the marginal area
is reduced and the capital becomes smaller, which leads to insufficient economic development
in the marginal areas.

According to the spread-backwash theory, HSR transformations have led to the
redistribution of resources between HSR and non-HSR cities. Economists have not reached a
consensus on which of the spread and backwash effects dominates—even whether the core
urban economic growth drives marginal growth, or whether marginal growth leads to core
urban growth.

According to Myrdal’ point, the recirculation effect is generally dominant.®” Hirschman
argues that the reflux effect is stronger when the initial resources are attracted to the core cities,
but as time goes by, the reflow effect is gradually reduced, and the spatial structure of regional
economic activities is de-centred.®® Pol believes that the development of HSR does not mean
that all cities on the HSR corridor can get the benefits of economic development. The net effect
of HSR depends on the superposition of both the ‘spread effect’ and the ‘backwash effect’.*
Monzon used GIS (Geographic Information System or Geo-Information System) technology
to study the impact of HSR in Spain on urban efficiency and equity, indicating that HSR can
significantly improve urban accessibility. However, while improving the regional advantages,
HSR has also increased the imbalance of spatial development.*® The development of HSR has
made people spend less time and cost between cities, and population movements have led to
economic activity flowing from undeveloped cities to metropolitan areas. Therefore, HSR
causes spatial polarisation and spatial differences. Qi Chenglin and Xiang Zhaohui studied the

aggregation effect of HSR on China’s urban economy. Under the influence of HSR, the city’s

3

%

Myrdal, G. (1957). Economic Theory and Underdeveloped Regions (5" ed.) Methuen, London. New
Brunswick Multiplex Corporation Publishers; The New Centre for Metal Working Industries Publishers, 105-
108.

Hirschman, A.O. (1958). The Strategy of Economic Development. Yale University Press, New Haven, Conn.
18-22.

Pol, P. M. (2003, August 27-30). The economic impact of the high-speed train on urban regions [Conference
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accessibility index increased by 1%, and the economic agglomeration index increased by 0.8.4*
At the same time, it was found that HSR development led to an increase in the level of
economic agglomeration between cities along the railway line, and the economic
agglomeration pattern tends to be unbalanced.

In short, the opening of HSR has increased the degree of urban accessibility, though there
are spread effects and backflow effects. HSR cities absorb the production factors and resources
of neighbouring cities through the backwash effects, thus accelerating economic development.
Non-HSR cities can also increase economic activity through spread effects and share the
benefits of spillover effects in the metropolitan economic circle. It should be noted that the
spread and backwash effects are dynamic concepts. The backwash effect means that HSR cities
absorb a larger market share of non-HSR cities. The reason for this phenomenon is that the
opening of HSR makes it easier for labour and capital to enter core cities. The growth pole
theory of regional economics suggests that the spread effect will exceed the backwash effect
over time. Therefore, analysis from a long-term perspective can help academics and policy-

makers better understand the regional economic effects of HSR network construction.
2.2.3 The Impact of HSR on Regional Economic Development

In economic growth theory, infrastructure is often considered to be one of the key factors
driving economic development. From a theoretical perspective, the construction of HSR can
connect multiple relatively independent areas to form an integrated corridor economy or
extended functional area. In the short term, the reduction of transportation costs brought by
HSR construction can promote competition and trade among corridor cities, reduce monopolies,
reduce prices, increase choices, and promote regional specialisation. In the medium- and long-
term, it will affect families and enterprises when choosing their locations in the economic
corridor.*? However, these are based on a theoretical level of reasoning and a lack practical
verification.

There has been considerable debate about whether HSR can promote regional economic
growth. Some case studies do reflect the opening of HSR to promote urban development. For
example, the city of Le Mans connects with Paris in 55 minutes by the French TGV Atlantic

line, where the value of land increased by 100% during the first three years of the HSR opening.

4 Chenglin, Q., Zhaohui, Zhong. (2014). The development of high-speed railway and the economic
agglomeration of cities along the railway. Exploration of Economic Issues, 14(5), 60-68.
https://doi.org/10.3969/j.issn.1006-2912.2014.05.026

42 Blum, U., Haynes, K.E., Karlsson, C. (1997). The Regional and Urban Effects of High-speed Trains. The
Annals of Regional Science. 31(1), 1-20. https://doi.org/10.1007/s001680050036
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There is also the city of Vendome, located on the French TGV Atlantic line, 42 minutes from
Paris: real estate prices rose by 35% and real estate transactions increased by 22% just after the
opening of the HSR.** Due to the opening of the HSR, the travel time between Nantes and
Paris was shortened from 3.5 hours to two hours. Some commercial production and corporate
headquarters moved from Paris to Nantes.*

Some scholars believe that the role of HSR in regional economic development is still
unclear, and HSR construction does not necessarily lead to economic growth. Although
scholars now admit that HSR does not necessarily play a leading role in economic growth, it
is at least an important role.*® 1t is widely accepted in the academic community that HSR can
improve the accessibility of regions and cities. Although the relationship between accessibility
improvement and economic growth is more complicated, accessibility is certainly one of the
necessary conditions for enhancing urban competitiveness.*® Areas trying to obtain positive
economic benefits from HSR need careful planning and policy intervention in carrying out the
necessary supporting investment, as HSR is an expensive and risky transportation system, and
its socioeconomic effects need to be analysed on a case-by-case.*’

J. Preston and others stressed that the experience of the UK demonstrated that the
economic impact of HSR is less than 1% of national GDP, and the most optimistic estimate is
3%, but it also brings about the redistribution of economic effects, rather than simply
stimulating for economic growth.*® Their study on Ashford, England, showed that the
employment and housing prices in the region were 11% and 6% higher than the average in the
southeast of England after the opening of the HSR. Despite this, the causal relationship between
this sort of rate growth and the opening of the HSR cannot be distinguished.*®

Research on HSR in Spain illustrates that HSRs have spillover effects in local government
budgets. A. Hernandez et al. evaluate the local financial situation of 2,400 cities in Spain in

2001-2010 using the double-difference method. It was found that the introduction of HSR
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increased the local public budget by an average of 10%, while the local fiscal gap decreased
on average 16%. With his research indirectly confirms that the HSR has a positive impact on
local economic development from the perspective of local finance.*°

Empirical research on HSR to promote industrial transformation, economic integration,
and specialisation, has also begun to emerge in recent years. Chen and Hall made a case study
of Manchester, England, and Lille, France, emphasises that the opening of HSR has promoted
its transformation from original equipment manufacturer to a knowledge-intensive industry.>
Yuk-shing Cheng analysed the changes in industrial structure of the central cities and their
hinterland regions of eight metropolitan areas in Europe from 1999 to 2008 connect with the
opening of HSR, and found that the industrial specialisation index is declining, while the
industrial structure similarity between the hinterland and the centre is increasing.5? Regrettably,
the above research only analyse the opening of HSR as an event, and simply determines the
changes in the industrial structure brought by HSR. The causal relationship between the two
results lacks a micro-foundation.

However, in Asia, research cases on regional integration of HSRs have achieved certain
results.

Wu have analysed the development status of world HSRs and the social and economic
benefits. His research not only analysed the HSRs, but also highways and aviation, which have
significant advantages compared with HSR. He denied that Chinese academics believe that
most of the new HSRs in the world countries are in a state of loss. The research results show
that HSRs have achieved intuitive economic benefits compared to other modes of
transportation, while contribution to regional economic development cannot be ignored.>3
Jiang's research findings substantiate that the inauguration of the Beijing-Tianjin-Hebei HSR
has notably catalyzed the advancement and amalgamation of the Beijing-Tianjin-Hebei

regional economy, thereby fostering the emergence of a metropolitan conurbation.

5

S

Hernandez, Aday, & Jiménez, Juan Luis. (2014). Does high-speed rail generate spillovers on local budgets?.
Transport Policy, 35(sep.), 211-219. https://doi.org/10.1016/j.tranpol.2014.06.003

Chen, C. L., & Hall, P. (2012). The wider spatial-economic impacts of high-speed trains: a comparative case
study of Manchester and Lille sub-regions. Journal of Transport Geography, 24(4), 89-110.
https://doi.org/10.1016/j.jtrange0.2011.09.002

Cheng, Y. S., Loo, B. P, & Vickerman, R. (2015). High-speed rail networks, economic integration and regional
specialisation in  China and Europe. Travel Behaviour and Society, 2(1), 1-14.
https://doi.org/10.1016/j.ths.2014.07.002

Yushu, Wu., Xianliang, X. (1999). Overview of the development and social and economic benefits of
International HSRs. China Railway, 1999(6),18-23. [In Chinese]. https://doi.org/CNKI:SUN:TLZG.0.1999-
06-004

5!

a

5.

i

5.

4

59



Consequently, the Beijing-Tianjin-Hebei metropolitan circle has evolved into a pivotal locus,
often termed the 'Third pole', within China's economic landscape.®*

Liang Chengzhu analysed the flow trend of various production factors and the impact on
economic development. He concluded that the construction of HSR is beneficial to the flow of
various production factors in the Beijing—Tianjin—Hebei regional economic circle, which has
intensified the expansion effect of Beijing and Tianjin to a certain extent. It also benefits some
large cities in Hebei province surrounding Beijing and Tianjin these two megacities.>®

Coto-Millan studied the HSR system in the European Union and found that the impact of
the opening of HSRs on the region has produced different benefits. Central European cities
accelerate integrated progress within the region with the help of efficient HSR network, benefit
from the transport accessibility, and expand their economic circle. The marginalisation of
marginal countries far away from HSR network such as Portugal and Spain was deepening
before 2006.%

Pol elaborated the different effects of the opening of HSR on European urban systems
from the horizontal and vertical levels. At the horizontal level, the opening of HSRs has
resulted in effective competition between cities and the formation of specialised divisions of
labour. According to the growth pole theory at the vertical level, he found that the development
of HSRs will help the cities and urban area along the line become stronger than non-HSR
cities.%’

The role of transport, especially HSR, in the process of economic development and
integration, remains an area of controversy. Policy-makers, faced with the claim that the cost
of HSR makes it an expensive way to achieve the supposed benefits, seek to identify wider
economic impacts through productivity gains as a justification. Ollivier, Bullock, Ying and
Nanyan’s paper explores the development of HSR as an instrument for promoting economic
integration both through enhancing competitiveness and through achieving greater economic
cohesion in China and the European Union. Their report examines changes in accessibility and
provides evidence about changes in specialisation for the main cities as well as their hinterlands.
The evidence confirms that impacts differ widely and that the process of convergence and
divergence occur at different stages of economic development.®

5 Xiulan, J. (2009). Discussion on the impact of HSR on the economic development of the Beijing-Tianjin-Hebei
metropolitan area. China Railway, 2009(8): 14-16. https://doi.org/10.3969/j.issn.1001-683X.2009.08.007
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The progress of related industries could also been promoted by HSRs. For example, the
progress of train control systems and research and development have driven the upgrading of
chip manufacturing. Because it is usually necessary to lay wireless communication base
stations along the HSR line for the train control centre to grasp the position and dynamics of
train operation in real time, this requires a high level of wireless communication technology.
Therefore, the spread of the train signal monitoring system is conducive to the promotion and
use of advanced communication technologies represented by 5G.

In conclusion, the significant contribution of HSR to economic development is self-
evident. Nonetheless, investment in HSR infrastructure entails inherent risks. Despite the
anticipated economic benefits associated with HSR construction, such endeavors may
engender challenges including metropolitan absorption effects, regional economic imbalances,
and elevated debt burdens. Nevertheless, it is noteworthy that no nation has undergone a
transition from affluence to impoverishment solely due to the implementation of HSR projects.
Thus far, the cumulative benefits of HSR deployment, particularly in the realms of national
advancement and regional cohesion, surpass the attendant drawbacks.

The role of HSRs in economic development remains controversial in academia. But it
cannot be ignored that for countries and regions with large populations and wide land areas,

HSRs have helped boost their economy and enhance the vitality of the large unified market.
2.3 The Geopolitical Significance of HSR

Once upon a time, railways were an important means of delivering political power. Such
as Tsarist Russia built railway connecting the city of Orenburg with hinterland of the glassland
attempting to control Central Asia, and Britain building railways from the Indian Ocean
coastline towards the hinterland of the South Asian subcontinent. Compared to traditional
railways, HSR have the characteristics of shorter operating time, more efficient power delivery,
more driving industrial factors, deeper cross regional resource allocation, and higher frequency
of cross regional personnel flow. These characteristics have largely prompted HSR to play a
more active and important role at the geopolitical level.

Geopolitical theory is a scientific branch based on geographical analysis that respects
existent materials and aims to explore the intrinsic link between international politics and the
nature of the earth. The territorial state, that is, the sovereign state, is the main unit of
international political power. Climate, vegetation, soil, location, mineral resources, altitude,
land and sea distribution, and other factors constitute the ‘natural foundation of the earth’.

Geopolitics has a distinct spatial and competitive nature. Political actors use the control and
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utilisation of the geographical environment to realise specific rights concerning power,
interests, and security, and they compete with each other in certain geographical environments.
The mastery and control of the geographical environment by human beings is not static. The
development and progress of science and technology have changed and transformed the spatial
scope of human understanding about geopolitics and the environment. The transformation of
transportation technology has enabled humankind to cross the natural barrier and expand the
living space, while also promoting the development of geopolitical theory. The invention of
the steam engine in the first scientific and technological revolution promoted the development
of maritime shipping. The sea power theory proposed by American military scholar A.T.
Mahan shows how the steam engine transformed the world because of maritime shipping. The
emergence of trains and the extension of railways gradually raised land transportation from a
position that was inferior to maritime traffic to one where high-speed transportation in Eurasia
was possible. A series of technological achievements promoted the emergence of ‘heartland
theory’ centring on land power. British scholar H.J. Mackinder has put forward the ‘world
island’ concept and other propositions, as well as the famous three-stage aphorism: “Who rules
East Europe commands the Heartland; who rules the Heartland commands the World-Island;
who rules the World-Island commands the World’.>® Subsequently, the widespread use of
aircraft made the Italian scholar G. Douhet’s ‘airpower theory’ come into being. The third
technological revolution in the 1950s was marked by electronic computer technology and space
technology, which allows competition between NATO and the WP (The Warsaw Pact) to spread
to every corner of the world. That the advancement and application of transportation
technology can change the geopolitical situation has been proved many times in human history.
HSR, with its fast speed, large traffic volume, and wide radiation area, has the potential to
change the geopolitical pattern of the future.

From the perspective of traditional geopolitical theories, the trans-Eurasian HSR covers
the strategic location of the ‘heartland’ and the ‘Rim-land’ of the ‘world island’, and countries
are bound to launch a fierce competition, because interests in the railway channel may have a
significant influence on the regional infrastructure construction—and may even may lead to
the transformation of the geopolitical landscape of the world. Besides, with the potential
change of the geopolitical landscape, its corresponding geopolitical thinking will once again
undergo revolutionary changes under the impetus of globalisation and regional integration.

5 Mackinder, H. J. (2004) The geographical pivot of history. Geographical Journal, 170(4), 298-321.
https://www. jstor.org/stable/3451460 [accessed 30 January 2024]
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First, the construction of a trans-Eurasian HSR will directly increase the development
space and stimulate the growth potential of the world economy, which basically expands the
scope of human economic activities. The proposed HSR will cross the world’s vast geopolitical
‘open field’. In view of the extremely rich resources and great development potential of this
‘open field” once the trans-Eurasian HSR is built, these regions’ abundant resources will be
comprehensively and rationally developed, increasing the global resource supply, promoting
sustainable economic prosperity and growth, and forming new market towns, population
centres, and economic activity centres around the HSR, which may directly contribute to the
global geo-economic development and expand the scope of global geopolitics.

Second, the potential trans-Eurasian HSR would reduce transaction costs of all economic
flows. It will help promote economic growth in the underdeveloped areas of the hinterland on
the continents; will greatly change the spatial layout of the global economy, and the way of
economic activities and their flow; will expand the world market, enable world economic
growth, and create economic space; and will promote the rise of hinterland areas and states,
and may even shift the concentration of the global economic centre from the coastline where
they have been located since the industrial revolution.

In the current context of tepid global economic recuperation and escalating volatility, it
becomes apparent that sole reliance on the prosperity of coastal regions worldwide is
inadequate to catalyze a resurgence in global economic momentum. From a discerning
standpoint, the prevailing sluggishness in the global economy can be attributed, in part, to the
dearth of emerging focal points for development. This dearth, in turn, contributes to a measure
of instability in the international political arena. Central to propelling human advancement in
the foreseeable future are four fundamental elements: the identification of novel avenues for
economic advancement; the penetration of markets into hinterlands characterized by expansive
terrain, substantial populations, abundant resources, yet prevalent poverty; the mitigation of
transactional impediments; and the establishment of connectivity bridging developed coastal
enclaves with developing hinterland territories.

The potential trans-Eurasian HSR will provide new transportation tools and promote
transmission capabilities that improve connectivity between coastal areas and the hinterlands.
The significant and tractive role HSR will have on the world economy, especially hinterland
economics for the Eurasian HSR, will be no less than the role that the giant sea wheel has
always played for coastal areas. From the prospective of transportation efficiency, the trans-
Eurasia HSR can even make up for the shortcomings of the ‘maritime highway’.
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The advent of the trans-Eurasia HSR engenders a paradigm shift in traditional geopolitical
perspectives, chiefly for two compelling reasons.

Firstly, conventional theories such as the 'land and sea divided theory' and the 'sea power
superiority theory' assert maritime superiority due to the efficiency and convenience of
maritime shipping compared to the challenges inherent in land transportation. However, the
establishment of the trans-Eurasian HSR serves to bolster the prominence of 'land power'. Once
operational, this HSR network not only enhances transportation speed but also offers cost-
effectiveness in shipping, thereby challenging the historical dominance of maritime routes. By
facilitating the unhindered movement of diverse elements -- including human capital, natural
resources, and financial assets -- via an array of transverse HSR lines, the trans-Eurasian HSR
curtails the concentration of economic activities in coastal regions, consequently diminishing
the influence of sea power.

Secondly, the conceptualization of global *hub areas' and world rankings is predicated on
the prevailing disparities in resource allocation and developmental imbalances worldwide. The
trans-Eurasian HSR serves as a conduit linking continents and hinterland regions to coastal
zones, thereby enabling seamless mobility of people and resources across all continents. This
fosters the globalization of previously marginalized hinterland territories, which were
marginalized during the era of maritime shipping. Consequently, hinterland regions attain
equitable opportunities for development, accentuating their significance. Small nations,
economically disadvantaged countries, and remote inland areas assume heightened importance
in terms of corridor maintenance, management, and security. Consequently, conventional
perceptions regarding the economic status of nations and the significance of national
boundaries undergo erosion. The longstanding discourse surrounding the geopolitical concepts
of the 'heartland' versus the 'rim-land’ undergoes a hiatus with the completion of the trans-
Eurasian HSR. The inauguration of the trans-Eurasian HSR marks the onset of a gradual

diminution in the importance of maritime dominance and the 'sea power superiority theory'.
2.3.1 The Potential Geopolitical Influence of Transnational HSR

The geopolitical significance of international HSR is mainly reflected in the following
aspects:

First, Promoting regional economic integration: The construction and operation of HSR
may shorten the spatial and temporal distance between regions, accelerate the flow of personnel,
capital, information and other factors, thereby promoting the process of regional economic

integration. This economic integration helps to strengthen connections and cooperation within
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the region, improve overall competitiveness, and has a significant impact on the evolution of
the geopolitical landscape.

Secondly, it may strengthen strategic mutual trust between countries: The construction of
HSR often requires crossing multiple countries and regions, and requires close cooperation and
coordination among countries. Through the construction and operation of HSR, countries can
strengthen strategic mutual trust, enhance mutual understanding and cooperation, and thus
contribute to maintaining regional peace and stability.

Thirdly, Altering the Geopolitical Status Quo: The development and implementation of
HSR projects possess the potential to transform the geopolitical dynamics within a given region.
For instance, HSR construction initiatives may bolster the status of a region or nation as a
transportation hub, thereby augmenting its geopolitical sway. Concurrently, the establishment
of HSR networks can precipitate shifts in power dynamics and vested interests within the
region, exerting a profound influence on the evolution of its geopolitical landscape.

Fourthly, Transcontinental HSR Initiatives and International Exchange: The
implementation and functioning of transcontinental HSR systems necessitate robust
international exchange and collaboration. Collaborative efforts in HSR projects enable
participating countries to bolster interactions and dialogues on the global platform, fostering
mutual understanding and trust, and thereby fostering the harmonious advancement of
international relations.

Furthermore, the development of HSR infrastructure is poised to instigate shifts in societal
attitudes, leading individuals to admire and aspire towards the utilization of HSR services.
Consequently, this may influence public perceptions and preferences towards countries with

operational HSR networks to some extent.
2.3.2 The Importance of Railways in Political Integration

The powerful influence of traditional railways on geopolitics has been proven many times.
In the 19" century, Germany was unified under the promotion of the customs union and the
railway boom. The construction of the railways of Tsarist Russia and later the Soviet Union in
Central Asia reinforced its ability to control Central Asia. The initial rail transport network of
the European Coal and Steel Alliance built a skeleton for the later EU. After the EU was found,
HSR, represented by the European international train and Eurostar, has also accelerated the
process of European integration to some extent. The HSR, which is nearly 2,000 kilometres
long, has also accelerated the political integration of China’s western minority autonomous

regions with other provinces.
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In fact, the railway firstly increased the sense of attachment and belonging of the residents
of the region within the country. With the cooperation between countries and the opening of
international railways, the railway gradually broke the entrenched localism, allowing people
and productive materials to flow in a wider area, which promoted the recognition and
understanding of the region for the people. Although this is a gradual and step-by-step process
of evolution, the result has been proved for promoting regional political integration.

HSRs also excel in the timeliness and carrying capacity in emergency relief and disaster
relief assistance. On 1% June 2015, hours after the cruise dumping accident on the Yangtze
River in China, the underwater rescue team received the order, gathered carried small
equipment, and quickly got to the scene of the accident by high-speed bullet train, traveling
about 800 km in three hours. This case proved that HSRs to enhance rescue capabilities in
emergency situations along the route as well as surrounding areas.

For remote and impoverished areas, the impact of HSRs is not limited to promoting
economic development but also helps people in these regions get out of poverty. With better
labour division, underdeveloped regions will no longer be vulnerable to extremist forces and
terrorism, and the people within the area will no longer be vulnerable to religious extremism.
Poverty eradication in the region has embarked on a virtuous cycle of development.

In the core area of Eurasia, there are many poverty-stricken areas, and extremism has a
great impact on the people in poverty-stricken areas. The passage of HSRs will greatly change
the status of inland poverty-stricken areas, thereby curbing extremist forces and gradually
eliminating the soil of terrorism. At present, starting from Beijing, the capital of China, the
calculation of the time circle for the deployment of the country’s law enforcement agencies can

be shown in Figure.2-2.

Figure.2-2 New Geopolitical Circle led by CRH
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Own elaboration based on source compiled from Yaohua 2000. (Re-edit on 2020, September 25).
China high-speed rail network. openstreetmap.org. https://upload.wikimedia.org/wikipedia/commons/2
/23/China_high-speed_rail_network.png. [accessed 30 January 2024]
In addition, HSR also plays a positive role in security, peace, and stability along the region.
HSR can realise rapid troop transfers and manoeuvrings. For the occurrence of unexpected
situations, emergency responders can quickly reach the target site by HSR, promoting the level

and capacity of political control.
2.4 Summary

It is generally believed that the main impact of the introduction of HSR on the political
and economic integration is reflected in the following aspects.

Economic Integration:

1) Enhanced Connectivity: HSR facilitates the movement of goods, services, and people

across regions, fostering economic integration by reducing transportation costs and time.
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2) Promotion of Trade: Improved accessibility provided by HSR networks encourages
trade between regions by facilitating the efficient movement of goods and services, thereby
boosting economic cooperation and integration.

3) Development of Supply Chains: HSR corridors stimulate the development of
industrial clusters along their routes, promoting the establishment of integrated supply chains
that span multiple regions and enhancing economic collaboration.

4)  Attracting Investment: Regions with HSR connectivity often become more attractive
to investors due to improved accessibility and reduced logistical barriers, leading to increased
investment flows and economic integration.

5) Regional Specialization: HSR networks enable regions to specialize in industries
where they have a comparative advantage, leading to more efficient resource allocation and
enhanced regional economic cooperation.

Political Regional Integration:

1) Strengthened Inter-Governmental Relations: HSR projects often involve cooperation
between different levels of government, fostering dialogue, coordination, and cooperation
among regional authorities, which can contribute to political integration.

2) Promotion of Regional Identity: HSR networks can serve as symbols of regional
cooperation and unity, fostering a sense of shared identity among regions and contributing to
political integration efforts.

3) Conflict Mitigation: By facilitating economic development and connectivity, HSR
projects can help mitigate political tensions and conflicts between regions, promoting stability
and cooperation.

4) Fostering Cross-Border Cooperation: HSR corridors that span multiple countries
encourage cross-border collaboration and dialogue, leading to enhanced political integration
and the development of joint governance mechanisms.

5) Supporting Regional Diplomacy: HSR projects often involve diplomatic negotiations
and agreements between participating regions and countries, providing opportunities for
diplomatic engagement and promoting political regional integration agendas.

Overall, HSR plays a crucial role in both social economic development and political
regional integration by fostering connectivity, promoting economic cooperation, strengthening
inter-governmental relations, and supporting cross-border collaboration, thereby contributing
to the overall integration and development of regions.
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Chapter 3. The Development and Current Statues of HSR in Asia

The railway is a remarkable symbol of human industrial progress. An early stage of
express train travel was innovated and launched in Europe. Figure.3-1 for nowadays Asia has

come to the fore in the implementation scale and geographic breadth of HSR (HSR), mostly in
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Japan and China. More than 70% of the world’s HSRs are currently operating in Asia®® as

show Figure.3-2.

Figure.3-1 HSR Length through 2022, and HSR Market Shares in 2022

China

Spain

Japan
France
Germany
Tirkiye
Finland

Italy

South Korea
Sweden
USA

Saudi Arabia
Austria
Poland
Belgium
Morocco
Switzerland
United Kingdom
The Netherlands
Serbia
Denmark

3,147
2,735
1,631
1,154
1,120
921

874
860

449
254
224
209
186
176
13

78
56

3,917

1 40493

40,000 km

Source compiled by UIC. (2023), Altas: High-Speed Rail 2023. UIC Publishing. https://uic.org/IMG/pdf/
atlas_uic_2023.pdf [accessed in January 2024]

Figure.3-2 Share of HSR Mileage by Continents

Units: km

Source compiled from UIC. (2023), Altas: High-Speed Rail 2023. UIC Publishing,
28. https://uic.org/IMG/pdf/atlas_uic_2023.pdf [accessed 30 January 2024]

Due to its huge population and comparatively vast territory, HSRs carry a large amount
of passengers in Asian countries. Besides, the comparatively shorter-term holidays during the
traditional New Year period in some Asian countries have made passengers more eager to speed
up their pace back home for reunions at traditional festivals. This also speeds up the pace for

80 UIC. (2022), Altas: High-Speed Rail 2023. UIC Publishing, 33. https:/uic.org/IMG/pdf/atlas_uic_2023.pdf [accessed 30
January 2024]
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HSR in Asian countries since HSR operates very efficiently within relatively densely populated

areas, according to historical experience.
3.1 HSR in Japan

Japan is seen as an HSR pioneer among Asian countries and even throughout the world.
As a rising star in human industrial civilization in 20" Century, the Japanese have creatively
applied HSR widely among their populous urban clusters. The construction and use of HSR
provided a certain degree of assistance for Japan’s rapid development in the second half of the
20™ century. HSR even became the one of the national business cards of Japan, playing a
positive role in the country’s soft power promotion.

Just as Western industrialized countries started the railway speed race, the main
representative of the Asian industrial countries, Japan, also launched a preliminary exploration
of a faster railway in the 1930s. Most of Japan’s domestic railway was maintaining 1,067 mm
gauge,® and this gauge is not conducive to the operational stability of high-speed trains.
Therefore, the Japanese decided to carry out the production and experimental work of the new
type of high-speed train in the territory of Manchuria while it was the colony of the Japanese
Empire: the South Manchuria Railway. In 1934, on the 1435 mm gauge railway in Manchuria,
the Express Asia train accelerated to 130 km/h and became the fastest train in Asia.®
Subsequently, it was put into operation on the route from Dalian to Harbin.®® However, in
actual operation, the Express Asia train had many problems, such as poor air conditioning, low
stability, and so on.% Nine production units evidently lacked the capacity to achieve
operational scalability. The escalation of hostilities with China and the eruption of the Pacific
War rendered Japan incapable of further advancing its research on HSR. Moreover, the
machinery and equipment employed by the South Manchurian Railway Company for HSR
development were seized by the Soviets during the USSR's incursion in 1945.

For Japan, the real operation of HSR began in 1964 with the Shinkansen. ‘Shinkasen’—a
Japanese word meaning ‘new trunk line,” but colloquially known in English as the bullet train—
is a network of HSR lines in Japan. Initially, it was built to connect distant Japanese regions

with Tokyo, the capital, to aid economic growth and development. Beyond long-distance travel,

61 Coox, A. D. (1985). Nomonhan: Japan Against Russia, 1939 (Vol. 1). Stanford University Press, 36-38.

82 Ichihara, Yoshizumi. (1998). South Manchuria Railway Photo Collection. Seibundo Shinkosha Publishing Co.
Ltd, 22-24.

83 Yamazaki, Tatsurd. (2000, January 15). Susukino batenda monogatari, The Story of the Susukino Bartender,
Hokkaido. Shimbunsha News Agency, 18-25. [In Japanese]

5 Young, Louise. (1998). Japan s Total Empire. Berkeley: University of California Press, 108-110.
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some sections around the largest metropolitan areas are used as a commuter rail network.®®
The Japanese conducted an in-depth analysis of the Express Asia trains that were built, and
incorporated some mature technologies from the West at the time and created the ‘O-series’
bullet train. Characteristics of bullet shape and with the pantograph (an apparatus mounted on
the roof of an electric train to collect power through contact with an overhead line) are the
paradigms of the HSR trains thereafter. The trains were powered by 25 kV AC electricity at 60
Hz with all axles of all cars powered by 185 kW traction motors, producing a 220 km/h (140
mph) top speed.

Shinkansen is the world’s first HSR system to be put into commercial operation. It uses a
standard rail (1,435 mm) gauge and is pure passenger transport. The first line is the Tokaido
Shinkansen, connecting Tokyo and Osaka. After years of expansion, there are currently nine
lines, including two shorter lines which namely ‘Mini Shinkansen’. Shinkansen connects most
of Japan’s important cities. The Japanese Shinkasen HSR was initially developed and operated
by the Japanese state-owned railway; later, the national railway was privatized and then
continued by the JR Group. Currently, there are five JR companies, including JR Hokkaido, JR
East Japan, JR Tokai, JR West Japan, and JR Kyushu.

The Tokaido Shinkansen began service on October 1, 1964, in time for the first Tokyo
Olympics.®® The conventional Limited Express service took six hours and 40 minutes from
Tokyo to Osaka, but the HSR made the trip in just four hours, shortened to three hours and ten
minutes by 1965. It enabled day trips between Tokyo and Osaka, the two largest metropolitans
in Japan; changed the style of business and life for Japanese people significantly; and increased
traffic demand. The first Shinkansen trains, the 0 series, ran at speeds of up to 210 km/h (130
mph), later increased to 220 km/h (137 mph), which was a significant improvement in that
period of time. The Shinkasen service was an immediate success, passed its 100-millionth
passenger mark on July 13, 1967, less than three years from its opening, and reached one billion
passengers in 1976. Sixteen-car bullet trains were introduced for Expo70 in Osaka. With an
average of 23,000 passengers per hour in each direction in 1992, the Tokaido Shinkansen was
the world’s busiest HSR network.®” As of 2014, the train’s 50" anniversary, daily passenger

% Philip Brasor and Masako Tsubuku (2014, September 30). How the Shinkansen bullet train made Tokyo into
the monster it is today. The Guardian. https://www.theguardian.com/cities/2014/sep/30/-sp-shinkansen-bullet-
train-tokyo-rail-japan-50-years [accessed 30 January 2024]

8 Ppinker, Joe. (2014, October 6). What 50 Years of Bullet Trains Have Done for Japan. The Atlantic. The Atlantic
Monthly Group. https://www.theatlantic.com/business/archive/2014/10/what-50-years-of-bullet-trains-have-
done-for-japan/381143/ [accessed 30 January 2024]

67 Fukada, Takahiro. (2008, December 10). Half century on the shinkansen. The Japan Times. https://w
ww.japantimes.co.jp/opinion/2014/09/20/editorials/half-century-shinkansen/ [accessed 30 January 2024]
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traffic had risen to 391,000 which, spread out over its 18-hour schedule, represented an average
of just under 22,000 passengers an hour.®

The Shinkansen is designed to be suitable for both fast and mass transportation. Therefore,
its construction and operation technology are different from traditional railways. For example,
the train was fully power-distributed, the track was fully integrated and straight enough, and
the automatic train control system was implemented. These elements ensure the high-speed
and efficient operation of the Shinkansen and increase the train frequency to one every three
minutes. The following design is adopted to ensure efficient and safe operation of the train: to
prevent the Shinkansen train from colliding with automobiles or pedestrians crossing the track,
the Shinkansen does not allow any grade crossings. The entry and exit of unauthorised persons
is completely prohibited. The Shinkansen and roads are designed so that the train often uses an
elevated viaduct track. Special laws have been enacted to prevent anyone who attempts to
obstruct the operation of the Shinkansen by legal means. Based on advanced technology, both
in the train itself and in the railway line, and according to a strict management model, the train’s
maximum speed can reach 240 to 320 kilometers per hour, but it has set a record of 443
kilometers per hour during speed testing (by the ‘300X’ experimental train in 1996). As an
important symbol of Japan’s railway technology, the Shinkansen technology is also exported
overseas. The Republic of China (Taiwan) has adopted the complete technical system and
rolling stock of Japan’s HSR. China imported rolling stock from Kawasaki Industries in Japan
and absorbed its technology. Negotiations between India and Japan regarding HSR
construction are still ongoing. Both parties agree in principle to complete India’s HSR

construction before 2050, with technical assistance from Japan.®®

The Shinkansen is designed to be suitable for both fast and mass transportation. Therefore,
its construction and operation technology are different from traditional railways. For example,
the train was fully power-distributed, the track was fully integrated and straight enough, and
the automatic train control system was implemented. These elements ensure the high-speed
and efficient operation of the Shinkansen and increase the train frequency to one every three
minutes. The following design is adopted to ensure efficient and safe operation of the train: to
prevent the Shinkansen train from colliding with automobiles or pedestrians crossing the track,
the Shinkansen does not allow any grade crossings. The entry and exit of unauthorised persons

is completely prohibited. The Shinkansen and roads are designed so that the train often uses an

8 |bid.67.
89 Jain, P. (2019). Japan's Foreign Aid and "quality" Infrastructure Projects: The Case of the Bullet Train in
India (No. 184). JICA Research Institute, 13-18.
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elevated viaduct track. Special laws have been enacted to prevent anyone who attempts to
obstruct the operation of the Shinkansen by legal means. Based on advanced technology, both
in the train itself and in the railway line, and according to a strict management model, the train’s
maximum speed can reach 240 to 320 kilometers per hour, but it has set a record of 443
kilometers per hour during speed testing (by the ‘300X’ experimental train in 1996). As an
important symbol of Japan’s railway technology, the Shinkansen technology is also exported
overseas, to Thailand and Taiwan.

Japan’s Shinkansen network had the highest annual passenger ridership (its highest
volume was 353 million in 2007) of any HSR network until 2011, when the Chinese HSR
network surpassed it at 370 million passengers annually, reaching over 1.7 billion annual
passengers in 2017,7° although the total cumulative number of passengers in Japan, at over 10
billion, is still larger.”* While the Shinkansen network has been expanding, Japan’s declining
population is expected to cause ridership to decline over time. The recent expansion in tourism
has boosted ridership marginally.

In terms of socioeconomics, the Shinkansen has had a significant beneficial effect on
Japan’s business, economy, society, environment, and culture in ways beyond mere
construction and operation.”> The time savings alone, from switching from a conventional to
a HSR network, has been estimated at 400 million hours, and the system has an economic
impact of ¥500 billion per year’®. That does not include the savings from reduced reliance on
imported fuel, which also has national security benefits. Shinkansen lines, particularly in the
very crowded coastal Taiheiyo Belt megalopolis, have met two primary goals.

First, Shinkansen trains reduced the congestion burden on regional transportation by
varying throughput on a minimal land footprint, therefore economically preferable to
transportation modes (such as airports or highways) that are common in less densely populated
regions of the world.

Second, as rail was already the primary urban mode of passenger travel, from that
perspective, HSR was akin to a sunk cost; the initial metropolitan-area Shinkansen lines were
profitable and paid for themselves. It also rejuvenated rural towns such as Kakegawa, which
would otherwise be too distant from major cities.

™ Yin, Z. (2018, January 2). China’s railway invested 801 billion yuan and put into operation a new line of 3038
kilometers in 2017. China News. https://www.chinanews.com/cj/2018/01-02/8414612.shtml [accessed 30
January 2024]

™ 1bid.70.

2 Okada, H. (1994). Features and economic and social effects of the Shinkansen. Japan Railway and Transport
Review, 3, 9-16. http://www.ejrcf.or.jp/jrtr/jrtr03/pdf/f09_oka.pdf [accessed 30 January 2024]
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The operation of the Shinkansen stimulated Japanese economic development to prosperity.
The experience of Japanese HSR also shows that the growth of economic productivity and
agglomeration in the prefectures with HSR stations seem slower than those without HSR
stations.

Figure.3-3 Prefectural Productivity and HSR Network in 1981, 1986, 1991, 1996,
2001, and 2006

r

Source compiled from Wetwitoo, J., & Kato, H. (2017). High-speed rail and regional economic
productivity through agglomeration and network externality: A case study of inter-regional transportation
in Japan. Case Studies on Transport Policy, 5(4), 549-559. https://doi.org/10.1016/j.cstp.2017.10.008
The expansion of HSR network in Japan and the prefectural productivity in Figure.3-3
above also suggest that early HSR service in Japan before 1981 is available only on the western
coastline, which is the most productive corridor in Japan. However, after the major extension
to the eastern region in 1982, productivity in the eastern part of Japan gradually improved,
especially those located close to Tokyo. There was a time lag between major extension in 1982
and the catching-up process of the eastern region, which could be observed after 1996. The
figure also suggests that productivity in many prefectures outside HSR service range remain
unproductive, compared to prefectures with better access to HSR service.™
Shinkansen also advocated some significant technological and management explorations

for the development of world HSR.

™ Wetwitoo, J., & Kato, H. (2017). High-speed rail and regional economic productivity through agglomeration
and network externality: A case study of inter-regional transportation in Japan. Case Studies on Transport
Policy, 5(4), 549-559. https://doi.org/10.1016/j.cstp.2017.10.008
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In traveling through Japan’s mountainous geographical environment, the Shinkansen
roadbed has not only built many bridges, but also opened many caves, while using a large
number of ballastless track for the railway foundation. ‘Ballastless track’ refers to the track
structure that replaces the loose gravel bed with a whole foundation such as a concrete and
asphalt mixture. For many years of development, it is an advanced and reliable track technology.
Compared with the ballasted track, the ballastless track does not cause any splashing ballast,
while providing a stable foundation that makes bullet trains run faster. It maintains smoothness
and good stability, and has a long service life. It takes less maintenance work. The use of this
type of track also makes it possible to create a certain angle of inclination on the curved roadbed
to prevent the excursion of the train at high speeds.

The Japanese have their own unique insights into the power distribution model of power-
distributed electric multiple unit (EMU). Japanese researchers made a very important finding:
a non-powered shaft with the necessary braking system is more massive than a powered shaft,
which will generate more heat and more maintenance work, because in theory, the brake system
converts kinetic energy to heat.

Since its inception in 1964, there have been few accidents on the Shinkansen. Not only
has it made significant contributions to Japan’s economic development, but it has also
accumulated rich and meaningful valuable experience for the development of the world’s HSR.
Therefore, Japan’s Shinkansen 500 series trains have changed from 10M6T (ten manoeuvering
units with power, and 6 trailer units without power) to 16MOT (16 full manoeuvering units),
reducing the air spring and total weight. The adoption of as many manoeuvering units (MU) as
possible has also become the trend of future development for bullet trains because of its fast
accelerating and quick braking advantages®.

The Japanese also deeply incorporated fluid mechanics technology into the design of HSR
trains, setting the main tone for the designation of the current bullet trains. Different from the
sharper shape of the European HSR trains, the Japanese bullet trains have a more rounded
design style.

In addition, because there are many earthquakes and tsunami events in Japan, a large
number of bridges and tunnels maintain the stability of HSR tracks. The Shinkansen also uses
a very advanced signal automation system. Sensors distributed on railway tracks will
immediately signal and react when the crust been detected, causing the trains to stop in the
interval area, thus avoiding accidents.

5 1bid.74, 552-554.
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The application of HSR in Japan is remarkable. It proves that for a medium-sized country,
HSR can play an active role in all aspects of economy, technology, culture and politics.

In summary, Shinkansen, as one of the national symbols of modern Japan, not only
promoted the economic development of Japan, but also enhanced the national pride and
happiness of the Japanese. A list of speeding trains pushed Japan into the ranks of developed
countries. The opening and operation of the Shinkansen in 1964 not only brought hope to the
economic recovery of Japan after brutal World War 11, but also brought a glimmer of light to
the speeding up of the world railway. With their wisdom and rigorous spirit, the Japanese
opened a new page for the history of human HSR development.

During the development of the Shinkansen, many Japanese scholars also surveyed and
visited the rest of the world, especially China, Central Asia, and Europe, in an attempt to
explore the possibility of connecting Eurasia through a fast railway. From the perspective of
geopolitics, Japan, as a country that relies on sea power, theoretically should not insist on the
pursuit of HSR technology and applications, since HSR associated with land power. But
whether it is the construction of HSRs or the construction of the Eurasian Railway, the Japanese
are active and enthusiastic. This also justifies the rationality of HSR and trans-Eurasia transport

corridors.
3.2 HSR in China

China’s development in the field of HSRs began later than in some developed countries
in the world. It started at the beginning of 21% century, but it has developed rapidly in just the
past decade.

As one of a major power, China has touted the idea of express railways since the 1950s.
After the opening of Japan’s Shinkansen, China paid close attention. At that time, China’s
leader, Deng Xiaoping, visited Japan and took the Tokaido Shinkansen from Tokyo to Kyoto.
On the way, he said, “It’s fast as the wind — we need to run now!” and “Really fast, we need
to be fast.” In the meanwhile, China is operating 52,000 kilometers of traditional railways.
There was no HSR line at all, and the maximum running speed of passenger trains was 120
kilometers per hour. The average speed was only 43km/h due to many stops and frequent
delays.”® Since then, China has systematically planned the construction of HSRs. The study of
HSRs in China actually began in the early 1990s, with the Beijing—Shanghai HSR in the
concept stage, and the existing lines were extremely saturated. In the 1990s, China upgraded

several railways and tested domestically produced experimental trains that accumulated initial

6 Dianguo, C. (2012). Chinas HSR Dream. CRRC Press, Beijing, 32.
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experience and developed technology for the speeding up of the railway. In 2002, on the newly
built Qinhuangdao—Shenyang passenger dedicated line, the China Star train reached a speed of
321 km/h. 7" However, due to its unreliability, and bad reviews due to a backward
manufacturing process, China’s internal technical research institutions strongly debated the
technical requirements of the future HSR. The debate between the magnetically levitated
(‘maglev’) train school and the traditional wheel-rail school spawned many experimental
facilities, such as the Qinhuangdao—Shenyang Express Railway and the famous Shanghai
Maglev train. In the end, the wheel-rail school won, not only because the wheel-and rail-
technology is relatively mature, but also because the technology is universal. High-speed bullet
trains can still be transported and delivered through ordinary wheel rails, whether in China or
other countries.

In 2004, China began to renovate existing railway main lines, enabling traditional railways
to operate at speeds of 200 km/h. But for the Chinese, this speed was not fast enough.

In 2008, a few days before the opening of the Beijing Olympics, the Beijing—Tianjin HSR
began operations. On this 350 km/h standard route, the bullet trains, which combined Japanese,
German, and French technology, ran fast, making 2008 a remarkable year for the development
of HSR in China. Since then, China has launched the construction of HSRs nationwide with
amazing efficiency.

HSR in China consists of a network of passenger-dedicated railways designed for speeds
of 250-350 km/h (155-217 mph)™. It is the world’s longest HSR network and is also the most
extensively used. It is widely believed that because China’s territory is so vast, the railway
must operate fast enough to have an impact on the country’s economic geography. The Chinese
people consider HSR to be more than 250 kilometers per hour, and China’s new HSR passenger
line does just that.

By the end of 2018, HSR was extended to 30 of the country’s 33 provincial-level
administrative divisions, the exceptions being Macau, Ningxia, and Tibet, and reached 29,000
km (18,000 miles) in total length, accounting for about two-thirds of the world HSR network.”
The HSR building boom continues with the HSR network set to reach 38,000 km (24,000 miles)
in 2025, as show in Figure.3-4 below.

Figure.3-4 Changes in Operating Mileage, Annual Increase of China’s HSR (2009-2025
Estimated)

7 1bid.76, 38.
8 1bid.76, 66.
 1bid.76, 98.
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Source compiled from China Railway Cooperation, P.R.C. White Paper on HSR. Beijing: CR. Various years.
http://rsd.china-railway.com.cn/#/user/login?redirect=%2F [accessed 20 Dec, 2023]

Due to the landform diversity and the vast land area, China’s HSR has explored a variety
of solutions to overcome obstacles from the terrain and the environment. In terms of railway
tracks, China designed rails with self-heating ice-melting devices for conditions below 30°C in
the northeastern region of the country, so special low-temperature resistant materials were not
needed. For karst landforms, the tunnels of China’s HSRs were specially treated to prevent
water seepage. For the Rim Hainan Island HSR, which was built for use in a hot and salty
environment, China designed anti-corrosion rails and equipped the bullet trains with more
powerful air conditioners. The Lanzhou—Xinjiang Railway, which links the northwestern
Xinjiang province with the Central Region, was constructed in a windy, dry, dusty environment,
so the engineers constructed windbreak walls, ventilation tunnels, and set air-flow sensors to
ensure the safety of the bullet trains operation.

China’s HSR engineers have also made great innovations and improvements for the HSR
bullet train itself through a large number of experiments over a long period of time. Because
of a combination of technologies from Alston, Siemens, Kawasaki Heavy Industries, and
Bombardier, Chinese HSR trains were developed in a variety of models.®° Each model is
assigned to the railway administrative bureaus of different regions because of their unique
advantages. For example, the CRH5, which works well in extremely cold conditions, is
assigned to the Railway Administration of the Northeast. The wind and sand-resistant CRH5G
is assigned to the Northwest Railway Bureau. Then in 2017, using all the different technologies,

8 Bradsher, Keith. (2010, Feb 12). China Sees Growth Engine in a Web of Fast Trains. Nytimes.com.
https://www.nytimes.com/2010/02/13/business/global/13rail.html [accessed 30 January 2024]
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the CRH400 model with the full Chinese standard was released. The CRH400 is now operating
at a speed of 350 km/h. The CRH rolling stock fleet has a wide variety of types as shown in
the following Table.3-1.

Table.3-1 List of China Railway High-Speed (CRH) Technical Parameters by 2018

Equipment Top speed in Designed Seating capacity Formation Special Entry _mto
type test speed advantages Service
CRH1A 278 km/h 250 668 or 649 or 645 5M3T High compatibility 2007
Adapt to high
CRH1B 292 km/h 250 1299 10M6T temperatures 2009
CRH1E 250 618 or 642 10M6T With Sleeper wagon 2009
CRH2A 282 km/h 250 610 or 588 4MAT 2007
CRH2B 275 kmth 250 1230 8M8T 2008
CRH2C 394.2 km/h 300 610 6M2T 2008
Stage 1
CRH2C 350 610 6M2T 2010
Stage 2
CRH2E 250 630 8M8T With Sleeper wagon 2008
CRH3C 394.3 km/h 350 600 or 556 4AMAT 2008
Suitable for cold
CRH5A/G 250 622 or 586 or 570 5M3T condition 2007
CRH380A 416.6 km/h 380 494 6M2T 2010
CRH380AL 486.1 km/h 380 1027 14M2T 2010
CRH380B 380 4AMAT 2011
CRH380BL 487.3 km/h 380 1004 8M8T Top speed in test 2010
CRH380CL 380 8M8T 2012
CRH380D 380 495 4AMAT 2012
CRH380DL 380 1013 8M8T 2012
CRH6 220 586 AMAT 2011
CRA00AF 400 556 amMaT Opera"‘:(’:}ﬁ”"e 350 2017
CR400BF 400 556 amat Ope’a“?(’:na/ﬁ“"e 350 2017

Own elaboration based on China Railway Cooperation, P.R.C. White Paper on HSR. Beijing: CR. Various
years. http://rsd.china-railway.com.cn/#/user/login?redirect=%2F [accessed 30 January 2024]

To save maintenance time and costs, and improve the efficiency of technical support and
maintenance, the future CRH will tend to use two bullet train types: the CRH400 as the main
fleet, as well as future improved models based on the CRH400.

Another feature of the CRH is the short train interval base in the automatic signal control
system. A malfunction in the automatic signal control system after a bullet train was hit by
lighting and caused a serious accident in 2011, which slowed down CRH’s progress for a
while.81 The CRH still has not given up on the pursuit of short-interval departures due to the

huge and increase passenger number on main lines. At the Shanghai Honggiao Hub, an

81 Watt, Louise. (2011, July 25). Crash raises doubts about China’s fast rail plans. Washington Times.
https://www.washingtontimes.com/news/2011/jul/25/crash-raises-doubts-about-chinas-fast-r-514665341/
[accessed 30 January, 2024]
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integrated station with an airport and a HSR, the interval between trains is 84 seconds during
the peak period. At present, the Beijing-to-Kunming G404 trains holds the distance record for
HSRs worldwide at a distance of 2,760 kilometers. In winter, one can travel across the
landscape and experience four seasons in one day, from snowy Beijing to the hot city of
Kunming. Thanks to the HSR network, the 2,760 kilometer mileage trip was compressed into
11 hours.®? To some context, HSR has significantly changed the way of travel for the Chinese:
compared with the high traffic accident rate and the high delay rate of airline flight, the on-
time, efficient HSR is undoubtedly their priority. Moreover, China’s mega-cities and densely
populated areas are mainly distributed on the east coast of the Pacific Ocean. The commuting
distance of passengers is generally less than 1,000 kilometers, which is within the distance in
which HSRs are superior to air transportation.

HSR provides fast, reliable, and comfortable means of transporting large numbers of
travellers in a densely populated country over long distances, and has helped China achieve
these six goals:

1) It improves economic productivity and competitiveness over the long term by
increasing the transport capacity of railways and linking labour markets. Moving passengers
to high-speed lines frees up older railways to carry more freight, which is more profitable for
railways than passengers are, because their fares are subsidized.

2) It stimulates the economy in the short-term, as HSR construction creates jobs and
drives up demand for the construction, steel, and cement industries even during an economic
downturn. For instance, work on the Beijing—Shanghai HSR employed 110,000 workers. Most
of them are migrant workers, whose improved working capability and skill during the
construction of HSR has accelerated the pace of urbanization as well.

3) It facilitates cross-city economic integration and promotes the growth of second-tier
cities. The operation of the HSRs is responsible for 55% of the increase in market potential for
the secondary cities connected by bullet trains. (‘Market potential’, a concept used by economic
geographers, measures ‘a geographic area’s access to markets for inputs and outputs’). A 10%
increase in a secondary city’s market potential is expected to be associated with a 4.5% increase
in its average real estate price.®® The opening of HSR also produces an ‘inter-city effect’,
realizing regional resource sharing, accelerating industrial gradient transfer, effectively
promoting the industrial division of labour within the region, building a comparative advantage

82 Zhang, Nuan. (2020). China Transportation Yearbook 2019. Press of China Transportation. Beijing: Ministry
of Traffic& Transportation. 198-199.
8 |bid.44, 11-12.
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along with the construction of industrial chains, and promoting coordinated industrial
development in the areas along the HSR corridors. For example, with the continuous expansion
of the HSR network in the Yangtze River Delta region, the region has become an economic
growth pole in the Chinese economic pattern that has an effective economic element flow
mechanism in the region. In addition, HSR has also significantly expanded and broadened the
life radius and scope of activities for the Chinese people. The lifestyle and rhythm have
gradually changed, which has spawned new occupations and work-styles such as ‘Sunday
engineers’ and ‘holiday experts’, and seen the formation of a ‘HSR society’.

4) It supports energy independence and environmental sustainability. Different from
diesel fuel-consuming diesel locomotives, electric bullet trains use less energy to transport
people and can draw power from more diverse sources of energy, including renewables, than
automobiles and aircraft, which are more reliant on imported petroleum.

5) It has developed an indigenous HSR equipment industry. The expansion into HSR is
also helping China develop into a leading source of HSR building technology. Chinese train-
makers have absorbed imported technologies quickly, localized production processes, and even
begun to compete with foreign suppliers in the export market. Six years after receiving
Kawasaki’s license to produce the Shinkansen E2, the CRRC Sifang factory can produce the
CRH2A without Japanese input, and Kawasaki has ended cooperation with Sifang on HSR. At
present, China and Japan have become competitors in the global HSR market.

6) HSRs have driven the development of various industrial sectors. The construction
and development of HSR has promoted the rapid development of secondary industrial sectors
such as metallurgy, machinery, architecture, rubber, electric power, computer science, materials
science, precision instruments, etc., and has promoted the development of tertiary industries,
such as tourism, catering, and commerce.

With the improvement of the social and economic levels and the increase of people’s
satisfaction, the doubts that society had toward policy-makers has dissipated over time. For
instance, when operation of HSRs began, many people felt that the fares were too high and did
not match the relatively low wages in China. However, the large number of customers, a very
high participation rate gradually dispelled doubts from the community. During the Spring
Festival travel rush, it was hard to find a ticket, and some people even called for price increases
during the Spring Festival to balance supply and demand.

Table.3-2 A Comparison of Distance and Ticket Prices of HSR in Four Different Countries
between Major Cities
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Trip Distance Price Price USD/km Time

HSR trip from Beijing to Jinan, China 419 km CNY 185 (USD 30) 0.07 1h22 min
HSR trip from Paris to Lyon, France 428 km EUR 35 (USD 39) 0.1 2 hours

HSR trip from Madrid to Valencia, Spain 391 km EUR 33-58 (USD 41-72)  0.11-0.18 1 h 40 min
HSR trip from Tokyo to Gifu-Hashima, Japan 396 km JPY4800 (USD 43) 0.11 1 h 56 min

Own elaboration based on UIC. (2023), Altas: High-Speed Rail 2023. UIC Publishing.
https://uic.org/IMG/pdf/atlas_uic_2023.pdf [accessed 30 January 2024]

Due to the huge number of passengers, China’s HSR can set a relatively low fare. The fare
of China’s HSR are lower than those of other countries in the world as shown on Table.3-2. In
general, the HSR in China has reached policy-makers’ economic goal, while the social benefits
surpassed expectations. Despite the Wenzhou HSR train collision in China, which caused the
stagnation of HSR construction for a short time, the overall effect of HSRs on social
development forced policy-makers to re-examine it and give the HSR more flexibility in the
extension. It is worth noting that even though the Xinjiang-Lanzhou HSR does not make a
profit and even loses money, policy-makers have not given up this HSR only from the
perspective of economics. As this railway connects China’s core regions, and the Northwest
minority areas play a very significant role geopolitically, policy-makers continue to invest in
HSRs in the west, hoping to change the status quo of poverty and backwardness in the western

region through the economic benefits brought by HSRs.
3.2.1 Red-Eye (Travel Overnight) HSR Lines

Red-eye HSR lines refer to high-speed trains that operate from late night to early morning
and arrive at their destinations the next morning. In 2013, to cope with the shortage of HSR
capacity in the Beijing—Guangzhou mainline during the peak period of the Chunyun (the Spring
Festival travel season or the Chunyun period), China Railway (CR) started developing night
HSR.84

Figure.3-5 Huge Holiday Travel Demand Presents a Major Challenge to Public
Transportation by 2018

8 Weiwei, J., Dominguez, C. R., Zhang, P., Max, S., Lin, Z. (2018). Large-scale nationwide ridesharing system:
A case study of Chunyun. International Journal of Transportation Science and Technology, 7 (1), 45-59.
https://doi.org/:10.1016/j.ijtst.2017.10.002
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At the beginning of 2016, CR began to run red-eye HSR across the country. This greatly
facilitates the travel of ordinary people, which makes the difficult situation of obtaining a ticket
during the peak period a thing of the past. As the operation of the red-eye HSR made the
requirements for line maintenance efficiency a top priority, CR’s branches usually develop
plans in advance to ensure that route inspections and train maintenance are completed within a
short maintenance window.

3.2.2 The Uniqueness of CRH
In China, HSR services compete effectively with road and air transport for distances of
up to approximately 1200 km. HSR fares are competitive with bus and airfares, amounting to

about one-fourth of the base fares in other countries. Consequently, HSR has successfully

drawn more than 1.7 billion passengers annually from all income brackets.
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A key factor in keeping costs down is the standardization of designs and procedures. The
construction cost of the Chinese HSR network, at an average of 17 million USD to 21 million
USD per km, is about two-thirds of the cost in other countries.®

China’s densely populated area is now fully covered by a HSR network, and the network
is still expanding. China’s HSR experience has proven that in a large area with a single market,
the contribution of CRH (China Railway High-speed) to social transportation is far greater than
air transportation. HSRs have accelerated the booming speed of China’s development, and
China has contributed a great deal to the development of HSRs, as well in terms of construction
and implementation in various geographical environments and the large number of innovations
and solutions.

China's HSR projects are widely recognized for their attributes of “short construction
duration, high operational speed, and relatively low cost." This distinctiveness is significantly
influenced by the unique decision-making process governing HSR project construction (see
Figure.3-6).

The author delineates this decision-making process as "a swift project advancement
mechanism propelled by the official evaluation system and accountability framework."
Accountability mechanisms and local official evaluation systems have played pivotal roles in
shaping China's HSR projects. Firstly, the accountability system ensures transparent
delineation of responsibilities, compelling governments at all administrative levels and
pertinent departments to be answerable for the progress and outcomes of HSR endeavors.
Consequently, any project setbacks or delays entail commensurate penalties or accountability
measures, thereby incentivizing stakeholders to diligently propel project advancement.
Secondly, the local official evaluation system integrates HSR construction as a pivotal metric
within the local government's evaluation and assessment apparatus. This mandates local
governments to assess the performance of their officials based on the advancement and efficacy
of HSR projects, thereby utilizing it as a fundamental criterion for enhancing political
achievements and performance evaluations. Such evaluative mechanisms motivate local
administrations to actively endorse and expedite HSR initiatives to ensure their seamless
progression. Consequently, the interplay between the accountability system and the local
official evaluation framework synergistically fosters the construction and evolution of China's

8 Lawrence, M., Bullock, R., & Liu, Z. (2019). China’s high-speed rail development. World Bank Publications.
http://documents.worldbank.org/curated/en/933411559841476316/Chinas-High-Speed-Rail-Development
[accessed 30 January 2024]
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HSR projects. This model of grand project construction exhibits certain applicability to

developing nations grappling with infrastructure deficits.

Figure.3-6 Executive Process of China HSR Project
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Source compiled from Shi, Q., Hertogh, M., Bosch-Rekveldt, M., Zhu, J., & Sheng, Z. (2020). Exploring decision-
making complexity in major infrastructure projects: A case study from China. Project Management Journal, 51(6),
617-632. https://doi.org/10.1061/(ASCE)ME.1943-5479.0000681[accessed 30 January 2024]

China once ignorantly refused to accept the railway, as it was the shining star of the
Industrial Age at the end of the period dominated by the Qing dynasty. After more than one
hundred years of internal and external struggles, and different kinds of trials for a better country,
China has caught up, and is trying to redefine the meaning of railways with its own unique and
pioneering spirit in the 21% century using a new form of railway — HSR. As a country with
HSR located at the eastern edge of the Eurasian continent, China — a civilized state with an
ancient culture and modern characteristics, is trying to reconnect the ‘Silk Road’, a glorious
network of trade routes connecting the East and West that was central to the economic, cultural,
political, and religious interactions from ancient times to the 1800s, with the help of HSR that
aims to restore the excitement and prosperity of Eurasia.

3.3 HSR in Other Regions of Asia

According to UIC statistics, Asia is not only the continent with the highest mileage of HSR,
but also the continent with highest mileage of HSR under construction. In addition to Japan
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and China, which have played leading roles in the development of HSR, other Asian countries
have also seen a flourishing development of HSR projects within their territories. The main
reasons why Asia has become the fastest developing region for HSR in the world include stable
economic growth, high population density, technological progress and expansion, support from

decision-makers, and deeper regional cooperation.

3.3.1 KTX operated in South Korea

In the 1980s, South Korea’s car ownership grew at an annual rate of 17%, and road traffic
congestion became increasingly problematic. Traffic congestion in the Seoul-Busan main
economic belt is particularly serious because 73% of South Korea’s population is concentrated
in the region®. According to a study conducted by the Korean government, by 2020 the
population of Seoul will have reached 28 million, and nearly half of Koreans will be
concentrated in the city, while the Seoul-Busan railway will transport 66% of Korean railway
passengers daily, and the existing railway network would be overwhelmed.®” In the meantime,
the road congestion problem has caused the transportation cost of the road section to increase
continuously, and industrial competitiveness has gradually weakened. At the time of the study,
Korea’s transportation cost accounted for 13.3% of the country’s GDP, which was higher than
in other developed countries.®® Policy-makers therefore decided to establish a new HSR
network, which was to be launched in 1992. Unfortunately, due to the Asian financial crisis
and the budget overrun, the project was temporarily shut down. In 2004, the South Korean
HSR was opened after 12 years of construction. The Korean HSR mainly uses the same
technology from Alstom as the French TGV while using the standard gauge. Koreans named
their HSR KTX (Korea Train Express).

Korean HSR, known as KTX (Korea Train eXpress), holds immense significance in both
the transportation and economic development of South Korea. KTX is an advanced and
efficient rail system that has revolutionized travel within the country since its launch in 2004.

The geographical status and high population density of South Korea seems to be perfectly
matched with the implementation and development of HSRs in a single country. Only one year
after the opening in 2004, the HSR from Seoul to Busan replaced air travel as the market leader,

not only because of the time savings in the medium- and long-term offered by HSR, but also

8 Youn-Keun Bhang. (2003). Completion of Phase 2 of Seoul Metropolitan Urban Rail. Japan Railway &
Transport Review 35(6), 22-26. www.jrtr.net/jrtr35/pdf/f16_bha.pdf [accessed 30 January 2024]

87 Ibid.86, 24.

8 Kim Chun-Hwan. (2005). Transportation Revolution: The Korean High-speed Railway. Japan Railway &
Transport Review 40(3)., 60-69. DOI:10.1177/0022185612473211.
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because railway ticket prices were lower than airplane fares. The KTX ticket price was at least
30% lower, with fare adjustments only after public hearings. The market share of the KTX
between Seoul and Busan increased from 38% to 61% by 2005, while the air transportation
market share dropped from 42.2% to 25%.% In 2006, the daily average passenger traffic on
the Seoul-to-Daegu line dropped from 4,000 to 220, while the Seoul-to-Busan line decreased
from 14,300 to 7,360.%° The opening of KTX had a huge impact on both aviation and motorway
transportation. The railway accounted for the largest proportion of the entire passenger
transport market, reaching 65.7% in 2007, followed by aviation and small cars. Within the
railway transportation, different railway transportation modes play different roles in passenger
transportation. KTX bears more than 90% of railway passenger traffic. From the overall
comparison of the passenger transport market, KTX is in the leading position of the passenger
transport market both internally and externally, and KTX accounts for the largest proportion of
railways. The passenger revenue of the railway system is mainly derived from KTX. We can
clearly recognize the changes in citizens’ travel choices after the opening of KTX from
Figure.3-7 in next page.

One of the primary significance of KTX is its contribution to economic growth. The HSR
has greatly enhanced connectivity between major cities like Seoul, Busan, Incheon, Gwangju,
and Daejeon. This improved transportation infrastructure has facilitated the movement of
people, goods, and services, stimulating regional development and promoting economic
integration across different parts of South Korea.

KTX has drastically reduced travel times between cities. For instance, the journey from
Seoul to Busan, which used to take around five hours by conventional train, now takes just
over two hours with KTX. This increase in speed and efficiency has encouraged more people
to opt for train travel, reducing the demand for domestic flights and road transport.
Consequently, KTX has alleviated traffic congestion on highways and reduced greenhouse gas
emissions.

Moreover, KT X has enhanced convenience for travelers through its modern amenities and
services. The trains are designed for comfort, equipped with spacious seating, onboard Wi-Fi,
power outlets, and facilities for disabled passengers. This attention to passenger comfort has

8 Briginshaw, D. (2007). High Speed Railway Trains in Korea. Foreign Rolling Stock, 7(1), 21-23.

% | ee, K. C. (2007). Launch of Korean high-speed railway and efforts to innovate future Korean railway. Japan
Railway & Transport Review, 7(48). 30-35. https://www.library.northwestern.edu/find-borrow-
request/requests-interlibrary-loan/lending-institutions.html [accessed 30 January 2024]
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attracted more people to choose train travel over other modes of transportation, further

reinforcing the significance of KTX.

Figure.3-7 Market share of transportation modes since KTX began operating in
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Source compiled from Cho, N. G., & Chung, J. K. (2008). High Speed Rail Construction of Korea and
Its Impact. KRIHS Special Report Series 12. Korea Research Insitute for Human Settlements.

KTX has also been a significant influence on tourism in South Korea. The HSR has made
it easier for tourists to explore different regions and experience diverse cultural attractions,
historical sites, and natural landscapes throughout the country. It has opened up new
opportunities for the growth of tourism-related businesses, such as hotels, restaurants, and local
services, boosting the overall tourism industry in South Korea.

Overall, the Korean HSR, KTX, has had a transformative impact on South Korea’s
transportation infrastructure, economy, tourism industry, and overall national development. It
has brought about increased connectivity, reduced travel times, improved passenger comfort,
and enhanced regional integration. KTX serves as a shining example of efficient, sustainable,
and technologically advanced transport systems that have become a source of pride for South

Korea and an inspiration for many countries around the world.
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3.3.2 Afrosiyob operated in Uzbekistan

Uzbekistan’s HSR is a passenger HSR with a length of more than 780 km, connecting the
largest cities of Uzbekistan-Tashkent, Samarkand, Bukhara, Karshi, and Navoi.

The country currently has two interoperated lines:

1. The Tashkent-Samarkand HSR line opened in 2011 using HSR capable trains and
took over 2.5 hours; in 2013 the 344 km route was up to full commercial speed, taking 2 hours
and 8 minutes.®

2. The Samarkand-Bukhara HSR line opened Aug 2016 as an extension of the first line,
256 km long, taking 1 hour 12 minutes, or all the way from Tashkent, 3 hours and 20 minutes.

Uzbekistan’s HSR technology is also from Europe, as is the case in most Asian countries.
The Talgo 250 from Spain is the only operational high-speed bullet train in Uzbekistan with a
custom design to fit the special rail gauge used in the post-Soviet country.

Most of the Uzbek HSR is upgraded from traditional railways. Because it was upgraded
and transformed based on traditional lines, the Uzbekistan HSR retains the gauge of the
traditional railway, which is 1,520 mm wide and called ‘wide rail gauge’, mainly implemented

by the Soviet Union, which is different from the standard gauge.

As the most economically active region in Asia, Northeast Asia has to some extent formed
a HSR network. However, there is a huge problem with the interconnectivity of HSR in the
region, which is being separated by seawater and other political regimes. Coupled with the
issue of political mutual trust, the region is unable to form a HSR network that directly involves
each other, as shown in Figure.3-8. Although Northeast Asian countries are unable to make
breakthroughs in cross-border HSR connectivity, the political and economic benefits brought

by HSR are increasingly recognized by other Asian developing countries.

Figure.3-8 HSR Network in East Asia, made by FlyAkwa

% Yuldashev, B. E., & Yuldasheva, M. M. (2022). STATE POLICY OF THE REPUBLIC OF UZBEKI
-STAN IN THE FIELD OF RAILWAY. Open Access Repository, 8(03), 187-194. https://doi.org/10.17
605/0SF.10/29NT7
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Compiled by by UIC. (2023), Altas: High-Speed Rail 2023. UIC Publishing, 28.
https://uic.org/IMG/pdf/atlas_uic_2023.pdf [accessed 30 January 2024]
With the success of HSRs in some northeast Asian countries, other Asian countries have
begun to plan and build HSRs, especially in developing countries.
According to published information, countries currently planning to build HSRs in Asia
include Vietnam, Thailand, Indonesia, Malaysia, Bangladesh, India, Iran, Saudi Arabia, and
Kazakhstan; the HSRs in Saudi Arabia and Indonesia are already under construction and about

to be operated. These show that Asia has become one of the most ambitious regions for HSR.
3.4 The Operational and Planned Trans-national HSR in Asia

In the past three years since the COVID-19 Pandemic, the construction of HSR and
express railways in Southeast Asia has continued to advance. During the period of human
struggle against viruses, people have not stopped their progress, especially in the aspect of
Railway development. There are already cases that can prove that cross-border Express
railways are the main driving factor for strengthening cross-border personnel exchanges and
improving regional connectivity. In addition, some Southeast Asian countries have set 350km/h
as their national HSR development goal, hoping to promote national economic development
with high standard HSR.
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3.4.1 Indonesian HSR

Indonesia becomes another country in Asia to operate HSR in 2023. Indonesia became
the first country in Southeast Asia to operate HSR. While the convenience of travel for the
Indonesian people has improved, President Joko Vidodo, who advocates for the construction
of HSR, has gained more support from the people.

Project Background: In 2010, the Indonesian government proposed a plan to build a new
HSR based on the population growth year by year and the current situation of inconvenient
transportation in Java Island, and began to contact with international construction contractors
and train equipment providers. According to the vision of the Indonesian government, the
project initially plans to invest 3.5 billion USD to build a new 150km HSR section, with a
standard of 300km/h, across the most densely populated area of Java.? As the starting section
and most important component of Indonesia’s national HSR project. In August 2015, China
National Railway Group submitted the feasibility report of HSR construction to the Indonesian
government, which contains the core contents of the project trend, construction idea,
construction period, standard form, technical parameters of EMU and signal system as well as
project budget. The Japanese team also submitted the feasibility report in the meanwhile. In
October 2015, Indonesian President Mr. Joko Vidodo signed a presidential decree announcing
that the Chinese team had won the bid.

Process of Construction: After Intergovernmental consultation between Indonesia and
China, it was decided to establish the Indonesian-China High Speed Railway Company, namely
as KCIC, which is responsible for project construction and subsequent operations.

—  From 2016 to 2018, the preliminary work for the project initiation included
legalization procedures for project construction, demolition negotiations, specific
route selection, geological surveying, site planning, and station design and
construction of supporting facilities.

— InJune 2018, the project entered the formal construction phase.

— In October 2022, the project track laying was completed. 12 KCC1400AF rolling
stocks landed on Indonesia from China. The prototype of this rolling stock is the
CR400AF, which adopts a 4M4T power distribution mode.

9 Purba, A., & Purba, J. T. (2020, September). Jakarta-Bandung High-Speed rail transportation project: facts and
challenges. In IOP Conference Series: Materials Science and Engineering (Vol. 918, No. 1, p. 012034). IOP
Publishing, 28-30.
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— InJune 2023, the project entered phase of the Integration test and commissioning.
The test speed reached 386km/h. This signifies that the project has operating
conditions of 350km/h.

At the start of the project, it is initialed to invest 5.36 billion USD to build a 142.3km HSR
section with a standard of 350km/h. As of now, the project has invested a total of 7.36 billion
USD. According to open-source information, the financing ratio for the project is 75% for
China and 25% for Indonesia. Project funds are jointly injected into the project by CBD (China
Development Bank) and Indonesian government capital injection agency PMN.%

The project connects Jakarta, the capital of Indonesia, and Bandung, the fourth largest city
in Indonesia, and passes through the core area of Java Island, Indonesia’s most populous island.
In the future, it is also planned to build a total of approximately 800km of Indonesia’s national
HSR aims to connect city of Surabaya.

Project Difficulties:

1. Social differences: Foreign constructive teams need to overcome social and cultural
differences including Language Communication disorder, technical misunderstanding, etc.

2. The geological structure of the project construction area is extremely complex: Java
island is full of volcanoes, stream with extremely complex geological conditions. The large
elevation drop poses difficulties for construction, and higher requirements are put forward for
the power of the rolling stock.

3.  COVID epidemic impact: The global epidemic has caused obstacles to construction
and delayed the progress of the project.

4. Project overspending: Global inflation and rising construction raw materials have led
to significant project overspending.

5. Huge gap between two countries workers on HSR understanding and knowledge:
Since the construction of the project, in addition to project construction, another major focus
has been on training local students, teaching during construction, and learning during
construction. Local engineering personnel have improved their mastery of HSR technology
from scratch.

Impact: Starting from June 2023, Indonesia has joined the HSR national club. This has
significant political significance for Indonesia, which is close to 280 million®. The governing
party represented by Zoko Vidodo has achieved significant achievements in local governance.

9 Shatkin, G. (2022). Financial sector actors, the state, and the rescaling of Jakarta’s extended urban region. Land
Use Policy, 11(2), 104-159. https://doi.org/10.1016/j.landusepol.2019.104159.
% 1bid.93, 104.
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The railway commuting time between Jakarta and Bandung has been reduced from the
previous 4 hours to 40 minutes®®. The convenience of people commuting across cities has
greatly improved.

During the construction of the HSR, 13000 people were employed. After opening, 30000
job opportunities will be directly created. 75% of the project’s services are procured locally,
driving the economic development of Indonesia®.

This project is the first international railway project to adopt China’s 350km/h standard

for construction. Prove that the “China High Speed Rail” model is replicable.
3.4.2 China-Laos Railway

Laos is the only landlocked country in Southeast Asia. The development of Laos has
always been constrained by relatively high transportation costs, and the country’s economic
situation is relatively poor. The economic and trade transportation channel in Laos relies on
water transportation for a long time, which is the Mekong River that spans multiple countries.
However, the width of the Mekong River channel is relatively small, with many reefs and
shallow shoals, so the shipping conditions are limited. Therefore, Laos urgently needs a land
economic and trade channel. The China Laos railway was built and put into operation under
the witness of the leaders of the two countries.

Project Background: The Lao government has proposed the construction of a Express
railway from the capital city of Vientiane to Kunming, the capital of Yunnan Province in China,
aimed at improving efficiency of land transportation in Laos, transforming it from a “land
locked country” to a “land linked country” to end the situation where Laos, a country with a
population of 7.6 million®’, can only rely on railway transportation for its foreign trade channels.
After China conduct the Belt and Road Initiative, it actively helped Laos to achieve its goals.
Experts from China Railway proposed to Laos the feasibility plan of building a full electrified
HSR with a speed of 160km/h+ and mixed passenger and freight transportation. In the plan,
the total mileage of Vientiane Kunming section of China Laos railway is 1022km. This plan
has been approved by the Lao government. This railway is the first Express railway on the
Indochinese Peninsula to exceed 160km/h, playing a fundamental role in accelerating logistics

speed and further expanding for the railway network as Figure.3-9 demonstrated.

% 1bid.93, 106.

% 1bid.93, 110-112.

9 Xiao, C., Wang, Y., Yan, M., & Chiaka, J. C. (2024). Impact of cross-border transportation corridors on changes
of land use and landscape pattern: A case study of the China-Laos railway. Landscape and Urban Planning,
24(1), 20-49. https://doi.org/10.1016/j.landurbplan.2023.104924
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Process of Construction:

—  The construction of the cross-border section of the project officially began in
December 2015;

— In December 2016, the project was fully launched to be constructed in three sessions;

— In October 2021, the project completed track laying and subsequently started the
joint debugging and testing;

—  In December 2021, the China-Laos Railway was officially inaugurated, significantly
reducing travel time between both ends of the railway to approximately 10 hours;

—  Asof May 13, 2023, a total of 13,310 cross-border passengers have completed direct
commuting between China and Laos through passenger trains that have been in
operation for only one month. And the information indicates that there is an upward

trend in passenger traffic.%

Figure.3-9 China-Laos Express
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Source compiled from Le Ha, P. (2023, August 23). Laos Enhancing Cross Border Railway
Connectivity with Malaysia, China. Asian Briefing. https://www.aseanbriefing.com/news/laos-enh
ancing-cross-border-railway-connectivity-with-malaysia-china/ [accessed 30 January 2024]

Project Difficulties:

% Rowedder, S. (2020). Railroading land-linked Laos: China’s regional profits, Laos’ domestic costs?. Eurasian
Geography and Economics, 61(2), 152-161. https://doi.org/10.1080/15387216.2019.1704813
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1. The 87% bridge tunnel ratio of China Laos Railway is the highest among all projects
with a global speed of 160km/h.®® The mountainous terrain and abundant groundwater in the
Mainland Southeast Asia have hindered the progress of the project to some extent. However,
in the end, this difficulty was overcome.

2. There are bomb remnants from the US bombing of the “Ho Chi Minh Corridor”
during the Vietnam War in the route area, which poses certain risks to project construction.

3. Lao engineers have only operated and managed meter gauge railways before, and
have no experience in the construction, management and operation of 1435mm Standard-gauge
railway lines. This requires the cooperation of engineers from China and Laos to facilitate rapid
learning and mastery by local engineers in Laos.

Significant Meanings:

1. It fundamentally changed Laos’ geopolitical status, from a landlocked closed country
to a land transportation connected country. The China Laos Railway not only undertakes the
task of transporting goods produced in Laos, but also continuously transports products from
other countries in the Mainland Southeast Asia to the target market. Laos has been experiencing
sustained and stable railway transit revenue since 2022.

2. Facilitate the international trade and transportation routes of the Southeast Asia, so
that agricultural products and primary industrial raw materials of Laos and other countries in
the Mainland Southeast Asia can be more easily transported to the target market. Chinese goods
can also be more easily transported to the Mainland Southeast Asia.'®®

3. During the construction period of the railway project, 3500 workers were recruited
locally, and it is expected to generate 100000 jobs after the project is opened.%

4. This signifies that China’s standard Express railway and China’s state-owned railway
companies has the ability to coordinate, plan, construct, and operate successfully in
neighboring countries.

5. The level of regional integration and connectivity of the Indochina Peninsula with a
population of 700 million has been improved, laying the foundation for further promoting the
construction of 1435mm international standard gauge railways in the region.

% 1bid.97, 24.

10 Junjie, H, Qianyu, Z,. (2021). Whether the “the Belt and Road” facility connectivity has a pulling effect on
enterprise exports - Mesomeric effect analysis based on trade costs. International Trade Issues, 21(9): 138-
156.

11 yu Jinping, Zhang Yanyan. (2021). The impact of railway connectivity in the “the Belt and Road” countries
on China’s exports. World Economic and Political Forum, 21(1): 147-172.
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In summary, the construction and inauguration of this railway extended China's standard
gauge railway network to the Indo-China Peninsula, thereby restructuring the regional
transportation landscape to a certain degree. This development has set the stage for future
connectivity within the Indochina Peninsula, potentially fostering closer collaboration between
China and countries like Vietnam and Thailand in railway infrastructure construction.
Additionally, it underscores the significance of China's infrastructure diplomacy.

Since 2010, the populous countries in Asia have entered the HSR club and relied on the
advantages of population and industrial chains to build HSR in broader regions, thus triggering

a wave of HSR development in Asia.
3.5 Investment and Financing Methods for Asian HSR

Asian countries generally have a common feature in the development of HSR, which is to
design and begin to build HSR as developing countries. Unlike other regions in the world, the
elites in the governments of Asian countries, especially those in Northeast Asia, are more
inclined to think about how to achieve leapfrog development. In order to better achieve the
goal of HSR construction, government departments in various Asian countries have played a
significant role.

3.5.1 Japanese Shinkansen Funding

As a pioneer in the development of HSRs, Japan has made some crucial explorations for
its financing model. To reduce liabilities and promote regional economic development along
the railway, the Japanese government has established the principle of co-financing with the
state, local governments, and railway companies along the line to build a new railway; part of
the state investment funds are derived from the transfer fee of the existing route. With the
gradual emergence of the economic effects drives by HSR, the proportion of local government
investment has gradually increased; the source of funds for railway operating companies is the
operating income after the opening of the line.

The financing of the Shinkansen is in the form of ‘multi-level entrustment’: the state-
owned funds entrust a qualified institution to invest in the railway construction group, and the
construction group (as the actual owner of the Shinkansen) carries out construction
management and property. After the completion of the line, the construction company will use
the lease entrustment or the transfer of the property rights to transfer the specific operation of
the Shinkansen to each railway operations company, according to the different conditions and
the characteristics of the line. The form of multi-level entrustment guarantees the stability of

the source of construction funds in the long run.
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After the privatization of Shinkansen in 1987, the Public—Private Partnership (PPP)
funding approach has been seen as the basic model for financing. Projects launched by joint
investment by the state, local governments, and privatized railway companies. State-owned
departments and the private sector have reached a close cooperative relationship through multi-
level entrustment strategy.

There are many sources of funding for Japan’s Shinkansen construction, and the financing
methods and amounts are not the same. The main sources of funding are: 1) state funding; 2)
bank loans and foreign investment from the World Bank; 3) the railway maintenance fund; 4)
domestic funding; and 5) funding from the JR Group passenger transportation company.

Despite the various funding sources, the government is very involved in all Shinkansen

projects and participated deeply.
3.5.2 CRH Funding

In the early days of large-scale construction of China’s HSR, it was heavily dependent on
government investment. The investment by the railway department, the state’s in-Kind
contribution, the local financial contribution, and the national debt contribution all flow into
government investments. National bonds issued since 1998 began to help raise funds for HSR
construction projects.

Local financial investment refers to investing funds from the provincial and municipal
governments in the construction of railways within their administrative region. The main part
of the funds invested by local governments and railway construction comes from taxes. The
railway sector mainly relies on the railway construction fund and its free funds to invest in
railway construction projects. By the end of 2013, the railway construction fund had exceeded
the mark of RMB 100 billion. However, with the large-scale development and construction of
China’s HSRs, the demand for HSR construction funds is also growing, and the actual
contradiction between the increase in capital demand and the government’s inability to meet
the funding needs is also becoming more apparent. Therefore, the large-scale construction of
HSR is inseparable from non-government capital. Bank loans, bond and equity financing, and
private capital are the three major elements of HSR investment, in addition to government
capital.

The specific financing channels are further divided into PPP financing, ABS financing,

TOT financing, and BOT financing.
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3.5.3 PPP Financing

PPP is a model of a cooperative relationship among the national government, profit-
oriented enterprises, and public welfare enterprises because of certain projects. In this model,
the partners are able to achieve more impressive results than they could independently. Each
participant needs to bear the full responsibility of the project and share the various risks that
may arise during the financing process when constructing a certain project. Private enterprise
is only responsible for part of the project. In the construction of large-scale infrastructure, the
principle of PPP operation is to carry out commercial and privatization operations
simultaneously, so that it can quickly change the construction of facilities, improve its service
level, and supplement the funding gap of the existing development of facilities, and achieve
the goal of reducing the debt of the government.

PPP financing requires that the cooperative relationship between the government and
enterprise to share the reasonable risks and benefits that are generated on a specific project
under the guidance of the ‘win-win’ concept. However, the organizational form is more
complicated, and the early-stage preparation process is longer. In the process of implementation,
the task of coordination and communication is heavy and difficult, and it is difficult to

straighten out the relationship between the government and enterprise.
3.5.4 ABS Financing

Asset-Backed Securitization (ABS) is a financing method that issues securities in the
primary or secondary financial market to raise project construction funds based on the assets
of a HSR project or a railway project as a guarantee for the future benefits of these projects’
own assets. Some HSR projects or railway projects can generate safe capital flows and are
characterized by asset securitization. The Reform and Opening Up has brought development
opportunities to the Chinese economy, and investment opportunities to Chinese investors. At
present, various social security and social insurance funds, as well as private capital, have a
strong interest in its investment and financing potential and see appropriate investment
opportunities, which will inevitably promote the development of further ABS financing, and
broaden financing channels.

As a new mode of financing, the cost incurred in the ABS financing process is lower than
the cost of raising funds through the issuance of stocks. Compared with collateral financing,
the advantages brought by ABS financing are twofold. First, debt recourse risk can be
circumvented. Second, the bank loan will generate a higher interest rate, while ABS financing
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costs will be lower. Compared with other project financing methods, the biggest difference in
the ABS approach is that it can directly issue securities to the capital market to raise funds.
The ABS financing approach is relatively easy to operate and manage, and has the widest
applicability. This kind of financing channel can be used for projects that can earn a sustainable
income through operation. Therefore, ABS financing approaches were adopted in many
projects. The major HSR lines that are not generally suitable for BOT approach are more

suitable for the ABS financing approach.
3.5.5 TOT Financing

The Transfer-Operate-Transfer (TOT) model is where the government transfers the public
infrastructure project that has been put into production and its initial sustainable income to the
investor. The investor obtains the management rights of the project, and operates according to
the agreement. Within the time limit stipulated in the agreement, the government can require
the investor to pay capital by predicting the income that the project can generate in the next
few years, and then the government will invest the funds obtained from the investor into the
new infrastructure project. When the business period expires, the investor will hand over the
facility to the government for management according to the agreement.

The TOT model is not very complicated compared to BOT (discussed in the next section).
The TOT solution reduces the time required for financing, and reduces a great deal of the
preparatory work at the early stages, while the total risk is lower than with BOT. The only
obstacle is the accurate evaluation of state-owned assets, and it is difficult to regulate the price
during the operation period.

3.5.6 BOT Financing

In the Build-Operate-Transfer (BOT) model, the government transfers the right to major
infrastructure construction and the right to operate the facility to other institutions or agencies,
which enjoy the right to operate the facility within the agreed timeframe and receives the
relevant income created by the project during this period. The interest and benefit enables the
institutions or agencies to recover the funds they invested in the project and repay the relevant
debts generated by the project, and to obtain the expected economic profits. The operation right
of the facility should be returned to the government after period of time, according to the
contract signed by the two parties.

In the actual operation of the BOT, the transferor of project will provide certain guarantees
to the contractor of the project. Such guarantees force the bank to exercise limited recourse for

some debts, and cannot carry out unlimited recourse. The various costs incurred in financing
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with BOT are not reflected in the company’s balance sheet, allowing the project leader to raise
the large amount of funds needed for project construction. Therefore, BOT is very popular in
large-scale construction projects.

The BOT financing method is characterized by the need to transfer the management rights
and ownership of the project, which will weaken the national government’s control over
important infrastructure and may endanger the security of the country. Therefore, the main
railway lines related to national security are not suitable. BOT financing can be adopted for the
new railway lines, regional railway and intercity passenger lines in the economically developed
areas, as well as the upgrading and transformation projects for existing railway network. The
result of trails of diverse financing method was HSR construction no longer a heavy burden on
government finances. To a certain extent, the diversity of financing has effectively alleviated

the financial pressure on the government, especially for HSR construction areas.

Figure.3-10 Capital Share Structure for Chinese HSR Construction, 2008-2012
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With the increasingly reasonable investment and financing methods, China’s HSR has
continued to develop with the help of diversified capital as shown above Figure.3-10. However,
under the background that the capital for HSR construction is more dependent on the market,
the development of HSRs in some remote and underdeveloped areas with inconvenient
transportation is restricted to a certain degree. However, China, as a country with a high degree
of centralization on a global scale, can adjust its domestic policies to make funds, capital, and

HSR planning projects more inclined and flowing towards areas that are urgently needed. The



profitability of social capital and the universality of government capital have reached a

relatively reasonable balance through diversified investment sources.
3.6 Gauge Differences Used in Asian HSRs

Under the combined effect of the geographical environment, historical reasons, political
factors, and available technology, there are large differences in railway gauges in Asia. The
gauges used by Asian countries range from ultra-wide rails (e.g., 1,676 mm in India), Russian
wide rails (1,520 mm in Central Asian countries), to narrow gauges (1,000 mm, most countries
in Indochina), as well as International Standard gauge (1,435 mm). Such a diversity in gauges
tend to separate the railway connectivity between Asian countries to some extent.

Despite the fact that Asian HSR accounts for most of world’s HSR mileage, the trans-
border HSR network has not be shaped due to the difference between gauges. Fortunately, the
emerging HSR technology is based on the 1,435 mm International Standard gauge platform.
Most of the HSR projects that have been put into use and under construction in Asia
International have adopted the international standard, except for the railway upgrading and
electrification and projects in Central Asian countries. The current status of railway regulations
in various countries around the world is shown in the Figure.3-11.

Figure.3-11 Diversity of Railway Gauges Worldwide
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Source compiled from Rtfoot. (2024, January 19) Map of global track gauges. Visual description
of ordinary railway track scale. WorldRailmap. https://commons.wikimedia.org/wiki/File:Rail_gauge_
world.svg [accessed 30 January 2024]
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3.7 Planned Asian HSR Lines

Since the world’s first operational HSR was launched, another wave of HSR expansion in
the 21 century achieved a huge success in densely populated East Asia, which has enabled
many Asian countries to analyse and learn from their successes. As a result, many Asian
countries have introduced a number of ambitious HSR plans to further promote their economic
growth.

Japan, a pioneer in HSR, plans to build a super-fast maglev HSR system between Tokyo
and Osaka to further improve commuting efficiency. China is trying to connect each city with
HSRs, including small cities, under its standards. In addition, China is still trying to promote
the speed of the HSR connecting the central and western border areas from 250 km/h to 350
km/h by upgrading signal devices and tamping the roadbed.

On the Korean peninsula, some South Korean politicians have expressed the hope that a
HSR will be built in North Korea and connect to China by the HSR network, so that regional
integration in northeast Asia can be better realized. The North Korean leader also said that he
hopes to update and speed up his country’s railway transportation network and seek
cooperation with China, South Korea, and Europe. Indeed, certainly countries in the region
have determined that projects that aim to enhance regional connectivity can be promoted as
soon as possible, thereby promoting regional integration. While countries outside the region
maintain an important sense of presence in the area, this may set barriers and obstacles to
regional integration in northeast Asia for their own interests.

In Southeast Asia, Thailand and Vietnam have shown great interest in HSRs for rapid
economic development. The two countries have already started bidding procedures for HSR
construction projects. The HSR project in Indonesia has been launched, and the Jakarta—
Bandung HSR with a design speed of 350 km/h has already begun construction with the help
of a Chinese construction team.

It is worth noting that the HSR programs and plans in the countries and regions mentioned
above all adopt the international standard gauge. This will promote the rapid development and
popularity of HSR in these countries.

India, the largest country on the South Asian subcontinent with the second-largest
population, naturally has a strong demand for an efficient railway network. The inefficient,
unsafe, and chaotic current railway network is not going to satisfy India in a fast-growing
period. At present, Indians have shown great interest in HSRs and have proposed ambitious

plans.
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But from a realistic point of view, the problems always coexist with the plans. Indians
have encountered unimaginable land acquisition difficulties in the construction of their first
HSR, the Ahmedabad—Mumbai HSR.

In addition to the above, Bangladesh, Iran, Kazakhstan, and Uzbekistan have also

proposed some HSR plans and initiatives.
3.8 Summary

The inception of HSR finds its roots in Asia, marking the continent's pioneering success
in this domain. Moreover, a noteworthy milestone was achieved in Asia with a single nation
surpassing the cumulative HSR mileage of all other countries combined. , many experts and
scholars are keenly observing the trajectory of HSR development in the Asian context..

A discernible trend observed in Asian HSR projects is their predominantly "top-down"
approach. This model entails governmental leadership with active participation from social
enterprises. Notably, the planning of Asian HSR projects, encompassing route selection and
speed criteria, predominantly reflects national and local governmental aspirations.

The proliferation of HSR in Asia can be attributed to several factors. The region's high
population density provided a fertile ground for HSR development. Additionally, Asia's
industrial advancement over the past five decades has offered robust support for HSR growth.
Concurrently, HSR, as an innovative technological marvel, has catalyzed regional and political
integration while enhancing accessibility levels across Asia. Given these factors, Asia is poised
to maintain its status as the global epicenter of HSR development in the foreseeable future.
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Chapter 4. The Implementation of HSR in Europe

4.1 The Development and Status of HSR in Europe

The railway, a major invention in the long history of humankind, was born in Europe.
Indeed, as the most remarkable symbol of the industrial revolution, the railway has promoted
the prosperity and development of Europe, trains also speed up the march to modernization.
Europeans’ exploration of HSR (HSR) has also been at the forefront of the world. Throughout
the European continent, the British, Germans, French, Italians, Spanish, and Polish have made
substantial research on high-speed trains. Without Europeans’ exploration of HSR, there would
be no contemporary booming HSR worldwide.

4.1.1 HSR in France

France is undoubtedly one of the pioneers of modern HSR. The development of HSR in
France was driven by both demand and technological progress. In the 1970s, the Middle East
oil crisis hit France to a certain extent. At that time, France relied on oil for 67% of its energy,
and France itself was an oil-poor country, which made the French government pay more
attention to the development of resource-saving and environment-friendly transportation. On
the other hand, with the development of road transportation, the problem of environmental
pollution became more serious, traffic accidents became frequent, and travel safety was low.
In 1981 alone, the number of deaths on French roads reached 12,540, and the number of injured
was 339,600.12 Therefore, factors such as energy conservation, pollution control, and safety
performance have become important indicators for the government to choose a more advanced
transportation mode.

France’s technical research on HSR started after WW2. As early as February 1954, The
French CC7121 model rolling stock hit the tracks and reached a speed of 243 km/h on the
existing Paris—Lyon railway line; in March 1955, the BB9004 and CC7107 models accelerated
to 331 km/h on the existing track, showing that France’s pursuit for speed has never dimmed.
In 1966, the French National Railways Company (SNCF) formed a research team dedicated to
the study of HSR and began a feasibility study on the TGV (which stands for train a grande

vitesse, or ‘high-speed train’) project in 1967. The French state-owned railway company’s

102 | akshmanan, T. (2007), The Wider Economic Benefits of Transportation: An Overview, OECD/ITF Joint
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experiments and research on HSR progressed steadily. By 1976, French had already mastered
a relatively mature HSR technology before the construction of the first HSR line in France.

The southeast line of the French TGV is the leader of European HSR. Paris and Lyon are
the two largest cities in France with a population of 5 million and 1.5 million, respectively, in
1970s. Since the 1960s, the railway traffic connecting Paris—Dijon—Lyon has reached saturation,
and an upgrade, with a line in parallel, was considered. France finally chose to establish a new
high-speed passenger line rather than other options, after detailed technical and economic
analysis. In 1971, the French government approved the construction of the southeast TGV
line.2 It officially started in October 1976 and was completed and opened to traffic in
September 1983. The TGV-PSE EMU (which stands for ‘TGV Paris Sud-Est [southeast]
electric multiple unit’) has run on the southeast line with a maximum speed of 270 km/h,
exceeding the maximum speed, at the time, of 220 km/h by the Tokaido Shinkansen in Japan.1%4

The new constructed line shortened the travel time between Paris and Lyon from 3 hours
and 50 minutes to 2 hours.’® The passenger numbers have increased rapidly and the economic
benefits are better than expected. Since its inception, the TGV HSR system on the southeast
line has attracted many passengers with its safe, fast, convenient, and comfortable features, and
has become a highly competitive public transportation choice for passengers. Given the HSR
trains take 2 hours from Paris and Lyon, which is half the time used to take, the passenger
traffic flow has increased by a large margin. Since the operation in 1981 until 1997, the number
of passengers on the southeast line has reached 281 million.1%

Construction of Paris—Lyon HSR line was funded independently by the French National
Railway Company (SNCF). Its great success in technology and commerce has lifted the
traditional French railway industry from a depression to reach new glories and stimulate the
new developments for the world’s railway industry. The successful operation of the TGV
southeast line also proves that HSR is a competitive modern means of transportation and
strengthens European confidence in promoting the HSR network.

The most important feature of the French HSR is the good compatibility of the HSR new
line with the existing railway network. This allows high-speed EMUs designed for high-speed
lines to maneuver on traditional lines and reach the permitted speeds of the existing lines, thus

103 Arduin, J. P., & Ni, J. (2005). French TGV network development. Japan Railway & Transport Review, 40(3),
22-28. https://www.ejrcf.or.jp/jrtr/jrtr40/pdf/f22_ard.pdf [accessed 30 January 2024]
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greatly expanding its access area and retaining the time-saving advantage from Paris to
Marseille, Montpellier, or Geneva. Despite only 2,658 km of new construction since the launch
of the French HSR program, TGV bullet trains traverse approximately 5,821 km, spanning
nearly the entire country. This extensive coverage is attributable to advanced management
approaches and specialized technological designs incorporated into the rolling stock.%

After 30 years of development, the French HSR has accounted for 61.7% of the total
passenger turnover volume of French domestic railways by 2011. The passenger turnover
volume of the TGV Sud-Est has accounted for 25.2% of domestic railway passenger turnover,
and the TGV Atlantic Railway (TGV Atlantique) passenger turnover accounts for 13.4% of the

total domestic railway passenger turnover as Figure.4-1 demonstrated.

Figure.4-1 Proportion of French Passenger Railway Lines by 2011
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In 1989 and 1990, France built the Atlantic line from Paris to Le Mans and Paris to Tours,
with a top speed of 300 kilometers per hour.% In 1993, the third HSR TGV line, the Northern
Line, began operation. The Northern Line, also known as the Nordic Line, is a major
international gateway from Paris to Lille, through the Channel Tunnel to London, and then to
Brussels in the north of sEurope, connecting Cologne and Frankfurt in Germany, and
Amsterdam in the Netherlands. The TGV Northern Line plays a vital role in regional

107 Feliu, J. (2012). High-speed rail in European medium-sized cities: stakeholders and urban development.
Journal of urban planning and development, 138(4), 293-302. https://doi.org/10.1061/(ASCE)UP.1943-
5444.0000123

108 | gheis, S. (2012). High-speed train planning in France: Lessons from the Mediterranean TGV-line. Transport
Policy, 21(C), 37-44. https://doi.org/10.1016/j.tranpol.2011.11.004

107



integration and even European integration. At this point, the backbone network of TGV has
basically formed as Figure.4-2 shown.

Figure.4-2 Route of French TGV HSR
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The Northern Line is France’s first international HSR, involving France, Britain, Belgium,
and Holland. In 1987, the French government approved the plan of the new Northern Line
TGV by SNCF. In September 1989, the Northern Line was declared a public utility, and the
Channel Tunnel began construction at the same time. The line is 333 km long, from Gonesse
to Lille in the north of Paris; it divides into two feeder lines in Lille, one to the west through
the Channel Tunnel to the UK, and the other to the Belgian border. The new 145 km high-speed
line from Paris to Arras was put into operation in May 1993. The TGV-R high-speed EMUs
were implemented for the line with a maximum train speed of 300 km/h. In September 1993,
the northern line TGV was opened, and it took only one hour from Paris to Lille. In November
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1994, the HSR from Paris to London officially opened. To meet the requirements of the
Channel Tunnel and connect with British Railways, the newly developed Eurostar TGV-TMST
(TGV- Trans Manche Super Train’) high-speed EMU was adopted. The maximum speed of the
trip is 300 km and the submarine tunnel runs at 160 km. The North European HSR network
from Lille to Brussels was opened in 1996.

Although the Northern HSR has played a significant role in European integration, its
earnings are lower than expected. For example, on the Paris—Brussels—London HSR line, its
traffic flow is much lower than expected. It was originally expected to achieve the goal of at
least 10 million passengers in four years after starting operations in 1994. It was later revised
to be the 2010 target, but this goal was not achieved until 2012 (taking 9.91 million passengers
in 2012, a little lower than its target).2° It is commonly believed the line suffered because of
various factors, such as the lack of economic growth, tickets being overpriced, cumbersome
border inspections, and the move for UK independence in politics.

The French breakthrough in HSR technology was epoch-making. The French company
Alstom has made many bold and advanced experiments in the field of HSR technology. At the
same time, these HSR experiments not only conform to French national conditions but also
accumulated valuable technology and technical reserves for the development of HSR. French
HSR technology is accepted and used by most countries among the world. The technological
innovation of TGV is reflected in the following aspects.

Articulation Technology: The TGV uses articulation technology, which means that one
bogie is shared between two wagons, and the two wagons can move relatively freely. The
articulated structure connects the entire train into a flexible whole, and no single care can be
dispatched independently. Even in case of a train derailment, they remain connected, so no
single car will be separated from the whole and run on its own, which is a significant safety
factor. The French reported a derailment incident on the TGV Atlantic Line in 2001. The
accident occurred on the existing line. The cause of the accident was derailment at around 160
km/h. The motor train and the one of the adjacent trailers were derailed, but the whole train
was not separated and there were no casualties.

Power Centralization Model: French scientists believe that adopting a centralized power
solution, it will be easier for maintenance, inspection, and repair, and helps to reduce noise for
passengers. In addition, computer technology was not very mature when the French began
developing high-speed vehicles in the 1970s, and it was difficult to develop a dynamic

109 1bid.108, 39.
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dispersion of power. The advantage of the power centralization model is that it saves
production costs, because it only needs to produce two sets of electric locomotives, one at the
head and the other at the tail. In addition, because there is no power component in the passenger
wagon, the space of the passenger compartment is increased. The centralized power and the
articulation technology mechanism make the bullet train tightly integrated at high speeds.

Advanced Wheel and Rail Technology: Another advantage of the French TGV is the
technological leadership in the traditional wheel and rail field. In 1996, the state-owned railway
companies of the European Union countries, after joint consultation, decided to adopt French
technology as the technical standard for all-European high-speed trains. With the EU’s
endorsement, TGV technology has been exported to Korea, Spain, and Australia, and is one of
the most widely used high-speed wheel and rail technologies.

With relatively advanced technology and a new dedicated track line, the TGV is one of
the fastest high-speed trains in the world, with a commercial speed of 320 km/h (TGV-R, TGV-
D and TGV-POS), and a maximum test speed of 574 km/h. The speed record of 574 km/h was
made by the TGV’s special modified bullet train, the V150, on 3 April 2007.11°

Although the period of TGV opening coincides with the booming period of the
international air transport industry, and while these two transportation approaches compete to
some extent, French HSR achieved a certain level of success. The French TGV represents the
tireless pursuit of new technology and invention, as well as higher levels of transportation

accessibility through the perseverance of independent European countries.
4.1.2 German HSR

The Germans’ pursuit of HSR is tortuous, and can be summed up as ‘getting up early, but
arriving late’, even though Germany has a very good technical foundation and talent
accumulation. From the perspective of the history of rapid railway development, Germany
made a historical achievement in the early 20" century. On 23 October 1903, a railcar equipped
with electrical equipment from Siemens-Halske (S&H), achieved a speed of 206.7 km/h (128.4
mph). Four days later, a second railcar with equipment from Allgemeine Elektrizitits-
Gesellschaft (AEG), achieved 210.2 km/h (130.6 mph).1!! In the early 1930s, Germans began
to operate railway trains with a maximum speed of more than 160 km/h, and established a
highly efficient railway transportation network in the country. During that historical period, the

10 Zhou, L., & Shen, Z. (2011). Progress in high-speed train technology around the world. Journal of Modern
Transportation, 19, 1-6. https://doi.org/10.1007/BF03325733

11 Solomon, B. (2015). Streamliners: Locomotives and Trains in the Age of Speed and Style. MBI Publishing
Company, St Paul, MN, 40-42.
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German fast trains were equipped with internal combustion engines as a sort of Diesel engine,
not truly a high-speed train.**2 This railway network and many advanced trains disappeared
when the Third Reich fell at the end of World War Il. In 1965, Germany changed the
transmission ratio of the Type 103 class 118 electric locomotive, and put it into trial operation
at a speed of 250 km/h just after the Japanese Shinkansen became operational which could
have been inspired by the success of the Shinkansen in Japan.''® In the 1970s, Germany
conducted basic research on the wheel and rail relationship, the construction of test benches,
and the construction of test lines for HSR, and assembled test locomotives. At this stage,
however, the Germans hesitated in their choice of magnetic levitation technology and wheel-
rail technology, making them fall behind the French. Besides, maintaining an advanced and
efficient Autobahn network connecting metropolitan areas made the Germans think that there
was no need to build a new HSR. In the 1980s, Germans, who were strongly stimulated by
neighbouring French TGVs, started to fight on the HSR.

After the construction and train experiments in the late 1980s, the Germans finally made
a fruitful achievement in HSR. The construction of first HSR line included a 327 km-long route,
which leads through 63 tunnels and over 34 bridges and viaducts, at a cost of about 40 million
DM (Deutsche marks) per km (20.5 million euros per km) were spent!*4. The route is today
considered the backbone of north—south rail traffic in Germany. At the southern section
Wiirzburg-Fulda, which was specially prepared for the record run, the Intercity Experimental
(ICE-V) test train set a new world record for rail vehicles at a speed of 406.9 km/h on 1 May
1988 as part of the ICE world record race.

The first regularly scheduled ICE trains ran on 2 June 1991 from Hamburg to Altona:
Hamburg Hbf-Hannover Hbf-Kassel-Wilhelmshohe—Fulda—Frankfurt Hbf-Mannheim Hbf
and Stuttgart Hbf, to Miinchen Hbf on the new ICE Line 6, which placed Germany in the HSR
players’ club. Since then, the German HSR developed rapidly, and five HSR lines were opened
in 1998, 2002, 2006, 2007, and 2017, respectively. In particular, the newly opened VDE 8

12 The train DRG Class SVT 877 Hamburg Flyer (Fliegende Hamburger) was streamlined in 1932 after wind
tunnel experiments, a sort of research that was pioneered by the developers of the high-speed inter-urban
bullet railcar a couple of years earlier. The Fliegender Hamburger design was very similar to the bullet’s.
However, the Fliegender Hamburger had diesel-electric propulsion. Each of the two coaches had a 12-cylinder
Maybach diesel engine with a DC generator coupled directly to it, which driving a Tatzlager traction motor.
The two engines developed a combined power of 604 kW. Source compiled from Wolmar, Christian. (2014).
The Iron Road: An Illustrated History of the Railroad. New York: Dorling Kindersley.
https://erenow.org/common/illustrated-history-of-railway/56.php [accessed 30 January]

13 Wolfram O. Martinsen, Theo Rahn. (1997). ICE-Zug der Zukunft. Darmstadt: Hestra-Verlag, 23-38.
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(German Unified Transport Project No. 8) in December 2017, connecting the capital city of
Berlin and the third largest city, Munich, and other southern towns in Bavaria, shortening the
original journey time from about 6 hours 30 minutes to 3 hours 55 minutes.’> Some of German
HSR lines has been expanded, and connected with neighbouring countries’ railway network.
As a territorial power in Europe, bullet trains running on the German HSR network not only
provide services to its residents, but also facilitate the travel of Europeans to a certain extent
by cross-border international trains through the HSR network. Although many railway sections
have been upgraded from traditional railways, the German HSR network is based on a good
electrified railway foundation and has currently connected the vast majority of large and

medium-sized cities, as shown in the Figure 4-3.

Figure.4-3 German ICE Rail System Route
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A distinct advantage of the German HSR is its high efficiency and convenience. Thanks
to a reasonable, humanized design and transfer system, the German HSR has achieved a
seamless integration with the city’s rail transit and regional rail transit that greatly facilitates
passenger travel.

ICE rolling stock, as an industrial product that Germany is proud of, with an excellent
performance in acceleration and quality stability. Engineers and designers have adopted many
innovative designs and processing technology, making ICE rolling stock a global model in the
following areas:

1. The decentralized power supply with advanced IGBTs control the power output, so
that German ICE-series rolling stocks obtain good acceleration in a ramp condition. Indeed,
the acceleration on an ordinary road surface is also very fast. The reduction of the pressure on
the road surface by EMUs is beneficial to the maintenance of the railway track. The installation
of the power components on the bottom of the car allows the collocation for passengers seated
at both ends of the bullet train, resulting in greater passenger capacity and excellent visibility.

2. Turbine brake devices make the train’s deceleration performance very good. Turbine
brakes can be used to decelerate efficiently when the road surface standard is reduced from 300
km/h to 160 km/h. Conventional disc brakes works in an emergency. With the innovation of
turbine brake devices, brake performance is significantly enhanced while reducing energy
consumption and vehicle wear.

3. Germany’s ballastless track technology is very advanced, providing a solid and stable
foundation for HSR bullet trains. The application of ballastless track technology has created
perfect conditions for the train to run at more than 300 km/h for a long period of time.

The most attractive feature of HSR is convenience and safety. However, the German HSR
has experienced some cases of failure and grief in this regard. The Eschede derailment accident
on 3 June 1998 paused HSR paused progress for a while. The derailment occurred near the
village of Eschede in the Celle district of Lower Saxony, Germany, when a high-speed rolling
stock derailed and crashed into a road bridge; 101 people were killed, and around 100 were
injured. It remains the worst rail disaster in the history of Germany and the worst HSR disaster
worldwide.!*® The cause was a single fatigue crack in one wheel that, when it failed, caused
the train to derail and crash into the pillars of a concrete road bridge, causing it to collapse and
crush two wagons. The remaining wagons and the rear-powered wagons crashed into the

16 Evans, A. W. (2011). Fatal train accidents on Europe’s railways: 1980—-2009. Accident Analysis & Prevention,
43(1), 391-401. https://doi.org/10.1016/j.aap.2010.09.009
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wreckage. The wheel design adopted by the Germans has indeed greatly reduced the noise
transmitted by the wheel and rail to the passenger wagon. However, this kind of wheel
technology, when used on traditional ordinary trains, is highly prone to metal fatigue on HSR
trains, which has caused tragedy. After the accident, the German HSR operator DB (Deutsch
Bahn) quickly improved the wheel technology and set up vehicle inspection and maintenance
specifications to ensure the safety of German HSR.

From a dialectical point of view, indeed, Germany’s HSR accident is a major loss in the
development of HSR, while the experience gained from the brutal accident actually caused the
development of better solutions for the elimination of safety hazards and the improvement of
maintenance mechanisms. This also laid a better technological foundation for the global
development of HSR in the future.

Although the modern German HSR was launched late, the progress of the HSR extension
and implementation was fast with the help of German technology accumulation and innovation
ability. In addition, HSR products and technologies that have been optimized and upgraded by
the Germans as an individual technical branch of HSR intellectual property have also been

exported to other countries in the world, contributing to the world’s HSR construction.
4.1.3 HSR in Italy

Italy emerged as a vanguard in HSR development within Europe. The inception of Italy's
first HSR line, Direttissima, commenced in 1970, with operational segments inaugurated in
1977 between Rome and Florence. Nonetheless, the full line was not operational until 1992.
Following the inaugural HSR line, Italian authorities opted to undertake a period of observation
and analysis to assess its performance and glean insights. It was not until 1994 that the
demonstrable benefits and advantages of HSR in Europe became apparent, prompting the
official initiation of Italy's HSR network project. Subsequently, in 1998, enhancements were
made to the 180 km railway section between Milan and Bologna, elevating the maximum
operating speed to 300 km/h. Progress on the remaining route ensued rapidly, culminating in
the completion of the Milan-Naples HSR corridor between 2005 and 2009, with partial opening
of the Turin-Venice HSR corridor during the same period.'” The operational HSR in Italy is
923 km, with 125 km under construction by 2017 as Figure.4-4 in the newt page indicated.!'8

17 Brunello, L. R. (2011). Investigation to enhance high speed rail accessibility [Unpublished Doctoral
dissertation]. Queensland University of Technology, 38-40.

18 Marco Chiandoni. (2018, August 8). RFI fined for discrimination in planning for 360km/h operation.
International Railway Journal. https://www.railjournal.com/passenger/high-speed/rfi-fined-for-discriminat
ion-in-planning-for-360km-h-operation/ [accessed 15 March 2023]
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However, unlike the French TGV or the Japanese Shinkansen, Italy did not rely on
building a brand-new route, but used “tilting train technology” to speed up on upgraded
traditional railway, that is, the Pandolino series of rolling stocks. Pandolino played a significant
role in world HSR development because its invention transformed existing lines into HSR lines.
The birth of tilting train technology has made it possible for countries and regions to establish
a HSR network based on traditional railway lines. Active tilting systems are widely used today,
although the maximum speed it supports is not fast, from the perspective of today’s world

standards.

Figure.4-4 Italian HSR
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Compiled by UIC. (2023), Altas: High-Speed Rail 2023. UIC Publishing, 42.
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The benefits of tilting trains are readily apparent, as they possess the capability to
accommodate high-speed cornering by adjusting their tilt angle autonomously. This feature
proves particularly advantageous for railway lines characterized by fewer straight segments
and smaller minimum curve radii, notably for HSR lines upgraded from conventional railways.
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Fundamentally, the underlying principle of tilting trains involves inclining the carriage bodies
inward towards the curve to mitigate the lateral forces experienced by passengers, as depicted
in Figure.4-5. Leveraging tilting train technology, high-speed tilting trains can negotiate bends

at speeds exceeding 200 km/h on conventional railways that have been retrofitted to HSR

standards.**®

Figure.4-5 The Basic Concept behind Tilting Trains
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The minimum railway curve radius is the shortest allowable design radius for the centerline of railway tracks
under a particular set of conditions. It has an important bearing on construction costs and operating costs and,
in combination with the superelevation of train tracks (the difference in elevation of the two rails), determines
the maximum safe speed of a curve. The minimum radius of a curve is one parameter in the design of railway
vehicles as well as trams; monorails and guideways are also subject to a minimum radius. The curve radius
determines the bending degree of the railway line. In general, the larger the curve radius, the straighter the
line.

Source compiled from Cohen, B., Dai, M., Ogorodnikov, D., Laurens, J., Raphan, T., Miiller, P., Athanasios,
A., Edmaier, J., Grossenbacher, T., Stadtmiiller, K., Brugger, U., Hauser, G., & Straumann, D. (2011). Motion
sickness on tilting trains. FASEB journal : official publication of the Federation of American Societies for
Experimental Biology, 25(11), 3765-3774. https://doi.org/10.1096/fj.11-184887

By using titling train technology, the titling bullet train can bend at a speed more than 200
km/h on a conventional railway that has been upgraded at a high speed. The implementation
of tilting train technology has enabled countries and regions with insufficient funds to spend
less and speed up train operations, which allows HSR became more widespread in some

countries and regions.

119 Rath B. (1997). Der komfortzug-ein innovatives neigetechnik-konzept. ZEV-Glas Ann 121(5), 320-329.
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The great significance of this technology is that it greatly reduces the financial threshold,
making it possible for some countries with limited resources to join the “HSR club”.

The technical limitations of the tilting train are also apparent. Primarily, due to the
significant angles involved in the tilting and swaying motions of the train, passengers
experience reduced comfort during maneuvers, often leading to motion sickness.*? Second,
in the section where the train turns, additional work for its reinforcement should be done for
the roadbed because high pressure is generated when the train turns in a short period of time,
which also increases the railway maintenance cost. Third, because the road conditions are
different, the train frequently needs to accelerate and decelerate. This operation mode increases
the working pressure on the driver and the signal control administrator, which (invisibly)
reduces safety. Fourth, since the HSR line using the tilting train is modified based on a
traditional line that does not adopt a fully enclosed mode, many grade crossings still exist,
which greatly increases the safety hazard.

The Italians’ first large-scale, optimized pendulum train technology was later learned and
used by some countries, such as Sweden, Japan, and Spain. This technology has played a

remarkable role in the development of HSR.
4.1.4 HSR in Spain

Spain’s first HSR Madrid—Seville line opened on the eve of the 1992 Barcelona Olympics.
In the procurement of the bullet train project assigned to this route, Alstom of France
successfully defeated Talgo of Spain and Siemens of Germany and obtained the contract. In
January 1993, the Talgo 200 bullet train service between Madrid and Malaga was launched,
using high-speed standard tracks from Madrid to Cordoba, and then entering the traditional
Spanish wide-track to Malaga. On April 23 of the same year, the speed of the Spanish HSR
reached a maximum of 356.8 km/h in the test. In 1994, the Spanish HSR began to operate at a
top speed of 300 km/h in some high-quality sections, cutting 40 minutes from the running time.
The 471 km journey could be finished in 2.5 hours.'?*

With the establishment of HSR, the AVE (which stands for Alta Velocidad Espaiiola, or
high-speed Spanish) railway plays a more important role in public transportation. The AVE

120 Cohen, B., Dai, M., Ogorodnikov, D., Laurens, J., Raphan, T., Miiller, P., Athanasios, A., Edmaier, J.,
Grossenbacher, T., Stadtmiiller, K., Brugger, U., Hauser, G., & Straumann, D. (2011). Motion sickness on
tilting trains. FASEB journal : official publication of the Federation of American Societies for Experimental
Biology, 25(11), 3765-3774. https://doi.org/10.1096/fj.11-184887

121 De Urefia, J. M. (Ed.). (2016). Territorial implications of high speed rail: A Spanish perspective. Routledge.
16-17.
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traffic has increased continuously as Figure.4-6 demonstrated below, which indicates that the
Spanish HSR has largely changed the way people travel.

Figure.4-6 Changes in Long-Distance Passengers by Thousands via Spanish
Railway, 1992-2011
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Own elaboration based on source compiled from De Ureiia, J. M. (Ed.). (2016). Territorial implications
of high speed rail: A Spanish perspective. Routledge.

It is worth mentioning that even after the 2008 world financial crisis, Spain still overcomes
difficulties and continuously invests in HSR construction. As of August 2017, the Spanish AVE
HSR system is the longest HSR network in Europe with 3,240 km, and the second longest in
the world, after China’s.?> Most of the HSR lines are newly renovated lines in the past decade.
According to the Transportation Infrastructure Strategy (PEIT) launched by the Spanish
Ministry of Public Works, Spain was expected to have a 10,000 km HSR by 2020, with a
number of connection points connecting the HSR in France and Portugal.*?® This plan is the
largest HSR development plan in the EU so far.

Since most of the traditional Spanish railways use 1,668 mm wide rails while the world
standard of HSRs generally uses 1,435 mm standard rails. This has caused problems for the
Spaniards in docking traditional railways with HSRroads. In this circumstance, the Spanish

122 Henriquez, B. L. P., & Deakin, E. (Eds.). (2017). High-Speed Rail and Sustainability: Decision-making and
the political economy of investment. Taylor & Francis Publisher, 23-25.
123 |bid.122, 33.
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deliberately developed variable-gauge train technology in the process of HSR development (as
shown in Figure.4-7)

Figure.4-7 Gauge Differences in Spain
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Source compiled from Christian Garcia Enseleit (November 2010). Sistemas automdticos de cambio de ancho
de via en  Espaiia[Automatic  gauge changing systems in  Spain]  (in  Spanish).
https://web.archive.org/web/20120119074243if_/http://www.eurailpress.de/fileadmin/user_upload/RTR_SPA
IN/Sistemas_automaticos_de_cambio_de_ancho_de_via_en_Espana.pdf [accessed 30 January 2024]

The Free Gauge Train (FGT) can travel straight through different gauge sections. From
the 1990s to the 21% century, several countries have been working on variable-gauge trains.'?*
One example is the Talgo 250 model developed by Spain, which has the ability to directly
switch between 1,435 mm standard gauge and 1,668 mm wide rail.

Although the FGT solves the problem of compatibility between HSR in Spain and regional
lines, it also has its disadvantages. First, too much of the steering wheel assembly uses the

124 Transportation Policy Department.(2007, October 26). Free Gauge Train achieves 130 km/h on conventional

line in Japanese testing. Japanese. Railway Technical Research Institute.,14 January 2002.
https://www.pref.saga.lg.jp/kiji0038985/index.html [accessed 26 January 2024.]
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follower mechanism, resulting in a lower load capacity and a slower speed comparing to other
HSR bullet trains. Second, complex wheelsets result in extremely high maintenance costs and
high failure rates.

However, for some countries with special conditions, variable gauge trains have become
their best option. For example, Uzbekistan purchased the Talgo 250 model FGT to carry out
the transportation of the domestic HSR to fit its Russian gauge 1,520 mm.

One of most serious HSR accidents in 21t century occurred on 24 July 2013 when a
RENFE class S730, running as the Alvia 4155 service from Madrid to Ferrol, derailed and
crashed near Santiago de Compostela in northwestern Spain, killing 78 of the 218 passengers
on board.'?® Spain railway company Renfe accused the driver of speeding, thus causing an
accident, though the official cause of the accident has not yet been determined; the train was
allegedly traveling over twice the posted speed limit while entering a curve, due to the absence
of ERTMS. However, the possibility that equipment failure caused accident is relatively low.

The new European HSR, as represented by Spain, is gradually demonstrating its economic
and international impact. The Spanish HSR has played a positive role in the country’s political
and economic development and political integration, as follows:

1. Strengthening inter regional connections: The construction of HSR has made the
connections between different regions in Spain closer. Taking Madrid and Barcelona as
examples, the opening of HSR has greatly shortened travel time between the two cities, thereby
promoting economic development in cities along the route, including Catalonia.

2. Promoting tourism development: The completion and opening of HSR have
improved Spain’s tourism competitiveness. The rapid transportation network has made it more
convenient for tourists to visit different cities and attractions, further promoting the
development of Spain’s tourism industry.

3. Promoting economic development: The construction and operation of HSR have
created a large number of employment opportunities for Spain, while also driving the
development of related industries such as construction, manufacturing, and services. This will
help drive the overall economic growth of Spain.

4. Improving level of political integration: With the construction and operation of HSR,
the political and economic connections between various regions in Spain have become closer,
which helps to enhance the overall level of political integration in Spain.

125 Rodrigo Silva., Antonio Alonso. (25 July 2013). Accidente ferroviario en Santiago de Compostela. £/ Pais (in
Spanish). Madrid. 88-90.
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5. Relieve traffic pressure: The completion and opening of HSR have to some extent
alleviated urban traffic pressure, improved traffic efficiency, and improved people’s travel
experience.

6. Improving national public image: The construction and operation of HSR
demonstrate Spain’s strength and advanced technology in infrastructure construction,
enhancing Spain’s image and position internationally.

7. Strengthening cooperation with EU member states: As an EU member state, Spain
has further strengthened cooperation and connections with other EU member states through the
construction and operation of HSR.

In short, the HSR in Spain has played a positive role in promoting the country’s political
and economic development and political integration, especially in the integration with the

Catalonian region, and its role cannot be ignored.
4.1.5 HSR in Turkey

As a geopolitically important regional player that bridges Eurasia, Turkey has been
enthusiastic about HSR for a long time. In 1994, an initial plan to upgrade the existing line was
launched, named the ‘Ankara—istanbul Railway Line Rehabilitation Project’. It involved the
smoothing of curves to allow trains to at around 100 km/h, and some track doubling was
planned. The design specifications were not expected to meet future needs, and no progress
was made until 1999, when funding was obtained for a line between Esenkent and Eskisehir,
to be operated at 200 km/h. Subsequently, this developed into the high-speed line project with
the expected line speed raised to 250 km/h. Contracts for this line were signed in 2000.12

Prior to the introduction of the high-speed line, the population centres of Istanbul (14
million) and Ankara (5 million) were connected by a 576 km long railway line, of which only
110 km was double-tracked. The whole line was electrified, but low radius turns and poor track
quality made HSR transport impossible. Prior to the upgrading of this line in 2006, the
railway’s market share of Istanbul-Ankara passenger transit was 10%, with a travel time of 7
hours.?” The Ankara—Istanbul HSR line opened on 25 July 2014, reducing travel time to 3.5
hours and bringing Turkey into the HSR era'?®,

126 Mustafa Karasahin. (2007). Railway projects in Turkey. Mechanics Transport Communications, 2007(3), 1-6.
https://web.archive.org/web/20180505175452id_/https://mtc-aj.com/library/2007_PP-1.pdf [accessed 30
January 2024]

127 Akgungor, A. P, & Demirel, A. (2007). Evaluation of Ankara-Istanbul high speed train project. Tran
-sport, 22(1), 1-3. https://doi.org/10.1080/16484142.2007.9638098

128 1hid.127, 2.
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Turkey’s HSR is a paragon of international technology. The construction of railway
subgrade, the erection of bridges and viaducts and the task of tunnel opening, are the
responsibility of China Railway Construction Corporation. The HSR signal system of the is
mainly purchased from Siemens in Germany. The operating software and system are learned
from the Spanish railway Renfe. The rolling stocks adopt the Korean technology, which was
originally the technology of the French TGV, later imported into several German Siemens
Velaro series bullet trains. Equipment and technology from the international community can
help Turkey improve its capability and achieve fast and efficient catch-up in HSR, which
accords with Justin Lin’s Late-Development Advantage theory.

Although the international situation, especially international politics, has changed greatly
since the first Turkish HSR construction period, Turkey is still insisting on the construction of
HSR, trying to connect major cities in the country via HSR. In recent years, Turkey’s very
active performance in the international geopolitical arena is inseparable from its achievements
in internal governance. HSR play a crucial role in maintaining internal political stability and
promoting economic development. In the future, Turkey plans to increase the total mileage of

HSR to 10000 km,*?° in order to build a more efficient Eurasian railway transportation bridge.
4.2 HSR in Other European Countries

In addition to the above-mentioned countries that are particularly representative or
particularly enterprising in HSR, other European countries have also contributed to the rapid
development and popularization. Unlike the strong European countries in HSR technology,
some European countries have chosen HSR of 200km/h or 250km/h as their maximum speed
standards. Such speed standards can help some state-owned railway companies optimize their
construction budget to the maximum extent while serving the development of their own

economy.
4.2.1 HSR in Russia

As the country with the largest territory in the world, as well as a traditional geopolitical
power, especially continental power, the Russians explored express trains as early as the Soviet
era, but due to various reasons, mainly from geographical and technical in nature, there was no

large-scale construction and implementation of HSR.

129 (zceylan, E., Erbas, M., Cetinkaya, C., & Kabak, M. (2021). Analysis of potential high-speed rail routes: A
case of GIS-based multicriteria evaluation in Turkey. Journal of Urban Planning and Development, 147(2),
21-40. https://doi.org/10.1061/(ASCE)UP.1943-5444.0000674
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The Russian Federation has benefited from the rise in international oil prices, and its
domestic economy has gradually recovered after entering the 21% century. Relatively backward
and inefficient rail traffic and unsafe civil aviation operated by a large, old soviet passenger
aircraft were unable to meet the needs of personnel exchanges between the two economic
centres of Moscow and St. Petersburg. The Russian HSR project was launched with the support
of the government. Instead of outdated domestic trainsets, imported rolling stocks have been
used on the Moscow-St. Petersburg line since March 2009. Siemens Velaro bullet trains have
operated since 2009 between the two cities on a newly constructed HSR passenger line, at
speeds of up to 250 km/h. Sanctions after 2022 have caused a shortage of spare parts for RZD,
causing the speed to drop to 160km/h on some sections.

The Russian railway construction work is still ongoing. With the help of the Chinese, the
construction plan of the HSR linking Moscow with Kazan has begun to be designed. The
Russians hope to accomplish a Y-shaped HSR network with Moscow as the core and extending
in three directions by 2030. Due to various reasons, this ambitious plan seems difficult to

achieve.
4.2.2 HSR in Sweden

Sweden launched HSR three decades ago and achieved some fruitful benefits since the
HSR became operational. In Sweden, many trains run at 200 km/h. Train types that currently
attain this speed include the X2 tilting trains for long distances, the Regina widebody trains,
the X40 double-decker regional trains, and the Arlanda Airport Express X3. The X2 and X2
rolling stocks can be considered high-speed trains from a technical viewpoint since they are
allowed to run at 205 km/h to make up for any delays the train has encountered. The X2 runs
between major cities in Sweden, including Stockholm, Gothenburg, and Malmé. The Arlanda
Express trains connect Stockholm and the Stockholm-Arlanda Airport.

Currently, the Swedish signalling system ATC(Automatic Train Control) does not allow
for higher speeds than 200 km/h, and current plans allow for higher speeds only with a future
EU-system called ERTMS (see note 28 above). ERTMS were introduced on some sections of
Swedish railways around 2015, enabling speeds of over 200 km/h on them.3°

The Swedish HSR is also one of the earliest countries to use and test the titling train
technology. The developers have accumulated a great deal of experience and technology

through the trial and operation of the titling train on the Swedish HSR in cold operating

130 Qlson, P. E. (17-19 April 1990). High speed rail transportation on existing infrastructure-the Swedish approach.
ASME/IEEE Joint Conference on Railroads. IEEE. https://doi.org//10.1109/RRCON.1990.171659
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conditions. On the other hand, the practical experience of tilting trains operating in Sweden has

played a positive role in the development of human rail transit technology.
4.2.3 HSR in Poland

As a country at the crossroads of Europe, the rail transport industry is crucial for Poland.
Before the outbreak of World War II, Poland’s fast steam locomotive had attracted the world’s
attention, the country has a certain foundation in the railway equipment manufacturing industry.
However, Poland has not made a major breakthrough in HSR technology due to various reasons.

In the 1990s, Poland aimed to modernise its internal railway network and speed up
economic development in a tough period. In 1994, the experimental trains in Poland reached a
test speed of 250 km/h on the central mainline (CMK, Centralna Magistrala Kolejowa) from
Warsaw to Krakow. However, Poland did not introduce and purchase high-speed bullet trains
for two decades because of the lack of funds®. In 2013, the Pendolino tilting train arrived in
Poland, and it was officially put into operation in 2015. Produced by the ALSTOM group and
operated by PKP (the Polish national railway company), the ED250 series that was delivered
to Poland is not equipped with the tilting mechanism. The Pendolino models usually have seven
passenger wagons in the 4M3T distribution, with an available 14-wagon expansion model, also
called the ‘heavy connection model’. Each of the eight passenger cars can provide 708 kW of
power. The Pendolino ED250 model set the highest speed in Polish railway history at 293 km/h
during the test phase on the Polish Central Mainline.

Although Poland have achieved rapid connectivity through HSR for major cities, but the
efficiency of Polish HSR based on traditional line modifications has not reached expectations,
and the accident rate is high due to the absence of a fully enclosed model for the HSR line.

The Polish government has postponed construction of the planned ‘double Y’ Warsaw—
L6dz—Kalisz—Poznan/Wroctaw line. This HSR project will not only become a key section of
the North Sea—Baltic corridor, but also enable a shorter rail connection between Warsaw and
Wroctaw, thus adapting the configuration of the national rail network to the geographical
structure of today’s Poland. In the long run, high-speed extensions are being considered west-
bound from Poznan to Berlin, and southwest-bound from Wroctaw to Prague.

As a major power in the Central and Eastern European region with more than 20 years of
membership in the European Union, Poland has achieved remarkable achievement in railway

131 Massel, A. (2018). Development of the high-speed rail infrastructure — Polish experience: Advances and
Perspectives. High-Speed Rail in Poland. 7(18), 35-51. htps://doi.org//10.1201/9781351003308-2
132 1did.131, 40.
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construction and development. The development of Polish railways is also synchronized with
its economic growth. In addition, Poland’s unique geographical location determines its
potential as a crossroads for the China-European Railway Corridor and the Western Europe-

Baltic Express Railway Corridor in the future.
4.3 HSR Lines Planned in Europe

There are multiple reasons why Europe continues to plan to build HSR:

1. Geographical and economic driving factors: The geographical characteristics of the
European continent make the construction of HSR a competitive mode of transportation. The
terrain of Europe is mainly plain, which makes the construction of HSR relatively easy and
covers a wide range. In addition, there are many European countries with developed economies
and a high demand for people’s travel. Building HSR can meet these needs.

2. Maintain technological leadership: Europe has always been in a leading position in
HSR technology, with relatively advanced railway infrastructure and train technology for some
years. The continuous development and application of these technologies have promoted the
construction and development of HSR in Europe.

3.  Environmentally friendly and fuel-efficient: Compared to traditional fuel
transportation methods, HSR are an environmentally friendly mode of transportation that emits
less exhaust gas and noise pollution, and has a smaller impact on the environment. This is in
line with Europe’s emphasis and pursuit of environmental protection. HSR is powered by
electricity, which meets Europe’s demand for energy diversification.

4. The demand for deepening political integration: European integration has always
been one of the important goals of European politics. The construction of HSR can strengthen
the connections and exchanges between European countries, promote the integration process
of politics and economy in Europe.

Based on the above reasons, it is not difficult for researchers to find that European
countries have simultaneously launched longer-term HSR construction plans.

4.3.1 HSR Plans in the Baltic States

One project, which is of the highest importance for the cohesion of northeastern Europe,
is Rail Baltica, as illustrated in Figure 12. This north-south UIC standard gauge of 1,435 mm
high-speed line will connect the Baltic countries of Estonia, Latvia, and Lithuania with Poland
and other parts of central Europe. The section Biatystok—Kaunas is already in operation. The
rest of the Baltic railway network, traditionally east-west oriented, will remain in the Russian
broad gauge. These links mainly serve as freight links from the Russian Federation to the Baltic
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Sea ports and to Kaliningrad. The challenge is how to integrate Rail Baltica into existing
railway stations in Tallinn, Riga, Kaunas, and other cities, later also in Vilnius, because of the
coexistence of the two gauges. Furthermore, there are plans to extend, in the long run, Rail
Baltica to Helsinki through a submerged tunnel connection under the Finnish Bay as shown in
Figure.4-8. This HSR project is a concentrated reflection of the strategic importance of the

Suwatki Corridor in terms of geopolitics and geoeconomy?3,

Figure.4-8 Rail Baltica
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Source compiled from Railbaltica.org. (2024). Things you didn't know about Rail Baltica. https://info.r
ailbaltica.org/en/in-brief. [accessed 30 January 2024]

4.3.2 Belgrade—Budapest Express Railway Program

The Belgrade-Budapest HSR, as shown in Figure.4-9, which under construction section
by sections, deserves a mention. It is a planned HSR railway based on existing lines for
electrification and rapid upgrading. The line is 350 km long and has a designed top speed of
200 km/h. According to the estimation, after the opening of the railway, the running time
between the two places will be shortened from the current eight hours to three hours. With three
hours, it could greatly narrow the time and space between Serbia and the heart of Europe,
helping Serbia become a regional transportation hub.

133 Pomykata, A. (2018). Rail Baltica — the project of the century. TTS Technika Transportu Szynowego, 25.
https://yadda.icm.edu.pl/baztech/element/bwmetal.element.baztech-773237ac-322d-4e16-b6f7-
f0f59eedbeeb/c/PomykalalTTS4en.pdf [accessed 30 January 2024]
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Note:

Figure.4-9 The Piraeus-Belgrade-Budapest Railway
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Greece has officially joined the Belt and Road Initiative (BRI).

Source compiled from Oboreurope. (2018, September 4). Greece officially joins the BRI. OBOR

Europe. https://www.oboreurope.com/en/greece-bri/ [accessed 30 January 2024]

The railway is considered part of the main route connecting the hinterlands of Central

Europe and the Aegean Sea. The first section, the Budapest—Belgrade railway is regarded as
the first European line with foreign investment with a 2.89 billion USD loan from the Exim
Bank of China and with foreign HSR technology from outside of Europe®, as the Chinese
standard can be quickly docked to the European standard. Locals very much hope that this
quasi-HSR running through the Balkans, which used to be called “the European powder keg”,
will play a positive role in boosting the region’s economy in the future. However, an
investigation by the authorities in Brussels found that these plans may fall afoul of EU laws,

which stipulate that transport projects of this magnitude should be opened for public comment.

134 Oboreurope. (2018, September 4). Greece officially joins the BRI. OBOR Europe. https://www.oboreu

rope.com/en/greece-bri/ [accessed 30 January 2024]
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In other developed countries in Europe, there are also some HSR sections such as Austria
and Switzerland. However, due to the difficulty of construction between rugged mountains and
the limited size of the territory, rolling stocks can barely reach 200 km/h on some specific
sections. The HSR has not been in these countries for very long, and have not formed a network.

The current HSR plan in Europe appears ambitious, attempting to expand the already
mature HSR network in Western Europe to other regions of Europe, as show in the Figure.4-
10. However, due to various reasons, many plans have been delayed, resulting in overall
sluggish growth in the European HSR market. Mainly because the central region of Europe is
constrained by the Alps, the central and eastern parts of Europe are constrained by a lack of
funding, and the southern parts of Europe are constrained by geopolitical instability.

Figure.4-10 The HSR Service in Europe by 2018
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Source compiled from Compiled by UIC. (2023), Altas: High-Speed Rail 2023. UIC Publishing, 9.
https://uic.org/IMG/pdf/atlas_uic_2023.pdf [accessed 30 January 2024]

4.3.3 Obstacles

Due to weak overall economic growth, the development of HSR in Europe has
encountered some problems. “Europe’s HSR network is a slow, expensive, and ineffective
patchwork”, according to a report from the EU’s spending watchdog, which criticised costly
projects that are driven by politics rather than need. The report by the European Court of
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Auditors (ECA) found that trains rarely operated at full speed. They ran on average at 45% of
the line’s potential velocity and only two examined reached an average above 200 km/h, with
none above 250 km/h. ‘Average speed so far below the design speed raises questions as to
sound financial management,” the ECA said. The lines in question were in six EU countries
and covered 5,000 km. The report predicts that member states will miss the EU target of having
31,000 km of HSR track by 2030, as part of the bloc’s effort to move travellers from road to
rail.’® There were 9,100 km of track at the end of 2017, with another 1,700 km under
construction. “We found that the EU’s current long-term plan is not supported by credible
analysis, is unlikely to be achieved, and lacks a solid EU-wide strategic approach,’ the report
said. The European Commission, in its official response to the report, did not dispute that the
EU had a patchwork of HSR services, but said it performed ‘rigorous’ economic analysis and
did have an EU-wide strategic plan—the Trans-European Network for Transport regulation.
The new rules were approved by all 28 member states and the European Parliament late in
2013 and gave EU officials the power to partly fund projects and sanction those that failed to
meet its requirements. The projects examined in the ECA report started before 2013, so they
are not covered by the new rules. EU officials are evaluating the high-speed projects funded
since 2014, and will report on those before the end of 2021. One of the problems in meeting
the EU’s 2030 target is the time it takes for construction to be completed before trains can start
running—on average, 16 years. The Munich—Verona line, which runs through Austria, will not
be finished until 2040, 37 years after work started, because a lack of political interest in
Germany has stymied it, the ECA found.*®

4.4 Funding Methods for European HSR

An HSR system entails a range of cost elements, including infrastructure building,
operating, and maintenance costs. Infrastructure spending typically follows in three phases: a
pre-project stage, followed by a construction phase, and finally the operations and maintenance
phase. This section focuses predominantly on financing construction. The comprehensive cost
of HSR construction in the current European region is shown in Table.4-1. With the increase
of energy prices and inflation index, there is a possibility of further increase in the future.

Table.4-1 Comprehensive Costs for HSR in EU

135 Josh Spero., Rochelle Toplensky. (2018, June 26). Europe’s HSR network slow, expensive and ineffective.
Financial Times. https://www.ft.com/content/e77dc48e-7894-11e8-8e67-1e1a0846c475 [accessed 30 January
2024]
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Item Cost

Construction of 1 kilometre of new HSR line €12 to €30 million

Maintenance of 1 kilometre of new HSR line €70,000 per annum

Cost of an HS train (350 places) €20 to €25 million
Maintenance an HS train €1 million per annum

Source compiled from Bellet, C., Alonso, P., & Casellas, A. (2010). Transport Infrastructure and Territory: The
Structural Effects of High-Speed Train in Spain. Boletin de La Asociacion de Geografos Espanoles, 19(52),
377-383.

The three main construction cost components, and their typical relative contribution to the
overall construction cost, are as follows:

1. Planning and land costs, including feasibility studies, often represent a sunk cost,
usually 5-10% of the total investment.

2. Infrastructure building costs, including terrain preparation and platform building,
vary widely across projects, depending on the characteristics of the terrain, but typically
account for 10-25% of the total investment.*¥” Technical issues and geographic obstacles may
easily double this amount (up to 40-50%) for viaducts, bridges, or tunnels.*3®

3. Superstructure costs,*® as a rule, make-up the rest of the infrastructure costs and
consists of all rail-specific elements.

To date, all European HSR projects have been either fully financed by the government or
built under a PPP (public—private partnership) with significant government contributions,

discussed below.
4.4.1 Full Public Financing

This model entails government financing total capital costs and assuming the role of long-
term developer and owner. This is the most popular model for raising HSR capital to date.
Public financing can be direct (approximately 40% of EU rail infrastructure is done this way*4%),
or through a combination of direct government support and finance by national railway
companies (as in ltaly and France). Examples where HSR was fully financed by the public

sector include most of the European HSR network, such as the original French TGV systems

137 Adler, N., Pels, E., & Nash, C. (2010). High-speed rail and air transport competition: Game engineering as
tool for cost-benefit analysis. Transportation Research Part B: Methodological, 44(7), 812-833.
https://doi.org/10.1016/j.trb.2010.01.001

138 |bid.12, 12-14.

139 Note: Components include tracks and sidings along the line, signaling systems, catenary and electrification
mechanisms, communications, and safety installations. Each of these individually elements represents 5-10%
of the total investment. Source complied from Adler, N., Pels, E., & Nash, C. (2010). High-speed rail and air
transport competition: Game engineering as tool for cost-benefit analysis. Transportation Research Part B:
Methodological, 44(7), 812-833. https://doi.org/10.1016/j.trb.2010.01.001

140 Albalate, D., & Bel, G. (2011). Cuando la economia no importa: auge y esplendor de la alta velocidad en
Espaiia. Revista de Economia Aplicada, 19(55), 171-190. https://www.redalyc.org/pdf/969/96918878007.pdf
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(including the South-East, Mediterranean, European East, and Rhine—Rhone), Belgium,
Germany, Spain, and Italy. There are two main categories of public financing alternatives used
for HSR: accumulated public funds, or government borrowing. Accumulated funds are broadly
derived from consolidated tax revenue, or infrastructure levies, while public sector borrowing
includes general bonds, infrastructure bonds, infrastructure revenue bonds, or public trading
enterprise borrowing. The most common form of public sector borrowing is via long-term
bonds. However, while this presents a summary of categories, there are multiple variations. For
example, there are over 24 types of public financing sub-categories.**! Public finance for HSR
was originally provided mostly on a national level. However, since the creation of the EU, EU
funds have started to play an increasingly important role, especially for projects that connected
countries. EU contributions are made via the budget allocated to the Trans-European HSR
network (TEN and TEN-T) programme and/or via the Structural Fund and the Cohesion Fund,
while the European Investment Bank (EIB) also grants loans. This model entails shared
financing between different public entities (such as for the French TGV as shown in Figure.4-
11). The justification for EC contributions is usually based on benefits that extend beyond the

particular country to the region as a result of through-services.

Figure.4-11 Financing composition for the TGV Est
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Own elaboration based on source compiled from Christiane PERRUCHOT. (July 4, 2006). Perben boucle le
principe du financement du TGV Rhin-Rhéne. Les Echos. https://www.lesechos.fr/2006/07/perben-boucle-le-
principe-du-financement-du-tgv-rhin-rhone-575085 [accessed 30 January 2024]

4.4.2 Public—Private Partnership Financing with Government Assistance

In the last decade, involvement of the private sector in the construction and financing of
European HSR has emerged, driven by a range of fiscal constraints including the Maastricht

141 1bid.140, 178-180.
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criteria for countries’ ‘debt-to-GDP’ ratios, as well as by the added scarcity of public finance
as a result of the global financial crisis. PPP financing for HSR remains overshadowed by full
public finance, and all examples include significant government financing and/or guarantees.
PPP financing is a fairly recent development in HSR. It is as yet uncertain whether it will be
successful for HSR. France was the first country to use PPP financing for HSR, and developed
their PPP framework in 2006, followed by the trialling of two PPP models for TGV projects
currently under construction.*#?

In the process of practice, the PPP financing model mainly divided into three specific
operational forms.

Form of BOT: namely the construction operation transfer model. In this model, the
government and private investors establish project companies, which are responsible for the
construction and operation of HSR projects. During the franchise period, the project company
enjoys the right to operate, recover investment and obtain reasonable profits by collecting
service fees and other means. After the franchise period ends, the project company will transfer
the HSR project to the government free of charge.

Form of BOO: namely the construction ownership operation model. In this model, private
investors are responsible for the construction, ownership, and operation of HSR projects. The
government usually signs long-term agreements with private investors, clarifying the rights
and obligations of both parties. Private investors are responsible for the maintenance and
upgrading of HSR projects and enjoy operational benefits.

Equity cooperation model: In this model, the government and private investors jointly
invest to establish a project company, and the project company is responsible for the
construction and operation of the HSR project. The government and private investors share the
benefits and risks of the project based on the proportion of investment. The equity cooperation
model is suitable for projects where the government and private investors share risks and
responsibilities.

The PPP financing model has brought various assistance to HSR construction in Europe.
Firstly, the PPP model can alleviate the financial pressure on the government and transfer some
of the investment responsibility to private investors, thereby reducing the investment risk of
the government. Secondly, the PPP model can improve the construction and operational
efficiency of HSR projects. Private investors usually have rich experience and professional

142 De Rus, G., & Nombela, G. (2007). Is investment in high speed rail socially profitable?. Journal of
Transport Economics and Policy (JTEP), 41(1). 3-23. https://docserver.ingentaconnect.com/deliver/con
nect/Ise/00225258/v41n1/s2.pdf [accessed 30 January 2024]
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knowledge, which can provide more efficient management and more professional technology,
thereby improving the overall efficiency of projects. In addition, the PPP model can also
promote market competition and drive innovation. The participation of private investors can
introduce more competition and innovation, promoting the development and upgrading of the
HSR industry.**® Finally, the PPP model can promote cooperation between the government
and private investors, strengthen communication and coordination between both parties, and
better achieve the social and economic benefits of HSR projects. However, the PPP model also
has disadvantages, such as:

1. Precision requirements related to future expected returns and equity allocation;

2. The terms of the contract need to be carefully formulated;

3. High level of credit and reputation requirements for participating companies;

4. Corruption and power money transactions that may arise during the financing

process.
4.4.3 Rationale for Large Public Sector Finance Contributions

The public sector remains a dominant player in financing HSR, even in projects financed
by PPP. Ever since the move to PPP finance in Europe, the public sector remains responsible
for more than half the capital cost. Recent examples include the Netherlands—Belgium High—
Speed Line South (public sector contribution of 86%), the Perpignan—Figueres HSR connection
between France and Spain (57% public investment), the Tours—Bordeaux line in France (50%
public investment), as well as the initial segment of Portugal’s planned HSR network, which
was projected to require 55% of its budget from public sources.'#*

Even projects that were originally intended to be fully privately financed eventually
required substantial government financing. Two prominent examples of this are Great Britain’s
High Speed 1 line and ROC’s HSR system, where government investment was required in the
form of public sector loan guarantees and the purchase of partial or full ownership of the
companies that built the lines.2*> The justification for public sector contributions is usually
associated with the quasi-public nature of HSR and the socioeconomic effects beyond the
financial gains associated with it. Meanwhile, the relatively small incidence of private

143 Gonzélez-Medrano, M., & Rotellar-Garcia, J. M. (2023). Public-private partnership in high-speed railway
infrastructures:  elements  for improvement.  Transportation Research Procedia, 72, 1-8.
https://doi.org/10.1016/j.trpr0.2023.11.315

144 Dutzik, T., Scheider, J., Baxandall, P. (2011). High-Speed Rail: Public, private or both? Assessing the Promise,
Prospects and Pitfalls of Public-Private Partnerships. US PIRG Education Fund, 66-74.

145 High Speed 2 Limited (HS2). (2009). High Speed Rail London to the West Midlands and Beyond Report to
Government, Part 10 of 11, 38-49.
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financing in HSR is typically explained by the range of risks and complications associated with
these projects, including the ‘mismatch between shareholders’ requirement for timely and
adequate revenue flows; the tendency of banks to avoid excessive indebtedness of the project
executor; and the characteristics that make up an HSR project. These characteristics include
the high upfront investment and long construction periods, coupled with scale indivisibilities
and slowly rising revenues.

Given the typical cash-flow structure of HSR, the estimated financial rates of return of the
Trans-European HSR network (TEN) projects normally range between 3 and 8 percent.'® In

the absence of additional incentives, this is insufficient for private sector investors.
4.4.4 Capital Servicing (Funding)

Given the vertical separation of infrastructure and operations, funding is also distinctly
separated for construction and subsequent service operations.

There are two main public funding sources to recover the investment costs associated with
construction of the current European HSR infrastructure, namely taxes and tolls, as well as
access charges. Taxes and tolls may be imposed by authorities involved in financing
construction, and include dedicated taxes, such as fuel taxes, or general taxation revenues,
corporate tax on profits, and environmental tolls. Infrastructure managers, who are often also
responsible for construction finance, also recover their financing expenses from infrastructure
access charges. When the infrastructure access charges paid by the rail operator to the
infrastructure manager is close to the marginal cost, the rail operator no longer covers the full
infrastructure cost, and government subsidies must cover the rest. When the charges are higher
than the marginal cost, the operator pays for a large share of the infrastructure cost.

Rail operators, in turn, can recover the access charges through farebox revenue, as well as
through other revenue sources, such as property development or government availability
payments (such as TGV PPP concession projects).

The French invested in HSR based on economic valuations, and was willing to commit
public debt if a project was deemed economically viable. The French case study is particularly
interesting, not only because they are the first European country to invest in HSR, with one of
the largest HSR networks, but also because the French applied a variety of financing models
over time. These models often evolved to adjust to the external environment, which imposed
changes, such as the EU debt limitations. When faced with these limitations, in line with a

146 Roll, M, Verbeke, A. (1998). Financing of the Trans-European High-Speed Rail Networks: New Forms of
Public Private Partnerships. European Management Journal 16 (6), 706-713.
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global move to PPP financing, the French allocated the financially viable components of lines
with lower traffic risk to private parties, thereby exchanging public capital expenditure for
operating expenditure. However, public investment was always required. Where traffic risk
was too high, the government assumed responsibility through availability payments and
refinancing.

Because there is no great power state in Europe, building HSR requires large-scale
investment, which is a significant expense for the vast majority of Europeans. Therefore,
European countries have made many explorations in financing methods for HSR construction,
and have also carried out many remarkable innovations for the fundraising sector of human

HSR construction.
4.5 Experiences and Guidance from European Railway Integration

The integration of a transportation network is a necessary condition to build an effective
economic community. Many economic communities are trying to integrate their transportation
networks, and the European Union is a relatively successful case. The experience of EU
transport integration has certain guiding significance for the potential Eurasian HSR.

Europeans have recognized the importance of regional transportation integration since
the birth of the European Coal and Steel Union. Currently, TEN-Tis the core product under the
guidance of the EU transport ministers. In the initial stage, the embryonic form of the trans-
European network was determined in the Treaty of Rome (1957), signed by six member states
in Europe. The six countries that signed the treaty reached an agreement on free competition,
the prohibition of discrimination against other countries, the free flow of freight and labour
services, etc. However, the Rome treaty did not play a substantial role until 1985, when the
European Conference of Transport Ministers announced a policy of traffic market liberalization,
it was able to move forward rapidly. Later, the Maastricht Treaty (1991) issued a formal plan
to develop TEN, which aims to create a ‘borderless European market’.

ECMT (the European Conference of Ministers of Transport) and UNECE (United Nations
Economic Commission for Europe) have played leading roles in the construction of integrated
land transport network in the EU.2*” In the meanwhile, the EU has introduced specific financial
assistance programs to achieve the goal of improving transport construction. Its main
institutions are European investment banks, the European Investment Fund, and structural and

cooperation funds.

147 Elsner W. (2023). The Implementation process of the European community’s intermodal policies and
conclusions for North East Asia. Monthly Transportation Policy, 3(67), 17-25.
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4.5.1 European Conference of Ministers of Transport (ECMT)

The European Conference of Ministers of Transport (ECMT), established in 1953, and
the European Commission established in 1967, have made great contributions to the
development of the European transport industry. The ECMT is a supranational organization of
the transport sector, which mainly studies the rational development of the European transport
industry and puts forward relevant construction plans. On 17 October 17 1953, 16 European
countries, including Britain and France, signed a protocol in Brussels and established a
government cooperation agency, the ECMT. The organization is a forum type organization for
leaders of inland transportation departments to discuss comprehensive transport policies. Its
main task is to establish joint transport policies, improve policy efficiency, and optimize the
European transport system. Its purpose is to improve the economic and technical efficiency of
the European transport system, and ensure the safety of the transport network in accordance
with social needs, with corresponding environmental standards. It consists of 44 member states,
seven associate member states, and one observer state.!® At the beginning of its establishment,
the main member states were Western European countries. Later, Eastern European countries,
Russia, and Commonwealth of Independent States (CIS) countries joined the framework.
Associate member states also include non-European countries such as South Korea, the United
States, and Japan.

In the field of transport, the ECMT plays an arbitration role between the EU and other
countries and provides support for the transport policies in which countries participate. In
particular, its expert group has played a positive role in many transportation fields, such as
holding regular academic seminars around major transportation policies and related matters.
The mechanism strives to expand the scope of influence of transportation policies and build a
platform for the implementation of transportation policies in various countries. At the same
time, the ECMT has maintained close cooperation with the Organisation for Economic
Cooperation and Development (OECD).

In 2008, the ECMT was renamed the International Transport Forum (ITF). With the
organization for economic cooperation and development as the centre, 51 countries joined the
forum.

148 1bid.147, 20
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4.5.2 Trans-European Network (TEN-T)

In 1996, the European Parliament and its Cabinet signed a resolution that aims to establish
a community with the goal of building a trans-European network (TEN-T). The planned
network mainly includes the road, railway, inland waterway, aviation, port, and traffic
management systems, which are closely connected with Europe as a whole in both geography
and economy, and is supposed to promote the development of the long-distance freight business
and provide freight services throughout Europe. However, the implementation process of TEN-
T is far slower than expected. Therefore, a new resolution document was signed in 2001. The
revised version includes the implementation standards of projects of common concern related
to transportation infrastructure.4°

The EC believes that without an efficient transport network, there is no competitiveness
for EU as a single-market economy. It found that traffic volume varies greatly in different
regions, and in terms of transportation infrastructure, there is still a lack of scientific expertise
and a reasonable scale of transportation funding, through an in-depth analysis of the
transportation and logistics trends realized by various countries’ network, and concluded that
there is no incentive for investment. The investment scale of an integrated transportation
network remains at a low level. To solve this problem, the EC has issued a common policy for
the EU to promote the effective operation of the trans-European network. It believes that the
project is a necessary condition to ensure the sustainable development of transport in Europe
as a whole. According to the EC’s plan, by 2010, the trans-European network will integrate the
transport infrastructure of roads, sea routes, and air routes. The main objectives of the transport
network construction plan issued by the EC are as follows:

—  Create a better social security environment to ensure passenger and freight flow

efficiency;
—  Sustained development;
—  Provide users with the best transportation infrastructure in the current economic
conditions;

—  Make proper use of the original traffic network;

—  Consider the comparative advantages of various modes of transportation;

—  Consider the combined transport efficiency of different modes of transportation;

—  Economic rationality.

149 Flyvbjerg, B., Bruzelius, N., & Rothengatter, W. (2003). Megaprojects and risk: An anatomy of ambition.
Cambridge university press, 36-38.
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The scope of the transportation network includes transportation infrastructure, the
transportation management system, navigation system, etc; transportation infrastructure
includes roads, railways, inland waterways, harbours, inland ports, and various connection
facilities, etc.

After the implementation of the transport network plan in 2010, the freight volume and
passenger volume of the member states of the EC increased by 38% and 24%, respectively,
compared with 1998. The total investment of the plan is about 400 billion euros (measured in
1996)*%°, which is allocated by the budget cost of the TEN, solidarity fund, structural fund,
European investment bank, and other institutions.

In 2007, a consortium of European railway operators, Rail-team, was formed to coordinate
and promote cross-border HSR travel. Developing a trans-European HSR network is a stated
goal of the EU, and most cross-border railway lines receive EU funding.

With more than half a century of effort, Europe strives to build itself into a ‘Great Europe’
for the goal of harmony, unity, and common prosperity among European countries.
Transportation, especially railway transportation, plays an important role in the development
of EU integration.

It is necessary to recognize various international contracts within the relevant borders, that
is, to join and adopt the international contracts related to transportation, the entry and exit
examination between countries, the quarantine of goods, and the customs, customs clearance
fees, etc., to achieve the overall goal of establishing a smooth traffic system in the region and
smooth customs clearance and transportation between countries. A supra-state consultative
organization similar to the ECMT is necessary for the establishment and implementation of
large-scale trans-country transportation infrastructure projects. From the point of view of
globalization and regionalization, the integration process of Eurasia is still in its early stages
compared with Europe. Therefore, the basic element for transport cooperation between
countries along the Eurasian HSR and the development of transportation infrastructure and
network, as well as overall design is the establishment and framework of a supranational
organization similar to the European Conference of transport ministers that could coordinate
operations and program in general.

150 De Rus Mendoza, G. (2012). Economic analysis of high speed rail in Europe. Fundacion BBVA, 51.
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4.5.3 Experiences from the Channel Tunnel

On 12 February 1986, France and Britain signed the Treaty of Canterbury on the tunnel
connection. On 7 May 1994, the tunnel was officially opened to traffic. It took more than eight
years and cost about 10 billion pounds (about 15 billion USD). It is also the largest project built
with private capital in the world. The undersea tunnel spans the English Channel, greatly
reducing the time between Europe and the UK. The length of the tunnel is 50 km, and the
length of the seabed is 39 km. A one-way trip takes 35 minutes.*>! The trains passing through
the tunnel include long-distance trains, interval trains carrying road freight trucks, and interval
trains carrying other road vehicles (such as buses, general cars, motorcycles, and bicycles) (see
Figure.4-12). The British French undersea tunnel plays an important role in promoting
European integration, but its economic effect is not as dazzling as its political influence. The
European Tunneling Technology Company operates the tunnel, but because of the high cost of

tunnel construction, the debt is heavy.

Figure.4-12 Eurostar Network
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Source compiled from Andrew Smithers. (2020, March 1) Eurostar connections. Project mapping.
https://projectmapping.co.uk/Reviews/Resources/Eurostar%20connections%206.2.pdf [accessed 30 January
2024]

151 Dundon-Smith, D. M., & Gibb, R. A. (1994). The Channel Tunnel and regional economic development.
Journal of transport Geography, 2(3), 178-189.
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The HSR is facing severe challenges under certain conditions in terms of meeting the
generally accepted social rate of return, and the effect on the growth rate of economic
development at the macro level.!5? The benefits of HSR in Europe are generally only higher
than the promised expected results as Table.4-2 shown. There are exceptions, however. The
Paris—Brussels—London HSR line has far less traffic in France than expected. Eurostar (the
operation company) operates trains between London and Paris or Brussels. It was originally
expected to take at least 10 million passengers within four years after its opening in 1994, a
target that was later revised to 2010, but it still failed to achieve the target until 2012 (there

were 9.91 million passengers in that year, barely close to expectations).5

Table.4-2 Data of Actual and Predicted Passenger Flows for the French HSR North

Line in 2002
Unit: Number of passenger
. Estimated Actual Passenger o
Direction Deviation
Passenger Volume Volume
Paris—Nord France 10.9 million 6.4 million 41.3%
Paris—Brussels—Amsterdam-—Cologne 7.2 million 5.5 million 23.6%
Paris/Brussels—Lille-London 20.6 million 7.3 million 64.6%

Own elaboration based on source compiled from Christiane PERRUCHOT. (July 4, 2006). Perben boucle
le principe du financement du TGV Rhin-Rhdne. Les Echos. https://www.lesechos.fr/2006/07/perben-
boucle-le-principe-du-financement-du-tgv-rhin-rhone-575085 [accessed 30 January 2024]
Such data means that the actual benefits of the Channel Tunnel are lower than expected.
In recent years, its prospects are even less optimistic with the implementation of Brexit.
It can be concluded that the social return and benefit of HSR infrastructure are not
optimistic under the circumstances of an extremely large investment amount with very difficult
construction in tough geographical conditions, and expensive maintenance as well as high

political risk.
4.6 Similarities and Differences between European and Asian HSR Projects

There are several parallels between European and Asian nations concerning the planning
and design, decision-making process, construction, and operation of HSR endeavors:

Technical standards: HSR projects, whether situated in Europe or Asia, typically adhere
to internationally recognized technical standards and specifications, such as the 1435mm

International Standard Gauge, to uphold operational safety, reliability, and efficiency.

152 |pid.150, 102.

153 Eurotunnel. (2013, January 23). 2012 Revenue and Traffic Figures for the Eurotunnel Group.PRESS
RELEASE [EB/OL]. http://www.eurotunnelgroup.com/up-loadedFiles/assets-uk/Media/Press-Releases/20
13-Press-Releases/130123Eurotunnel-Group-2012-traffic-revenue.pdf. [accessed 30 January 2024]
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Decision-making process: In both Europe and Asia, the decision-making process for HSR
initiatives typically involves government and regulatory approvals, necessitating multi-
stakeholder dialogues and consultations.

Line planning and design: Whether in Europe or Asia, the planning and design of HSR
routes necessitate consideration of various factors, including topography, landforms, urban
layout, and population density, alongside comprehensive assessments and environmental
impact evaluations.

Construction technology: HSR projects in both Europe and Asia may adopt advanced
engineering technologies and equipment to ensure construction quality and efficiency.

Operation management: Operational management of HSR in both regions entails
establishing comprehensive safety supervision systems, ticket management mechanisms, and
customer service frameworks to ensure passenger safety and comfort.

On the contrary, there exist several distinctions between European and Asian nations
concerning line planning and design, decision-making processes, construction, and operation
of HSRway endeavors, primarily encompassing the following aspects:

Geographic conditions: Variances in geographical landscapes between Europe and Asia
lead to disparities in route planning and design. For instance, Asia may encounter more intricate
topographical and climatic conditions, necessitating more adaptable and innovative planning
and design approaches.

Political environment: Divergences in political and legal frameworks between European
and Asian countries can influence the decision-making processes and intergovernmental
collaborations pertaining to HSR projects. In certain Asian nations, government leadership in
infrastructure initiatives may be more pronounced.

Technical standards: While both European and Asian countries adhere to globally
recognized technical standards, disparities in specific implementations may exist. For instance,
Europe's HSR technology might exhibit greater maturity and advancement, whereas some
Asian countries may rely on external experiences to introduce technologies and foster
innovation.

Construction management: Cultural and managerial differences may result in variations
in construction management approaches between Europe and Asia. For example, certain Asian
countries may emphasize centralized management and governmental leadership, whereas
European nations might lean towards marketization and civilian participation.

Operation model: Distinctions may be observed in the operation models of HSR between
Europe and Asia, encompassing fare structures, service quality, network coverage, and more.
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European countries might prioritize diversified services and customer satisfaction, whereas
some Asian counterparts may prioritize transportation efficiency and cost control.
In summary, notwithstanding these disparities, European and Asian nations share

commonalities in HSR construction and can benefit from mutual learning and collaboration.
4.7 Summary

Due to territorial, political, and geographical constraints, HSR in Asian countries currently
do not have external extensions and the cross-border integration effect, while the situation on
the other end of Eurasian continent, Europe is totally different. It is different from the relatively
independent and internal investment model from single countries in Asia. The European market
integration process, which started in 1992, is one of the main incentives for the integration of
the European HSR network. It can be concluded that the planning and construction of the
European HSR network is not only the materialization process, and the result of the European
economic integration process, but also the catalyst for accelerating the process of European
integration to some context. The networked HSR not only strengthens the connection between
the dynamic core area and the relatively less-developed edge of the continent, but also expands
the economic hinterland and radiation range for each country within the region. The market
linkages between the economies within Europe are becoming closer and closer, and economic
activities are increasingly integrated. Therefore, some scholars believe that the achievement of
HSR in Europe could be metaphorized as a myth of organization, that is, the European HSR
network helps its disparate elements flow with a homogeneous, consistent, asymmetric value
that helps solve the core—edge contradictions, and play a role as new policy instruments that
promote the equalization and integration of different economies in Europe.*>* The construction
of this railway marks the capital and technology from outside Europe to inject new impetus
into the speeding of European railways.

HSR is emerging in Europe as an increasingly popular and efficient means of transport.
HSR improved travel times on intra-national corridors. Since then, several countries have built
extensive HSR networks, and there are now several cross-border HSR links which have
accumulated valuable experience for the operation of cross-border HSR. Railway operators
frequently run international services, and tracks are continuously being built and upgraded to
international standards on the emerging European HSR network.

154 Hajer, M. A. (2000). Transnational networks as transnational policy discourse: some observations on the
politics of spatial development in Europe. The Revival of Strategic Spatial Planning, 2000. 135-142.
https://hdl.handle.net/11245/1.179351[accessed 30 January 2024]

142



HSR in Europe can be described as an ‘all flowers bloom together’ situationAs described
in Mao’s famous quote. Each country chooses a HSR solution, including aspects of
technological, rolling stocks, standards, etc., that is relatively adapted to its own conditions
according to its unique national conditions. From a dialectical point of view, this diversified
pattern of EU HSR has promoted and developed different technical schools for HSR. It has
also brought certain obstacles to the HSR interconnection of the entire European continent.
Despite some critics saying that Europe’s HSR network is a slow, expensive and ‘ineffective
patchwork’, the European continent and the people who live there have contributed a great deal
of integrated development and advanced thinking about HSR in terms of technology
application and social services!®®,

Moreover, state-owned railway companies and a small number of private railway
enterprises operate railways in the EU, while most of the railway assets are owned by national
railway companies. The purpose of national railway companies’ strategy is to serve the interests
of a single country even if private railway companies are willing to promote cross-border HSR
shifts; it is difficult to carry out, because they are restricted by the fact that most of the railway
assets are owned by the state. The operation of cross-border HSR involves pricing strategies,
income distribution, and maintenance expenditures. The coordination of these factors goes
beyond the level of state-owned railway companies. Therefore, this requires another kind of
wisdom to solve such problems in order to promote the development of HSR for regional
connectivity rather than connectivity within a single country.

The trend in the development of European HSR is the deeper integration of regional
connectivity and the construction of new lines and networks for better coverage in areas lacking

HSR, which are urgently needed in eastern and southern Europe.

155 Vickerman, R. (2008). Multi-level policy making in transport: the problems for border regions. International
journal of public policy, 3(3-4), 228-245. https://doi.org/10.1504/1JPP.2008.019068
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Chapter 5. Driving Factors for the Connectivity of Trans-Eurasian HSR

Eurasia is a continent connected geographically by land, and its land traffic flows emerged
from ancient times to the modern era. In ancient times, the ancient Silk Road was a feat in the
history of human commerce since transportation relied on animal power. In modern society,
while sea transportation has the advantage of the lowest transaction costs for commerce, the
Silk Road has not completely disappeared, but has been preserved in another form: relying on
railways.

Since the collapse of the USSR, several initiatives have embarked on the momentous task
of reshaping trade and transportation arteries between Europe and Asia across Central Asia,
Middle East, and the Caucasus. The underlying logic has been twofold: by reconnecting the
landlocked new states of the region to their neighbours and historic trading partners, the heart
of Asia can play a role as a land corridor connecting Europe to Asia. This was the rationale
behind the EU’s visionary but poorly implemented TRA-CECA project (Transport Corridor
Europe—Caucasus Asia). Since 1998, when the EU co-hosted a conference in Baku on the
‘Restoration of the Historical Silk Road,” the term ‘New Silk Road’ has gradually gained
currency in various projects. Indeed, the past several years have seen a competition of
initiatives. The US launched its New Silk Road (NSR) initiative in 2010, which nevertheless
failed to get an endorsement from the White House, which was needed for its success. Three
years later, China launched the Silk Road Economic Belt, part of China’s broader ‘One Belt,
One Road’ initiative (also known as the ‘Belt and Road Initiative’ (BRI). More recently,
following Indian Prime Minister Narendra Modi’s visit to the region, India has also begun to
formulate its own version of Eurasia’s emerging transport network while Pakistan is pursuing
a similar but yet uncoordinated course.

It is remarkable that the EU, which initiated and pioneered the concept of reopening
continental transport a generation ago, is now absent from the list of leaders of this grand
project.

Overland trade links offer great potential benefits, but the future corridors are still only in
their formative stages. Approximately 90% of the cargo from Europe to China is transported
by ship via the Suez Canal; most of the remaining volume is flown by air, without stopping in
Central Asia. The overland corridors traversing Central Asia are shorter compared to the sea

routes, but are presently inefficient and, in some cases, relatively expensive. Several obstacles
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must be overcome to make overland transport corridors genuinely competitive. Notable among
these are slow borders, but other causes for delay range from impediments in the legal,
economic, tax, organizational, and banking sectors to issues with security and communications.
Furthermore, integrated and competitive intermodal transportation and logistics networks
across the region need to be created.

The fact that Central Asia is landlocked compounds these problems, but the core problem
is that bottlenecks in one section of a given route ends up affecting the entire route, and the
trade partners along the route. Thus, overland trade is still in its infancy. This is despite China’s
increasing trading ties with Eastern and Central Europe, which would be particularly suitable
for overland or intermodal transport. China’s trade with Eastern and Central Europe increased
nearly tenfold from 2002 to 2013, from 6.8 billion to 58 billion USD,**® while its trade with
all the CIS (the Commonwealth of the Independent States) countries together expanded from
16 billion to 153.5 USD billion during the same period.'% Initiatives to ameliorate the situation
have been many, but importantly, initiatives from within the region itself have played a crucial
role.

Regardless of the economies within and outside the region, most of them hope to promote

a brand-new and efficient land transportation network for passenger transport and logistics.
5.1 Demand by Large Numbers of Passenger Exchanges

The strengthening of personnel exchanges between the Eurasian continent in the future
will be reflected in multiple aspects, including the sustained development of tourism and
cultural academic exchanges, the improvement of transportation infrastructure, population
growth in the core areas of the Eurasian continent, commercial and trade activities, as well as
political and security communication.

5.1.1 Railway Traffic Demand Generated by Population Base

There is a close relationship between population base and HSR development.

Primarily, population size and density play pivotal roles in shaping the demand landscape
for HSR. Regions characterized by dense populations inherently necessitate enhanced and
more efficient transportation systems, thereby laying the groundwork for HSR development.

%6 Stanojevic, S., Qiu, B., & Chen, J. (2021). A Study on Trade between China and Central and Eastern European
Countries: Does the 16+1 Cooperation Lead to Significant Trade Creation?. Eastern European Economics,
59(4), 295-316. https://doi.org/10.1080/00128775.2021.1928518

17 Wang Bei. (2015). Analysis of the Current Situation and Prospects of Economic and Trade Development
Relations between China and CIS Countries. (Unpublished Doctor dissertation, in Chinese). Jilin University,
208-210.
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HSR, recognized for its rapidity, efficiency, and comfort, aligns seamlessly with the populace's
requirements for swift long-distance travel. Consequently, in densely populated regions, the
proliferation of HSR networks typically occurs at an accelerated pace.

Secondly, the construction and operation of HSR can also have an impact on population
distribution and mobility. The opening of HSR can shorten the distance between cities, promote
population mobility and urban development along the route. For example, the opening of HSR
lines can enable the population of some small cities or underdeveloped areas to flow towards
large cities, promoting the expansion of urban scale and economic development. At the same
time, the construction of HSR can also drive economic growth and increase employment
opportunities in the areas along the route, thereby attracting more population gathering.

It can be summarize that, a certain population base is the foundation for developing HSR,
and after the construction of HSR, it will further promote population aggregation to a certain

extent. This social phenomenon occurs under relatively stable conditions in society.
5.1.1.1. Youth Bulge

States could not achieve success when its cities were in chaos or unstable. In terms of
large-scale national development, we should never believe the ideology that education and
other ‘software’ should take precedence over hardware infrastructure construction.?®® In
Charles Kenny’s point of view, replacing mud with concrete in rural households can reduce the
incidence of parasites by 80%, and building roads can increase the value of houses and
stimulate economic activity.*>® Mitchell Moss, an expert in urban planning, once pointed out
that ‘having a urban card is more important than having a university degree.” Transportation
and interconnection are the real avenues for social mobility.26°

With the urban population becoming dominant in the global population, the so-called
‘youth bulge’ has become an imminent challenge. Assume that these young people do not find
good jobs: they will not be able to earn enough income to settle down and maintain social
stability. The core region of Eurasia is both the most representative and the most concentrated
region of youth expansion, as the following Figure.5-1 shown. In recent years, it has been

1% Brooks, R. E. (2005). Failed states, or the state as failure?. The University of Chicago Law Review, 1159-
1196. https://www.jstor.org/stable/4495527 [accessed 30 January 2024]

1% Andrew Tangel. (2015, January 2). Report Connects Jobs, Transportation Web. Wall Street Journal.
https://www.wsj.com/articles/report-connects-jobs-transportation-web-1420246652 [accessed 30 Janaury
2024]

160 Moss, M. L. (1987). Telecommunications and the economic development of cities. Wired cities: shaping the
future of communications, 139-151
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proved repeatedly that unemployed young people are the soil of populism, and the unstable

factor of social unrest from the examples of Iran, Iraqg, Syria, and so on.

Figure.5-1 Population of Countries in the Core Area of the Eurasian Continent
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Population growth is an element of both risk and a challenge for countries in the region.
If infrastructure construction can establish a rising channel for young people’s employment and

economic development, countries in the region will become more adept at social governance

and internal policies.
5.1.1.2 Banded Distribution of the Population

The geographic distribution of the population creates the foundation for the dot-line
railway connection. The core area of Eurasia is relatively concentrated, which also creates
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excellent conditions for the tandem effect of HSR. At present, these regions are subject to poor
interoperability and relatively meagre development.
The map of population distribution in the core area of Eurasia as Figure.5-2 shown that

the main densely populated areas in the area are distributed in strips and banded areas.

Figure.5-2 Population Density Map of the Middle East lllustrates the
Core Area of the Eurasian Continent

Source compiled from United Nations, Department of Economic and Social Affairs,
Population Division. World Population Prospects: The 2022 Revision. (Medium variant).
Draw by Population Pyramid.net. https://population.un.org/wpp/ [accessed 30 January 2024]

Most of the population is concentrated in major cities, which requires a more efficient
transportation network to cover points, lines, and surfaces.

In addition, the demand for internal and short-distance railway passenger transport is also
relatively strong in the core area of Eurasia. There is a certain unity in the region due to the
Soviet Union’s former control of the region, despite the diversity and dynamic nature of the
ethnic groups and cultures in Central Asia: the region has formed a single regional internal
market with strong internal complementarity and a high degree of interdependence. Therefore,
it has certain advantages in terms of regional transnational connectivity, compared with other
regions. Moreover, the unified wide-gauge railway transportation system in former Soviet-
ruled areas allowed central Asian countries to operate international trains beginning in the
1990s after the Soviet Union collapsed.
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International trains within the region include Tashkent-Almaty; Moscow—Almaty and
Astana (Kazakhstan); Moscow-Bishkek (Kyrgyzstan); Moscow-Tashkent (Uzbekistan);
Almaty and Astana (Kazakhstan)-Urumgi (China); Tehran—Moscow; and Tehran—Islamabad
(Quetta and Mashhad or Qom).

These lines show that railway interconnections in Central Asia have both basic and
operational experience; that there are market demands for cross-border rail transport in the

region; and that cross-border railway operations in this region are less efficient.

Figure.5-3 Trans-border Rail Corridors within the Region
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The Central Asian region, with its unique land and geographical location as its advantage,
has attracted various land transportation channels to intersect here, as shown in the above
Figure.5-3. The influence of its important land transportation core node is not effect on railway
transportation, but also promotes the development of road transportation in the region.
However, due to poor infrastructure construction and weak road maintenance capabilities, truck

drivers have given negative evaluations of the road transportation conditions in the region.
5.1.2 Trans-Continental Personnel Exchanges

With the deepening of global integration and the refinement of the division of labour,
international personnel exchanges are increasingly promoted, especially for Eurasia. As the

western end of Eurasia, Europe maintains a large population and a good economic foundation.
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Europe is comprised mainly of developed countries, while the total GDP of the EU region was
18.75 trillion USD in 2018.16! At the eastern end of Eurasia, the Asian region has a large
population, and its economic development momentum has been good in recent years.
Meanwhile, developed countries and regional powers play a role as an anchor for economic
stability. On the other hand, the economic vitality of the Asian region is strong, and the degree
of internationalization is accelerating. The scale and total size of the economies at both edges
of Eurasia have fed their people’s growing demand for international transportation.

An important factor affecting intercontinental passenger flow is the level of economic
linkages. Among Asian countries, major countries such as China, Japan, South Korea, and
India are more complementary with Europe, such as Germany, France, and the United
Kingdom. Economic and trade activities have promoted exchanges of personnel.

The surge in tourist arrivals serves as another catalyst for fostering sustainable Eurasian
personnel exchanges. Amid the economic progress observed in the Asia-Pacific area, there has
been a substantial rise in outbound tourism, notably exemplified by nations such as China and
India. Figure 5-4 presented below illustrates the volume of travelers journeying from China to
various European destinations, offering a glimpse into the tourist influx within the Eurasian
region.

In the context of advancing globalization, the interconnectedness of personnel exchanges
throughout Eurasia has intensified, with an overarching trend towards expanding the passenger
market. According to certain scholars, the post-COVID-19 era is anticipated to witness a
resurgence in pent-up consumer demand, particularly in the realms of transportation and
tourism. This resurgence is poised to catalyze the emergence of a novel form of transcontinental
passenger transportation linking Europe and Asia, thereby diversifying personnel exchanges
between the two continents. This diversification is particularly pertinent considering that some
individuals harbor reservations about air travel due to psychological or physiological factors.
Evidently, leveraging the advantages of HSR stands out as a significant complement to existing
transportation modalities across Eurasia.

Figure.5-5 indicates increasing demand for trans-continental transportation. In the
meanwhile, other powerful economies in northeast Asia also contribute to sustained and stable

Eurasian air passenger flow.*6?

161 Zisopoulos, F. K., Schraven, D. F.,, & de Jong, M. (2022). How robust is the circular economy in Europe? An
ascendency analysis with Eurostat data between 2010 and 2018. Resources, Conservation and Recycling, 178,
106032. DOI:10.1016/j.resconrec.2021.106032.

62 Christidis, P., & Purwanto, A. J. (2020, September 22-25). Air transport connectivity between Asia
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Figure.5-4 Chart of Chinese Tourists traveling to Europe, 2012-2016
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Figure.5-5 Air Passenger Traffic between EU and China
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5.2 The Pursuit of High-efficiency Delivery of Modern Industrial Products in
International Trade

With the deepening of the international division of labor and the advent of the Internet
shopping era, the timeliness of cross-border commodity circulation has been valued by more

and more economic activity participants. From an economic perspective, the timeliness

and Europe. In Asia-Europe Sustainable Connectivity Scientific Conference. https://core.ac.uk/reader/3
43468090#page=85 [accessed 30 January 2024]
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requirement for delivery in modern international trade is becoming increasingly important,
mainly due to the following reasons:

Market demand: After the globalization process, consumer demand for products has
become increasingly diverse, and higher requirements have been put forward for product
quality and functionality. This change makes market competition more intense, and enterprises
need to constantly launch new products to meet market demand. Therefore, in order to maintain
market competitiveness, enterprises need to pay more attention to the timeliness of delivery,
ensuring that products can reach downstream industry chain partners or consumers in a timely
manner'63,

Supply chain management: In modern industrial production processes, cooperation
between enterprises is becoming increasingly close, forming a highly integrated but complex
supply chain system. In the supply chain, any delay in any link or node can affect the efficiency
of the entire supply chain. Therefore, enterprises need to strengthen supply chain management
to ensure the smooth progress of each link. The timeliness of delivery is an important part of
supply chain management. If delivery cannot be made on time, it will lead to a decrease in the
efficiency of the entire supply chain, increasing the cost and risk for the enterprise.

Logistics efficiency: Logistics is an important part of international trade, and the level of
logistics efficiency directly affects the cost and efficiency of enterprises. With the development
of modern logistics technology, logistics efficiency has been significantly improved. However,
in international trade, there are still certain bottlenecks in logistics efficiency due to the
involvement of multiple links such as cross-border transportation, customs clearance, and
goods inspection. Therefore, enterprises need to pay more attention to the timeliness of delivery,
and reduce the risk of delivery delays by optimizing logistics processes, improving logistics
efficiency, and other methods.

Global economic integration: Global economic integration has made economic
connections between countries closer, and international trade has become an important support
for the economic development of each country. In this situation, enterprises need to pay more
attention to the timeliness of delivery, ensure that products can enter the target market in a
timely manner, and meet the needs of consumers. At the same time, enterprises also need to
adjust their production and sales strategies in a timely manner according to changes in market
demand, in order to adapt to the changes and challenges of the global economy.

163 Jiang, Y., Sheu, J. B., Peng, Z., & Yu, B. (2018). Hinterland patterns of China Railway (CR) express in China
under the Belt and Road Initiative: A preliminary analysis. Transportation Research Part E: Logistics and
Transportation Review, 119, 189-201. https://doi.org/10.1016/j.tre.2018.10.002
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In summary, the timeliness requirements for delivery in modern international trade are
becoming increasingly high, mainly due to the combined effects of various factors such as
changes in market demand, the need for supply chain management, the improvement of
logistics efficiency, and the development of global economic integration. In order to adapt to
this changing trend, many enterprises engaged in trade between Asia and Europe focus on
improving logistics efficiency, controlling logistics costs, reducing losses during logistics, and
other measures to ensure that products can be delivered to customers on time, in order to
enhance their market competitiveness and profitability.

In the context of Globalization and regionalization, delivery efficiency and transportation

cost are considered as important factors of concern by international trade participants.
5.2.1 China—EU Trade: A Driving Force in Eurasian Continental Corridors

The primary driving force of the trans-Eurasian corridors is the expanding trade between
the European Union and China. From 2002 to 2018, EU—China trade increased from 93 billion
to 682 billion USD.'%* Today, China is the EU’s second-largest trading partner after the United
States. The EU is China’s largest trading partner: in 2012, more than 90 million tons of goods
were exchanged between the EU-27 and China.%® The logic of the development of continental
trade and transport links across Central Asia rests, above all, on capturing a portion of this
burgeoning trade. A growing volume on the overland links would also help cut transport costs,
raise the competitiveness of this trade route, and attract transport and logistics firms to make
further use of these routes.

Since the opening of the first rail freight train across Eurasia in the early 1990s, rail
transports have shifted from industrial raw materials to industrial manufactured goods.

The main contribution of the Eurasian Continental Bridge is the establishment of a railway
connection between the EU and China, both of which are major economies. Especially after
entering the 21% century, the trade volume at both ends of Eurasia continues to grow that
reinforce this connection. According to the data from 2010 to 2020, while the growth of direct
cargo tonnage between Europe and Asia remains stable, the value of the products has increased
significantly as Figure.5-6 demonstrated, which indicates that the products are more

184 Sun, W., Zhao, L., Wang, C., Li, D., & Xue, J. (2020). Selection of consolidation centres for China Railway
Express. International Journal of Logistics Research and Applications, 23(5), 417-442.
https://doi.org/10.1080/13675567.2019.1703917

185 Economic Commission for Europe-Inland Transport Committee. (2013). Transport links between Europe and
Asia, new challenges. CaiiT unece.org. https://www. unece. org/fileadmin/DAM/trans/doc/2013/wp5/wp5-
eat/EATL_8th_session_InfDocle.pdf. Toctym, 6(11), 2017. [accessed 30 January 2024]
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transformed from primary products to industrial manufactured goods and retail consumer

goods.

Figure.5-6 Trade Tonnage and Value between the EU and China, 2010-2020
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Own elaborated. Source compiled from General Administration of Customs of China. China Customs
Statistical Annual Report. Beijing, GAC. Various years.

The statistical data with Figure.5-7 demonstrate that trading has increased 9% by weight
and 54% by value over the decade between 2010 and 2020, The value of trade goods in the
railway corridors has been significantly improved.

Figure.5-7 Share of Freight Transport between the EU and China, 2010-2020

16 General Administration of Customs of China. China Customs Statistical Annual Report. Beijing, GAC.
Various years.
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The relatively efficient, cost-effective, and affordable intercontinental transportation of
rail transport has increased due to the growing demand for industrial manufactured goods. The
figure below displays rail transport from the slowest to the fastest growth rate from 2010 to
2020 among the proportion of goods transported between China and Europe. Rail transport has
begun to occupy a competitive niche for transportation that is less expensive than aviation.
According to the value of goods transported, shipping has no monopoly. This fact only further

highlights the potential demand for high-speed freight transport by rail.
5.2.2 Long-term Forecast of Trade between China and the EU

According to the volume of trade between China and the EU in the base year, by 2030
trade levels are expected to reach just under 150 million tons and 843 billion EUR. In the event
of crisis, trade is expected to be 30% lower. In the event of accelerated technological progress,
trade will increase by 10%'7. Exports in tons from the EU to China will exceed exports from
China to the EU by 2020. The cost gap between exports from the EU to China exports from
China to the EU will gradually close as Figure.5-8 demonstrated.

Figure.5-8 Dynamic Trading Scenarios between the EU and China

167 Xianjin, S. (2021). The bilateral trade and investment trends between China and the European Union since the
2008 financial crisis. China Foreign Exchange 21(6), 74-80.
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Own elaboration source compiled from Database of Reconnecting Asia, CSIS. Various years. https://doc
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5 [accessed 30 January 2024]

According to the above figures, the direct trade volume between China and the EU will
increase significantly in the future, while there will be a small potential for the tonnage growth.
This means that future, time-efficient industrial manufactured goods would be the dominant

position of the trade structure between two economies EU and China.
5.3 Insights from the Existing Trans-continental Cargo Express--CR Express

On 19 March 2011, the Chongging—Xinjiang—Europe container freight train departure
from Chongging, China, to Duisburg, Germany, marked the official opening of the new model
of rail freight between China and Europe: the China Europe Express Freight Train. Until then,
the freight train had been in operation for more than seven years, and the brand name became
CR Express when the new model was put into service; it was mainly operated by the China
Railway Cooperation, hence the CR in its name.'®® It was a remarkable event for Eurasian
connectivity.

The most conspicuous characteristic of the CR Express class since its inception is the
marked escalation in the quantity of trains, as illustrated in Table 5-1. In 2011, the total count
of CR Express runs for the entire year stood at a mere 17; however, by 2017, the annual freight
schedule had surged to 3,673 trains. Subsequently, by the culmination of 2019, the aggregate

number of trains had soared to 8,225.1%° Prior to 2014, all the CR Express trains were

168 Jakub Jakobowski, Konrad Poplawski and Marcin Kaczmarski. (2018). ‘The EU-China Rail Connections:
Background, Actors, Interests.” OSW Studies no. 72, 29-30.
169 Jonathan E. Hillman. (March 6, 2018). The Rise of China-Europe Railways, CSIS. https://www.csis.0
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scheduled to start from China to Europe. Since 2014, relevant localities and enterprises have

already launched return journeys of the CR Express.

Table.5-1 Frequency of the CR Express Freight Train

Year Train Departure from Europe Train Departure from China
2011 0 17
2012 0 42
2013 0 80
2014 28 280
2015 265 550
2016 572 1130
2017 1274 2399
2018 2690 3673
2019 3700 4525
2020 4962 7444
2021 6819 8364
2022 7681 8881

Own elaboration based on source compiled from Zhang, Y., Zhang, A., Wang, K., Zheng, S., Yang, H., &
Hong, J. (2023). Impact of CR Express and intermodal freight transport competition on China-Europe
Route: Emission and welfare implications. Transportation Research Part A: Policy and Practice, 171,
103642. https://doi.org/10.1016/j.tra.2023.103642
At present, there are 65 freight lines operated by China—Europe trains (CR Express),
connecting 42 cities in 14 countries in Eurasia, which has formed a relatively stable pattern for
operation.*”® The transportation of goods from the early days of mobile phones, computers,
and other IT products gradually expanded to other categories such as clothing, shoes, hats, cars
and accessories, food, milk, wine, wood, furniture, chemicals, machinery, and other categories.
Different from ordinary freight, the CR Express is characterized by ‘five fixed’ elements:
fixed points (loading and unloading places), fixed routes (running lines), fixed line
schedules(shipping dates), fixed times (departure and arrival times), and fixed prices (shipping
prices). The whole process of train operation is monitored and must be operated strictly in
accordance with the time and place specified in the operation chart. Outside the specified
locations, the train is not allowed to stop during the delivery process and cannot be loaded or
unloaded. CR Express is a typical ‘peer-to-peer’ transportation solution. CR Express trains are
usually divided into two categories according to the goods they carry: container trains and
general cargo trains. For the convenience of dispatching and custom inspection, the current CR

Express are all container trains.

rg/analysis/rise-china-europe-railways. [accessed 30 January 2024]

170 Bei, A. (2021. January 19). Interview with the Secretary-General of the National Development and Reform
Commission. Xinhua.net. http://www.xinhuanet.com/2021-01/19/c_1127001191.htm [accessed 30 January
2024]
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The CR Express is a cargo transport solution beyond the international postal transportation.
To some extent, the international postal parcel transportation business uses CR Express train
as a carrier. At present, cargo transport is the priority for CR Express, and international postal
service business (mail, express, and parcels) has just begun for CR Express. This area has
grown rapidly in recent years, which indicates that CR Express provides a more efficient and
cheaper option for intercontinental courier and postal services. The growth of the express
delivery business will inevitably stimulate traffic growth for international railway cargo
transportation.

5.3.1 Specific Routes of CR Express

Chinese—European transportation relies on the new Eurasian continental bridge and the
Siberian continental bridge, and has formed a stable mechanism, which consists of the ‘Three
channels’ (Westbound, Middle and Eastbound) and ‘Five Continental Ports’ (Suifenhe,
Manchuria, Erlianhot, Alashankou, Horgos) (see Figure.5-9). There are 51 continental lines

linking EU and Asia running across these significant points.

Figure.5-9 Existing Main Rail Routes between Asia and Europe
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Source compiled from Jonathan E. Hillman (2018, March 6). The Rise of China-Europe Railways. CSIS,

Reconnecting Asia. https://reconasia.csis.org/rise-china-europe-railways/ [accessed 30 January 2024]
Direct destinations in Europe include Hamburg, Duisburg, Nuremberg, Madrid,
Rotterdam, Warsaw, Rhodes, Pardubice, Moscow, Tomsk, and Outer Baikal as Table.5-2

indicated.

Table.5-2 Route of Eurasian Railway Corridors
|. Leave the border at Suifenhe Port; connect to Trans-Siberian Railway at Vladivostok, access
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European countries.
11. Leave the border at Manchuria port in Inner Mongolia, connect to Trans-Siberian Railway, access

Northern ’
Corridor European countries. i . i
111. Leave the border at Erenhot port, go through Mongolia, and connect to Trans-Siberian Railway,
access European countries.
1. Leave the border at Khorgos Port, go through Kazakhstan, and connect to Trans-Siberian Railway at
Middle Chelyabinskaya Oblast, access European countries.
Corridor 11. Leave the border at Khorgos Port, go through Kazakhstan, and connect to Trans-Siberian Railway
near Moscow, access European countries.
Southern Leave the border at Khorgos Port, go through Kazakhstan, Uzbekistan, and Turkmanistan, take a ferry
Corridor to the south Caucasus countries, then go through Turkey and access European countries.

Own elaboration based on source compiled from Jonathan E. Hillman (2018, March 6). The Rise of China-
Europe Railways. CSIS, Reconnecting Asia. https://reconasia.csis.org/rise-china-europe-railways/ [accessed 30
January 2024]

The CR Express Chongging—Europe freight train is a remarkable example of the long-
range trans-continental journey. The China Railway Corporation is responsible for the journey
from Chongging to the Alashankou continental port in Xinjiang. After entering Kazakhstan,
the tractive engine train was provided by the Kazakhstan National Railway Corporation. As
China implements the world standard gauge of 1,435 mm, while the former Soviet Union still
maintains a unique wide-track gauge, which forces the train to enter a professional workshop
in a custom area to replace the bogie operation mechanism to adapt to the former Soviet Union
countries’ gauge of 1,524 mm. After entering Russia, it will continue to be transported by the
Russian Railway Company (RZD). On the border between Belarus and Poland, it is necessary
to change the bogie again, this time from the 1,524 mm bogie to 1,435 mm, to adapt to the
1,435 mm world standard gauge in the EU. The train then accesses Lodz, the central city of
Poland, the hub of the railway network in the eastern part of the EU, at which point, the
Chongqing—Europe freight train journey ends. Next, the goods will be delivered and
transported by Poland to other EU countries and other regions by various modes of
transportation.

In the early days of the CR Express, the cargo category was relatively simple. The earliest
line of CR Express Chongging—Europe freight train was mainly to transport locally produced
notebook computers and electronic components. As the scale of operation and coverage
continues to expand, the CR Express trains are divided into two types. One type serves the
characteristics and the industries at the starting point; for example, the Chongqing—Europe train
mainly delivers computer and related components. The other type relies on the railway hub to
collect different types of goods from various regions; for example, the Zhengzhou—Europe train
not only carries electronic products but also mechanical products, chemical products, wood

products, textiles, small commadities, food, and many other product categories.
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5.3.2 Advantages of CR Express in Trans-continental Transportation

Each CR Express train must be loaded with at least 41 cars of 40-foot standard containers.
The freight trains departing from Xinjiang usually carry 55 containers, and the mature routes
usually carry more than 70 cars. The CR Express travels an average of 1,300 km a day in the
domestic section of China, and 1,000 km a day outside of China. Since most of the trains run
at a distance of 10,000 to 13,000 km, the average running time is 1314 days'’*, and the fastest
line could make it in 11 days. On the other hand, the slowest train can complete the journey
within 16 days. It is generally believed that with the improvement of infrastructure (such as
customs clearance facilities, bogie replacement efficiency, roadbed upgrades, improved
tractive engines and more powerful rolling stock, better operational schedules, etc.),the CR
Express maintains a certain potential for speed-up, and the future operation time is expected to
shorten.

CR Express typically saves more than 20 days over maritime shipping (30-45 days).
Taking the transportation of goods between Wuhan and Hamburg as an example, the CR
Express train travels through Alashankou—Moscow—Hamburg for about 16 days (about three
days from Wuhan to Alashankou, about 8 days from Alashankou to Moscow, and about five
from Moscow to Hamburg)*"2. Maritime time shipping manoeuvers from the inland river port
to Ningbo, and then passes through the Straits of Malacca, the Suez Canal, and the Strait of
Gibraltar, making the total shipping time to Hamburg about 37 days (all at sea, and less than a
day in the domestic section), compared to the CR Express, which takes about 16 days as
Table.5-3 demonstrated.

Table.5-3 Duration for Cargo Delivery Transported by CR Express and Waterway Shipping
CR Express Ningbo—Hamburg  Waterway shipping Wuhan-Hamburg

Domestic section 3 days 0 days

Third-Party Channel 8 days 36 days

Section in destination region 5 days 1 day
Total duration 16 days 37 days

Own elaboration based on source compiled from Muravev, D., Hu, H., Zhou, H., & Pamucar, D. (2020).
Location optimization of CR express international logistics centers. Symmetry, 12(1), 143.
https://doi.org/10.3390/sym12010143

The transaction cost of a 40-foot standard container on CR Express train is about 6,000—
9,000 USD (the unit cost of the combined freight is about 0.6-0.8 USD/km). For instance, the

1 Muravev, D., Hu, H., Zhou, H., & Pamucar, D. (2020). Location optimization of CR express international
logistics centers. Symmetry, 12(1), 143-150. https://doi.org/10.3390/sym12010143
172 1hid.171, 147.
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Chongqing—Europe CR Express freight train runs for 11,179 km, making the transaction cost
for a single container 8,900 USD*™,

The comprehensive ocean freight cost from the southeast coast of China to Europe is
2,000-2,500 USD/TEU (Twenty-foot Equivalent Unit, a unit of cargo capacity used for
container ships based on the volume of a 20-foot-long intermodal container), and the air freight
rate is 2,000-2,500 USD/ton, depending on the different types of goods and transportation
requirements, which reflect a huge gap in transportation costs between maritime and air
delivery. In practice, the freight rate of the CR Express is roughly equivalent to three to four
times of the Comprehensive ocean freight cost'7*.

The comprehensive transportation cost list for CR express transportation is shown in the
Table.5-4. In actual operation, the CR Express has established a linkage mechanism between
freight volume and transportation price. As the volume of cargo increases and the cost of a

single container decreases, there is expected to be further adjustments in transportation price.

Table.5-4 Transaction Costs for Delivering Containers by CR Express Ningbo—Europe Freight

Train
Cost of delivering a 40-foot general purpose (GP) container Operational cost
China Domestic section Ningbo-Alashankou RMB 20,206 ~ USD 2,886
AIashankou—Ham_burg (41 cc_)ntamers with a USD 5,100
. . train adopt fixed operating mode)
Sections out of China ¢ -
Alashankou—Hamburg (41 containers with a
. A . USD 5,300
train adopt randomized operating mode)
Port fees Border transit RMB 500 = USD 71
Train fees for CR Express RMB 800 ~ USD 113
Container fee UsD 700
41 containers with a train adopt fixed operatin
Total o de P perating USD 8,870
Extz:;hgfcggg‘g; g&ag)ge 41 containers with a train adopt randomized USD 9.070
operating mode '
Affordable price USD 2,200
Price of maritime shipping for a 40-foot GP container (Ningbo—Hamburg) USD 2,000/ container
Price of air delivery (Ningbo—Hamburg) USD 2,364/ton

Own elaboration based on source compiled from Feng, F., Zhang, T., Liu, C., & Fan, L. (2020). China railway
express subsidy model based on game theory under “the belt and road” initiative. Sustainability, 12(5), 2083.
https://doi.org/10.3390/su12052083
In addition to the low total freight volume, one of the main reasons for the high freight
rates is the elevated railway shipping costs in EU territory. The EU's unified freight rate is
approximately four times higher than that of the CIS countries through which the CR Express

173 Feng, F., Zhang, T., Liu, C., & Fan, L. (2020). China railway express subsidy model based on game theory
under “the belt and road” initiative. Sustainability, 12(5), 2083. https://doi.org/10.3390/su12052083

174 Zhang, R., Zhang, S. X., & Wang, L. (2020). Study on Container Export Market Share of CR Express from
Zhejiang to the EU. In CICTP 2020. 3295-3308. DOI:10.1061/9780784482933.284
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passes, and it exceeds the freight rate of CR by more than twice.'”> Due to the difficulty in
changing the EU’s railway freight rate in the short term, the transportation cost of goods by CR
Express is unlikely to reduce significantly. In the case of a small number of return trips, logistic
companies usually adopt three methods to deal with the container of the train in order to reduce
costs: 1) sell the container at the destination; 2) load local goods along with the CR Express
container and send it to China via a maritime route by intermodal ocean-rail transportation; 3)
use the container on the return train.

The transportation time and price of CR Express is determined by the type of goods to a
certain extent. In practice, high-value or time-sensitive goods are usually transported by air,
and goods with high value but less time-sensitivity are selected for maritime shipping.
According to several scholars, the price range of CR Express’s advantageous products is
between 1.55 million yuan and 5.44 million yuan (330,000 USD and 770,000 USD) per
container.!”® Compared with sea and air transport, the CR Express train is most suited to
transporting goods with high added value between sea and air transport, which have certain
requirements for transportation efficiency and transportation cost.

At present, the goods loaded by CR Express mainly consist of IT products, automobiles
and spare parts, machinery products, clothing, shoes and hats, daily necessities, handicrafts,
etc., that are exported from China to Europe; return goods are mainly automobiles and parts,
machinery equipment, daily necessities, cosmetics, food, etc.

The so-called ‘high added value’ is the value added to the production costs by the
product’s cultural connotation, its scientific and technological content, and the public’s
consumption preferences. Therefore, in addition to transportation logistics costs, high added
value goods also interact with factors such as time costs and brand value, bank loan interest,
capital flow, and inventory turnover, and market risk change caused by differences in
transportation time. After analysing the CR Express Chongging—Europe freight train goods
market, the relevant departments of Chongging found that goods valued at RMB 2 million (0.3
million USD) to RMB 10 million (1.4 million USD) were most suited to transportation by CR
Express train. The CR Express maintains economical advantage only if the value of a single
container exceeds 300,000 USD. At present, the average value of unit containers departing
from China is only about 100,000 USD.Y" China’s regional governments have subsidized the

175 Ibid 174, 3298.

76 Ying, Y. (2015). An Empirical study on High Value Goods of CR Express. Information of Modern Economics
2015 (7), 36-138. https://doi.org/10.3969/j.issn.1001-828X.2015.07.111

7 Feng, F.,, Zhang, T., Liu, C., & Fan, L. (2020). China railway express subsidy model based on game theory
under “the belt and road” initiative. Sustainability, 12(5), 2083. https://doi.org/10.3390/su12052083

162



CR Express trains to cultivate the market. However, from a long-term perspective, only the
value generated by market demand can promote the healthy development of the CR Express

and the local economy, not the value as driven up by local government subsidies.
5.3.3 Highlights of CR Express on Trans-Continental Cargo Transportation

At present, CR Express participants mainly include the train operators, the local
government, the China Railway Corporation, the domestic and foreign railway companies
along the railway, the China Railway Container Corporation, and other logistics companies. It
is generally believed that future CR Express trains may be managed by the China Railway
Corporation, which shall be responsible for external cooperation.

The railway departments of China, Belarus, Germany, Kazakhstan, Mongolia, Poland,
Russia, and seven other countries surrounding the CR Express route signed the Agreement on
Deepening the Cooperation between China and Europe on 20 April 2017, and established the
China—Europe Train Coordination Committee on May 26 in order to provide a mechanism
guarantee for China—Europe trains, build a unified transportation coordination platform,
coordinate to solve the problems of the larger market share of railway freight transportation
between Asia and Europe, and promote economic development and trade cooperation among
countries along the route. 1™

To facilitate the transportation of goods, the CR Express set several hub nodes (cargo
distribution centres) along the way. After the train arrives, it needs to be unloaded and
transferred to the destination. The transfer train is adopting the ‘ 1+N” assembly and distribution
mode; ‘1’ means the main line, and ‘N’ refers to the number of the cargo distribution centre or
distribution hub along the main line. Currently, Almaty in Kazakhstan, Moscow in Russia, and
Malaszewicze in Poland have been set as distribution hubs for CR Express.

5.3.4 Positive Effort by CR Express

The CR Express is driving economic development of Eurasia’s inland area, which plays a
significant role in regional development and integration using innovative trade methods,
expanding trade areas, and developing regional economies. It does this in several ways.

First, CR Express promotes the development of inland areas. The positive role of CR
Express is mainly to open up new trade routes for the Asian and European countries it passes
through in the the inland regions. From the perspective of the economics of communications

178 Ma, Y., Shi, X., & Qiu, Y. (2020). Hierarchical multimodal hub location with time restriction for China
Railway (CR) Express network. IEEE Access, 8, 395-404. https://doi.org/10.1109/ACCESS.2020.2983423
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and transportation, it stimulates the promotion of railway infrastructure; the construction of the
inland port, the warehousing area, and the related industrial park; Information systems
(communications facilities, etc.); logistics management systems; and security systems. The
level of these facilities will be greatly enhanced while creating a large number of jobs. The
inland port is a complex integrated centre with international postal and e-commerce service.
The industrial agglomeration and radiation function phenomenon with transportation hubs
could been seen as an indispensable foundation and condition for regional development. Driven
by CR Express, the logistics cost gap between in the inland areas of western China and the
eastern coastal areas was rapidly reduced. The status quo of high logistics costs has changed,
which is not a hindrance to the development of the relatively undeveloped western region of
China. A completely different situation from more than a decade ago, China’s western region
has begun to have a comparative advantage in international logistics, to a certain extent,
because of the opening of CR Express freight trains. Having the comparative advantage of
transportation costs, the surround areas of CR Express could achieve the goal of sustainable
development driven by the industrial agglomeration phenomenon. Improvement of logistics
conditions within inland areas is one of the prerequisites for catching up with the coastal areas.
This revolutionary improvement in conditions will inevitably lead some enterprises to
accelerate the pace of distributing manufacturing capacity to the central and western regions,
to obtain more business opportunities in Eurasia and lower the land transportation costs, which
will allow the inland areas to benefit even more, as they will be transformed because of the
growth caused by the new continental trade route. For instance, statistics show that together
with the CR Express Chongqging—Europe freight train (opened in 2009), Chongging’s total
import and export value increased significantly, from 6 billion USD in 2009 to 95.5 billion
USD in 2014. Chongqing’s total foreign trade has quadrupled in six years, and its share in the
European market is higher than the national average.'”

Second, CR Express promotes the development of countries along the route. Poor
infrastructure is the main shortcoming that restricts the economic development of the Eurasian
hinterland countries. The countries located in the core area of Eurasia, such as Kazakhstan and
Uzbekistan, are landlocked, so these countries’ trade routes rely mainly on railway and road

transportation. As an important condition for attracting investment and development in

179 Tambellini, I. (2019). Chongging-Xinjiang-Europe International Railway: problems and challenges of the first
direct rail connection between China and Europe. University of Venice, 62. [Unpublished master’s thesis]
http://dspace.unive.it/bitstream/handle/10579/14924/966550-1235531.pdf [accessed 30 January 2024]
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landlocked countries, CR Express has become an effective carrier for China’s interconnection
with countries along the core area of Eurasia.

Third, CR Express contributes to the improvement of customs clearance procedures. CR
Express has successfully been listed in the ‘China—EU Safe and Intelligent Trade Navigation
Pilot Program’ project. The project is a demonstration project for China and the EU to
implement the World Customs Organization’s ‘Global Trade Safety and Facility Standards
Framework’. The whole process of cargo handling and container delivery can be realized and
monitored by the cooperation between China’s and Europe’s customs bureaus and related
enterprises. The project aims to establish a safe, convenient, and intelligent international trade
transport chain. Both sides committed to eliminate trade risks; reduce customs supervision
procedures for goods’ enhance the connectivity, certainty, and priority of customs inspection
procedures; reduce the detention time of goods in border areas; minimize the risk and
possibility to the disruption of global supply chain as well as improve the efficiency of customs
clearance by the practice of CR Express through the China-EU customs clearance data

exchange platform.
5.3.5 Existing Problems of CR Express

With the continuous advancement of the Belt and Road Initiative, the economic and trade
exchanges between China and the countries along the ‘Belt and Road’ have become more
frequent. The CR Express freight trains connecting both ends of Eurasia have advanced the
initiative. However, for various reasons, the current operation and management of the CR
Express is not entirely satisfactory, mainly in four aspects.

First, insufficient freight volume makes it difficult to achieve the break-even point. Rail
freight rates are usually calculated based on the number of containers. It is estimated that the
break-even point could be achieved only if the number of return trains reaches more than 60%
of the trip. Although it has been in operation for many years, the CR Express line did not begin
to achieve a zero-return breakthrough until 2014, and the number of return container in 2017
remains only half of the outgoing trip. According to the analysis, the reason for the current
shortage of backhaul is mainly determined by the current Sino-European trade commaodity
structure. The goods imported from Europe (return goods for CR Express) mainly consist of
precision instruments, machinery, high-end clothing, etc. The enterprises that sell these goods
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are more willing to choose maritime transportation, and rarely are types more suitable for
railway transportation.

Second, the port channel has insufficient capacity. According to statistics, in 2015, the
average residence time of goods via the central line (via Erlianhot) accounted for about 30%
of the total transit time, 18% of which were delays in document and customs inspection, and
the remaining 12% were transport capacity and other issues.'® There is also the difference in
rail gauges, which delays the transportation of cargo; the insufficient infrastructure and
facilities of the stations along the CR Express line cannot meet the needs of the distribution of
goods; and old single-track railways with tight capacity have caused low-speed operations and
long-time delays.

Third, the international railway transportation rules are not uniform, which has limited the
transportation efficiency. In practice, the current international railway transportation system of
Eurasia is still in a split status quo. Member states and national railway corporations
participated the Railway Cooperation Organization (OSJD), and the International Railway
Union (UIC) has not yet established a reasonable mechanism related to a customs clearance
and documentation system. This situation has increased the links and costs of rail transport.

Fourth, there is too much in the transportation lines. Most cities launch the CR Express
on the same line with the same or similar distance heading to the same destination, which has
caused a great deal of waste n line resources and funds. Besides, a large amount of container
hoarding will also overload the processing capacity in European marshalling stations and affect
the transportation efficiency as Figure.5-10 reflect.

Fifth, CR Express relies on government subsidies. The opening and operation of the
freight trains are mostly driven by the local government and have not yet formed a complete
market. To ensure the normal operation of the trains and foster the initial market, local
governments have introduced financial subsidies to support them.

In general, despite the epoch-making significance of the China—Europe train, there are
still problems such as slow transportation speed and low efficiency. As the development
trajectory of human beings is developed through continuous attempts, problems will only be
discovered if people try. Only when problems are found will there be the possibility of
improvement and solutions.

180 |bid.179, 83

8L Zhang, Z., Li, X., & Zhang, Z. (2019, October). Analysis on the Developing Situation of CHINA RAILWAY
Express. In 10P Conference Series: Materials Science and Engineering (Vol. 612, No. 3, 032098). 10P
Publishing. https://doi.org/10.1088/1757-899X/612/3/032098
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Figure.5-10 Cargo Train Jam in Malaszewicze (Satellite Map)
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Note:
Station infrastructure affects transportation efficiency. CR Express trains have 41 40-foot container cars for their international

transportation trains, and the length of the entire train exceeds 500 meters. However, the Polish Malaszewicze station has two
remodeling stations, one 450 meters long and the other 600 meters long. The dispatch and repack procedures need to be done
twice and international trains are given priority processing on the 450-meter platform. This inefficient operation must be executed
frequently because it is limited by the scale of the existing facilities.

Source compiled from Jonathan E. Hillman (2018, March 6). The Rise of China-Europe Railways. CSIS,
Reconnecting Asia. https://reconasia.csis.org/rise-china-europe-railways/ [accessed 30 January 2024]

5.3.6 Development Trends of CR Express

CR Express has developed rapidly and exhibited rapid growth in volume, the continuous
expansion of transportation coverage, the continuous increase in cargo categories, its relatively
clear operating models, and its relatively stable basic dimensions.

Under the premise that the global economic situation maintains general growth, express
is bound to achieve further development. The significance of CR Express has been been proven
during the COVID-19 pandemic. With the cooperation and convenience of the countries along
the route, the Yiwu—Madrid train departure on 21 March completed the trip within 12 days,
carrying the anti-pandemic materials produced in Asia and donated by the countries along the
route to support Spain’s medical frontline.

The future development of CR Express aims to have the following characteristics:

1. Acceleration for operational speed. As high-standard freight railway lines are being
built in northwestern China, freight trains may in the future travel over 160 km/h. The European
railway network is undergoing upgrades, especially the Germany—Poland-Belarus line, which
will also allow freight trains to reach 160 km/h in the future. CR Express is expected to increase
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speed and improve operating efficiency with the upgrading of the road network and the launch
of new wagons. At present, some of the high value-added goods originally planned to be
transported by the CR Express have been transported by HSR carriages within China. 82

2. Facilitate the customs clearance process. The operation of CR Express has mobilized
the vitality and enthusiasm of customs in various countries. In the context of COVID-19, the
trial of the super express train also shows that there is potential for improving the efficiency of
customs procedures in surrounding countries.

3. Characteristics of diversified and multifunctional transportation methods. The use of
special containers to transport special products, such as cold chain containers to transport fresh
products, and special container transportation for fully assembled cars, will become the
development direction of CR Express’s diversified transformation. On the other hand, the
piggyback®®® transportation mode also provides a more reasonable solution for international
transportation with multiple destinations.

4. The standardization trend. The operation of CR Express exposes the biggest problem
in the connectivity of Eurasia’s inconsistent standards after the line operation is mature and
stable. Standardization of the railway network will ease the development of CR Express and
create better connectivity in the Eurasian continent.

5. Deployment of dedicated wagons or rolling stock for high-speed freight
transportation represents a significant advancement. HSR freight services offer conspicuous
benefits encompassing volume capacity, velocity, cost efficiency, energy conservation,
emission mitigation, elevated punctuality rates, and enhanced safety protocols. The
operationalization of HSR freight models has been ongoing worldwide for numerous years.

Notably, HSR freight enjoys a substantial volumetric advantage. The loading capacity of an

182 Hua, C., Tao, X. (2017, November 12). The first time a passenger train on the Lanzhou Xinjiang high-speed
railway is loaded with cross-border express parcels. New sina.cn. https://news.sina.cn/gn/2017-11-12/detail-
ifynrsrf4020723.d.html [accessed 30 January 2024]

183 piggyback transportation refers to the transportation of goods where one transportation unit is carried on the
back of something else. It is a specialized form of intermodal transportation and combined transport. In rail
transport, the practice of carrying trailers or semi-trailers in a train atop a flatcar is referred to as
‘piggybacking’. In practice, the early years show road coaches being piggybacked on flat railway wagons.
The rail service provided for trucks, which are carried on trains for part of their journey, is referred to as a
‘rolling road’ or ‘rolling highway’. A related transportation method is the rail transport of semi-trailers,
without road tractors, sometimes referred to as ‘trailer on flatcar’ (TOFC). It is also possible to carry a railway
wagon of one track gauge on a flat railway wagon (a transporter wagon or rollback) of another gauge; indeed,
whole trains of one gauge can be carried on a train of flat wagons of another gauge. Piggyback transportation
could be seen as a crucial way deliver container according to the B-to B-model with the help of both freight
trains and trucks. The differential gauge also limits this mode of transport. Source compiled from Wang, K. ,
Pesch, E. , Kress, D., Fridman, I., & Boysen, N. . (2022). The piggyback transportation problem: transporting
drones launched from a flying warehouse. European Journal of Operational Research 296(2), 504-519. DOI:
10.1016/j.ejor.2021.03.064
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eight-wagon rolling stock markedly surpasses that of cargo aircraft, with cargo volumes
reaching 8.6 times the capacity of a Boeing 737 and 4.3 times that of a Boeing 747.1%
Additionally, HSR freight possesses a notable speed advantage. Within distances spanning 200-
800 km, HSR freight offers evident cost benefits compared to air and road transportation.
Aviation operations entail substantial energy consumption, leading to elevated transportation
expenses. Conversely, HSR freight exhibits reduced reliance on resources such as petroleum,
rendering it more cost-effective than air transport. Leveraging a network-based industry model,
HSR freight capitalizes on economies of scale as market scope expands, further diminishing
operational costs. Moreover, HSR freight affords time and security advantages. Consequently,
HSR freight services have been established within European, Japanese, and Chinese contexts.
Notably, technicians in Europe and China have developed specialized rolling stock models
tailored for HSR freight, as evidenced by Figures 5-11 and 5-12.

Figure.5-11 Solution of HSR Cargo Rolling Stock

r

Source compiled from Sifang. CRRC. (2020, December 23). The world's first 350 km/h special-purpose HSR
freight train is produced. sohu.com https://www.sohu.com/a/440076138_100016456 [accessed 30 January
2024]

Figure.5-12 Design for HSR Cargo Rolling Stock

18 Bj, M., & He, S. (2019). Express delivery with high-speed railway: Definitely feasible or just a publicity stunt.
Transportation Research Part A: Policy and Practice, 120(3), 165-187.
https://doi.org/10.1016/j.tra.2018.12.011
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Source compiled from Ke, Q., Huigian, D., Peng, Z., Yongting, L & Wei, W. (2018) Research on Key
Technologies of High Speed Freight Electronic Multiple Unit. Integrated transportation, 40(12), 5.
https://doi.org/CNKI:SUN:YSZH.0.2018-12-017

The development of the HSR freight business has made a new discovery for the
implementation of HSR. Although the fully independent TGV post only succeeded for ten
years, it was subsequently cancelled with poor profitability. The experience of the TGV post is
still worth learning. In 2020, China’s anti-pandemic actions against COVID-19 launched a
large number of CRH high-speed EMUs to carry medical equipment and material for rapid
transportation over a distance of more than 2,000 km. Such attempts prove that in areas where
HSR networks are formed, it is reasonable to use HSR for freight transportation.

Although CR Express is not a pioneer for rail transportation service across Eurasia, its
role is irreplaceable. In the future, CR express will continue to operate, and will continue to
accumulate experience, which will play a vital role in the future in the construction of a more

convenient and modern railway transportation network in Eurasia.
5.4 The Geopolitical and Geoeconomic Significance of CR Express

The continuous operation and development of the China to Europe freight train CR
Express have profound geopolitical and economic implications. When it opened more than a
decade ago, it was like building a bridge in Russia’s backyard.'® Although the transportation
project were initially not favored, with the continuous strengthening of the transportation
corridor by large amount of Goods and subsides, China has now continued to exert influence
on the countries passing through this freight corridor. Nowadays, Russia’s political influence

in the area of Central Asia is showing a trend of marginalization. The CR express also played

185 Tjia, Y. N. L. (2020). The Unintended Consequences of Politicization of the Belt and Road’s China-Europe
Freight Train Initiative. The China Journal, 83(1), 58-78. https://doi.org/10.1086/706743
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a role as a driver factor that accelerated the continuous improvement of mutual trust between
Central Asian countries and China in politics, and the alignment of political choices with China.

The operation of CR Express not only promotes economic prosperity and stability in Asia
and Europe, but also promotes the development and progress of the global economy to some
context.

CR express also played a certain demonstration role. Prove the fact that China’s
neighboring countries can achieve domestic economic development by transporting products
produced in China and transporting resources and raw materials to China.

In the current situation where the safety of major shipping routes around the world is
affected, CR express can play a stable role as a transportation channel between Asia and Europe.
This to some extent affects the political situation in Asia, giving China enough leverage to
attract Northeast Asian and ASEAN countries that also have significant trade relations with the
European Union.

5.4.1 The Political and Economic Influence of CR Express on Directly Participating
Countries

CR Express has been in operation for over a decade now, despite the influence of many
external factors, including the China US trade war, COVID-19, the Russia Ukraine war, and so
on, this railway freight route has always maintained a positive growth momentum. The political
and economic influence on directly participating states by CR Express can be summarized as
follows:

The CR Express has had the following geopolitical and economic significance for countries
along the route:

1. Promote the economic development of countries along the route: The China Europe
freight train connects China, Europe, and countries along the route, providing a convenient
channel for cargo transportation. This has promoted trade and economic development among
countries along the route, bringing more business and employment opportunities to the local
area.

2. Strengthening geopolitical stability: The China Europe freight train passes through
multiple countries and regions, strengthening economic connections and cooperation among
these countries. This kind of connection helps to promote regional peace and stability, reduce
the impact of political conflicts and economic turbulence on the region.

3. Deepening the process of regional integration: The construction and operation of the

China Europe freight train will help promote the process of regional integration. By
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strengthening economic connections and cooperation among countries along the route, it can
promote trade liberalization and investment facilitation within the region, and further promote
regional economic development.

4. Enhance China’s international influence: China Europe Express is an important part
of China’s "the Belt and Road" initiative, and also one of China’s important measures to open
up. The construction and operation of the China Europe freight train will help enhance China’s
position and influence in international affairs, and enhance China’s international discourse
power.

5. Enhancing connectivity among countries along the route: The construction and
operation of the China Europe freight train will help enhance connectivity among countries
along the route, promoting cooperation and development in transportation, logistics, and
information technology. This kind of interconnectivity helps to enhance the overall
competitiveness and development potential of countries along the route.

6. Creating employment opportunities: The construction and operation of the China
Europe freight train require a significant amount of human and material resources support. This
provides a large number of employment opportunities for residents in countries and regions
along the route, especially in areas such as railway construction and logistics services.

7. Promoting investment and financial cooperation: The construction and operation of
the China Europe freight train require significant financial support, while also providing
opportunities for investment and financial cooperation among countries along the route.
Through cooperation with China, countries along the route can receive more investment and
financial service support, promoting local economic development.

In summary, the China Europe freight train has had important geopolitical and economic
significance for countries along the route, including promoting economic development,
strengthening geopolitical stability, deepening regional integration processes, enhancing
China’s international influence, enhancing connectivity, creating employment opportunities,
and promoting investment and financial cooperation. These meanings contribute to promoting
the economic and social development of countries along the route, and promoting regional
peace and stability.

5.4.2 Influence on South Korea and Japan by CR Express

In the 1980s and 1990s, due to concerns about the export channels of industrial products
and dissatisfaction with the United States’ suppression of Japanese industrial products, Japan

was very interested in the Eurasian Continental Bridge. Later, as Japan’s industrial
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manufacturing scale was surpassed by Germany and China, and Japanese products smoothly
entered the US and Southeast Asian markets, Japan’s interest in this cross Asia Europe corridor
gradually declined. Due to its late industrial rise and the fact that Russia and Central Asia are
not the main markets for Korean products, South Korea has always been interested in this
region.

With the turbulence of the international political situation, especially in Middle East, the
main shipping channels between Asia and Europe have been greatly affected, and the
comprehensive cost of maritime transportation has rapidly increased, forcing the transportation
time to be extended. Although the Arctic route are able to navigation during the year, it is
useless for Japan and South Korea. Japanese and South Korean both participated in sanctions
against Russia, making it difficult for them to use the Arctic route. These factors have to some
extent led to a decline in the competitiveness of industrial products manufactured in Japan and
South Korea.

Therefore, Japan and South Korea have to start paying more attention to CR Express,
which is a transportation channel and economic link connecting Northeast Asia and Europe.
Prior to this, South Korean industrial giant LG had maintained a good cooperative relationship
with CR Express, as LG often shipped locally produced products from South Korea to Poland
through CR Express'®®.

At present, the South Korean government has led the establishment of a working group
and started planning to join CR Express. Japanese business associations and organizations have
also expressed their intention to join CR Express.

Under the circumstances of threats to shipping routes in the Middle East and unstable
global oil prices, Japan and South Korea’s desire to join the China’s CR Express project is
mainly due to the following reasons:

1. For more stable export channels: The corridor of the CR Express is relatively stable.
Its stability is not affected by oil prices and geopolitical turbulence at sea. Choosing a relatively
stable transportation route is crucial for trade activities between Japan and South Korea as two
countries with processing industry as its economic pillar. By joining the China Europe freight
train, Japan and South Korea can reduce their dependence on maritime transportation, prevent
their maritime routes to Europe from being affected by regional conflicts, and thus achieve the

strategic goal of diversified trade channels.

18 CR Guangzhou Department. (2021, May 4). The first export transit special train of the CR Express
departs. Eurasian Rail Alliance Index. https://index1520.com/cn/news/novyy-kanal-dlya-kombinirovann
ykh-perevozok-zh-d-more/ [accessed 30 January 2024]
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2. For Transportation Efficiency: The CR Express provides a fast and efficient mode
for Trans-continental cargo transportation. , Goods can be transported from East Asia to Europe
in arelatively short time, through CR Express, as well as reducing transportation time and costs.
In the context where the Red Sea route is affected and many cargo ships are forced to bypass
the Cape of Good Hope in South Africa, the advantage of transportation timeliness has been
demonstrated.

3. For better Connectivity: The CR Express connects China, Europe, and countries
along the route, providing a more reliable and diversified transportation network. This
connectivity provides more market opportunities for the export of goods and services from
Japan and South Korea.

4. For saving Transaction Cost: Although the current freight rates of CR Express are
slightly higher than traditional sea freight, choosing this continental route may be more cost-
effective for time sensitive and high-value goods. In addition, for small goods (represented by
industrial manufactured goods) from Japan and South Korea, the freight cost of the CR Express
may be more competitive.

The main reasons why Japan and South Korea hope to join the China Europe freight train
include stability, efficiency, connectivity, and economic considerations. These factors have
jointly driven Japan and South Korea’s interest and participation in the China Europe freight
train. If the volume of goods transported by Japan and South Korea through CR Express

increases, it can also promote the level of integration in Northeast Asia to a certain extent.
5.5 Existing Trans-Continental Passenger Rail Shifts

With the escalating prevalence of cross-border train services, the prospect of introducing
cross-border passenger train operations is poised to rise, drawing parallels with the experience
of the European Coal and Steel Union during the 1960s and 1970s. The conventional notion of
trains traversing the expanse of Eurasia from end to end has evidently lost its allure in an epoch
characterized by rapid technological advancement and heightened demand for streamlined
travel experiences. Notably, the inception of conventional train services linking China and
Russia dates back to the 1950s, marked by the establishment of rail connections via the trans-
Siberian corridor. Initially conceived as an endeavor to interlink the rail networks of both
nations at the Kazakhstan/Xinjiang border, this initiative underwent a transition to tourist-
oriented train operations following the collapse of the Soviet Union, as depicted in Figure.5-
13. The slow and inefficient travel of passenger trains on the vast land of Russia makes the

train less competitive. Crossing low-populated areas is the biggest shortcoming of this route,
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and the scarcity of passengers along the way could be regarded as another reason for the
degradation of the train service. The traditional Eurasian railway corridor passes through the
inaccessible area, and the densely populated areas have no connection with the railway corridor

for historical, geographical, and political reasons.

Figure.5-13 Route of Chinese-Russian International Train K19/20
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Note:
The 6 nights 7 days travel time lost attractiveness to business travelers, and gradually it became a tourist train.

Own drawing based on photo compiled from Asia: Population Density by the Center for International
Earth Science Information Network. https://sedac.ciesin.columbia.edu/data/set/gpw-v3-population-
density/maps?facets=region:asia [accessed 30 January 2023]

At present, there are two direct trains connecting the two ends of Eurasia. K3/4 and
K19/20 are operating between China and Russia, connecting two capital cities—Beijing and
Moscow. The two trains have already operated for more than six decades, but passing on
different railway lines. The K19/20 route runs through the Manchuria and Siberian railways,
while the K3/4 passes through the Mongolian capital Ulaanbaatar. Passengers for the
international trains have transformed from diplomatic and military personnel in 1960s to
merchants in the 1990s. In the 21% century, the main passenger flow of the train is comprised

of tourists. Sino-Russian international trains can be said to have witnessed the history and
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changes of Eurasia. One can enjoy the scenery and sense the culture along the way when sitting
in a train running at ground level. Such an international train has been regarded as a bridge
communicated with the Chinese and Russian people.

The operation of Sino-Russian international trains has enabled the railway departments of
the two countries to accumulate a great deal of international train operating experiences, and
has also exposed problems such as the trains’ low overall efficiency or their aging cars.

With the advancement of science and technology and the development of the economy,
passenger transport between China and Russia has shifted from train to airplane.

In addition, the regular trains running between China and Central Asian countries have
also been in operation since the late 1990s. Since the summer of 2017, with the optimized
operation of the Urumgi—Astana cross-border train, the running time has been shortened to 24
hours and the train consists of two sleeper cars, becoming the first choice for border traffic
between China and Kazakhstan, 8"

Even though the train completed the 1900 km route in 24 hours, it needed to change cars
at the border. With the normal operation of this train, the level of tacit understanding among
the relevant countries, especially the level of mutual trust and mutual assistance between the
railway departments has been further improved.

5.6 Improvement of Mutual Trust in Politics within the Framework of Regional

Organizations

The regional international organizations in which the countries in the core region of
Eurasia participate mainly include the Shanghai Cooperation Organization (SCO) and the
Eurasian Economic Union. The former has more member countries, while the latter is more
compact. The organization related to railways that has an impact on the region is the UIC
(International Union of Railways).

The Eurasian Customs Union can be regarded as a modern version of the CIS. The
organization was founded based on the existing division of the supply chain, which has been
highly interconnected since the Soviet era. The political mutual trust within its alliance is
relatively close. For railway transportation, the member countries of the Eurasian Economic
Union maintain unified standards and uniform gauges. There is a high level of mutual political
trust and cooperation in the railway sector, and the flow of passenger trains within the Union

is barrier-free. The very existence of the Eurasian Economic Union plays a positive role in

187 Xiaodong, Z. (2016). A Study on the Interconnection of Railway Corridors between China and Kazakhstan.
Railway Transport and Economy 19(6), 36-41. doi:10.16668/j.cnki.issn.1003-1421.2018.09.08

176



railway integration. However, in actual practice, railway passenger volume is sparse, and the
cross-border railway passenger transportation business is not satisfactory due to the
undeveloped technology and population disadvantages. Since none of its member countries is
capable of producing high-speed train and related equipment, it is necessary to cooperate with
external partners of the organization to achieve the HSR development goals in the promotion
of passenger transportation volume and railway efficiency.

The SCO members do not have the sort of political mutual trust, cooperation and
coordination that the Eurasian Economic Union enjoys. The SCO, which was established with
the main theme of anti-terrorism and regional stability, focuses on mutual trust with the military
cooperation, and the exchange of anti-terrorism intelligence. The SCO has few top-level
designs in economics and trade, especially in the field of transportation interconnectivity.
Various member countries adopt different systems and gauges, which makes the rail traffic
within the organization fragmented. The difficulty of coordination and the low volume of
transportation make it difficult for member countries to develop cooperation mechanisms in
the region, which to a certain extent deteriorates the railway connectivity within the
organization. The degree of political mutual trust between member countries and observers
particularly new members states within SCO remains a low level, which obstructs the
interconnection of railways within the organization. Nevertheless, HSR technology and
production capacity are no longer obstacles for most of the SCO’s member countries.

As the most respected international railway organization, the UIC plays a constructive
role in the integration of Eurasia railways. However, relying solely on the influence of UIC is
not enough in terms of promoting Eurasian interconnection. As the UIC is headquartered in
Paris, its founding members are EU countries. The UIC has not included emerging railway
powers and organizations in the decision-making framework, even with their rapid
development of global railway technology and markets, which has led to the organization’s
lack of voice and international influence among emerging railway organizations, making it
unable to provide effective assistance for the development of the Eurasian HSR. ‘Bilateral
coordination’ has been adopted, whether for CR Express or a regional crossing train, though
this model is inefficient, and particularly difficult to adapt to train operations across multiple
countries. The Eurasian regional headquarters has not established effective and compulsory
restraint mechanisms and institutions to better coordinate railway transportation within each
Eurasian continent. An efficient, binding, and fair mechanism, designated under the leadership
of professional and credible international institutions, is urgently needed.
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5.7 Political and economic factors drive China to build the Eurasian HSR

The CR Express project has already played a positive role in the cross-border logistics
field. However, it did not contribute to the flow of passengers and personnel. China is seeking
to exert stronger economic and political influence on countries along the way by the means of
Eurasian HSR project.

Through the practice of CR Express, it has been proven that relay based cross-border
railway transportation can be carried out in an orderly manner. And during the execution of
this project, which involves multiple countries and is based on a common goal, some issues
that may arise can be coordinated under the leadership and coordination of China. Due to the
relatively meaningful experience of CR Express, China is clearly more confident in handling
cross-border transportation coordination matters. Therefore, Chinese decision-makers are
formulating a long-term plan to expand China’s standard HSR network and exert stronger
political influence by proposing the Eurasian HSR project.

Two economic factors have made China the primary driving force for the Eurasian HSR
project.

Firstly, China hopes to further expand its market in Central Asia and Europe, EPromote
more Chinese goods and services to enter the region. Under the influence of the US led
decoupling policy, China’s foreign trade has encountered some difficulties, but alternative
solutions have still been found, such as Southeast Asia and Russia, as well as the Central Asian
market widely influenced by the Russian language context. In 2023, the Russian and Central
Asian markets were the markets with the largest incremental growth in China’s industrial
manufactured goods. The market share of passenger cars produced in China in Russia’s new
car market has surged to 49%, and the truck category has surged to 70%?8. In the future, China
hopes to continue expanding its market share in the region through CR Express to compensate
for the losses caused by the decline in trade volume with the United States. The HSR project
is undoubtedly the relatively optimal carrier for China’s products and related service standards
to enter the region.

Secondly, China currently experiences a surplus in the production of high-speed trains
juxtaposed with a shortage in passenger aircraft production. In 2017 alone, CRRC Group
delivered around 400 high-speed rolling stocks, amounting to approximately 320,000 seats*®®,

18 Yang, L. (2023, December 22). 2023 will become the "Year of China" for the Russian car market. Reference
News. https://baijiahao.baidu.com/s?id=1785970955491394798&wfr=spider&for=pc [accessed 30 January
2024]

189 |bid 15, 6-8.
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This figure nearly matches the combined output of seats by Boeing and Airbus. With China's
domestic HSR construction nearing completion, policymakers must address the issue of high-
speed train overcapacity. Seeking overseas orders has emerged as a viable solution, hence,

China exhibits a strong inclination towards promoting the construction of the Eurasian HSR.
5.8 Summary

There are many factors driving the development of HSR in Eurasia, but from the
perspective of urgency, there are mainly the following there points:

1.Passenger Exchanges: HSR offers a faster, more efficient and convenient mode of
transportation for passengers. It re.duces travel times between cities, stimulates tourism, and
encourages business travel. With HSR, passengers can easily commute between urban centers,
improving connectivity and mobility. This increased connectivity and accessibility enhance
social and economic exchanges, fostering regional cooperation, cultural integration, and
tourism development.

2.Trade Goods Delivery: HSR can contribute to the timely and efficient delivery of goods,
particularly in intermodal logistics systems. By connecting production centers, distribution
hubs, and markets, HSR facilitates the smooth transportation of goods. It reduces transportation
costs, minimizes congestion on highways, and lowers carbon emissions associated with long-
haul trucking. Eurasian HSR can play a vital role in supporting domestic and international trade,
boosting economic growth and competitiveness.

3.Job Opportunities for Young People: HSR construction projects create a significant
number of job opportunities, particularly for young people. The planning, design, and
construction phases of the potential Eurasian HSR development require a range of skills and
expertise, including engineering, architecture, project management, and technology. This
provides employment prospects for the youth, helps address unemployment issues, and
contributes to skill development and knowledge transfer. Moreover, the operation and
maintenance of HSR systems require a skilled workforce, offering long-term job stability and
career growth.

In addition, China, as major railway powers in the region are also very interested in
promoting the construction of railways in Eurasia. Even countries are detached from the
Eurasian continent but rely more on import and export trade such as Japan and Korea, have
shown some interest.

Overall, these driving factors - passenger exchanges, trade goods delivery, and job

opportunities for young people - highlight the socio-economic benefits of HSR construction.
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They emphasize the potential for enhanced connectivity, regional development, economic
growth, and job creation, making HSR an attractive investment for governments and a catalyst
for progress.

From various indicators and data, it becomes evident that the inauguration of railway
routes linking Europe and Asia, be it for freight or passenger conveyance, holds the potential
to significantly alter prevailing cargo transportation methods and transportation efficacy. This
observation corroborates a hypothesis posited within this thesis, suggesting that the
establishment of a Transcontinental HSR possesses the capability to induce notable shifts in

regional geopolitical dynamics and the equilibrium of national power.

Chapter 6. SWOT Analysis for the Future Tendencies of the Tran-Eurasian
HSR

At present, the two largest areas in the world with HSR (HSRs) are Northeast Asia and
Western Europe. HSRs are interlaced within these two regions, and the railway networks are
well developed. At the junction of Eurasia, the few countries that use HSRs are scattered as
Figure.6-1 shown. The mileage of HSRs in these countries is insufficient, and HSR networks
have not been formed; the HSR network is "fragmented"”. Commitment to the Eurasian HSR

and high-level connectivity is far-reaching. Although there is currently no specific project plan
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or draft proposal for a Eurasian HSR, some countries in Eurasia have forwarded their own

internal HSR plans in an important position.

Figure.6-1 Countries with HSRs by 2023
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Source compiled from Compiled by UIC. (2022), Altas: High-Speed Rail 2023. UIC Publishing, 18-19.
https://uic.org/IMG/pdf/atlas_uic_2023.pdf [accessed 30 January 2024]

6.1 Initiated Routes for the Eurasian HSR

The primary goal of the New Eurasian HSR is to accelerate the process of Eurasian
integration and to promote the development of Eurasian hinterland areas through a railway
network that is highly efficient and safe while covering a sufficient population area. Therefore,
elements such as economic vitality, population indicators, distance from the ocean, and
resource-rich regions should be considered in terms of route planning.

For thousands of years, the central core area of Eurasia played a significant role in global
trade along the ancient Silk Road. From a geographical point of view, it is also an area that is
difficult to traverse from one end to the other using only land transportation.

With the expanding population, residents in the central core area of Eurasia have
increasingly demanded more convenient means of travel as well as further economic
development. Residents have acknowledged HSRs and accepted the idea of new HSR
transportation models due to domestic implementation and close contact and communication
with HSR-developed areas such as East Asia and Western Europe.

Major cities in the central core area of Eurasia are gradually developing and growing,
which is different from the reverse urbanisation process observed in developed countries. Many

Eurasian central cities are continuously expanding, their urbanisation rate is gradually
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increasing, and their population distribution is relatively dense. In recent years, an increasing
number of local citizens who lived abroad chose to return to their hometowns for employment
and entrepreneurship. The actual residential population in these areas has increased as a
consequence. In addition, the population circumstances of Central Eurasian countries have also
changed significantly. For example, the total population of the five Central Asian countries
continues to increase,*® currently nearing 70 million people,'®* the Iranian population has
also exceeded 80 million,'*? Turkey has a population of more than 80 million, and Pakistan,
which borders on Central Asia has a population of 212 million.. Ample labour and a relatively
stable and peaceful political foundation provide the necessary conditions for economic vitality.
From another perspective, the population growth in the region continues, and the bulge of
young people could be seen as a potentially unstable element, especially under weak economic
conditions. The Iranian riots during Mahmoud Ahmadi-Nejad’s reign in late 2019 is one
example. The coordination between the economic growth rate, especially concerning job
creation, and the growth rate of the youth population has become a policy that must be
prioritised by local authorities. In an era of global economic growth and stagnation of resource
consumption, it is preferable for local governments to absorb investments through the
construction of infrastructure typified by HSRs to ensure employment prosperity.

In addition to the topographical factors involved, the construction of HSRs aims to
connect as many people as possible as well as cities or urban agglomerations with larger
economic aggregates. The implementer and builder of railways should create a top-level design
that affects as many countries and regions as possible and most effectively stimulates local

economic vitality through the linkage of cities and points of travel.
6.2 Scenarios for the potential routes of the Eurasian HSR

This thesis calculates four potential routes for the Eurasian HSR based on railway data,
geographic GIS data, and documents from various national railway departments. The four
scenarios are shown in the Figure.6-2 below.

Figure.6-2 Route scenarios for the potential Eurasian HSR

19 Five Central Asian Countries refers to Kazakhstan, Kyrgyzstan, Turkmenistan, Tajikistan, Uzbekistan.

191 Bce npasa samumiensl. Mcnons3yiite aktuBHyro cceuiky Ha inform.kz, http:/www.inform.kz/cn/2017-7
_a2987126 [accessed 30 January 2024]

192 Hosseini, S. D. . (21 July, 2019). The effects of energy consumption, foreign direct investment and population
growth on unemployment (the case of Iran). International Conference on New Research in Management,
Economics, Accounting and Banking.

182
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Own drawing based on photo compiled from United Nations, Department of Economic and Social Affairs,
Population Division. World Population Prospects: The 2022 Revision. (Medium variant). Draw by Population
Pyramid.net. https://population.un.org/wpp/ [accessed 30 January 2024]

Scenario A could be considered the shortest distance initiative as Table.6-1 demonstrated.

The transiting countries and regions are relatively more stable, and project construction cost is

relatively low. Experts have pointed out that for Initiative A, 3,368 km of HSR track will have

to pass through high- and middle-risk countries and regions for HSR construction and operation.

In addition, 1,120 km of HSR track will require upgrading and reconstruction. According to

Date research coordinated by the Chinese Ministry of Railways, this accounts for

approximately 60% of the total lines.1%

Table.6-1 Scenario A for the Eurasian HSR: The Route Connects China-Kazakhstan-K
yrg-yzstan-Uzbekistan-Turkmenistan-lran-Turkey-Bulgaria-Serbia-Hungary

Nation Section Mode Longitude
China Urumgi-Horgos New Establish 687km
Kazakhstan Horgos-Almaty New Establish 340km
Kyrgyzstan Almaty-Bishkek-Tashkent New Establish 710km
Uzbekistan Tashkent-Samarkand-Bukhara Upgrade 592km
Turkmenistan Bukhara-Ashgabat New Establish 746km
Iran Ashgabat-Tehran New Establish 800km
Iran Tehran-Tabriz Upgrade 528km
Turkey Tabriz-Sivas New Establish 772km
Turkey Sivas-Ankara Under Construction 465km
Turkey Ankara-Istanbul Operational 533km

193 Jin, Jing. (2019) Research on risk evaluation of international railway construction among countries along "B
& R" initiative. [Unpublished doctoral thesis]. Research Institute of China Railway Corporation, 123.
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Bulgaria Istanbul-Sofia New Establish 550km

Serbia Sofia-Belgrade New Establish 410km
Hungary Belgrade-Budapest Upgrade 350km

New Constructed Lines 5015km
Total 7483km

Own elaboration based on source compiled from Jin, Jing. (2019) Research on risk evaluation of international
railway construction among countries along "B & R" initiative. [Unpublished doctoral thesis]. Research
Institute of China Railway Corporation, 136.
Of this, 3,050 km will pass through middle-and high-risk countries and regions, and an
additional 1,378 km will have to undergo line upgrades; standard resets should be considered
in Scenario B shown as Table.6-2. This accounts for approximately 54% of the total number of

lines.1%4

Table.6-2 Scenario B for the Eurasian HSR: The Route Connects China-Kyrgyzstan-Taj
ik-stan-Afghanistan-lran-Turkey-Bulgaria-Serbia-Hungary

Nation Section Mode Longitude
China Urumgi-Kashgar New Establish 1250km
China Kashgar-Irkeshtam New Establish 212km
Kyrgyzstan Irkeshtan-Karamik New Establish 710km
Afghanistan Karamik — Dushabe — Mazar-i-sharif New Establish 915km
Afghanistan Mazar-i-sharif - Herat New Establish 323km
Iran Herat-Mashhad New Establish 330km
Iran Mashhad-Tehran Upgrade 850km
Iran Tehran-Tabriz-Sivas Upgrade 528km
Turkey Tabriz-Sivas New Establish 772km
Turkey Sivas-Ankara Under Construction 465km
Turkey Ankara-Istanbul Operational 533km
Bulgaria Istanbul-Sofia New Establish 550km
Serbia Sofia-Belgrade New Establish 410km
Hungary Belgrade-Budapest Under Construction 350km
New Constructed Lines 5472km
Total 8198km

Own elaboration based on source compiled from Jin, Jing. (2019) Research on risk evaluation of international
railway construction among countries along "B & R" initiative. [Unpublished doctoral thesis]. Research
Institute of China Railway Corporation, 136.

Table.6-3 demonstrates Route Scenario C, it will have 2,191 km passing through middle-
and high-risk countries and regions for HSR construction and an additional 1,378 km upgrade
section. This accounts for approximately 47.5% of the total line. However, this plan entails
passage through Afghanistan, the country with the highest risk factor. Peace and stability have
not yet been achieved in Afghanistan. Even in the beginning of 2020, terrorist attacks were

often a significant security threat and challenge for this fragmented country.

Table.6-3 Scenario C: The Route Connects China-Afghanistan-lran-Turkey-Bulgaria-Ser
bia-Hungary

9% 1bid.193, 137.
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Nation Section Mode Longitude
China Urumgi-Kashgar New Establish 1250km
China Kashgar-Wakhan Pass New Establish 380km
Afghanistan Wakhan Pass — Mazar-i-sharif New Establish 766km
Afghanistan Mazar-i-sharif — Herat New Establish 323km
Iran Herat-Mashhad New Establish 330km
Iran Mashhad-Tehran Upgrade 850km
Iran Tehran-Tabriz-Sivas Upgrade 528km
Turkey Tabriz-Sivas New Establish 772km
Turkey Sivas-Ankara Under Construction 465km
Turkey Ankara-Istanbul Operational 533km
Bulgaria Istanbul-Sofia New Establish 550km
Serbia Sofia-Belgrade New Establish 410km
Hungary Belgrade-Budapest Under Construction 350km
New Constructed Lines 4781km
Total 7507km

Own elaboration based on source compiled from Jin, Jing. (2019) Research on risk evaluation of international
railway construction among countries along "B & R" initiative. [Unpublished doctoral thesis]. Research
Institute of China Railway Corporation, 136.

Route Scenario D demonstrated in Table.6-4 will have 2,664 km passing through middle-

and high-risk countries, and an additional 1,649 km upgrade section, preceding a standard reset.

This accounts for approximately 52.2% of the total number of lines'®®. However, the railway

line requires construction along the plateau of the Pamirs and Karakorum Mountains with high

altitudes and large elevation gaps. This presents significant difficulties for construction projects.
From the perspective of international politics, this plan entails passage through the disputed
area of Kashmir, which presents a geopolitical risk because both India and Pakistan claim the

full sovereignty of Kashmir.

Table.6-4 Scenario D: The Route Connects China-Pakistan-lran-Turkey-Bulgaria-Serbia-

Hungary
Nation Section Mode Longitude
China Urumgi-Kashgar New Establish 1250km
China Kashgar-Khunjerab Pass New Establish 380km
Pakistan Khunjerab Pass-Islamabad New Establish 480km
Pakistan Islamabad-Quetta New Establish 680km
Pakistan Quetta-Zahedan New Establish 732km
Iran Zahedan-Tehran Upgrade 1121km
Iran Tehran-Tabriz Upgrade 528km
Turkey Tabriz-Sivas New Establish 772km
Turkey Sivas-Ankara Under Construction 465km
Turkey Ankara-Istanbul Operational 533km
Bulgaria Istanbul-Sofia New Establish 550km

19 1bid.193, 182-183.
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Serbia Sofia-Belgrade New Establish 410km

Hungary Belgrade-Budapest Upgrade 350km
New Constructed Lines 5254km
Total 8251km

Own elaboration based on source compiled from Jin, Jing. (2019) Research on risk evaluation of international
railway construction among countries along "B & R" initiative. [Unpublished doctoral thesis]. Research
Institute of China Railway Corporation, 138.

Compared with the existing northern route that transits through Russia, the proposed four
scenarios of a southern route that passes through the core region of Eurasia are believed to be
more conformant to the development requirements of the region. More importantly, these
routes offer a brighter future for the wellbeing of all mankind from the perspective of regional
integration.

In the case of high-speed trains running at a speed of 200 km/h, a potential HSR mainline
could deliver passengers from Xinjiang, China, to Turkey in 40 hours in any scenario. The
fastest train ride that passes through Turkey and arrives in Central and Eastern Europe will be
shortened to approximately 38 hours. In the circumstance of adopting the 250 km/h standard,
it would take about 30 hours to travel from the western border of China to the central and
eastern regions of Europe. A 300 km/h train can deliver passengers from Asia to Europe in 25
hours.

This potential HSR network would greatly shorten the time cost and encourage a large
number of people to be more mobilemove while allowing the transport of valuable goods to
shift from maritime shipping to railway express between Europe and Asia.

Based on these four possibilities, this thesis sought the relevant experts about the
feasibility of the operation and devised the following radar chart as shown in Figure.6-3
through questionnaires and data.

Figure.6-3 Radar Analysis Chart of the Four Scenarios
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While Scenario A has advantages in other aspects, it presents the greatest difficulty for
coordination due to the many countries the route passes through. Scenarios B and C have no
comparative advantage. Scenario D has apparent advantages in terms of coordination
convenience and population coverage due to its route through Pakistan. However, due to the
fluctuating terrain, the route crosses the Karakoram Mountains, and construction would thus

be more difficult.
6.3 SWOT Analysis of a Potential Eurasian HSR

To further verify the feasibility of the Eurasian HSR, a quantitative matrix SWOT analysis
was performed with expert consultation. In this chapter, the SWOT analysis of the Eurasian
HSR is carried out (see Figure.6-4), and the internal factor evaluation (IFE) matrix and the
external factor evaluation (EFE) matrix are used to analyse the various factors that affect the
construction of the Eurasian HSR. Six experts with rich experience in the construction of
international HSR projects and international relations were invited to score various factors,
with scores ranging from 1 to 4, representing very poor, poor, good, and very good. The final

score is based on the result of the average score evaluated by the six experts.

Figure.6-4 SWOT matrix for the potential Eurasian HSR
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6.3.1 Advantage Analysis of the Eurasian HSR: Strengths

(1) Policy support at the top level of design. Scholars and institutions have been
proposing a Eurasian HSR project since the 1980s. Japanese, European, and Chinese leaders
have deeply pondered and conducted research on the related routes. Governments along the
route have also expressed a welcoming attitude towards the HSR concept. The establishment
of international financial institutions such as the Asian Development Bank and the Asian
Infrastructure Investment Bank has also contributed to the fulfilment of the Eurasian HSR
project. This reflects that support from top-level policy is present and can affect the realisation

of a Eurasian HSR plan to a certain extent. After a review by six experts, this factor had a

weight of 0.10, a score of 3, and a weighted score of 0.30.

(2) The unit construction cost of an HSR could be reduced with large-scale
implementation. In the early days of HSRs, the extremely high cost of rail line construction
and the purchasing of bullet trains deterred some countries from investing in such projects.
China has reduced the construction costs of HSRs in terms of both, infrastructure construction
and the price of related equipment, after its large-scale popularisation of HSR. In 2014, the
World Bank published a report on China’s HSR construction costs. The data indicated that the

construction costs of HSR projects for train speeds of 350 km/h in China were just 43% of the
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cost of construction of international HSR projects®®. The construction costs of HSR projects
for train speeds of 250 km/h were 30% of the average cost of international HSR projects.'®” In
addition, according to relevant data, the comprehensive cost of China’s HSR in terms of civil
work and train vehicles is only 1/3—1/2 of that of the rest of the world.’%® The first overseas
HSR project contracted by China, the second phase of the Turkish Ankara-Istanbul HSR,
calculates the cost of 50 million yuan per kilometre, which is much lower than the international
construction cost. As construction costs are lower compared to other countries, the fares of
China’s HSR are bound to be competitive. For example, China’s HSR fares are 7 cents per
kilometre, while those of Spanish HSRs are 25 cents per kilometre, French HSRs are 27 cents

per kilometre, and Japanese HSRs are 30 cents per kilometre on average.

Table.6-5 HSR Fare Comparison of Representative States

Nation Fares per Kilometer GDP per Capital in 2019
Japan 30 Cents USD 40,846
France 27 Cents USD 41,760
Spain 25 Cents USD 29,961
China 7 Cents USD 10,098

Own elaboration based on source compiled from Jin, Jing. (2019) Research on risk evaluation of international
railway construction among countries along "B & R" initiative. [Unpublished doctoral thesis]. Research
Institute of China Railway Corporation, 138.

It can be seen that the low construction costs of China’s HSR are an important advantage
for the expansion of HSR networks worldwide as long as China is willing to participate in the
construction of the international railways. In general, China’s exploration of HSR construction
and technology provides more possibilities for potential HSR projects in other countries
worldwide. After the review by six experts, this factor had a weight of 0.15, a score of 4, and a

weighted score of 0.60.

(3) The technical obstacles for HSRs have been eliminated. Following the 2010s, the
world of HSRs entered a period of vigour, as many countries have built and operated HSRs in
areas that had not been previously explored. For example, China’s Lanxin HSR, the Moroccan
HSR, and the Saudi HSR have operated prosperously in the desert in the past decade. HSRs
operated by various states has been proven to work well in plains, mountains, seas, karst

landforms, extremely cold tundra, and high-temperature environments worldwide. This text

19 Gerald Olivier., Richard Bullock., Ying Jin and Nanyan Zhou. (2014) HSR in China: A Look at Traffic, China
Transport Topics No. 11(3), World Bank office Beijing. 2014. 8-9.
https://documents1.worldbank.org/curated/en/451551468241176543/pdf/932270BR10B0ox30ffic020140final
000EN.pdf [accessed 30 January 2024]

197 1pid.193, 123.

198 | awrence, M., Bullock, R., & Liu, Z..(2019). China’s high-speed rail development. World Bank Publications,
68-69.
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highlights China's exploration in this area. China's HSR network has traversed nearly all types
of topography globally, offering a plethora of viable solutions for HSR construction over the
past decade.

In terms of bullet train technology and manufacturing, European and Asian scientists and
engineers have come up with different solutions with their own unique characteristics. From a
technical point of view, high-speed EMU technology above 300 km/h has been innovated by
humans, and it has been proven to function well, as long as the corresponding railway
infrastructure is available. In addition, humans have developed double-decker cars, sleeper cars
as Figure.6-5 shown, cargo cars, dining cars, vehicle carrier cars, and even variable marshalling
EMUs. Human beings have the ability to manufacture rolling stocks, whether they are double-
decker trains with a passenger capacity of more than 130 passengers in a single car or a
conference car that includes a private space.

Figure.6-5 Couche Design of the next generation CRRC CR450

Source compiled from CR. Tangshan. (2019 February 24). China's first modular 350km/h standard EMU
released. Press of CRRC Group. https://www.bilibili.com/read/cv2144754/. [accessed 30 January 2024]

In terms of HSR signals and the technology of train control systems, both Asian and
European HSRs have overcome technical obstacles. China’s CTCS3 can guarantee the safe
operation of the train under the standard speed of 350 km/h. The European ETCS2 system can
also meet the 300 km/h standard. It is widely recognised by scientists that the coverage and
application of future 5G networks may further improve the timeliness and accuracy of data
transmission during the operation of the train, and this will promote faster and safer operation
for HSR operators. Therefore, these technical aspects have become a major advantage for the
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Eurasian HSR. After the review by six experts, this factor had a weight of 0.15, a score of 4,

and a weighted score of 0.60.

(4) Rich operational experience and strong production capacity within the Eurasian
continent. Presently, nearly all HSR systems worldwide are operational on the Eurasian
continent, with the exceptions of Morocco and Saudi Arabia. Throughout the development
process, a wealth of operational experience and knowledge has been accumulated. Incidents
and failures occurring in various countries have driven improvements in HSR safety standards,
enhancing their reputation as secure modes of transportation. For instance, following the 1998
German ICE accident, extensive wheel and rail inspections for metal fatigue were implemented,
while the '723 YongWen CRH accident' in 2011 led to upgrades in train signal control systems.
The railway departments of Northeast Asian and Western European countries maintain
considerable expertise in HSR operations management, which could greatly benefit the
potential Eurasian HSR network.

In terms of the scale of high-speed train manufacturing, it is no exaggeration to say that
Asian and European countries account for 98% of the global HSR rolling stock market as

Figure.6-6 demonstrated.

Figure.6-6 Split by Country of the World Rolling Stock Fleet
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Source compiled from Compiled by UIC. (2022), Altas: High-Speed Rail 2023. UIC Publishing, 69.
https://uic.org/IMG/pdf/atlas_uic_2023.pdf [accessed 30 January 2024]
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In terms of rolling stock manufacturing capacity, it would not be incorrect to say that
Asian and European countries account for 100% of the global HSR market. Alstom, Siemens,
Bombardier, Talgo, CRRC, Kawasaki, and Hitachi, prominent companies from Europe and
Asia, collectively manufacture the majority of the world's HSR rolling stock. Among them, the
CRRC is particularly prominent. It produced nearly 400 rolling stocks in 2017 alone, which
was far ahead of the others combined.®® Considering that the average number of seats in a
high-speed train is 800, the total passenger seat productivity capacity could reach 320,000
passenger seats per year,?® which is greater than the capacity of seats contributed by the two
major aviation giants, Boeing and Airbus, in peak years.

The Eurasian HSR has great potential with analyses from the perspective of HSR

equipment manufacturing and production capacity. After the review by six experts, this factor

had a weight of 0.10, a score of 3, and a weighted score of 0.30.

6.3.2 Advantage Analysis of the Eurasian HSR: Weaknesses

(1) A shortage of talent in the core area of Eurasia. The Eurasian HSR project will
inevitably traverse the expansive core region of Eurasia, encompassing countries characterized
by relatively low levels of educational attainment and industrialization. These nations lack the
autonomous research capabilities and manufacturing prowess requisite for the development of
high-speed Electric Multiple Unit (EMU) rolling stock. Moreover, many countries in this
region struggle to maintain their conventional domestic railway networks, let alone cope with
the heightened technological demands and engineering complexities associated with HSR
infrastructure. For instance, Turkey's endeavor to establish an HSR line involved the
engagement of foreign contractors and the procurement of foreign rolling stock. However,
operational mishaps have been recurrent, primarily attributable to deficiencies in management
practices. The scarcity of HSR expertise within the core Eurasian territories serves as a limiting
factor in the realization of such endeavors. Based on the review of six experts, this factor had

a weight of 0.15, a score of 2, and a weighted score of 0.30.

(2) Political instability. Countries in the region generally have an unreasonable economic
structure and rely heavily on energy exports. The ability to withstand economic risks is weak
when the global economy is unstable. The economic situation is related to stability within the
country and whether political order can be maintained. The internal situation in some countries

in the region is turbulent, and there have been irreconcilable contradictions between the ruling

1% |bid.15, 6-8.
20 1hid.15, 6-8.
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governments and the opposition. In addition, religious contradictions, extremism, and terrorism
are also main threats that affect the region’s peace and stability. In addition, interference and
intervention from extraterritorial forces may cause further political instability. For geopolitical
reasons, some external hegemonic forces continue to seek political presence in the core areas
of Eurasia, and this influences the regimes and governments in the regions through various

economic, financial, and social means. After the review by six experts, this factor had a weight

of 0.15, a score of 2, and a weighted score of 0.30.

(3) Unity of railway standards in the Eurasian continent. There is poor connectivity
among the railways in the core region of Eurasia. This is due to stark differences in technical
standards among the countries, and they are still the main obstacles for further integration
between trans-continental rail transport networks. Europe, China, Iran, and Turkey have
standard gauge railways (1,435 mm), but the former Soviet Union states use a wider gauge
(1,520 mm) as Figure.6-7 shown in the next page. The difference in power supply standards
also magnifies the drawbacks of these standards. The non-unity of railways is a prominent
negative factor that hinders the development of a Eurasian HSR because the wheels and bogies
of the railway system cannot be changed in a short time. There are only two solutions to this
problem. The first is to implement the global standard rail on the new HSR trunk line. The
other is to develop a variable-standard high-speed EMU rolling stock that adapts to the changes
in gauge; however, in this way, the rail gauge change procedure would come with large time
costs and increase the maintenance costs for the variable rail gauge rolling stocks. The current
status quo is that countries located in geographical corridors with wide rails of 1,520 mm would
not have the means to change to 1,435 mm standard rails, and the two ends of Eurasia that use

standard rails would have limited influence on the core area of Eurasia. After the six experts

reviewed, this factor had a weight of 0.20, a score of 1, and a weighted score of 0.20.

In summary, it can be seen that the weighted value of the internal environment of the
Eurasian HSR project is 2.60 as Table.6-6 demonstrated in the next page, which is higher than
the average of 2.50, indicating that the internal advantages of the Eurasian HSR and the HSR
industry are only slightly higher than the average level, and there is room for improvement.

Figure.6-7 Gauge Differences Across the Eurasian Continent
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Table.6-6 The IFE Matrix Model for the Eurasian HSR from the Perspective of
Strength and Weakness

Elements Weights  Score (1-4) Weighted value
Policy support 0.10 3 0.30
Decline of Construction cost 0.15 4 0.60
Elimination of Tech-obstacles 0.15 4 0.60
Strength - - -
Rich operational experience and strong
. 0.10 3 0.30
manufacture capacity
Subtotal 1.80
Shortage for talents 0.15 2 0.30
Weakness Political instability 0.15 2 0.30
Non-unity of railway standard 0.20 1 0.20
Subtotal 0.80
Overall ratings Total 2.60

Source: own elaboration.
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6.3.3 Advantage Analysis of the Eurasian HSR: Opportunity

(1) Strong demand for railway infrastructure. Many countries in the core area of
Eurasia still rely on backward infrastructure because their unsatisfactory economic conditions
limit the development of effective infrastructure such as railway networks. However, the
willingness to build and develop a railway transportation network has always been a priority
for rational regimes and governments. Global economic instability has prompted major
countries in the core area of Eurasia to promote economic development and conduct stimulus
measures that expand employment, which increases the possibility of international cooperation
in HSR construction to a certain extent. However, many political institutions in developing
countries with insufficient infrastructure are unstable, which worsens infrastructure
construction. These countries urgently need external funding to solve their infrastructure
problems, but external funders are wary of investing in the infrastructure of countries with an
unpredictable political climate. This seriously affects the possibility of external investment in
infrastructure for such countries. For example, the Thai railway system was mainly built from
the end of the 19™ century to the end of the Second World War. Some railway lines used the
1,435 mm standard gauge at first, but in 1919, the 1,000 mm gauge meter rail became the
national standard of the country. Owing to the backward infrastructure, especially the serious
subsidence of railroad tracks, railway accidents frequently occurred. Trains usually have a
speed of less than 50 km/h, and some sections are less than 15 km/h in terms of railway
operating efficiency. Therefore, the systematic transformation of the Thai railway has been
imminent for decades. Successive governments have considered transformation, but in the face
of huge projects and costly expenditures, the railway upgrade project has been stagnant for
several decades. In May 2014, the Thai military launched a coup to control state power, and
the Yingluck government stepped down. All previous agreements had to be redefined, and the
Sino-Thai HSR cooperation project was stranded. Although the project has experienced
repeatedly delayed developments due to political changes, the new Thai military government
is still actively promoting the construction of HSRs. This proves that the desire for
infrastructure development remains unchanged regardless of the political orientation of the
leadership group.

Saudi Arabia’s first HSR, the Medina Mecca HSR, is an example of Asia—Europe
cooperation. The Chinese construction team was responsible for infrastructure construction,
while the Saudis purchased European high-speed rolling stocks and related signal control
systems. The construction of HSRs in underdeveloped areas is beneficial to the construction
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sector and is more conducive to HSR equipment manufacturers such as Siemens, Alstom, Talgo,
Bombardier, and CRRC.

It is generally believed that the Eurasian HSR would greatly alleviate the infrastructure
construction deficits in these countries and enhance their construction, improve the railway
transport capacity through the interconnectivity of major cities and commercial centres, and
promote comprehensive economic development in these countries.

In 2020, human society encountered the unprecedented COVID-19 pandemic. The reality
behind the large number of deaths due to the pandemic is that the global economy has suffered
a waterloo-style fiasco. In response to the economic difficulties in the post-pandemic era,
governments around the world have successively introduced many economic stimulus plans to
help the economy recover quickly. An important area of economic stimulus policies in various
countries is transportation infrastructure, such as in Poland, Bangladesh, Turkey, Iran,
Kazakhstan, and China.

The historical record of human economic endeavors underscores the considerable positive
impact of large-scale infrastructure initiatives on economic development. Against the backdrop
of extensive relief fund allocations in response to the pandemic across numerous nations, there
exists a heightened risk of arbitrary fund allocation and profit-seeking activities, potentially
exacerbating imported inflationary pressures and undermining global economic stability.
Amidst such circumstances, large-scale infrastructure projects emerge as one of the few
tangible endeavors capable of absorbing substantial funding. Consequently, the proliferation
of economic stimulus measures worldwide is poised to expedite investment in railway
infrastructure, both directly and indirectly. This dynamic serves as a catalyst for advancing the
Eurasian HSR project, offering considerable support and impetus to its realization. After the
review by six experts, this factor had a weight of 0.10, a score of 3, and a weighted score of
0.30.

(2) The rise of the air-rail intermodal transportation and the TOD model. The

development of shipping provides an initial platform for economic globalisation at the
beginning of the human industrialised civilisation era. Cities in coastal areas have become the
gateway for all countries and regions to gather resources and connect with the world. With the
globalisation of the economy and the development of industrial sectors, some of the resources
and elements have been moved from coastal cities to the more inland core areas consisting of
aviation and HSR hubs. Hubs in inland areas benefit from the development of transportation
technology, such as the aviation industry and the transformation of HSR to a certain extent.
HSR can reshape the pattern of economic geography to a certain extent

196



Although there is a strong competitive relationship between HSR and aviation, the
positive effect they both have on social-economic development cannot be ignored. The
introduction of the Air-Railway intermodal approach is based on the original intention of
playing the advantages of both, minimising the disadvantages of both, and ultimately
coordinating to promote social progress. The purpose of this mode of transportation is to
achieve seamless transit between large aviation hubs and HSR stations.

The HSR network mainly services domestic or short-distance passenger transportation,
while the hub airport focuses on international transportation and domestic long-distance
transportation. Transportation with specific facilities could exert the ‘efficiency plus speed’
advantage and expand the respective coverage of air and railway transportation by the linking
the air-rail intermodal transportation. The infrastructure requirements for air-rail intermodal
transportation state that airport and HSR stations must be in the same place. Drawing on the
successful air-rail experience of Shanghai Honggiao Hub, China’s Beijing Daxing Airport has
made innovations in the top-level design of the planning stages, allowing China to establish an
HSR with a speed of 350 km/h under the airport, one of the world’s largest airports.

Traffic design planning, such as air-rail intermodal transportation, can be regarded as a
type of transit-oriented development (TOD) mode. However, the TOD model, in a broad sense,
mainly plays a pivotal role in the urban transportation network of the city centre and also
promotes interactions between regional commercial liquids and traffic flow, given that it is one
of the most representative models of new urbanism. It is currently widely used in urban
development, especially in areas where cities have not yet been developed. This model is of
great significance to the central area of Eurasia, where urbanisation is still in progress. After
the review by six experts, this factor had a weight of 0.15, a score of 4, and a weighted score
of 0.60.

(3) Potential efforts for the containment of global warming. HSR is an energy-saving,

environmentally friendly, and fast-moving mode of transportation, and the development of
HSR is inevitably in line with the international requirements for a low-carbon economy for
lower pollution, lower fossil energy consumption, and lower emissions. The permanent magnet
traction motors assembled in HSR rolling stocks consume much less electricity than other
modes of transportation. According to the unified energy consumption standard to calculate the
unit energy consumption of different modes of transportation, the energy consumption of HSRs
is 1, the energy consumption of vehicles is 5.3, and the energy consumption of aircrafts is
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5.6.201 HSR consumes a small amount of oil, while cars, ships, and planes need to consume
large amounts of oil. The operation of HSR could reduce dependence on oil for oil-deficient
countries and protect energy and natural resources. It is worth mentioning that the countries
with rich solar energy resources in the core area of Eurasia are conducive to the development
of solar power as one of the main parts of green energy that meets the requirements of HSR

operation and equipment utilisation (see Figure.6-8).

Figure.6-8 World Map of Direct Normal Irradiation
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Source compiled from iMaps, Solar GIS. https://solargis.info/imaps/ [accessed 30 January 2024]

Countries surrounding the Eurasian HSR would have a chance to grasp the opportunity
and investment incentives for the construction of solar power plants to make better use of the
abundant solar energy resources.

In the construction of HSR projects, it is possible to reduce the occupation of cultivated
land, avoid densely populated areas, and reduce environmental pollution by replacing roads
with bridges and viaducts. Therefore, the development of an HSR is an inevitable choice for
conserving natural resources, energy, and balance between development and environmental
protection, as well as for conforming to the requirements for establishing a low-carbon,

environmentally friendly society. After the review by six experts, this factor had a weight of

0.10, a score of 4, and a weighted score of 0.40.

(4) An aging society brings more demand for tourist consumption. Most countries in
Western Europe have become aging societies, and the developed economies in East Asia are

201 bid.1, 88-90.
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also entering an aging stage as demonstrate by Figure.6-9. China is also rapidly turning into an

old-age society.

Figure.6-9 Population pyramid of Western Europe and East Asia by 2019
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Source compiled from Population pyramid. https://www.populationpyramid.net/ [accessed 30 January

2024]

Nevertheless, aging means that the economic growth rate tends to be stable and even
decline, which also means an increase in consumer demand, especially with respect to Eurasian
tourism, as retired groups wish to enjoy their free time and remaining vitality. The most
important factor for the elderly is comfort and safety in the process of travelling. HSR is a safe
and comfortable means of transportation that satisfies the requirements of the elderly
generation. Considering the physical health factors in the elderly populations and the
psychological impact of ‘Aviophobia’, the aging and potential aging society provide must
consider the development of a Eurasian HSR. In addition, the COVID-19 pandemic has
restricted travel worldwide. In the post-pandemic era, the disappearance of suppressed travel
will inevitably have a positive impact on long-distance transportation. For example, there has
been a recent influx of tourists in north-western China’s provinces, which are quite far from

the economic core. After the review by six experts, this factor had a weight of 0.10, a score of

3, and a weighted score of 0.30.

(5) The backbone of the potential global HSR. In view of how some countries in Europe,
Asia, and Africa have begun to write HSR construction into their development plans, it is
possible to build a global HSR network based on the Eurasian HSR model as the foundation
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for the future. At present, Morocco’s HSR has been put into operation. Egypt’s HSR is in its
planning and pre-construction preparation stages. Israel has proposed ambitious efforts to
penetrate the country ‘s north—south HSR network. In the future, these lines have the possibility
of docking with the Eurasian HSR arteries and will exert greater economic and social effects.

After the review by six experts, this factor had a weight of 0.10, a score of 3, and a weighted

score of 0.30.

Figure.6-10 Sketch Map of HSRs in the Gulf Area by 2019
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6.3.4 Advantage Analysis of the Eurasian HSR: Threats

As a grand initiative involving many countries with various cultural backgrounds on two
continents, the Eurasian HSR proposal is bound to face multiple threats and challenges.

(1) Deficiencies in coordinated planning organisations. At present, the most influential
organisation in the railway field is the UIC, founded in Europe. The background of this
establishment was to promote the integration of railways in Europe. With the spread and
development of railway technology, its influence has also been enhanced. At present, most
countries and railway institutions worldwide have joined the organisation. However, this

organisation does not bind to member states and member railway companies, because apart
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from the European Union, there is no wider international organisation endorsing it. In the field
of rail transport, there is no global institution equivalent to the likes of IATA in the aviation
field. The lack of a universal international organisation responsible for the design planning,
coordination, and implementation of oversight clearly constrains the development of HSR
connectivity.

The railway development strategies pursued by different nations are characterized by their
independent nature and lack of transparency. Such fragmentation and opacity in planning are
evidently incongruent with the collective welfare of humanity. When countries allocate
resources to undertake redundant railway constructions characterized by varying standards and
divergent conceptualizations of HSR development, it undermines the broader objectives of
fostering global cooperation and sustainable infrastructure development. After the review by

six experts, this factor had a weight of 0.15, a score of 2, and a weighted score of 0.30.

(2) Deficient experience in dispatching and operations for long-range transnational
HSR. At present, Europeans have accumulated experience in cross-border HSR operations
through Eurostar, SNCF, and DB. The Chinese operate the world’s longest high-speed train
which travels nearly 3,000 km in 16 hours. However, both ends of Eurasia lack relevant
experience across multiple countries. In the process of cross-border HSR operations, various
problems can occur. For example, how to perform maintenance for high-speed trains running
for up to 8,000 km, how to distribute ticket profits for each country, how to arrange rolling
stocks according to the different levels of priority, and how to arrange crews. These are all
problems that should be considered by the Eurasian Railway industry practitioners. After the
review by six experts, this factor had a weight of 0.15, a score of 2, and a weighted score of
0.30.

(3) Comparative high fares of HSR in long-range transportation. Currently, global

HSR fares are not low, and most HSR fares are priced by mileage. Long-distance HSR means
higher prices.

Taking Beijing-Shenzhen in China as an example: a sleeper train with a speed of 250 km/h
costs 1000rmb?°? (130 EUR, 140 USD) for 2,400 km, and a 300 km/h high-speed train for the
same mileage costs 936rmb (120 EUR, 130 USD). The former refers to sleepers that are more
expensive than second-class seats. It is commonly believed that the distance between the
Urumgi and Istanbul links by the Eurasian HSR could be approximately 6,000 km according
to the geographical and demographic data of Eurasia, which means a the one-way ticket would
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cost about 2,500rmb (320 EUR, 350 USD). A round-trip ticket would cost approximately
5,000rmb (640 EUR, 700 USD) for a sleeper. The train connecting China’s Urumqi and
Budapest runs for approximately 8,400 km. A one-way sleeper costs approximately 3,500rmb
(450 EUR, 490 USD), and the round-trip fare is 7,000rmb (900 EUR, 980 USD) according to
the fare standards of China’s HSR. This fare has no advantage over the fare of aviation
transportation, especially for some discount economy class seats, let alone with the increased
expenditures on infrastructure costs in actual future operations. It is widely agreed that the
Eurasian HSR does not have an absolute comparative advantage in fares in the circumstances

of long-range passenger transportation. After the review by six experts, this factor had a weight

of 0.20, a score of 2, and a weighted score of 0.40.

(4) Uncertainty and instability of financing methods for the Eurasian HSR. It is
generally believed that the main network of the Eurasian HSR connecting Urumgi and
Budapest is approximately 8,400 km. The construction of the Eurasian HSR would cost 1.4
billion RMB (180 billion EUR, 200 billion USD) by estimated 167 million RMB per
kilometre,?® even if based on China’s HSR construction prices, which are considered the
lowest in the world. The enormity of the required investment renders it evidently unattainable
for any single nation. While established global financial institutions exert some influence, the
nations encompassed by the proposed Eurasian HSR route predominantly exhibit low
creditworthiness and political instability, aligning poorly with Western mainstream values.
Consequently, Western capital infrequently flows into the core Eurasian regions. This
confluence of stringent political stances and financing challenges ensnares the region's
countries in a quandary regarding funding.

Under the circumstances of the current chaotic world trade and financial orders, the raising
of large amounts of foundation presents a huge challenge for the Eurasian HSR project.

Some cases of infrastructure projects that adopted the traditional BOT and BOOT models
for building international HSRs have indicated that only HSR operating income can fulfil the
funds, and it is difficult to obtain revenue in a short period of time. Maintenance fees and
passenger traffic in the operation of HSR will affect the revenue of HSR projects, and these
two elements have certain uncertainties. It is difficult to recover construction costs and obtain
revenue in a short period of time. Therefore, all types of capital should be treated with caution
for investing in a large-scale infrastructure project such as the HSR. After the review by six

experts, this factor had a weight of 0.20, a score of 2, and a weighted score of 0.40.

203 1hid.10, 10-12.
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(5) Conflicts between regions. In some cases, the political conflicts involving local
interests have led to reduced progress and implementation of HSRs. The construction of HSRs
inevitably produces social imbalances between the regions. For example, in regions where
HSRs have developed rapidly, the areas where the stations are located have good development
momentum, while other surrounding areas, talents, and funds have been siphoned. The political
conflicts between neighbouring regions and the levels of leadership have led to unproductive
planning, slow construction, delays in construction, construction waste, and poor economic

benefits. After the review by six experts, this factor had a weight of 0.20, a score of 1, and a

weighted score of 0.20.

Table.6-7 The IFE Matrix Model for the Eurasian HSR from the Perspective of
Opportunity and Threat

Elements Weights Score (1-4)  Weighted value
Large-scale infrastructure construction is

critical to Global Economic Recovery 0.10 8 03
The rise of Air-rail intermodal
transportation and TOD model 0.15 4 0.6
Potential effort for the Containing of
Global Warming 0.10 4 04
Opportunities  Aging society brings more demands of 0.10 2 0.2
tourist consumption ) )
Potential backbone of the future global
HSR network 0.10 8 03
Large-scale infrastructure construction is 0.10 3 03
critical to Global Economic Recovery ) )
Subtotal 1.80
Deficient in coordinative planned
organization 0.15 2 03
Deficient experience of dispatching and
operational for long-range Transnational 0.15 2 0.3
HSR
Threats Comparative hlgr_l fare of HSR in long- 0.20 2 04
range transportation
Uncertainty and instability of financing
methods for Eurasian HSR 0.20 2 04
Conficts between regions 0.20 1 0.2
Subtotal 1.30
Overall ratings Total 3.10

Source: Own elaboration.

In summary, it can be seen that the weighted value of the external environment of the
Eurasian HSR project is 3.10 as Table.6-7 shown, which is higher than the average of 2.50,
indicating that the external advantages of the Eurasian HSR are higher than the average level,
and there is sufficient space for improvement and project development.
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6.4 Field Research of the Potential Trans-Eurasian HSR

Quantitative method: From June 1, 2022, to October 1, 2022, the author conducted a
survey to gauge expectations regarding the HSR. The primary objective of this survey was to
gain deeper insights into the expectations and perspectives of residents in major cities across
Europe and Asia regarding the future of the Eurasian HSR.

This inductive interview selected Warsaw, Wroctaw, Berlin, Frankfurt, Prague, Beijing,
Shanghai, Guangzhou, and Xi'an as research locations. These cities were chosen for their
representative status in terms of economy, culture, and other relevant aspects, as well as their
ability to reflect the diverse cultural backgrounds of both Europe and Asia. The interviewees
for this survey primarily consist of passengers at airports and train station terminals, as these
individuals are more actively engaged in public transportation.

In each city, the survey involved the random selection of citizens aged between 20 and 60
for street interviews, resulting in a total of 507 valid samples. This sampling approach was
employed to ensure that the collected data accurately reflected the perspectives of individuals
from various age groups and social backgrounds. To evaluate the level of acceptance and
anticipation regarding the Eurasian HSR among the global population, this thesis employed a
questionnaire. Among the participants in the survey, 66.01% were residents of the Asia-Pacific
region, 4.15% of Central Asia and West Asia, 21.75% of Europe, 0.98% of Africa, 6.72% of
the Americas, and 0.4% of Oceania. The survey questionnaire and data results are presented in
the attachment.

Furthermore, the author implemented a QR code scanning method, enabling respondents
to conveniently and swiftly answer questions, thereby enhancing the efficiency and precision
of the survey.

The primary objective of this survey is to acquire a comprehensive understanding of the
public's expectations regarding the Eurasian HSR and their preferences for potential flight
arrangements. Through this methodology, we aim to furnish valuable reference data for
planners and decision-makers involved in the Eurasian HSR project, with the intention of better
aligning project initiatives with public needs.

According to the survey results as of the 1% of October, 2022, the following highlights are
summarised:

1. People around the world generally have high acceptance and familiarity with HSRs,
especially residents of Asia and Europe.
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2. Although the vast majority (77.66%) of people selected public transportation and
private cars for work and daily transportation, more than half (50.99%) expressed a preference
to for HSR trains for long-distance journeys.

3. 81.23% of respondents believed that the safest mode of transportation is railway
(including HSR).

4. 62.85% of the respondents believed that the most relaxing and comfortable means of
transport for travel is the HSR.

5. Regarding the question of the first choice of transport when travelling with family
and relatives on the weekend, the number participants who chose HSRs (45.26%) exceeded the
number of people who chose planes (36.17%). This dissertation suggests that these data reflect
the negative social effects caused by the recent crash accidents involving the Boeing 737MAX.

6. Of the respondents, 88.96% believed that their estimated HSR operating speed
should exceed 300 km/h. Among them, 34.52% supported that the HSR operating speed should
exceed 350 km/h, which indicates that most of the existing global HSR services have not

reached the passenger’s expected speed.

What is, in your estimation, the cruising speed for HSR?  ( As contemporary technology limits the
maximum speed to 400km/h) [Single Choice]

Options Subtotal Percentage
200-300km/h 56 a 11.05%
300-350km/h 276 [ ] 54.44%
350-400km/h 175 L] 34.52%
Effective Number 507

7. Eighty-one point eighty-five (81.85%) of the interviewees expressed positive

anticipation of the opening of the intercontinental HSR between Europe, Asia, and Africa.

Do you expect Trans-Continental HSR to operate on a shuttle connecting East Asia, EU and Africa?
[Single Choice]

Options Subtotal Percentage
Yes 415 Gl 81.85%
No 47 da 9.27%
I am not Sure 45 L | 8.88%
Effective Number 507

What if Multi-functional HSR train services (with sleeper and car carrier) near your home: would you
be willing to use them? [Single Choice]

Options Subtotal Percentage
Yes 445 . 87.77%
No 21 q{ 4.14%
I am not Sure 41 | 8.09%
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Effective Number 507

8. Only 14.6% of the respondents expected high-speed trains equipped with only first-
and second-class cars to operate on the Eurasian HSR line. Of the respondents, 83.43%
believed that they should be equipped with sleeping cars, and 48.32% believed that
intercontinental HSR transportation should also be equipped with car-carrying carriages to

meet the passengers’ needs of driving their own vehicles.

What if Trans-Continental HSR train services(with sleeper and car carrier)near your home: What kind

of train formation do you expect? [Single Choice]

Options Subtotal Percentage
1t and 2" Passenger Seats Wagon 74 - 14.6%
Seats Wagon + Sleepers 188 L 37.08%
Seats Wagon + Vehicle carrier Wagon 10 | 1.97%
Sleepers + Vehicle carrier Wagon 49 a 9.66%
%:;ZnWagon + Sleepers + Vehicle carrier 186 o 36.69%
Effective Number 507

9. Of the respondents, 82.61% expected HSR trains to undertake the express freight
business and delivery service, which demonstrates that consumers’ demand for efficient
shopping and fast delivery has been increasing regardless of where consumers and producers
are located.?%

According to the survey, it can be concluded that the general public has higher
expectations from the Eurasian HSR and a stronger willingness to accept it. For ultra-long-
distance journeys by HSR, people tend to choose sleepers as a priority because it is a
completely different experience from flying, and travellers can see a variety of landscapes.
Additionally, the interviewees believe that HSR is safer. The level of reflection and
responsiveness to the public’s appeal for the Eurasian HSR in the construction and operation

process will determine whether this great project can succeed.

Qualitative method: To gain firsthand insights into customs operations and challenges in
cross-border transportation across Eurasia, the author conducted extensive research in western
China, Kazakhstan, Uzbekistan, Russia, Finland, and Estonia—representing four distinct tariff
markets. With the assistance of relevant personnel, the author conducted individual interviews
with customs officials from these countries. Three primary issues emerged from this interview.

204 gurvey initiated by the author, https://www.wjx.cn/jg/37397129.aspx [accessed 30 January 2024]
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1. Have you encountered any challenges or discrepancies in the accuracy of customs

declaration data? If so, How do you collaborate with customs officials from other member

countries to ensure consistency and accuracy in customs declaration data and freight carrier
operations?

2. Inyour experience, how closely do planned freight carrier schedules align with actual
operations within the Eurasian Customs Union?

3. From the perspective of your customs staff, do you have any expectations for trains
departing directly from China and entering the EU directly?

After analyzing multiple responses, the following insights emerge:

1. Customs personnel give the highest ratings to the accuracy of customs data from the
EU, followed by data from China. However, customs data from the Eurasian Customs Union
is prone to distortions. Despite efforts by Russian and Kazakh customs officials to verify data
with their counterparts in neighboring countries, disparities persist. For instance, when
exporting second-hand cars from China to Russia, the declared value at Chinese customs is
often lower than that at Eurasian Customs Union customs. This is because Chinese customs
can adjust the commodity invoice information, allowing merchants to sell vehicles in the
Russian market at higher prices for increased profit.

2. Discrepancies exist within the Eurasian Customs Union between planned freight
methods and actual operations. This discrepancy is largely due to subsidies for containers
shipped via CR Express in certain Chinese cities. Moreover, the current railway networks in
Russia and Kazakhstan cannot accommodate all containers entering the Eurasian Customs
Union through CR Express. Consequently, freight forwarding companies often resort to
subcontracting road transportation to meet operational demands.

3. Customs personnel across various countries express optimism regarding the cross-
border rapid railway, anticipating improvements in work efficiency and reduction of
information disparities. Additionally, customs officials in Russia, Kazakhstan, and Uzbekistan
voice their desire for increased wages.

The results of the semi-structured interviews also further demonstrate the necessity of the
construction of the Eurasian HSR connecting Europe and China, and that major external
projects can provide tremendous help in improving the institutionalization and transparency of
international trade in the region. This qualitative analysis underscores the connectivity between
China and the EU on the Eurasian continent, highlighting the importance of enhancing customs

efficiency across all involved countries.

207



6.5 Recommendations for the Improved Development and Progress of a Trans-Eurasian
HSR

Based on the SWOT analysis of the Eurasian HSR, this introduces the obstacles and
challenges that the Eurasian HSR may encounter in the implementation process. The premise
of project advancement is to overcome the difficulties and minimise these obstacles. This
requires policymakers and stakeholders to formulate measures to promote the development of
a Eurasia HSR in accordance with the idea of maximising advantages, improving shortcomings,
grasping opportunities, and avoiding threats. This thesis proposes the following
countermeasures to further develop the Eurasian HSR:

1. The foundation for the construction of the Eurasian HSR would entail establishing a
unified coordination mechanism that operates under the UN framework, a target optimization
model with top-level design to cover more people, and the setting of a unified standard. This
kind of international agency or framework will also be responsible for the coordination of
planning, construction, scheduling, dispatching, and maintenance, as well as for profit
distribution. The establishment of intergovernmental communication mechanisms is also
particularly important. Countries along the railway route could explore regular and effective
communication mechanisms by establishing government working groups to strengthen
political mutual trust and economic cooperation through regular meetings.

2. Exploring the establishment of an international HSR company in which all countries
along the line participate, the company would be specifically responsible for project
implementation and operation. This international railway company would be jointly held by
the participant countries through which the Eurasian HSR traverses. The specific rolling stock
procurement, the procurement of the signal system and train control system, the formulation of
the maintenance plan, and the operational arrangement of the train will be formulated and
implemented. The process of establishing this united railway company requires all stakeholders
to fully discuss and coordinate the formulation of a relatively optimal solution.

3. Finding new ways to finance and explore multichannel financing approaches is key.
This would include establishing a special foundation for supporting the construction of HSR
while making full use of contemporary international financial institutions. Additionally,
exploring the use of the TOD model (upper cover project above railroad hubs) may introduce
funds from retail giants and real estate developers.

4. International collaborative research and technology sharing are imperative for the
advancement of the Eurasian HSR. The proposed HSR will traverse regions devoid of existing

HSR or even domestic rail networks, presenting unprecedented challenges that necessitate
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elevated technological proficiency in both construction and operations. Moreover, there is a
pressing need to minimize costs associated with long-distance high-speed trains. Thus,
reducing operational and maintenance expenses through scientific research and technological
innovation is an inevitable course of action. For instance, the adoption of permanent magnet
motors has demonstrated efficacy in decreasing HSR operational costs.

5. Adjusting the dispatching form of high-speed trains according to the dynamic
passenger traffic situation should also be a trend of HSR development in the future. To achieve
this goal, the concept of train modularity has been introduced as Figure.6-11 demonstrated.
This concept is very advanced, and long-distance practice and research could maximise the

economic value of this new technology.

Figure.6-11 Train Modularity Designed by Alstom Implemented in AGV Rolling Stock
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Source compiled from Alstom. (22 May 2022). CASE STUDY-Cabling solutions for Energy on-board of rolling
stock. Nexans. https://www.nexans.fr/en/business/mobility/rolling-stock/Cabling-solutions-for-Energy-on-board-of-rolli
ng-stock-.html [accessed 30 January 2024]

The modular train could provide all the advantages of passenger capacity with double-
decker cars, comfortable long-distance travel in sleeper cars, the functionality of the service
car, the privacy of the VIP car, and the customised transportation function of the vehicle carrier
rolling stock.

Based on the similarity of traffic rules at both ends of Eurasia, this thesis proposes the
launching of an ‘HSR + Self-driving tour’ tourism program between Europe and East Asia.

This refers to a model of passenger transportation through HSR and the transport of private
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cars and RVs on-board the freight train. This model may also contribute to the development of
the automobile industry and the growth of tourism consumption.

1. Exploring the 'Piggyback Transport' model for leveraging prior experience stands in
stark contrast to the high-tech and humanized design of HSR cars. Piggyback transportation
imposes minimal technical requirements on train cars.

Intercontinental railway departments could coordinate and communicate to initially
achieve rapid interoperability of goods through piggyback transport. This approach would
facilitate the implementation of international railway standards while accumulating experience
in intercontinental railway connectivity. The tangible benefits derived from actual trans-
shipment resulting from this approach may incentivize former Soviet Union countries in the
core areas of Eurasia to construct railways with international standards and gauges. This, in

turn, would create favorable conditions for the construction of the Eurasian HSR.

Figure.6-12 Sample of the “Piggyback Transport” Approach

Source compiled from TMT. (2017, July 27). Piggyback Transport begins trial operation in China
by COSCO Logistics. News of Multi-Modal Transportation. https://mt.sohu.com/20170727/n50416275
4.shtml [accessed 30 January 2024]

2. Historical experience has proven that research institutions can provide significant
support and assistance for large projects. Therefore, it is imperative to establish international
research institutions, universities, and colleges related to the Eurasian HSR. These institutions
should be responsible for training personnel while providing technical and theoretical support.
It is believed that in the future, there will be an urgent need for a group of international HSR
personnel who have mastered multiple languages and understand railway knowledge with

professional skills and ethical values so that these institutions can cultivate HSR talent. From

210



the perspective of public cognition, the existence of such academic institutions can not only
promote the development of international railway technology but also popularise and deepen

the understanding of HSR for the general public and elite groups in Eurasia.

6.6 Summary

In this chapter, the author proposes four reasonable route planning schemes for potential
Eurasian HSR, based on population density and natural geographical environment. Three of
these options require the introduction of a new gauge system under the existing wide gauge
system for some countries. There are two options that require crossing areas with poor
geopolitical security environment. It can be seen that the construction of such a railway is very
difficult. On the other hand, there is an important positive factor, which is that the countries
crossed by HSR mentioned in the above four schemes have officially become members or
observers of the SCO (Shanghai Cooperation Organization). The committee of SCO, which
advocates for “counter-terrorism, cooperation, and development”, has undergone 20 years of
development may plays important role in accelerating the Eurasian HSR project. Its member
countries have effectively improved their negotiation ability in policy formulation,
synchronous cooperation ability in action, and cooperation ability in handling emergencies. In
addition, China’s attempt to strengthen its influence in the westward direction and turn Central
Asia into a market for Chinese goods and services has provided solid impetus for the promotion
of the Eurasian HSR project. The current situation in the core region of the Eurasian continent,
including significant infrastructure deficits, population expansion, and increased use of solar
energy, also indicates the urgency of this century huge project construction.

Based on the weighted analysis method under the SWOT framework, this dissertation
finds that the Eurasian HSR project has good prospects and development potential. If the
project is implemented, it will inevitably become a new growth point leading the global new
round of infrastructure project investment.

Although this century project of Eurasian HSR requires a significant amount of capital
investment, it also requires countries to explore more efficient financing solutions. This project
will bring tangible benefits to the people of Eurasia, as its commencement will involve a
considerable industrial chain and thousands of factories and workers. Referring to the
experience from the United States, debt not only does not become a debt trap under controllable
circumstances, but also provides certain impetus for development.

The results of the author’s field survey in Central Asia, East Asia and Europe also indicate

that, under the circumstance of human intelligence being able to basically solve problems such



as bridge construction, cave excavation, and earthquake defence in HSR construction, how to
rationalize and optimize train schedules and schedules is a question that needs to be considered
in advance in the future, as it concerns the direct interests of countries and people of all ethnic
groups along the route. This chapter also proposes rationalization suggestions for this issue,
such as flexible arrangement of Rolling stock Unit operation forms, such as short distance
direct trains mainly using Couches Units, medium and long distance trains mainly using sleeper

Units, and even adding car carrier Units.

Conclusion

The HSR stands as one of the paramount innovations of the 20th century. Its attributes,
including high efficiency, relative safety, and comfort, have propelled its widespread adoption
by mankind in the 21% century, a trend that shows no signs of abating. However, akin to the
global landscape of disparate economic development, the proliferation of HSR is characterized
by unevenness. Certain countries and regions, marked by high population densities,
developmental potential, and strategic geographical positioning, have yet to embrace HSR
initiatives due to factors such as unstable political environments, technological limitations, and
financial constraints. Nevertheless, it is imperative to acknowledge that the aspiration for HSR

projects is widespread among populations across numerous countries, particularly those in the
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developing world. The application of New Structural Economics theory in certain countries
and regions has demonstrated its efficacy in facilitating the aspirations of developing nations
to construct HSR. By embarking on HSR projects, developing countries can elevate their levels
of industrialization and urbanization, optimize resource allocation, foster wealth accumulation,
and enhance the overall well-being of their populace. Collaborative efforts by international
organizations to bolster the advancement of HSR initiatives will yield long-term benefits for
both these entities and the global economy. This answers the first of the research questions.
Existing research and cases can support the feasibility study of the Eurasian HSR to a certain
extent, but there are certain limitations due to the complexity of the Eurasian HSR project itself.

The primary findings of this thesis center on the rationality, urgency, political influence,
feasibility, specific planning, and risk assessment associated with the Eurasian HSR project.

The initiative of the Eurasian HSR project heralds significant geopolitical changes on
multiple fronts. Foremost, it marks a paradigm shift in the mode of international trade
transportation, with the development of HSR networks providing a faster, more efficient
alternative to traditional shipping routes. This transformation in transportation infrastructure
not only alters the dynamics of global trade but also reshapes strategic transportation channels,
offering new corridors for the movement of goods and people between Europe and Asia.
Moreover, the establishment of the Eurasian HSR project is poised to shift the center of gravity
of geopolitical activities, as participating countries vie for influence and economic dominance
along the newly established railway routes. These developments underscore the profound
geopolitical implications of the Eurasian HSR initiative, signaling a reconfiguration of power
dynamics and strategic interests in the Eurasian region and beyond.

This dissertation conducts an assessment of the various factors influencing the
development of Eurasian HSR, encompassing considerations such as the national resolve of
each country, the impetus derived from economic development objectives, internal stability,
population size and distribution patterns, reliance on international trade, geographical
characteristics, accessibility to project financing, and public enthusiasm for HSR infrastructure.
Among these factors, pivotal determinants include leadership resolve, alignment with
economic development objectives, demographic considerations, and access to project funding.

This thesis has discovered that the interest of political elites in the central regions of
Eurasia in developing HSR stems not solely from a desire for novel transportation technologies,
but also from the demographic pressure of a youth bulge within the region. The escalating rates
of unemployment have compelled policymakers to contemplate effective management
strategies aimed at fostering employment opportunities through transportation infrastructure
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development, thereby contributing to the maintenance of social stability. From the perspective
of East Asia and Europe pursuing stable supply chains, the well-developed logistics system at
both ends of the Eurasian continent requires an efficient and smooth continental bridge to
further deepen resource allocation, optimize industrial chains, and maintain economic stability
and vitality. The current trade structure between Europe and Asia incentivizes political entities
on both sides to strive for supply chain stability. Consequently, the Eurasian HSR project holds
promising economic prospects. Regarding the second research question, the Eurasian HSR
project primarily focuses on cross-border freight operations, with passenger transportation
serving as a supplementary aspect. Drawing upon the rational route projections outlined in this
thesis and the demographic attributes of Eurasia, the anticipated passenger traffic,
encompassing both intercontinental and intra-regional journeysis generally viewed
optimistically.

While the promotion of transnational HSR endeavors may entail negotiations and
competitions among local and central governments, interregional authorities, countries, and
international organizations, successful coordination among all stakeholders is contingent upon
unified goals, affording opportunities to reconcile various interests and disputes.

Drawing insights from existing literature and data, this thesis asserts that China exhibits a
heightened interest in the Eurasian HSR project, underscored by robust political impetus and
clear policy support. China's proactive stance stems from its strategic imperatives to extend its
geopolitical influence within the Eurasian hinterland through infrastructure diplomacy,
alongside ambitions to expand the global HSR network and bolster economic development by
exporting expertise in HSR construction, control systems, and rolling stock. This assertion
substantiates the hypothesis that China's robust organizational and coordination capabilities,
coupled with its burgeoning political autonomy, render the realization of the Eurasian
HSR project feasible, thereby advancing the interconnectedness of the Eurasian landmass. The
fifth research question is answered in this paragraph.

The Eurasian HSR project is poised to significantly alter the regional and global
geopolitical landscape. Firstly, Central Asian nations are in urgent need of extensive
infrastructure development initiatives to invigorate their relatively closed domestic economies
and address forthcoming challenges in social governance prompted by burgeoning youth
populations. Consequently, landlocked Eurasian countries are increasingly reliant on major
HSR powers such as Countries in Europe and China. Secondly, the establishment of
transportation corridors will precipitate notable shifts in the geopolitical terrain. The HSR,
along with its counterpart project, the CR Express, has already made strides in this direction.
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Against the backdrop of geopolitical turbulence and escalating maritime security costs, railway
freight channels are gradually reshaping global transportation patterns, thereby exerting an
impact on the geopolitical landscape. This trend may further underscore the political influence
of the continental strategic corridor region traversed by the Eurasian HSR. Thirdly, the project
serves to underscore the strategic significance of the entire Eurasian continent. By enhancing
connectivity, fostering cultural exchanges, and nurturing political trust across the Eurasian
expanse, the Eurasian HSR initiative offers the potential to bolster the standing of countries,
organizations, and institutions within the global governance framework.

Empirical examination of HSR implementations in Asia and Europe substantiates the
feasibility of deploying transnational HSR services contingent upon standardized track gauges
and technical specifications. Comparative analysis of HSR evolution in both continents reveals
distinct strengths: Asian nations, notably China, demonstrate proficiency in the construction
and swift operation of extensive HSR networks spanning over 800 kilometers, while European
counterparts, exemplified by France, excel in efficient HSR operations characterized by
seamless integration with urban centers.

From the perspective of railway construction standards, both the European Union and
China boast robust scientific and technological capabilities, as well as extensive project
experience, enabling them to export standardized project frameworks. In the forthcoming
competition for segments of the Eurasian HSR project, companies from the EU and China are
poised as formidable contenders. However, it is essential to recognize that competition serves
as a catalyst for progress and is invariably accompanied by cooperation, particularly in domains
such as train control technology, operational and coordination management techniques, tunnel
and bridge construction, and maintenance protocols. Leveraging their respective strengths,
European and Chinese entities hold the potential to transform the Eurasian HSR into an
exemplary model of international cooperation. This dissertation conduct study
comparative underscores the differing competencies between Asian and European nations in
HSR development. While Asian countries demonstrate prowess in constructing expansive
networks, European counterparts excel in operational efficiency and urban integration,
highlighting the importance of strategic collaboration and knowledge exchange in advancing
global HSR endeavors. Therefore, 1SO, UIC, international banking and financial organizations,
and supra-governmental international cooperation organizations may play an irreplaceable role
in promoting the progress of Eurasian HSR project. This corresponds to the third research

question.
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In terms of both geopolitics and geographical proximity, the proposed route commencing
from Urumgqi in Xinjiang, China, and traversing through Horgos, Almaty, Tashkent, Samarkand,
Bukhara, Ashgabat, Tehran, Tabriz, Sivas, and Ankara, holds significant potential as the
preferred path for the Eurasian HSR. This echoes the fourth research question.

The countries and regions encompassed by this route, such as Almaty in Kazakhstan,
Tashkent in Uzbekistan, Tehran in Iran, and Ankara in Turkey, are densely populated areas and
pivotal geopolitical hubs. Their strategic geographical positions serve as vital connectors
between Europe, Asia, and the Middle East, thus conferring them with considerable
geopolitical significance. The alignment of this route through these territories is poised to foster
heightened political collaboration and economic integration among nations, thereby promoting
regional stability and development.

Furthermore, from a standpoint of geographical distance, this route efficiently links key
cities in both Europe and Asia, thereby reducing travel times and associated costs. Moreover,
the topography along this route predominantly features flat terrain, facilitating the stability and
efficiency of railway construction and subsequent HSR operations.

With the collaboration of railway industry and academic experts, this thesis employs the
SWOT method to assess the potential of the Eurasian HSR project, ultimately concluding a
relatively favorable outlook. The field survey data presented in this thesis further substantiates
the global populace's profound anticipation for a highly efficient and secure Eurasian HSR
system. Nonetheless, several critical factors necessitate consideration as they traverse the
project's construction trajectory. These encompass the political stability of nations along the
route, environmental impact assessments, safety protocols for HSR lines, financial capacities,
personnel responsible for railway maintenance, and models for transnational ticket
settlement. To address these complexities, this thesis proposes several recommendations.
Firstly, the establishment of a high-level comprehensive international railway consortium, with
multilateral participation and proportional shareholding, dedicated to specific operational
aspects and project execution. Secondly, the formation of a transnational transportation
coordination committee comprising senior government officials from pertinent countries and
stakeholders, tasked with overarching coordination efforts. Lastly, the creation of a network of
HSR focused educational institutions and research centers to furnish expert insights and
technical support for project advancement.

The potential construction of the Eurasian HSR project may yield numerous positive
outcomes in line with the research hypotheses and supplemental hypothesis. Firstly, the
enhanced regional connectivity brought about by the HSR network has indeed led to increased
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trade volumes and economic growth in the regions served by the railway network. This is
evidenced by the significant rise in cross-border trade and investment flows facilitated by the
improved transportation infrastructure. Secondly, the Eurasian HSR project could effectively
facilitate greater people-to-people exchanges and cultural integration among the nations along
its route, thereby strengthening social ties and fostering regional stability by promoting
understanding and cooperation among diverse communities. Thirdly, the geopolitical influence
of the participating countries would be positively impacted, with enhanced diplomatic relations
and collaborative efforts on transnational issues observed as a direct result of the HSR project.
Furthermore, there are already signs that the project is beginning to be implemented in stages.
China's pivotal role in the planning and implementation phases of the project has positioned it
to wield greater regional and cross-regional political and economic influence via infrastructure
diplomacy. Finally, the project has induced notable changes in the geopolitical landscape of the
region, resulting in a relative power balance where sea power predominates and land power is
strengthened, reflecting the evolving dynamics of global connectivity and interdependence.

The rich engineering history of humanity has repeatedly demonstrated that remarkable
achievements are attainable when there is a collective drive to foster trade and regional
integration. History further illustrates how determination and courage can surmount natural
geographical barriers. As the ancient proverb goes, "Rome wasn't built in a day." While the
renaissance of Eurasia may not materialize overnight, meticulous planning, design, and
promotion efforts are propelling projects forward, driven by the initiative of a select few. This
trajectory holds promise for realizing Eurasia's potential for peace and prosperity.

Amidst the global upheaval caused by the COVID-19 pandemic, invaluable lessons have
emerged. The fragmented international cooperation witnessed during this crisis has resulted in
tragic loss of life. As the largest continent and the cradle of human civilization, a peaceful,
stable, and vibrant Eurasian continent can serve as a cornerstone for humanity's significant
advancement. With its intrinsic values of solidarity and resilience, Eurasia can guide future
human development.

The international community urgently needs to rally behind a spirit of innovation and
sacrifice. In the face of uncertainty and discord, collective action is imperative. Any setbacks
encountered along the way should be viewed as reasonable and conducive to progress. Ahead
of us lies the promise of illumination, akin to a beacon guiding a train through a dark railway
tunnel.

At this juncture, humanity is confronted with a choice between unified development and
chaotic discord. It is imperative to promote mutual trust, cooperation, and collaborative efforts.
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The concerted action of humanity in overcoming challenges and advancing together epitomizes

the pinnacle of human wisdom and civilization.
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