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Preface  
 

This Report has been prepared for and under the guidance of the World Bank Transport 

Coordinator in Beijing by a consultant team consisting of Mr. Richard Bullock, Mr. Jitendra 

Sondhi and Mr. Paul Amos.  

 

The Report describes and explains how, in the period 1990-2008, China‘s railway sector has 

contributed and responded to the persistently growing transport demands generated by China‘s 

economic development, and it highlights the plans and possibilities that lie ahead. 

 

Where data availability permits, the data series have been completed fully to 2007 (and in some 

cases 2008) but this has not always been possible. Section 5.12 contains a brief account of the 

Government‘s recent (November 2008) acceleration of rail infrastructure development as part of 

the Economic Stimulus Package adopted in response to the global economic slowdown.  

 

The Report has been assembled from data and information available in a range of publications 

or established in a number of lending operations and analytical and advisory activities.  

 

The main purpose of the Report is to provide a compendium of the policy, technical and 

economic sector information that underpins the Bank‘s continuing program and portfolio of 

financing, analytical and advisory activities in China‘s railways.  But it also presents to Bank staff 

and wider stakeholders the historical canvass on which the astonishing story of China‘s railway 

sector development is unfolding. 
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Nomenclature 

 

In 1990, the Ministry of Railways (MOR) controlled almost the entire railway construction, 

operation and manufacturing sectors but, since then, most of the non-operating elements have 

been divested or transferred to other ministries. In describing China‘s railway system, this 

Report uses the following conventions, unless otherwise specified. References to MOR are 

used specifically to describe the Ministry of Railways, based in Beijing, in the context of its 

strategic, policy, regulatory and administrative role.  The term China Rail (CR) is used to 

describe the commercial public railway network and transport services operated by the 18 

regional rail administrations (RRAs) and other commercial enterprises that are administered by 

MOR. The term ‗Chinese railway system‘ is used to describe the entire rail network in China 

with the exception of industrial lines owned and operated by specific enterprises as an integral 

part of their production process. The term ‗Chinese railway industry‘ is used generically to 

include all the institutions and companies involved in railways in China including railway 

construction and supply industries.  

 
 
 
 
 
 
 

Disclaimer 
 

Any findings, interpretations and conclusions expressed herein are those of the authors and do 

not necessarily reflect the views of the World Bank. Except where otherwise stated, the data in 

the report has been sourced from various editions of the China Statistical Yearbook, the 

Chinese Railway Yearbook and the China Yearbook of Transport and Communications. 

However, neither the World Bank nor the authors guarantee the accuracy of any data or other 

information contained in this publication and accept no responsibility whatsoever for any 

consequence of their use.  



 

 

Acronyms and abbreviations 
 
AC/DC Alternating current/Direct current 

ABS Automatic Block Signaling 

AOLS Assets Operation Liability System 

ATIS Automatic Train Identification System 

CARS China Academy of Rail Sciences 

CR China Rail or China Railways (trading brand of rail transport services administered by MOR) 

CRH China Rail High-speed (trading brand for CR high-speed services) 

CRCC China Railway Communications Company  

CRMSC China Railway Materials and Supplies Company 

CRCTC China Railway Container Transport Company 

CO2 Carbon dioxide 

CNY Yuan (or Renminbi) 

CS Railway Construction Surcharge (levied on railway freight tariffs) 

CTC Centralized Traffic Control 

CWR Continuously welded rail 

DECO Diversified economy company 

DMIS Dispatch Management Information System 

ECS Economic Contract System 

EMD Electro-Mechanical Division (formerly part of GM) 

EPA Environmental Protection Agency (USA) 

EMU Electric Multiple Unit (train set) 

EMP Environmental Management Plan 

FYP Five Year Plan (e.g. 8FYP is Eighth Five Year Plan) 

GDP Gross Domestic Product 

GSM-R Mobile telephone system for railway communications  

ICD Inland Container Depot 

IGBT Insulated Gate Bi-polar Transistor 

IT Information Technology 

IPO Initial Public Offering 

JV Joint Venture 

km Kilometer 

km/h Kilometers/hour 

Kwh Kilowatt hours 

MOR Ministry of Railways of the People‘s Republic of China 

m Meters 

MLRNP Mid to Long-Range Railway Network Plan (2003) 

mtpa Million tonnes per annum 

MVA Megavolt Ampere 

ntkm A unit equivalent to the movement of one metric tonne of freight by one kilometer 

NEN National Expressway Network (highways) 

NTHS National Trunk Highway System 

NDRC National Development and Reform Commission 

pax Passengers 

PDL Passenger-dedicated high-speed lines 

pkm A unit equivalent to the movement of one passenger by one kilometer 

route-km Kilometers of commercial railway route in network  



 

RCF The Railway Construction Fund of MOR funded by a surcharge on railway freight 

RFID Radio Frequency Identification Device 

RRA A Regional Rail Administration of MOR (also often termed a Railway Bureau) 

SCADA Supervisory Control and Data Acquisition 

SOE State Owned Enterprise 

TMIS Traffic Management Information System 

TOC Train Operating Company  

Tonne or t Metric tonne of 1,000 kg 

U.S./U.S.A. United States of America 

USD United States Dollars 

WTO World Trade Organization 
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SUMMARY 
 

This Report describes and explains how, in the period 1990-2008, China‘s railway sector has 

contributed and responded to the incredibly challenging transport demands generated by 

China‘s economic development, and highlights the plans and possibilities that lie ahead. 

 

In 1949, China had only 22,000 km of poorly maintained and war-damaged railway line, less 

than 1,000 km of which was double-tracked with none being electrified. 

 

Since then, the government has transformed the railway sector into a vital element of China‘s 

national transport system and a key contributor to China‘s extraordinary record of economic 

growth. Today, China Rail is the second biggest carrier of rail freight and the biggest carrier of 

passenger transport in the world. It has the largest combined rail traffic task of any national 

railway system in the world, carrying about a quarter of the world‘s railway traffic on about seven 

percent of the global route-km of public railway.1 

 

This paper describes how the Ministry of Railways, and its constituent regional railway 

administrations and other entities, have created a modern rail system by adopting proven 

international practices and technologies, giving them distinct Chinese characteristics, and 

adapting them to Chinese circumstances. Key features of this success have been: 

 

 Commitment to long-term strategy and planning: China‘s railway policy-makers have 

recognized the long-term need to respond to the competitive challenges of road and airline 

transport in particular. Today‘s roll-out of high speed passenger railways is the culmination 

of successive speed-ups and the gradual embedding of higher standards and improved 

track and rollingstock technologies over more than twenty years. Likewise its development of 

heavy-haul coal operations and double-stacked electrified container routes builds upon 

gradual improvements in freight handling capability over a long period. 

 

 Embracing of modern technologies: China has recognized that the triple challenge of 

capacity growth, operational efficiency and service quality would be best attained by the 

application of value-adding railway technologies throughout the railway, especially in 

construction, maintenance, operations and management. 
 
 Research and development capacity:  China‘s railway network is matched by an equally 

impressive network of railway institutes, specialist universities, testing facilities and 

laboratories that have given it the capacity to absorb best international practices and create 

Chinese technologies and processes aimed at solving operating challenges specific to 

China. 

 
 Project implementation capacity: The adherence to agreed medium and long-term 

development strategies has facilitated the growth of an impressive capacity for the planning,  

detailed design and construction of railway infrastructure, including track, bridges and 

tunnels, power supply and train control, and  the production of rollingstock. 
 
 Organization and management: Much remains to be done but the separation of non-core 

functions and ancillary businesses, progressive improvements in labor productivity, higher 

                                                
1
 That is, excluding industrial, forestry and other industry-dedicated railways. 
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asset utilization, and the flattening of the organization structure (eliminating sub-

administrations) have delivered step-changes in efficiency. This has been reinforced by 

management remuneration incentive systems that are now better geared to commercial 

outturn and safety performance. 
 
 Extensive use of IT: Advanced international practices are employed, for example, in traffic 

management information systems, PC-based staff training systems, computerized train 

dispatch systems and safety systems.  
 

 Emphasis on sector self-funding: China‘s railway sector has carried the overwhelming 

financial responsibility for its own development. This is evident in the freight surcharge that 

contributes towards new infrastructure investment, the increasing use of premium pricing for 

improved passenger service and the emergence of the joint-venture railway model that has 

helped attract funding sources from beneficiary provincial and municipal governments. The 

sector‘s current long-range development plans will be a severe test of its ability to continue 

to self-fund capital investment.  However, it certainly could not have attained its current level 

if it had relied solely on the central government budget.  

 

The future challenges are immense. The railway system remains constrained in its physical 

capacity and not yet fully attuned to market needs in its institutions, regulations and services. 

Beyond the impact of the current global recession, and assuming an eventual recovery from it, 

the long-term role of rail in China will depend on four main factors: the evolution of China‘s 

transport markets; the impact of overall transport strategy; the structure of the railway sector; 

and the actions of railway management. 

 

Market development 

Rail‘s market share of tonne-kilometers and the value of freight carried is declining. The bulk 

freights that constitute the majority of rail use will continue to grow and the railway sector will 

continue to dominate the inland freight transport market for at least the next 10–15 years, but 

international experience suggests that as China‘s economy matures newer industries will tend 

to have lower overall transport intensity than the traditional industries and will demand greater 

transport quality. Similarly, with increasing incomes people will want not only to travel more but 

also to purchase higher standards of convenience: for example, in the ease of booking and 

buying tickets. Again, while China provides a very positive market environment for passenger 

rail transport, and overall traffic is increasing, passenger modal share has slowly declined for 

many years (though with the many service improvements it now appears to have at least 

stabilized). 

 

While a re-balancing of modal shares may be a natural response to strategic changes in the 

market, the speed and extent of that change are by no means inevitable.  Passengers and 

freight shippers do not make their modal choices in response to pre-ordained roles of different 

modes but in response to the specific price and service alternatives which they are offered. 

While market threats and opportunities will help shape the future role of rail they will do so to the 

extent that transport policy-makers and rail industry managers respond, or do not respond, to 

those threats and opportunities.  
 

National Transport Strategy 

In the sphere of user demand, China‘s transport system is heavily market-oriented. However, 

the supply-side of transport is much more dependent on government than on markets. 
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Government policies regarding transport infrastructure and regulation of transport services have 

a great influence on the nature of the choices facing transport users. For example, by 2005 the 

rate of investment in the highway system as a whole was about seven times that in railways – 

and substantially more when compared on a per traffic unit basis.  While public investment 

decisions are not the only determinant of modal shares, it would have been surprising if such 

disparity in funding levels had not been an important contributor to the declining share of rail 

transport in the national economy. 

 

China has put the greatest emphasis on highway construction in its public investment program 

in recent years partly because it started from a very low asset base in the roads sector - and the 

program is set to continue. But China will increasingly confront policy conflicts between the 

desire for private car travel and unrestricted road freight haulage and the need to manage 

environmental and social impacts such as land-take, greenhouse gas emissions and road 

safety.  

 

At present China does not have a National Transport Strategy. Its overall investment and 

regulatory policies are therefore typically developed from the ‗bottom up‘ by aggregation of sub-

sector plans. Modal roles do not emerge from the application of a common set of policy 

principles across modes, but as the outcome of independently determined policies and 

programs within each sub-sector.  A National Transport Strategy might provide a more stable 

and consistent basis for allocating public investment resources across sectors, for transport 

industry regulation, and for developing the most efficient and effective long-term role of all 

transport modes, including railways. 

  
Railway sector structure 

China‘s centralized model of railway sector administration cannot be lightly dismissed. The 

management of the railway network and the operation of trains are executed with consistently 

high operational discipline and efficiency. Moreover, it has for some years been successfully 

delivering the biggest railway system development program in the world. Nevertheless, the 

Government and MOR have long recognized the need for railways to become more market-

oriented in their approach to customer service, more competitive with ever-improving road and 

air transport, and more commercial in their management of the railway business. 

 

Reforms to date demonstrate the recognition by rail policy-makers of the need to create more 

efficient structures to meet the changing requirements of increasingly competitive transport 

markets. Because those markets are continuing to evolve, and becoming more competitive 

each year, further structural change will be important for the long-term role of rail.  But what 

should those changes be? The most important paradigm shift that has been identified and 

proposed by China‘s railway policy-makers, and which finds strong support in international 

experience, is to separate the policy and regulatory functions of government from the 

commercial functions of railway operating entities (RRAs, JV railways, private concessions etc.). 

The National Development and Reform Commission (NDRC) has set out the underlying policy 

principles for reform: 

 

 separation of government administration of the railways from enterprise management; 

 introduction of competition where suitable; and 

 more effective industry regulation. 
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At this point, system development has been given priority over structural change.  

Implementation of new structures to give effect to the principles enunciated by NDRC would be 

a substantial and long-term challenge because of the size of the railway and its importance to 

the nation. The stakes are high. China‘s geography, demographics, bulk natural resources, 

distances and multiplicity of large cities mean it is highly amenable to the economics of an 

efficiently run rail network.  Further, the growth of China‘s trade in goods, and the long-term 

trend to higher purchasing power and personal mobility of its people underline the importance of 

a successful railway industry.  But that success will depend upon continuing to make progress in 

structural adaptation as well as physical network development. 

 
Rail business management 

When all other settings are in place, the long-term role of railways will ultimately depend upon 

the specific skills and competence of the companies that provide rail services, and how well 

they exploit improvements in railway technology to provide the services sought by changing 

transport markets. This paper argues for continuing improvements in:   

 

 heavy-haul freight technologies; 

 transport services for international containers; 

 specialist freight services; 

 passenger ticketing and other amenities; 

 multi-modal integration 

 labor and equipment utilization. 

 

Therefore, for any given network, the more productively China Rail‘s managers use its staff and 

assets, the more efficient will be its cost base, and the greater the overall role railways will 

sustain in the transport market in the decades ahead. 
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1. Railways in Development 
 

1.1 Transport, railways and development  
 

Transport‘s contribution to economic and social development is multi-faceted. It embraces 

contributions to both freight and passenger transport, spans urban and rural areas, meets 

economic and social needs and serves domestic and international markets.  

 

The economic development benefits of transport arise when it delivers better and/or cheaper 

access by producers to the necessary inputs of labor, raw materials, intermediate goods and 

other resources; and access of their products to final markets. It thereby facilitates trade, 

economies of scale, economic specialization and economic growth.  

 

The social benefits of transport arise by increasing the ability of its citizens to access education, 

health services, social support and civil administration (though these social benefits also 

enhance the long-term economic potential of a country). Transport also supplies the personal 

mobility necessary for individuals to participate fully in community life as well as maintaining 

family support and cohesion when families are geographically dispersed. 

 

However, transport not only contributes to development but is also stimulated by it. In terms of 

passenger travel, people value mobility very highly, partly for its own sake and partly for the 

economic and social opportunities that it opens up. As average incomes rise, people travel 

further and more often and for a wider range of purposes. Higher incomes also stimulate 

consumption of a greater volume and a wider range of goods, feeding back into the transport of 

an increasing volume and variety of freight from a greater number of sources. During the 

development phases of a country‘s economy, the total demand for transport therefore tends to 

increase at a higher rate than per capita GDP. 

 

It is therefore not surprising that transport strategy is usually a major component of any 

country‘s development strategy. By extension, in those countries where railways perform (or 

could perform) a substantial role in the transport system, railway strategy is a vital component of 

development strategy.  As is demonstrated in this report, China is just such a country. 

 

1.2 Comparative advantage of railways 
 

In contemplating the role of railways in development strategy it is important to recognize that the 

technology and economics of railways do not suit all transport needs. But there are many 

transport markets in which efficiently operated railways can seize comparative advantage over 

other modes; indeed, the more efficiently they are operated the greater the range of markets in 

which they can successfully compete. 

 

In many developing countries, rail freight services are critical to the production, trade and 

distribution of bulk and other semi-bulk materials including coal, ores and minerals, oil products, 

grains, chemicals, iron and steel, cement, timber and sand and gravel. Over sufficiently long 

distances railways can also provide efficient and effective transport alternatives for general 

freight and for concentrated, high volume movements of international shipping containers to and 

from ports.  
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In the passenger sector, railways can also perform a valuable economic and social role in dense 

inter-city corridors, for suburban transport in major cities, and in rural regions where population 

density permits. In many cases these roles could only be transferred to road transport at a 

higher cost in road infrastructure, traffic congestion, vehicle emissions and traffic accidents.  

 

1.3 Railways in China 
 

In 1949, the Chinese rail network consisted of fewer than 22,000 km of poorly-maintained and 

war-damaged lines, with less than 1,000 km of double-track, and no electrification.  Between 

then and 1990, through a succession of Five Year Plans (FYPs),2 the network was first 

rehabilitated and then expanded substantially, in terms of both geographical coverage and asset 

quality.  However, the pace of investment slowed markedly in the Sixth and, to a lesser degree, 

Seventh FYPs; (1981-85) and (1986-90) respectively. By 1990, despite the network having 

increased to 58,000 route-km, there were endemic capacity shortages and a large latent 

demand for rail transport that could not be satisfied. 

 

One of the main drivers of this demand was that, beginning in 1982, and more particularly in the 

Seventh FYP (1986-90), the restructuring of the Chinese economy steadily accelerated with the 

encouragement of the socialist market economy and the gradual commercialization of 

enterprises by the State. The resulting economic growth created considerable strain on the 

transport system in general, and the railways in particular. As China‘s economy developed, its 

railway policy-makers and managers were confronted by rapidly growing transport markets 

shaped by China‘s geographic, economic and social characteristics that are particularly 

favorable to the comparative advantage of railway transport.   

 

In terms of passenger transport, China has a high population density in its settled areas and 

about 50 cities of more than one million people. With increasing purchasing power to back up 

their growing propensity to travel this is fuelling some of the most intense inter-city passenger 

flows in the world. It is also driving heavy demand for suburban and regional travel within the 

larger conurbations.  

 

As regards freight transport, China‘s economy depends heavily upon high volume, long-distance 

movements of coal and coke, metal ores, iron and steel, petroleum products, grain, fertilizers 

and other bulk products. The average transit distance of freight is relatively high (843 km on 

CR‘s own system in 2007) and, as a result, the Chinese rail system carries about two-thirds of 

the country‘s inland freight task (that is, including inland waterways but excluding coastal 

shipping) and about half if coastal shipping is included. Moreover, burgeoning international trade 

is creating the concentrated flows of containers that suit railways, even though this market has 

been largely neglected by railways until recently.  

 

It is therefore not surprising that, as will be shown in this report, China‘s railway traffic has been 

rising rapidly. In 1980, CR was the third busiest rail freight carrier globally, accounting for 8.5 

percent of the world‘s rail freight traffic; by 2005, it was the second busiest freight carrier (after 

the US Class I system) and carried nearly 23 percent of the world‘s freight traffic. In 1980 CR 

was the world‘s fourth busiest railway in terms of passenger traffic; by 2005 it had become the 

                                                
2
 In addition to the periods covered by the FYPs, there was an initial ‗Restore Period‘ (1950-2) and an ‗Adjustment 

Period‘ (1962-5). During two of the FYPs (1958-62 and 1976-80) implementation of the plans was so severely 

disrupted they were effectively abandoned. 
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biggest passenger carrier, generating about 26 percent of the world‘s passenger traffic. Taking 

freight and passenger traffic together, China‘s railway system is now the world‘s busiest railway 

(Figure 1.1). 

 
Figure 1.1: International rail comparisons 2005 
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(1) Data is for all railways in country: US data includes Class II and Class III railroads as well as regional and 

commuter passenger railways; Japan includes private railways. 

 

Despite the increase in network size in recent years, Chinese traffic densities per route-km are 

nearly twice the next highest (Russia) and far higher than India and the US Class 1 system. 

Freight wagon productivity (net tonne-km/wagon) is also the highest in the world. As might be 
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expected, demand is constrained by capacity on the busiest routes and during the busiest 

periods. As a result there is a significant amount of diversion of traffic to higher-cost road 

transport, and probably an even greater suppression of demand. 

 

A comparison of rail network density in large countries around the world gives some indication 

of the reasons for this. The rail network density in China (route-km per million sq km of land 

area) is only a fraction of that in the USA, India, Japan and the European Union. Moreover, in 

terms of route-km per million population, its rail network density is less than a tenth of that of 

Russia, USA or Canada; a seventh of that of the European Union and about a third of that of 

Japan. It is therefore unsurprising that China‘s comparatively sparse rail infrastructure is so 

heavily used, and that it carries a quarter of the world‘s railway traffic on around six percent of 

the world‘s rail network. 

 
1.4 China’s railway strategy: the twin challenges 
 

Most key strategy, policy and high-level planning decisions about China‘s rail infrastructure and 

operations have been made and continue to be made by MOR, a situation that is explored 

further in Section 5. Over the period covered by this report, MOR has faced, and continues to 

face, two immense strategic challenges. The first challenge has been to achieve a ‗step change‘ 

in the capacity and quality of infrastructure to meet growing demand and prevent railways 

becoming a bottleneck on China‘s economic and social development. The second challenge is 

to reform the industry to become more responsive to the market economy;  the government and 

MOR have long recognized the need for railway managers to become more market-oriented in 

their approach to services and customers, more competitive, and more commercial in their 

management of the railway transport business. 

 

Trying to meet these two challenges at the same time is perhaps the most potent railway 

industry agenda facing any government in the world in terms both of its scale and complexity.   

 

In 1991, the Government enacted a Railway Law, the first comprehensive and sector-specific 

legislative framework for railways in China. This law marks the beginning of the modern era of 

railway development in China. This report describes how, in the period 1990-2007, MOR and 

China Rail (CR), which is the trading name of the complex of MOR-administered RRAs and 

other commercial enterprises that deliver rail infrastructure and services on China‘s public 

railway network, have responded to these challenges. It describes the growth of the railway 

market (Section 2); system development (Section 3); technological progress (Section 4); and 

evolution in the management, planning and finance of railways (Section 5). Finally, it considers 

factors that will influence the long-term future role of railways in China (Section 6).   
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2. The Market for Rail 
 

2.1 Introduction 
 

For most of the period since 1990, China‘s rail system development has been a response to the 

imperatives of traffic growth, rather than any wider national transport strategy.  The primary 

influence on demand for rail transport has been the growth and diversification of the Chinese 

economy.  Section 2 summarizes this economic background, identifies the rail market trends 

that have resulted, and speculates on potential market developments between now and 2020. 

 

2.2 The changing economy 
 
Since the first reforms of the centrally planned economy began in 1978, China has achieved 
GDP growth consistently averaging over 9.5 percent annually.  Even when slowdowns occurred, 
(in 1981, in 1989-90 and again in the late 1990s) these were followed by accelerated growth 
that brought the economy back on trend. During this period there has been a structural change 
in the economy. Low productivity agriculture has been eclipsed by higher productivity industry 
and services. At the same time, the industrial structure has changed from one dominated by 
State Owned Enterprises (SOEs) and collective farms to one in which non-state enterprises of 
all types play a major role (though SOEs still dominate a number of sectors). 
 
China‘s SOEs have also undergone many changes which make most of them unrecognizable 
from the economic dinosaurs of the 1980s. Key reforms, particularly since the mid-1990s, have 
included restructuring, retrenchment or redeployment of the workforce, and the separation of 
social functions such as health, education and pensions from SOE operations with the result 
that efficiency and profitability have been increased substantially.  
 
Growth has been accelerated by the rapid entry of foreign and private firms since the mid-1990s 
in many sectors. This trend was reinforced by China‘s entry to WTO in 2001, which triggered an 
investment boom, particularly in the export-oriented sectors. 
 
With employment only rising since 1990 at a little over one percent p.a., economic growth has 
largely been due to an increase in productivity, driven mostly by capital investment, partly by 
general productivity improvements and to a lesser extent by increased workforce skills (as 
China started from a relatively high base compared to other countries).    
 
Despite this fast growth, inflation has been generally relatively low, with the exception of the 
period 1992–94, when inflation reached 24 percent in 1993. This was brought under control by 
1996 and inflation only increased by 10 percent in aggregate during the next decade. 
 

2.3 Impact on the railway 
 
As would be expected, the above changes have had a significant impact on the Chinese railway 
industry. In 1990, rail had an effective monopoly on all long-distance passenger and freight 
movement that could not be undertaken by waterborne transport (principally coastal shipping 
from north to south China, and inland waterway traffic along the Yangtze). Expressways barely 
existed and road transport was expensive and slow, with modern vehicles confined to the 
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immediate hinterland of the coastal regions.3 Aviation was in its infancy. The growth of travel 
and traffic demand during the 1980s had been underestimated by the central planners and there 
were serious capacity constraints affecting both passengers and freight. Rail transport was 
effectively rationed, with priority given to those movements for which there was no effective 
alternative. For freight, this meant industrial raw materials, grain and intermediate products such 
as steel. It also meant giving priority to medium and long-distance passengers at the expense of 
those traveling shorter distances (under 200 km), who were encouraged to travel by bus 
instead. Even with these policies rail transport continued to be in short supply for many would-
be users, a situation which has continued, though less severely, to the present day. 
 
During the early 1990s, both freight and passenger traffic4 grew steadily. Passenger traffic grew 
particularly quickly (8.7 percent p.a. to 1994) as base tariffs were held constant, equivalent to a 
fare reduction in real terms of over 40 percent. Fares were increased in late 1995 and this, 
combined with a relative slowing of the economy, saw passenger demand fall in both 1995 and 
1996 before resuming its upward growth trend. Freight traffic grew much more slowly, at around 
4 percent p.a. Rail traffics were concentrated in industries dominated by SOEs whereas the 
economic growth was strongest in light industry, a sector which CR at that time virtually ignored. 
Industrial demand for coal only increased by about 30 percent between 1990 and 1995, a period 
in which industrial output grew by 120 percent; coal demand by the electricity industry increased 
significantly faster but this represented only 26 percent of the total coal market at that time.  
 
Between 1995 and 2000 the economy grew rather more slowly, especially in the period 
following the Asian economic crisis, and this was reflected in railway traffic demand. Passenger 
volume grew at 4.5 percent p.a. and freight traffic was virtually flat over that period, even 
recording a drop of 5 percent in 1998. Coal demand from industry reduced sharply and by 2000 
was back at its 1990 level.  
 
But after 2000, and particularly since 2003, there has been some of the strongest growth 
recorded in China. By 2008, passenger traffic had increased by 70 percent over its 2000 level, 
with only the SARS scare in 2002 having an impact on consistent steady growth. Freight traffic 
has seen even stronger growth (82 percent between 2000 and 2008), with the demand for 
electricity driving coal traffic and general industrial demand also increasing sharply. During the 
period to 2000, there were clearly major productivity gains in China‘s industries from 
restructuring and, for the first time in many SOEs, a requirement to focus on financial results. 
This appears to have led to many one-off gains in general productivity affecting demand for the 
main traffics carried by the railways, particularly industrial coal. However, these relatively easy 
improvements now seem to have passed and the volume of traffic carried now has a much 
closer association with general industrial growth. 
 
The following sections address the passenger and freight markets in more detail. 

 

2.4 The passenger market  
 

As previously noted, in 1990 the demand for rail passenger travel was far greater than supply. 

Passengers often had to wait for weeks before finding a seat on a train. Although there is still a 

lack of capacity, it is not as severe, except at peak travel times.  There has been a significant 

                                                
3
 In 1990, road only carried about 10 percent of the general freight carried by land transport from Shanghai to 

northern and western China (i.e. beyond Anhui, Zhejiang and Jiangsu).  
4
 Measured in passenger-km and net tonne-km. 
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improvement in both the number of passenger trains and in service quality, with travel times 

reduced and a higher level of comfort in medium and long distance express passenger trains.  

 

Since 1990 there has been a shift of shorter-distance passengers to road transport. The shift is 

partly due to better short and medium-distance bus services and partly due to CR‘s policy of 

actively discouraging short-distance passengers to release capacity for longer-distance rail 

travel. The growth in total numbers of passengers has therefore been rather slow, particularly 

during the 1990s; in the north-east, where there is a large concentration of short-distance 

passengers, the total passengers traveling by rail have fallen by over 30 percent since 1990. 

Conversely, there has been strong growth in passenger-kilometers over the period since 1990, 

of nearly 6 percent p.a. (Figure 2.1 and Table 2.1). Indeed, the average distance traveled by 

passengers on the national railway system has nearly doubled, from 275 km in 1990 to 534 km 

in 2008.  

 

Figure 2.1: Passengers and passenger-km 1990-2008 
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Passenger train timetables and basic service parameters remained unchanged for many years 

but since 1997 there have been periodic revisions to better match service quality and capacity 

to the market. The current passenger service strategy of CR is to meet the competitive 

challenge offered by road and air services through upgrading service attributes: shorter travel 

times; more convenient arrival and departure times; a more comfortable travel environment; and 

more frequent services.  
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Table 2.1: Passenger Traffic 1990-2005 

 Passengers (million) 

 1990 1995 2000 2005 2008
(1)

 
Growth 

90-08  % p.a. 

China Rail  949 1021 1019 1107 1439 - 
Joint Venture - - 27 46 13 - 
Local 8 6 5 3 5 - 
Total China 957 1027 1051 1156 1456 2.4 
FYP growth % p.a.  1.4 0.5 1.9 -  

 Passenger-km (billion) 
China Rail  261 354 442 583 769 - 

Joint Venture - - 11 23 3 - 

Local 0 0 1 0 1 - 

Total China 261 355 453 606 773 5.8 

FYP growth % p.a.  6.3 5.0 6.0 -  

(1) Provisional; classification by type of railway changed 

 

Express trains for medium and long distance are now operated with air conditioned coaches 

with two and three-tier sleeper berths (known as ‗soft‘ and ‗hard‘ sleepers respectively). Short-

distance express trains operate with air-conditioned chair coaches as well as ‗soft‘ and ‗hard‘ 

seats. Travel time has been reduced by increasing service speeds and reducing train stops. CR 

has carried out six stages of ―speed raising‖ between 1997 and 2007 (explained in more detail 

in Section 3); a maximum train speed that was generally around 80 and 100 km/h in 1991 has 

now been raised in stages to 160 and 200 km/h on the most popular passenger corridors. Fares 

were increased sharply in 1995, causing a dip in passenger-km, and the significant but short-

lived impact of the SARS epidemic in 2003 can also be seen clearly in Figure 2.1. 
 

Shorter-distance passengers still represent a significant proportion of total trips on CR. Trips of 

less than 100 km represented 23 percent of passengers in 2006 but only 3 percent of 

passenger-km. However, short-distance rail travel is declining rapidly, particularly for those 

passengers traveling under 50 km whose numbers have been reducing at over 8 percent p.a.    
 

Figure 2.2: Passenger market characteristics 
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Trips of over 1,000 km represent 56 percent of total passenger-km and are in theory susceptible 

to competition from airlines. Table 2.2 is based on passengers on direct flights and shows that 

air has around 50 percent of the market for long-distance journeys between northern and 
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southern China5 and in theory could expect further significant gains at the expense of rail. But 

air and rail transport are not close competitors over these very long-distances. It is likely that, if 

air was not available, many current air passengers on such routes would cancel or consolidate 

trips rather than actually change to rail. Barely 4 percent of these very long-distance rail trips are 

people traveling either on soft seats or soft sleepers, which are the main potential market for 

airlines. Two-thirds travel on (cheap) hard seats and the remainder on hard sleepers (Figure 

2.2). Air transport will not be an affordable alternative for most of these passengers for many 

years.  

 

Table 2.2: Rail share of inter-regional rail/air market 2005 (% of combined rail+air) 

From/to NE North West East Central South SW NW 

NE 100% 89 98 62 95 55 76 100 
North  98 89 66 95 52 58 66 
West   100 76 99 54 86 92 
East    96 96 48 74 80 
Central     100 94 89 99 
South      95 68 50 
SW       93 74 
NW        94 

 

The introduction of the planned high-speed train services (discussed in Section 3) will 

consolidate CR‘s position in the middle-distance market. Currently, CR has around two-thirds of 

markets such as North China–East China (e.g. Beijing and Tianjin–Shanghai and Nanjing). The 

new services will reduce travel time, typically by up to half, and also provide a far greater range 

of departure times than at present. Both speed and frequency will act to limit the inroads that air 

transport will make into rail patronage and revenue.   

 

Figure 2.3 shows that the major passenger flows are on the main intercity routes, especially 

between Beijing and Guangzhou (by both routes, and especially so between Wuhan and 

Guangzhou), Beijing and Nanjing/Shanghai/Hangzhou, Beijing and Shenyang/Harbin, Beijing to 

Xian, Lanzhou and Chengdu and from Shanghai to Guiyang/Kunming and to Xian. These are all 

corridors on which upgraded passenger services are currently being planned (details are 

provided in Sections 3 and 5). 

 

                                                
5
 The calculated rail share between, say NE and NW China is artificially high as there are few direct flights and most 

air passengers will change planes in Beijing and are thus not recorded as NE-NW passengers. 
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Figure 2.3: Passenger flows 2006 
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2.5 The freight market 
 

Although China has built several new railway transport corridors over the past decade, and 

upgraded many others through double tracking and electrification, freight capacity has remained 

constrained throughout the period. The request for freight loading continues to exceed the 

110,000 wagons loaded daily. Travel times for freight trains have been reduced through the 

removal of bottlenecks6 and the modernization of marshalling yards but freight commercial 

speeds have increased by only 10 percent over the period.   

 

                                                
6
 For example the double tracking of the Baoji–Lanzhou line (500 km) in 2005 reduced the travel time of freight trains 

over the section from 17 to 10 hours. 
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Figure 2.4: Freight traffic trends 1990 – 2007 (National railway only) (1) 
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Table 2.3 and Figure 2.4 show that freight traffic development has gone through three phases 

over the last 15 years. Between 1990 and 1996 freight grew at a modest, but steady rate. 

Between 1996 and 2000 it was virtually static (with a dip reflecting the economic slowdown in 

1998) but since 2000 it has grown at some of the fastest rates ever experienced in China, 

primarily because of the strong growth in coal and steel production.  

Table 2.3:  Freight traffic 1990-2005 

 Tonnes (million) 

 

1990 1995 2000 2005 2008
(1)

 

Growth 

90-05 % 

p.a. 

CR       
Coal 629 674 685 1071 - 3.6 
Petroleum 65 74 94 127 - 4.5 
Minerals 216 266 283 413 - 4.4 
Iron and steel 83 94 115 175 - 5.1 
Building materials 160 152 136 113 - -2.3 
Agriculture 126 150 168 220 - 3.8 
Others 183 183 173 190 - 0.3 
Subtotal 1,462 1,593 1,655 2,309 2,741 3.6

(2)
 

Parcels etc - 2 6 9 13 - 
Total CR 1,462 1,595 1,661 2,318 2,754 3.6

(2)
 

Joint Venture - - 42 197 280 -
)
 

Local 45 65 84 178 267 10.4
(2)

 
Total China 1,507 1,660 1,786 2,693 3,306 4.5

2)
 

FYP growth % p.a.   2.0 1.5 8.6 - - 
 Net tonne-kilometers (billion) 
CR       

Coal 345 378 381 637 - 4.2 
Petroleum 42 61 82 118 - 7.2 
Minerals 132 161 170 294 - 5.5 
Iron and steel 81 102 124 199 - 6.2 
Building materials 60 80 66 50 - -1.2 
Agriculture 139 200 228 329 - 5.9 
Others 262 302 283 307 - 1.1 
Subtotal 1,060 1,284 1,334 1,935 2,338 4.5

(2)
 

Parcels etc - 18 11 18 29 - 
Total CR 1,060 1,302 1,345 1,953 2,366 4.6

(2)
 

Joint Venture - - 28 110 130 -
(2)

 
Local 2 3 4 10 15 11.8

(2)
 

Total China 1,062 1,305 1,377 2,073 2,512 4.9
(2)

 
FYP growth % p.a.   4.2 1.1 8.5 - - 

 (1) Provisional 
 (2) Annual growth 1990-2008 % p.a. 

 

Almost all the freight traffic growth has come from coal and bulk commodities, with building 

materials tonnage declining by 30 percent and ‗other‘ freight (mostly manufactures of various 

types) more or less constant. How much of this increase is due to the increased capacity of the 

rail system to meet demand, and how much to growth in underlying demand is difficult to judge.  

 

The dominance of coal and bulk commodities reflects not only the comparative advantage of rail 

but also the political priorities under which CR has allocated capacity, which has been to coal, 

grain, oil and fertilizers and with a preference towards the longer-distance movements.  Partly 



 

 

 17 

as result of these priorities manufactured goods, including containerized traffic, represent only 

about 5 percent of tonnage handled and around 10 percent of tonne-kilometers. With the recent 

attention given to developing the rail container business, manufactured goods are expected to 

approximately double their share of the railway market by 2020.  But even with such growth, CR 

will at that time still be a railway which predominantly handles bulk and semi-bulk freight. 

 

A major service improvement has been the introduction of a three-day lead time for wagon 

orders. For many years, customers were required to order wagons on the tenth day of the prior 

month. Customers may also now place their order for a freight wagon at the nearest station 

instead of at the offices of the RRAs. Large customers can now order wagons over the internet. 

Customers (such as coal mines) who have large regular shipments can place orders for up to a 

year in advance.  

 

Bulk commodities are loaded and unloaded at special terminals while less than train load traffic, 

is handled by one of many freight stations located across the network. Freight handling is done 

either by customers or by special freight handling units which often belong to the RRAs.7 

 

2.5.1 Coal 

 

Figure 2.5 shows the pattern of overall coal consumption in China since 1990. During the first 

half of the 1990s, power station demand increased by over 60 percent. Railway coal transport 

grew by about 10 percent. Between 1996 and 2000, demand for coal reduced as direct end-use 

(e.g. for steam generation in factories) reduced, despite continuing growth in electricity 

generation. Since 2000, coal has been making a come-back as a fuel for industry. Thermal 

electricity generation has also increased significantly, approximately doubling between 2000 

and 2006. As a result, coal transport by rail has grown sharply since 2000 at 8.5 percent 

annually.8  

 

About half the coal transported by CR is delivered within the region of production; the remainder 

is dominated by around 400 million tonnes of coal that are carried from the Shanxi and Inner 

Mongolia coalfields to the ports on the east coast, mostly along three main coal corridors (Table 

2.4).  

 

Some of the coal railed to the northern ports is exported but the majority is carried by coastal 

shipping to Shanghai, Zhejiang, Fujian and Guangdong. The only other significant inter-regional 

coal movements by rail are between the major coalfields in the north and inland cities in central 

and eastern China which cannot be more cheaply accessed by coastal shipping and/or inland 

waterway from the ports. 

 

                                                
7
 Such units, which are thought to have employed about 30,000 staff in 2005, are included in the total RRA staff but 

are not included in the ‗rail transportation‘ staff used to calculate labor productivity. 
8
 In addition, one of the joint venture railways (Shuohuang), which was opened in 2000 carried around 100 million 

tonnes in 2005. Traffic continues to increase; by 2007, Daqin alone was carrying 300 million tonnes. 
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Figure 2.5: Coal consumption by use and rail transport of coal 1990-2007 
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Table 2.4: East-west coal corridors in north China 

Corridor From To Characteristics 
Coal tonnage 

(million) 2007
(1)

 

North     

Daqin Datong Qinhuangdao Double; electric 287 

Jingbao Datong Beijing Double; electric 27 

Jingyuan Taiyuan Beijing Single; diesel 12 

Shuohuang Shenchinan Huahuang Double; electric 122 

Subtotal    448 

Central     

Shitai Taiyuan Shijiazhuang Double; electric 70 

Hanchang Changzhi Handan Single; diesel    7 

Subtotal    77 

South     

Xinjiao Yueshan Xinxiang/Shandong Double; electric 107 

Longhai Luoyang Lianyungang Double; electric 21 

Subtotal    128 

Total    653 

(1) IBRD estimates; tonnage on leaving western provinces 

 

Coal transport capacity is in short supply on CR. The current practice is for organizations 

seeking coal carrying capacity to apply to MOR and NDRC prior to the annual coal trading 

convention, at which MOR then allocates capacity as available. Any ‗non-plan‘ movements 

outside these allocations need the special approval of MOR. 
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2.5.2 Other bulk commodities 

 

Minerals traffic has almost doubled since 1990, with particularly strong growth in eastern and 

northern China. Many of the densest flows are inland from ports, with traffic distributed from 

Nanning and Guangzhou in the south, Fuzhou and Shanghai in the east and the Shandong 

ports and Dalian in the north. Growth has been slower in north-east China (although it still 

remains a major generator but with about 90 percent of its traffic being intra-regional), and in the 

south-west, where traffic volumes have barely changed. 

 

The volume of iron and steel transported by rail has doubled since 1990 and it is now 

transported by rail from a much wider range of origins. As with most traffics, the short-distance 

movements have been attracted to road haulage and 65 percent is now moving inter-regionally 

compared to around 50 percent in 1990. The two largest traffic generators are Anshan 

(Liaoning) and Baotou in Inner Mongolia; other major plants are at Wuhan, Kunming and 

Panzizhua (Yunnan), Jiuquan (Gansu), Taiyuan, Handan and Ma-anshan (Jiangsu). 

 

Oil and petroleum traffic has doubled since 1990 and consists of both flows of crude oil to 

refineries and the distribution of refined product to major centers. The major flows of crude oil 

are from the Urumqi region (including some imports from Kazakhstan) to Lanzhou and imports 

from Siberia to Daqing and in smaller volumes via Mongolia to northern China. Oil products are 

distributed from the refineries as well as from trans-shipment points at coastal ports.  

 

Although rail carried around half the crude oil transported in China in 2005, a number of  

pipelines are currently under construction or are planned (e.g. Russia–Daqing, Urumqi–

Lanzhou, Lanzhou–Zhengzhou and Jinzhou–Zhengzhou) and this is likely to see some of the 

major flows transferred from rail.  
 

Traffic associated with agriculture and forestry, including inputs such as fertilizer and outputs 

such as grain and timber, increased by over 60 percent between 1990 and 2005. Over 40 

percent of the total traffic comes from the north-east, including substantial timber flows from 

Russia, which are then transported south.  

 

The volume of construction materials (mostly stone and gravel but also including cement) has 

fallen by 30 percent since 1990. Almost all this reduction has been in shorter-distance 

movements, particularly in the north and north-east, which have almost certainly converted to 

road transport as a result of more efficient road haulage and the low priority this traffic has been 

given on rail. 
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 Box 2.2: Containers by rail and CRCTC 

Until 1995 the rail transport of containers was handled directly by the RRAs like other freight. MOR then established 

the fully-owned China Railway Container Transport Center to be responsible for all railway container transport 

operations. In 2003 CRCTC (CR Container Transport Company) was established to manage the container 

business, including rail and intermodal transport, cargo handling and delivery, and the sale and leasing of wagons, 

containers and facilities. MOR through the CR Container Transport Center holds 51 percent of CRCTC, and RRAs 

hold the remaining 49 percent shares, in proportion to their container traffic.  

While CRCTC is nominally independent from MOR, its general business practices are identical to those previously 

used by the CR Container Transport Center. Container booking and transport services continue to be provided by 

the RRAs as before, with CRCTC shown as the booking agency (even though it has no physical presence at most 

of the just over 600 container booking stations). The revenue is directly credited to MOR, and then distributed 

between the RRAs and CRCTC through a revenue settlement. CRCTC owns about 8,000 container flat wagons, 

which are maintained at MOR workshops, under the control of the RRAs. In 2007, CRCTC owned 212,000 

containers of various types, but only 109,000 of these were 20-foot and 40-foot containers. Around 100 trains are 

operated daily, under a schedule prepared by MOR, some of which are dedicated customer trains, including 

double-stack services on a limited number of routes (Beijing–Shanghai from 2004 with some others from 2007) and 

some dedicated international services which are trans-shipped at the border.  

In 2006, rail carried 64.5 million tonnes of containerized freight. While this included some international shipping 

containers, the majority was domestic freight and also included a substantial volume of bulk and semi-bulk freight 

such as timber that was shipped in containers due to shortages of conventional wagons. Currently, nearly 70 

percent of international containerized freight to inland cities is opened at transit stations around the ports and 

reloaded as carload traffic (as this achieves a better ratio of tonnes per meter of train). Direct rail and road 

movements each account for about half of the remainder.  

The development of the railway container transport network is a priority in the Eleventh Five Year Plan (2006-2010). 

MOR has set up a joint venture with international investors to build central container terminals in 18 major centres 

and ports which will be linked by regular container train services. Currently, the first two of these, Shanghai and 

Kunming, have already begun operations. A further 37 satellite terminals will be established by redevelopment of 

existing freight terminals, with a further 150 conventional stations being equipped to handle containers. 

2.5.3 Other 

 

The volume of manufactured and processed products moving in wagons has also reduced by 

around a quarter since 1990. By contrast, container traffic has grown strongly, increasing by 

over four times during the same period. However, much of this traffic is semi-bulk (such as 

timber) which has been containerized due to a shortage of conventional wagons and the 

aggregate volume of manufactured and processed products, whether by conventional wagon or 

containerized, has almost certainly reduced. This decline is for the same reasons as the 

reduction in construction materials: improvements in road transport efficiency and lack of priority 

from CR compared to the needs of basic and heavy industries.  

 

Until recently, MOR appeared reluctant to encourage the development of railway container 

business on CR, as it tends to require relatively high track capacity relative to the tonnage 

throughput, and thus consumes scarce track capacity needed for traffics such as coal for power 

stations that is treated as a strategic priority by government. Moreover, until relatively recently, 

containers were handled inefficiently on a wagonload basis in general freight terminals.  
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The increasing policy emphasis on spreading the benefits of economic development to the 

central and western parts of China requires fast, cost-effective and reliable transport between 

inland and coastal locations. Therefore in 2003 MOR established the China Railway Container 

Transport Company (CRCTC)9 to develop corridors capable of operating double-stack container 

trains between major new rail container terminals. These terminals will work as inter-modal hubs 

to consolidate container traffic to/from their respective catchments and reduce the less-than-

train-load freight loading (Box 2.2).  

 

Figure 2.6 shows that the major freight flows are on the three groups of east-west coal corridors  

in northern China, from where coal is transported south by coastal shipping, together with rail 

carriage of coal towards Nanjing, Shanghai and the Yangtze at Wuhan. Other heavily trafficked 

routes include the main Harbin–Dalian route (petroleum and timber from the north as well as 

steel from Anshan), the main line to Guangzhou south of Wuhan, and the main east-west 

corridors to Kunming and Lanzhou. Many of the non-coal corridors are those on which high-

speed passenger services are planned whilst the coal corridors are planned to have their 

capacity increased either by upgrading or by building parallel routes (see Section 4). 

 

                                                
9
 Two other companies were established at the same time to handle special loads (out-of-gauge, very heavy etc) and 

express freight. 
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Figure 2.6: Freight flows 2006 
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2.6 Future traffic outlook 
 

The scale of infrastructure construction planned to 2020 is such that by then there is a 

reasonable chance that, for the first time in seventy years, the network may not be subject to 

widespread capacity constraint. At the same time, the changes in the nature of services offered, 

with high-speed passenger services linking dozens of large cities on a frequent basis, and fast 

reliable container services linking major distribution centers, mean that past traffic trends are of 

only limited value in anticipating the future. 

 

2.6.1 Impact of economic growth 

 

The Mid to Long-Range Railway Network Plan (MLRNP) (described in detail in Section 5.10) 

examined traffic projection issues closely in 2003 taking into account the probable structural 

changes in China‘s economy by 2020. The key economic assumptions of MLRNP were: 

 

 GDP will quadruple between 2000 and 2020 (equivalent to a 7 percent annual average 

growth).  However, by 2007, GDP was already twice that of 2000, equivalent to a 10 

percent annual growth; 
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 The economic structure (primary:secondary:tertiary) will shift from the 2000 proportions 

of 15:52:34 to 10:45:45 (by 2007, the proportions were 12:49:39); 

 Population will grow at 0.7 percent p.a.; 

 Urbanization will continue so that by 2020, 60 percent of the population will live in cities, 

an increase of 80 percent on 2000. Urban development is expected to be concentrated 

in the three groups of urban centers clustered mainly around the Pearl Delta, the 

Yangtze Delta and the Bohai Sea (Beijing, Tianjin etc.) 

 

Given the lower growth rates expected for industry and agriculture (6 percent and 5 percent 

respectively compared to 9 percent for the tertiary sector) many of the traditional heavy 

industries are expected by MLRNP to grow relatively slowly: 

 

 Coal-fired stations are expected to generate 75 percent of electricity in 2020 and coal 

production by 2020 will be about 2–2.5 billion tonnes. Coal will provide about 60 percent 

of all energy consumed in China, slightly down from 66 percent in 2000; 

 Petroleum demand will grow at about 4 percent p.a., with most of the extra demand 

being supplied by imports; 

 Steel production will grow at about 1.5 percent p.a., with domestic production growing at 

about the same rate; 

 Agricultural production, and associated inputs such as fertilizer, will grow between 1.5 

and 2 percent p.a. 

 

The faster than expected growth in the economy to 2007 made most of MOR‘s 2003 projections 

seem rather low: 

 

 Coal production in 2007 was already 2.5 billion tonnes, well above the 2003 forecast and 

at about the same level as the 11FYP target of 2.6 billion tonnes in 2010. It is now 

possible that coal production could reach 3.5 or 4 billion tonnes by 2020; 

 Domestic steel production has more than trebled since 2000; 

 Fertilizer production has increased by over 80 percent in the same period. 

 

As a result, by 2007 the traffic forecasts on which the MLRNP were based were looking very 

conservative (Figure 2.6). Whilst the passenger demand was close to that predicted, this was 

because passenger service supply was constrained by the remarkable growth in freight 

demand, which was already at the level previously predicted for about 2013. Based on the rate 

of economic growth, passenger demand would probably be at least 20 percent higher than the 

current level if the capacity was available. Nevertheless, when the freight forecasts were revised 

upwards in 2007, the passenger forecasts were left unchanged. However, with the large 

investment now being made in high-speed lines, there is likely to be ample capacity for any 

suppressed passenger traffic in the medium-term and, unless the current economic recession 

results in a prolonged diminution in long-term economic growth between now and 2020 (to 

around 5–6 percent p.a.) it seems likely that the passenger forecasts in Figure 2.6 will be 

exceeded. 
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Figure 2.6: Passenger and freight demand forecast 2008-2020 
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2.6.2 Passenger demand 

 

The MLRNP assumed an elasticity of passenger demand with respect to GDP (over all modes) 

of 0.9 to 2010, reducing to 0.8 thereafter. This is reasonable, although perhaps a little low at this 

stage of China‘s economic development, especially given two new drivers of passenger demand 

that will be evident between now and 2020: 

 

 the introduction of the inter-regional high-speed services, which will consolidate CR‘s 

position of strength in the medium-distance market (250–1,000 km); and 

 the introduction by many provinces of regional high-speed high-frequency services, of 

the type successfully operated by Guangshen for several years between Guangzhou 

and Shenzhen. 

 

Table 2.2 shows that, even for long-distance journeys of 1,500–2,500 km, rail still had a 50 

percent market share with air transport in 2005 and an 85-95 percent share for trips of around 

1,000 km. This is broadly consistent with the MLRNP statement that rail had a 67 percent share 

for trips over 1,000 km in 2003; MLRNP also stated rail had 95 percent of the market (with most 

of the remainder to road transport) for trips between 100 km and 1,000 km. The MLRNP 

forecast a reduction in the rail market share for long-distance trips to 50 percent; this may be 

reasonable but is likely to occur because of faster growth in travel by higher-income passengers 

(air travel probably has an elasticity of 1–1.5 with respect to GDP) rather than because of a 

major diversion from rail. 
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The regional high-speed services will have a major impact on CR. After over twenty years of CR 

largely discouraging short and medium-distance rail travel, these services will almost certainly 

generate a large growth in demand. In corridors such as Shanghai–Nanjing, which are too short 

to fly and which are very congested by road, high-frequency services are already generating 

new regional commuting markets. The increase in demand is such that MLRNP forecasts that, 

after 50 years of continuous increase, average rail trip length in China will start to reduce by 

about one percent p.a.. 

 

2.6.3 Freight demand 

 

Coal is the single most important freight traffic, representing 45 percent of tonnes carried and 33 

percent of net tonne-kilometers. It is expected to remain the dominant source of electricity 

generation for the next twenty years or more. During this period it is likely the coal and electricity 

industries will continue to consolidate into large coal producers supplying increasingly large 

power plants, with the small-scale mines that currently produce about 20 percent of total 

production largely disappearing. This move to larger-scale producers and consumers will be 

advantageous to rail transport. MLRNP expected that up to 70 percent of coal produced would 

be moved by rail compared to the historic figure of about 60 percent. This will tend to counteract 

any reduction in absolute coal demand caused by improved efficiency at power stations. 

 

Major changes are also expected in flows of two other commodities. Two major flows of crude 

petroleum traffic (Urumqi to Lanzhou and from Russia to Daqing) will be largely diverted to new 

pipelines but this is expected to be compensated by overall growth and diversion from inland 

waterways to rail. The overall market share of rail is expected to be maintained or to increase 

slightly. Supplies of domestic ore for the steel industry are expected to be increasingly replaced 

by imported ore, significantly changing the traffic patterns.   

 

Finally, in what is the biggest change in the freight business, containerized freight is being given 

a major boost (Box 2.2). Containerized freight was forecast by MLRNP to reach 200 million 

tonnes by 2010 and 400 million tonnes by 2020. In 2006, CR carried 64 million tonnes of 

containerized freight but much of this appears to have been semi-bulk commodities rather than 

the high-value traffic normally associated with containers. Nevertheless, the potential market 

undoubtedly exists, even if may involve some cannibalization of existing traffics. The key to its 

success will be the extent to which both CR‘s container company and the regional railway 

operators can attain sufficient focus on market needs and customer service. 
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3. Railway System Development  
 

3.1 Introduction 
 

The traffic trends described in Section 2 show that, between 1990 and 2008, China‘s total rail 

traffic task (measured by the sum of tonne-km and passenger-km to attain traffic units (TU)) has 

increased by over 150 percent.  This increase in traffic is some four times greater than the 

current total railway traffic task of the European Union. The MOR has responded by increasing 

the capacity of the existing network and by the construction of many new lines.  The rail network 

in China has been enlarged in the last eighteen years by about 20,000 km, equivalent to the 

entire network of Japan or the UK. At the same time, the emerging competition for both 

passenger and freight transport has put more pressure on the rail system to improve its level 

and quality of service.  

 

Enhancements to the capacity and quality of the network have been achieved through a 

succession of planned investment programs, implemented against tight timetables and often 

incorporating major engineering achievements, and supported by a series of technological 

upgradings and innovations. This section describes the physical development of the railway 

system and the rollingstock that uses it. 

 

3.2 The overall strategy 
 

As has been noted earlier, by 1990, despite having more than doubled the railway network 

length since 1949, China‘s railway system was overstretched, with chronic capacity shortages 

and a large demand for rail transport which could not be satisfied. The planning process at the 

time underestimated the potential impacts of the ongoing and prospective economic reforms on 

potential traffic growth, and their implications for railway investment needs. Capacity expansion 

programs and funding had by 1990 fallen well short of the emerging market demands. Over the 

period covered by this Report, successive Five Year Plans have continued to wrestle with these 

challenges. 

 

Probably the most potent policy driver has been China‘s need to enhance energy production 

and maintain reliable supply.  Energy in China is largely coal-based, and the largest coal 

reserves are some 500 km inland in the north of the country with consumers concentrated along 

the coast in central and southern China.  One of MOR‘s main priorities has therefore been to 

expand those existing lines and construct new ones that facilitate transport of coal either directly 

to customers, or to ports for transfer to coastal shipping. But other government policies 

encourage economic development of areas other than the coastal region to reduce the growing 

income disparity between coastal and interior China. So MOR has also responded to the need 

to extend the rather sparse railway network in the central and western parts of the country. 

 

Figure 3.1 shows the development of the main trunk network over this period in terms of 

network extension, track duplication and electrification. About half of the new construction since 

1990 has been through local and JV railways, described in more detail in Box 3.1. 
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Figure 3.1: Trunk network 1990 and 2005 
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3.2.1  The Eighth Five Year Plan (8FYP) 1991-1995 

 
The main objective in the 8FYP was to upgrade the existing lines and construct new routes in 

parallel where required. The additional transport capacity was therefore concentrated on the 

trunk lines (which represent about 60 percent of the total network) with local economic 

development being addressed through Local Railways and Joint Venture Railways (Box 3.1) 

 

The 8FYP had greater investment and (in spite of the severe cost inflation experienced between 

1993 and 1995) greater output than any of the previous plans.  A number of major corridors 

were developed during this period: the Beijing–Kowloon route (relieving the main north-south 

corridor between Beijing and Guangzhou); duplication of the Lanzhou–Urumqi route; the 

Houma–Yueshan route; Baoji–Zhongwei; and completion of the Datong–Qinhuangdao coal 

export line.  

 

Many of these lines were financed using new sources of funds10 and this was also the first plan 

period during which the freight construction surcharge, which is hypothecated to a railway 

construction fund (RCF), became available for use (explained in more detail in Section 5.7.2).  

 

                                                
10

 In the 7FYP, nearly 80 percent of the funds for capital construction came from either the national budget or from 

MOR retained earnings; in the 8FYP this proportion dropped to 7 percent, replaced by the railway construction fund 

(RCF), bonds and domestic borrowings. 

Box 3.1: Local and Joint Venture Railways 

Local railways commenced in the 1960s and are typically short branch lines connecting to the trunk 

network (similar to ‗short lines‘ in the US), whose construction has been jointly financed by MOR and 

the relevant local government. They also include a few railways that have no financial involvement 

from MOR; these include the Qinhuangdao local railway, owned by a staff co-operative and one in 

Guangzhou which is being developed by a private individual. Local railways are still being constructed 

but they remain essentially feeder lines and do not form part of the trunk network.  

The Joint Venture (JV) railways, established from the mid-1990s, also typically involve MOR, and in 

most cases provincial governments, but the shareholders also often include local enterprises who ship 

freight along the line. Although almost all the JV railways have in the past been non-electrified single 

lines, they have made a major contribution to network development over the period, constituting over 

50 percent of the new construction. By far the busiest of the JV railways (in terms of traffic handled) is 

the Shuohuang heavy-haul coal railway, opened in 2000 as part of an integrated development of 

coalmines, power plants, the railway and Huahuang port. This electrified double-track line was built to 

the same standards as a Class 1 line and carries well over 100 million tonnes p.a.. It is described in 

more detail in Box 3.6. Two other well-known JV railways are the Inner Mongolia local railway (Jitong 

line) in the north and the Guangmeishan railway in the south. 

JV railways assumed a new importance in 2005, when it was decided that as much of the new 

construction as possible, including all the new passenger-dedicated lines (PDL), would be JV lines. 

MOR and provincial governments are normally the major partners but with opportunities for third 

parties.  At the time of writing there are about 80 JV railways established and over 100 planned. 
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3.2.2  The Ninth Five Year Plan (9FYP) 1996-2000 

 

The key aims underpinning railway development in the 9FYP were to ease constraints so that 

traffic could be handled in the short term whilst developing capacity for the long term and 

developing new routes. The construction priorities were: building high-capacity passenger and 

freight corridors; eliminating key bottlenecks; improving service quality; and continuing to 

modernize the system. 

 

From 1997, the growth of the economy began to slow and the Government responded with a 

stimulus package that included increasing the funds available to meet infrastructure needs. The 

pace of construction was increased, with over 4,000 km of each of new line construction, track 

duplication and line electrification. Passenger train speeds were increased (Box 3.3), and 

existing lines upgraded. The main projects were upgrading the inter-regional coal corridors, and 

the construction and upgrading of the main north-south, north-east, north-west and south-west 

corridors.  

 
3.2.3  The Tenth Five Year Plan (10FYP) 2001-2005 

 

The 10FYP maintained the emphasis on providing increased railway transport capacity and 

improved quality of service. The plan again emphasized the construction of high-capacity trunk 

rail lines as the backbone for the Chinese transport system. Further steps were taken to 

separate the various activities of the railway functionally and operationally. 

 

Network planning was based on the long-term development of eight horizontal and eight vertical 

corridors, which form the core of the network, increased funding for construction in western 

China, early planning for high-speed and dedicated passenger railway lines, and further 

advances in electrification. For the first time, the need to make the railway more competitive for 

passengers and general merchandise became a priority, with plans to construct high-speed 

lines for passenger and container transport and to modernize the management system. During 

this period, MOR completed additional east-west rail corridors and raised the speed of 

passenger trains to 160 km/h in 16 corridors. The development of multi-modal transport services 

and a specialized container transport system, including dedicated container terminals, also 

became a priority. 

 

A major planning milestone during this period was the publication of the previously mentioned 

MLRNP (Section 5.10) covering the period 2005 to 2020 and approved by the State Council in 

2004.  It is the basis of the Eleventh Five Year Plan currently under implementation. 
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3.3 Network development 
 
The capacity of a railway line depends on the characteristics and interaction of its infrastructure, 

rollingstock and operating mode. Key determinants of capacity are the number of tracks, the 

length of trains, the maximum allowed load/axle, train speed, the number of trains that can be 

operated per day (dictated by the signaling system) and the capacity of the locomotives, 

passenger coaches and freight wagons operating over the route.11 

 

For many years CR‘s main corridors have, by and large, operated at or near their capacity. 

MOR has made continued efforts to increase the capacity of the existing network through a 

combination of measures. Although significant capacity was added (Table 3.1), it was quickly 

used. Most main rail corridors of CR continued to operate at or near capacity by the end of 2007 

while demand continued to increase12 (Figure 3.2 and Box 3.2).   

Table 3.1: Chinese rail network characteristics 1990-2007 

 1990 1995 2000 2005 2007 

Route-km
(1)

      

National (CR) 53,378 54,616 58,656 62,200 63,637 

Local 4,522 5,034 4,813 4,775 4,813 

Joint venture - 2,738 5,181 8,462 9,517 

Total 57,899 62,389 68,650 75,438 77,966 

CR network      

Route-km with multiple track 13,024 16,909 21,408 24,497 25,794 

Track-km (running lines) 67,549 72,984 81,736 88,561 91,400 

Track-km (including sidings etc) 103,865 112,468 124,830 132,855 136,727 

Rail track-km > = 60 kg/m 15,583 28,260 47,116 64,661 70,799 

Continuously-welded rail (CWR) 14,644 21,521 29,464 47,094 56,355 

Electrified route-km 6,491 9,703 14,864 19,408 24,047 

CTC route-km 1,169 1,226 1,200 1,828 5,322 

Automatic block route-km 10,370 12,910 18,318 24,149 26,526 

Semi-automatic block route-km  41,846 40,859 41,695 39,390 38,563 
(1) 

All Chinese lines are standard-gauge except for the 661 km Kunming–Vietnam line and some short distances of 

Russian-gauge line in the border areas. 

 

                                                
11

 The intensity of rail traffic over a railway is termed ―traffic density‖ and is measured in terms of million traffic units 

(passenger-km plus net tonne-km) carried per route-km. 
12

 In 2006 the average traffic density of six key trunk lines (Beijing–Shanghai, Beijing–Guangzhou, Beijing–Harbin, 

Beijing-Kowloon, Lianyungang–Lanzhou and Hangzhou–Zhuzhou) was over 80 million traffic units/km; a very high 

density for mixed traffic operations.   
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Figure 3.2: Line sections at capacity 2005 
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In addition to the expansion in network size of 20,000 km between 1990 and 2007, there were 

improvements in the standard of the infrastructure that also provided substantial increases in 

capacity. Around 13,000 km of routes were duplicated and 17,500 km of route electrified. About 

three-quarters of the running lines are now laid with rail of at least 60 kg/m, allowing axle-loads 

to be increased.  

 

On high density rail routes, particularly those in hilly country, the conversion from diesel to 

electric traction not only reduces operating costs but, when it is combined with other measures 

for upgrading the infrastructure and rollingstock, also offers an increase in transport capacity. 

CR‘s electrification projects have nearly always been accompanied by upgrading of track to 

increase operating speeds, by improvements to the signaling system to reduce train headways, 

lengthened passing loops to increase the length of trains, and the use of more powerful 

locomotives so that longer and heavier trains can be hauled at higher speeds. On single track 

routes where high traffic growth was anticipated, double tracking with electrification was 

employed to gain the twin benefits of lower operating cost and higher capacity. By the end of 

2007 electrification covered 38 percent of the national network, compared to 13 percent in 1990, 

and most high density routes were operating with electric traction (Figure 3.1).  

 

Track duplication increases route capacity by a factor of around four, while electrification and 

Automatic Block Signaling (ABS) each add a further 15–25 percent. The combined effect is that 

capacity, measured in terms of train paths, has increased by about 90 percent since 1990. 

Passenger and freight traffic, measured in terms of passenger-km and net tonne-km, has 

increased by 195 percent and 135 percent respectively during the period. However, as average 

train sizes increased by 35 percent and 32 percent respectively due to more powerful 

locomotives and higher axle-loads (for freight), overall train movement demand also only grew 

by around 90 percent. In other words, broadly two-thirds of the increase in network capacity was 
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due to infrastructure and one-third to rollingstock upgrades but, despite these improvements, 

the network remains almost as congested today as it was in 1990. 

 

Box 3.2:  Rail Transport Capacity Shortages in China 

There are regular press reports of shortages of rail capacity in China. For example, in early April 2004 the 

Chinese press reported that ‘China’s overloaded transport system was struggling to keep up with 

demand. Delays in deliveries of commodities such as coal, iron and steel, fertilizer and grain have pushed 

up some prices, putting inflationary pressure on the nation’s economy. Railway congestion has led to an 

undersupply of coal to power plants in some areas including Shanxi Province.’ 

Such reports often quote CR statistics showing the daily demand for freight wagons has increased to a 

multiple (often two or three) of the available supply. However, while there is undoubtedly a shortage of 

capacity, the wagon demand figures are not a true reflection as they include multiple bookings from 

would-be shippers (in the expectation they will only receive a fraction of what they request), as well as 

requests covering not only current production but also backlogs. The true shortage of capacity is probably 

closer to 10-20 percent. However, this shortage falls disproportionately on the non-priority traffics such as 

manufactured products which can thus experience major difficulties in being shipped by rail.  

There is also a shortage of capacity for passenger travel and passengers often need to book well in 

advance for a rail journey. During holiday seasons such as Spring Festival, there is a dramatic surge in 

passenger demand which CR is unable to meet even though it imposes a 20 percent surcharge and 

curtails freight trains to run additional passenger services.  

 

 

3.4 Rollingstock development 
 
3.4.1  Locomotives 

 

The steam locomotives that constituted about 46 percent of the fleet at the end of 1990 were 

almost completely phased out during the period (by 2007, only 89 steam units remained in 

storage). The fleet is now two-thirds diesel locomotives and one-third electric locomotives 

(Table 3.2). However, the diesel fleet includes many lower powered shunting locomotives and in 

2007 about 49 percent of the total system gross tonne-km was hauled by electric locomotives.  

 

There has also been a significant increase in the average haulage power and speed of 

locomotives, with the typical diesel line-haul locomotive in 2006 rated at 3,600 kW compared to 

2,500 kW in 1990. Similarly the power of a typical electric locomotive increased from 4,800 kW 

in 1991 to 9,600 kW in 2007 (HXD1 twin-loco). Locomotives with a maximum speed of 160 km/h 

were developed to raise the speed of express passenger trains, whilst the maximum speed of 

freight locomotives was increased to 130 km/h. These improvements in the locomotive fleet 

enabled CR to operate heavier freight and faster passenger trains. The average trailing load of 

freight trains increased from 2,414 tonnes to 3,193 tonnes between 1990 and 2007, while the 

output per locomotive per day increased from 860,000 t-km to 1,200,000 t-km. The average 

commercial speed of passenger trains increased over this period from 46 km/h to 69 km/h. 
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Table 3.2: China Rail fleet 1990-2007 

 1990 1995 2000 2005 2007 

Total system      

Locomotives      

Steam 6,541 4,626 911 193 124 

Diesel  5,807 8,411 10,826 12,114 12,111 

Electric 1,633 2,517 3,516 5,166 6,071 

Total 13,981 15,554 15,253 17,473 18,306 

Passenger coaches 27,538 32,663 37,249 41,974 44,243 

Freight wagons (000) 369 436 444 548 577 

CR fleet      

Locomotives      

Steam 6,279 4,347 601 94 89 

Diesel  5,680 8,282 10,355 11,331 11,229 

Electric 1,633 2,517 3,516 5,122 5,993 

Total 13,592 15,146 14,472 16,547 17,311 

Passenger coaches 27,261 32,404 35,989 40,328 42,471 

Coaches with seats or berths 23,437 27,941 30,610 35,820 n.a. 

Air-conditioned 1,592 6,579 14,536 21,483 25,145 

Seat capacity (000) 211 225 216 211 213 

Berth capacity (000) 30 51 70 93 96 

Freight wagons (000) 365 433 440 542 571 

Capacity >=60 tonnes (000) 246 346 416 470 501 

Average wagon capacity (tonnes)
(1)

 55.0 56.8 57.9 60.9 61.8 

Total capacity (million tonnes) 20.6 25.0 26.2 32.9 35.3 
(1) 

Standard-gauge 

 

Although CR had a few early self-propelled diesel multiple-units, they had been retired by 1990 

and all services were then loco-hauled for over a decade. However, from about 2000, both 

diesel multiple-units (DMUs) and electric multiple units (EMUs) were progressively introduced 

on several regional routes, most notably between Guangzhou and Shenzhen (from late 2000) 

and on the Qinhuangdao–Shenyang (Qinshen) dedicated passenger line (from 2003), both of 

which operate at 200 km/h. Following the seventh ‗speed-up‘ (Box 3.3), these are now being 

introduced across the system.13  

 

Some Local and JV railways are operated by CR under contract but many have their own 

motive power, now almost entirely diesel locos.14  

 
3.4.2  Passenger coaches 

 

In 1990, the passenger coach fleet was mostly suitable for maximum speeds of 100–120 km/h 

but over the next fifteen years CR introduced faster and more comfortable passenger coaches. 

                                                
13

 CR classifies the power cars of these sets as locomotives and the non-powered cars as coaches.   
14

 The last regular steam operation ceased in December 2005 with the full dieselization of the Jitong line.  
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Much of the fleet can now operate at 160 km/h whilst the proportion of the fleet that is air-

conditioned has increased from under 10 percent to over 60 percent in 2007. By 2007, most 

long-distance express trains operated with air conditioned coaches with two and three tier 

sleeper berths (known as soft and hard sleepers respectively). Shorter distance trains were 

operated with air conditioned coaches with soft and hard seats. 

 
3.4.3  Freight wagons 

 

Since 1990, CR has introduced higher capacity freight wagons (61 tonnes of freight or more) 

and such vehicles now represent 45 percent of the fleet, compared to 2 percent in 1990. All new 

freight wagons are designed for a 25 tonne axle-load. Freight wagons having a carrying 

capacity of 80 tonnes (25t axle load) were introduced on the Daqin coal line from 2005.     

 
3.4.4  Passenger stations 

 

Major railway stations in China handle very large volumes of passengers. The top five major 

passenger terminals (Shanghai, Beijing, Beijing West, Guangzhou and Xian) handle as many as 

120 pairs of trains and 50,000 passenger departures each day. 15 regional centers each handle 

more than 25,000 passenger departures. During holiday seasons, the number of passengers 

increases by 30-50 percent over normal levels. The increase in passenger traffic and desire to 

upgrade user facilities has led CR to construct new or modernize 19 existing stations (Figure 

3.3). Such stations are spacious with excellent natural lighting, modern amenities including large 

waiting areas, information systems, elevators/escalators, moving sidewalks and climate control. 

These are similar to major airport terminals, with baggage scanners and other security 

arrangements. The flow of passengers for arrival and departure is segregated and the stations 

are designed for convenient access to other transport modes.  
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Shanghai South Station Beijing South Station 

 
Guangzhou Station 

Figure 3.3 Passenger station developments 

 

 
3.4.5  Freight yards and operational stations 

 

The CR network has 49 major marshalling yards, of which 37 are located in eastern and central 

areas, accounting for about 75 percent of traffic, while 12 are located in the western regions, 

accounting for about 25 percent of traffic. Twenty-two of these marshalling yards have been 

expanded and modernized in the period under review and are equipped with sophisticated 

automatic and semi-automatic shunting equipment.  

 

By 2007, the number of operational stations and depots had been reduced from 1,491 in 2003 

to 627, enabling CR to optimize its operation, improve labor productivity and reduce operating 

costs. 

 

 

3.5 Operational performance 

 

In 1990, steam locomotives still performed 29 percent of the total traffic task, passenger trains 

operated at an average speed of 46 km/h and the freight business was still essentially a wagon-
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load business in standard 4,000 gross tonne trains which required large amounts of 

intermediate marshalling and shunting. By 2005, CR was an all-diesel and electric railway, with 

high-speed (200 km/h) passenger services already operating on some lines, and with examples 

of heavy-haul bulk operations of trains of up to 20,000 tonnes. EMU trains operating at 200–250 

km/h were introduced on several routes in 2007 (Figure 3.4) while the first 300 km/h EMU train 

service between Beijing and Tianjin was inaugurated in August 2008.  

 

  
Figure 3.4 CRH services 

 

Other than the dedicated mineral lines such as Daqin, most lines carry a mixture of heavy 

freight and express passenger trains. Such lines typically operate with headways of between 

seven or eight minutes and routinely handle about the equivalent of 120 pairs of passenger 

trains daily, and up to 140 or more pairs at peak periods (such as Spring Festival) close to or 

equaling the theoretical capacities. 

 

Given this high level of track utilization, the challenge to improve operations has become 

progressively harder as the technical speed15 of passenger trains has increased (Table 3.3). In 

1995, the average commercial speed of passenger trains, at 49 km/h, was only 7 km/h faster 

than in 1970 and there were still only one or two return trips daily between Beijing and most 

provincial centers. At this time, air and road services were undergoing rapid development and 

1995 and 1996 had seen declines in rail passenger travel, not least because of a 52 percent 

increase in the base tariff.  

 

In 1997, CR began implementing a package of measures to revive the passenger business, 

including the first of a series of ‗speed-ups‘ for main-line express trains; by 2007 there had been 

seven such ‗speed-ups‘ (Box 3.3). The maximum train speed that was generally around 80-100 

km/h in 1990 has been raised in stages to 160 and 200 km/h on the most popular passenger 

corridors (14,000 route-km). The average commercial speed of passenger trains in 2007 at 69 

km/h was more than 40 percent higher than in 1995. 

 

                                                
15

 The technical speed is the speed excluding en-route stops at stations or for crossing or overtaking other trains. The 

speed when these delays are taken into account is termed the commercial speed. 
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Table 3.3: CR Operating Indicators 1990-2005 

 1990 1995 2000 2005 2007 

Percentage of traction task      

Steam 29 11 1 - - 

Diesel 53 64 67 57 51 

Electric 18 25 32 43 49 

Average technical speed (km/h)      

Passenger 57 58 69 74 79 

Freight 44 44 46 46 47 

Average commercial speed (km/h)      

Passenger 46 49 57 65 69 

Freight 29 30 32 32 33 

Average weight of freight train (gross tonnes) 2,414 2,597 2,676 3,038 3,193 

Output/day per freight loco (000 ntkm) 860 931 994 1106 1204 

Average freight haul (km) 725 832 806 838 837 

Average wagon turnaround (days) 4.1 4.5 5.4 4.9 4.8 

Traffic density       

Passenger (pkm/route-km) 4.5 5.6 6.6 8.0 9.3 

Freight (ntkm/route-km) 18.4 20.1 20.1 27.5 30.5 

Labor productivity (000 traffic units/staff) 673 824 1,155 1,712 1,982 

 



 

 

 38 

 
 

 

CR has an extensive branch-line network, with about 120 branches amounting to 8,000 route-

km.16 MOR recognized that these lines, many serving industrial and mining companies, usually 

operated with relatively high unit costs and revised operating and maintenance procedures have 

been introduced to reflect the usually much lower traffic volumes. They have been reorganized 

in a way that bears some similarity to  US ‗short-lines‘, with unified branch management 

responsible for overall financial performance as well as receiving financial support from local 

governments, either through direct subsidies or through permission to charge higher tariffs.  

 

CR is a safe railway for its passengers and staff (Table 3.4). When considered against the very 

high density of train movements, the accident rates reflect CR‘s high maintenance standards 

and strong operating discipline. Deaths of passengers due to train operations are very few and 

staff deaths (under 100 per year on average) are of the same order of magnitude as the US as 

a proportion of total employees. 

                                                
16

 They handle about 10 percent of the freight consigned, 2 percent of the passenger numbers and less than 1 

percent of the traffic units. 

Box 3.3: The need for speed 

 The first railway speed-up, from April 1997, saw the introduction of new express trains with a top 

speed of 140 km/h while overnight services (―Sunset‖ departure and ―Sunrise‖ arrival) began 

operating between major stations that were 1,000 to 1,500 km apart. 

 The second speed-up came from October 1998 and was marked by a new top speed for express 

trains of 160 km/h. The country's first luggage trains and nonstop trains to tourist destinations 

were also introduced. 

 The third speed-up, from October 2000 was mostly concerned with services on the Lanzhou–

Lianyungang and Beijing–Hong Kong routes.  

 The fourth speed-up, on October 2001 covered 13,000 km of passenger routes encompassing the 

majority of the country, including the introduction of additional express trains. 

 The fifth speed-up, on April 2004, involved 16,500 km of track, with the top speed for express 

trains on some arterial routes increased to 200 km/h. In 2005, non-stop ―Z‖ trains were introduced 

on major routes such as Shanghai-Beijing and Beijing-Xian, reducing travel time by up to two 

hours. These trains have proved very popular; at present five such trains depart from Shanghai 

and Beijing every evening and complete the 1,300 km journey in 12 hours. 

 The sixth speed-up from April 2007 saw the introduction of express EMU services on eight 

corridors covering 6,000 km of line with a maximum speed generally increased to 200 km/h, and 

on some sections to 250 km/h. These are mixed corridors which handle both heavy freight and 

passenger volumes. The services (marketed as China Rail High-Speed (CRH)) are operated with 

modern air-conditioned 8 and 16-coach EMU train sets and have a commercial speed of about 

150 km/h. The trains have two classes: first class (normally 2 coaches per 8-car set) has two by 

two reclining seats while the second class has two and three seat configuration. The general 

ambience and riding quality of these trains is excellent and they have proved very popular even 

though the price charged is about 50 percent higher than the express trains operating at 160 km/h. 

140 pairs of high-speed trains were introduced in April 2007 and this number is increasing rapidly. 

 Train operation at 300 km/h was introduced between Beijing and Tianjin in August 2008. A 

number of corridors on which trains will operate at this speed are under construction. 
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The vast majority of deaths (not included in Table 3.4 but estimated at around 7,000-8,000 each 

year) are of members of the public killed whilst either walking along or crossing the railway 

tracks, many of which are not fenced.  

Table 3.4:  Railway Accidents, 1995-2005 

Year Total Number of 

Operational 

Accidents 

Grave and Serious 

Accidents 

Railway Staff  

Fatalities 

Railway Staff 

Serious Injuries 

1995 3,010 19 91 176 

2000 827 19 65 106 

2005 1,142 11 77 59 

2006 963 12 62 43 

 

 
3.6 The Daqin and Shuohuang Railways 
 

The Daqin and Shuohuang railways are the two main dedicated east-west coal lines in northern 

China. The Daqin line initially opened in 1989-92 and its infrastructure, rollingstock and 

operations have been progressively upgraded and improved so that its annual line capacity has 

been increased from the 100 million tonnes for which it was originally designed in 1988 to over 

300 million tonnes in 2007 (Box 3.4). In 2006, it was listed on the Shanghai Stock Exchange.  

The Initial Public Offering (IPO) raised about CNY 15 billion (USD 1.9 billion).  

 

A decade later, the Shuohuang railway was opened, providing a second dedicated line to the 

Bohai Sea ports. This line, however, was constructed as a JV line with almost all the coal it 

carries being mined by the Shenhua Company, the principal member of the JV. (Box 3.5). 
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Box 3.4: Datong-Qinhuangdao (Daqin) Railway 

This is a 653 km long double-tracked dedicated freight heavy haul railway that transports coal from 

Shanxi province to the east coast of China.  The first phase of construction was completed in 1989 

and the second phase in December 1992.  By 2002, the Daqin railway had a capacity of 100 million 

tonnes per year (mtpa), which was progressively raised to 150 mtpa in 2004 and then by 50 mtpa 

increments to reach 300 mtpa in 2007. These increases in capacity, and associated reductions in unit 

operating cost, have been achieved by a series of technical upgrades combining advanced technology 

with local innovations: 

 The line was first built with 60 kg/m rail which allowed wagons an axle-load of 20 tonnes but this 

has since been upgraded to 75 kg/m head-hardened CWR with 1840 sleepers/km and the bridges 

strengthened to allow 25 tonne axle-loads. All level crossings were replaced with overpasses and 

safety fences are provided along the entire railway. The limiting gradient is 1 in 250 in the loaded 

direction and 1 in 80 in the empty direction. 

 Of a total of 32 stations, 11 stations originally had 1,700 m crossing loops while the rest had 1,050 

meter loops. Thirteen of these loops have now been extended to 2,800 meters for the 2,672 meter 

trains of 20,000 tonnes.  

 Train weight was increased from the initial 5,500 tonnes to 10,000 tonnes in 2003 and then 20,000 

tonnes (carrying a net load of 16,800 tonnes) from March 2006. In 2007 an average of 35 and 25 

trains of 10,000 tonnes and 20,000 tonnes respectively were run daily.  

 Trains are loaded on the feeder lines at 46 points which can handle 10,000 ton trains and 8 which 

can handle 20,000 tonne trains. 

 In 2006, 151 sets of block trains had been set up for close circuit operation from point to point. 

Trains are operated at intervals of 13 minutes. The turnaround time for freight wagons stands at 

2.35 days and freight train turnaround at 1.90 days. Much emphasis has been placed on failure 

reduction and reducing inspection and repair time. The planned capacity for 2010 is 400 mtpa. 

 Locomotives with higher power and improved braking systems (SS4-6.400kW and DJ1 twin units) 

were originally used. In 2006, new HXD 9,600 kW locomotives were introduced and maintenance 

facilities upgraded.  

 LOCOTROL system was introduced in 2005 to synchronize the distributed power. 

 The locomotive link was extended from 900 km to 1,500 km while the distance between routine 

train inspections was increased from 635 km to 1,155km.  

 High capacity C76 and C80 freight wagons (carrying capacity 76 tonnes and 80 tonnes) were 

introduced and the gross-to-tare ratio improved through the progressive replacement of steel 

wagons with aluminum wagons. Inspection and maintenance facilities have been upgraded and 

electro-pneumatic brakes introduced to obtain synchronized braking, reducing braking distance 

and allowing increased train speeds. 

 The capacity of traction sub-stations was upgraded, catenary and feeder lines replaced and 

voltage compensation measures introduced. 

 A CTC system was installed on the entire railway and all stations were equipped with 

computerized interlocking. Three-aspect automatic signals were modified to four-aspect.  

 GSM-R railway mobile communications were established between traffic control and the traffic and 

locomotive departments which also transmitted data for asset condition and repair, 

emergency/rescue, DMIS, and end-of-train devices. 

 Advanced automatic condition monitoring devices were installed for signaling, communications, 

power supply and permanent way equipment. 
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Box 3.5: Shuohuang JV Railway 
 
The China Shenhua Energy Company (Shenhua) is one of the largest coal-producing conglomerate 
business enterprises in China and in 2007 included major coal reserves, about 20 coal mines 
producing 150 million tonnes, five railways, two sea ports and 12 coal-fired electricity power plants. 
 
The first four railways are interconnected and form 
the primary corridor for moving coal from the 
Shenhua mines to the ports. Dazhun, a physically 
separate line, feeds into Daqin. Shenhua‘s main coal 
mines are near the junction of the southern end of the 
Baoshen Railway (which feeds coal from its mines 
near Baotou) and the western end of the Shenshuo 
Railway. The Shenshuo line also includes an eastern 
segment connecting with the CR Beitongpu line at 
Shuozhou. About 98% of the traffic carried on 
Shuihuang is mined by Shenhua. 
 
The development of the main coalfield (Shenfu 
Dongsheng) was decided under the 7FYP. Initially, 
the only outlet was north via the Baoshen railway but 
the 9FYP included construction of a direct east-west 
link in two stages, the Shenshuo and Shuohuang 
lines. These railways are notable as the first major 
joint venture railways involving third parties rather 
than provincial governments, even if Shenhua at the 
time was a wholly-owned SOE.  
 
Shenhua is the controlling shareholder, either directly or indirectly, in all four companies (Huangwen is 
part of the Shuohuang company). The other shareholders in Baoshen are the Shaanxi Local Rail 
(5.9%) and the Inner Mongolia Ruyi Industry Company (5.9%) and in Shuohuang they are the China 
Railway Construction Development Centre (the agency for MOR) (41%). In Dazhun, the line is owned 
100% by the Zhunge‘er Energy Company, which is 58% owned by Shenhua. 
 
Generally, the Shenhua railways are Class 1 lines constructed with 60 kg/m rail and the 
Shenshuo/Shuohuang corridor is for practical purposes a top-quality export coal route second only to 
the Daqin line in importance. 

 
percent 

owned 
  

Length 
(km) 

Traction 
Traffic 
(2006) 
(Mtpa) 

Capacity 
(Mtpa) 

Railways        

Baoshen 88.2 Baotou Daliuta 172 Diesel 20 30 

Shenshuo 100.0 Daliuta Shuozhou West 270 Electric 128 140 

Shuohuang 52.7 Shenchinan  Huanghua 594 Electric 112 200 

Huangwan 52.7 Huanghua South Tianjin 67 Diesel 2 20 

Dazhun 57.8 Xuejiwan Datong East 264 Electric 46 48 

Ports        

Huanghua 70.0     79 85 

Tianjin 55.0     2 35 
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4. Railway Technology Improvements 
 

4.1 Overview 
 

Section 4 describes the technology upgrading that has underpinned or complemented the 

physical system upgrading described in Section 3. Readers who are less interested in these 

technical details may prefer to proceed directly to Section 5. 

 

MOR provides strong support for local research and development (R&D) in railway related 

technologies (Box 4.1) as well as for transfer of technology from established international 

companies (Box 4.2). Indigenous R&D is carried out by locomotive and passenger coach 

manufacturers in collaboration with specialized technical institutes17 and universities. 

 

 
 

                                                
17

 Including: the Transport and Economic Research Institute, Rollingstock Research Institute, Institute of 

Communication and Signaling, Institute of Railway Construction, Dalian Locomotive Research Institute, Qishiyuan 

Locomotive Institute of Technology, Zhuzhou Electric Locomotive Research Institute and Institute of Metals and 

Chemicals. 

Box 4.1: Examples of local R&D and their derived railway products 

 AC drive system and control technology for locomotives and EMUs including converter design, 

traction motor design, power electronics device design and high-performance control technology.   

 Dongfeng CJ-8 120 km/h speed freight locomotive, a high power AC drive diesel locomotive with 

electronic fuel injection technology.  

 Linear motor vehicle technology. Two linear motor vehicles were introduced for operation on the 

Guangzhou Metro in 2005. 

 Freight wagons of 75t carrying capacity (cc) for mineral aggregate and steel transport; freight 

wagons of 25t axle-load, 100t cc and 120 km/h operating speed for minerals. 

 C80 Aluminum alloy and C80B stainless steel coal gondola car – 80t cc, tare weight 20t (axle-load 

25t) and operating speed of 100km/h.  

 Several other freight wagons such as KZ70-stone ballast hopper car, KM70 type coal hopper car 

(cc 70t, tare 23.8t, axle load 23t, speed 120 km/h), GF18K cement tanker-car and X4K type 

container flat car, for international standard containers, cc 72t, tare 21.8t, axle-load 23t, with 

operating speed of 120 km/h.  

 Special application freight wagons for loads up to 150t, tank wagons for medium viscosity oils, 

sulfuric acid, caustic soda, grain and covered wagons. 

 Development of CTCS2 (Chinese Train Control System) that is suitable for the operation of EMU 

trains at 200 km/h speed. It is a GSM wireless communication-based system similar to the 

European Union‘s ETCS Level 2 standard.  
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Much of the R&D effort was directed toward two main areas:  heavy-haul freight railways (such 

as Daqin); and speed-ups of passenger operations. Box 4.3 illustrates the wide-ranging 

research effort required for higher speed passenger operations. The remainder of the section 

summarizes CR‘s principal technological developments in key functional areas. 

Box 4.2: Examples of products manufactured in China following transfer of technology 

 High speed EMU train capable of operation at 300 km/h. 

 Ballastless track (concrete slab track consisting of 6.4m sections pre-fabricated in factories and 

then delivered to site for assembly). 

 Orthogonal drive traction system, VVVF inverter to supply two sets of linear induction motors, 

VVVF inverter with IGBT devices and pulse width modulation technology, computer control 

technology and diagnostic and fault information storage functionality. 

 Lightweight aluminum alloy body for passenger coaches. 

 Two-axle radial bogie. 

 Track for permafrost territory on Qinghai–Tibet line. 

 Passenger coaches for operation on the Qinghai–Tibet line including sleepers with toilets for the 

disabled, dining coaches, and power generating cars. These coaches are specially designed for 

protection against strong ultraviolet rays and lack of oxygen. The design considerations included 

ambient temperature -45 ° C to +40 ° C, elevation up to 5072 m, lightning protection, windows with 

UV protective membrane and double-sealed glass doors. 

 High power AC drive electric locomotives including vehicle system integration, bogies, bodywork, 

converters, main circuit breakers, control systems etc.  

 High power AC drive diesel locomotive. 
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4.2 Infrastructure 
 

Advanced technology has been used in the construction and maintenance of track, bridges, 

tunnels and overhead electrical traction system (OHE). The objectives included cost 

effectiveness, shorter construction periods, higher technical standards, and higher availability 

and reliability leading to more intensive utilization of assets.  

 
4.2.1 Track, bridges and tunnels 

 

Since 1990, CR has improved its rail material specifications, rail weight, sleepers and fittings, 

and the technical standards for the track sub-grade and has applied these improvements both to 

new construction and to the reconstruction/upgrading of existing lines. Specific advances have 

included increasing curve radius, removing defects in sub-grade and drainage, using heavier 

and improved rails, extra-long continuously welded rail (CWR) using higher speed turnouts (140 

km/h), use of concrete sleepers, replacement of level crossings by grade crossings, fencing, 

stronger bridges, four-aspect signaling, automatic blocking and upgraded power supply 

systems. As a result, by 2007 the maximum operating speed over most of the trunk rail network 

Box: 4.3:  Key technology issues addressed for increasing passenger train speeds 

CR faced a formidable challenge in raising speed from less than 120 km/h to 160 km/h on mixed 

corridors that operated passenger as well as freight trains and had low standards of track geometry, 

sharp curves and low speed turnouts. The locomotives and passenger coaches were also not capable 

of 160 km/h speed. Considerable R&D effort was made by CR and CARS (China Academy of Railway 

Sciences) to resolve key issues. Similarly, a ‗Team of Speed-raising Science and Technology‘ carried 

out research on high speed railway construction and operation for increasing the speed of passenger 

trains to 200-250 km/h on existing conventional track (after realignment and upgrading) and to 300-

350 km/h on new passenger dedicated lines. Key elements of the program were: 

 

 A study of rail-wheel interaction covering wheel rail forces, derailment coefficient and vibration. 

 Development of locomotives, passenger coaches and EMUs capable of 160 km/h speed. These 

efforts resulted in design and manufacture of SS9 and SS7D electric and DF4DZ diesel 

locomotives, model 25K passenger coaches and EMU (Big White Shark) and DMU (Shenzhou 

and Beiya). 

 Development of key infrastructure elements such as type III sleepers, high speed turnouts, 

continuous welded rail (CWR), design of super-elevation and transition curves, reinforcement 

technology for bridges and upgrading of catenary technology. 

 Research on adoption of four aspect automatic block and train operation control system such that 

only about 10 percent of signals needed to be re-spaced. Only the higher speed trains respected 

four aspects; slower trains treat yellow and green lights as green and operate on a three-aspect 

basis. This approach prevented loss of line capacity due to increased differential in train speeds. 

 Research on enhanced train safety systems such as operational monitoring by data collection and 

processing for parameters such as derailment coefficient, rate of wheel-load reduction and lateral 

force, and display of alarm in less than 10 seconds. 

 Development of high speed track inspection cars for continuous measurement of track geometry 

at a speed of between 140 and 160 km/h. 

 Lightweight aluminum alloy body for passenger coaches. 
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had been increased to 160 km/h and trains were operating at this speed or greater on 16,000 

route km of track. In 2007, the maximum speed was raised to 200 km/h in eight corridors, 

carrying mixed passenger and freight traffic, covering over 6,000 route-km, laid with 

conventional track.  

 

The research work described in Box 4.3 culminated in infrastructure and rollingstock standards 

for the operation of express trains at 200–250 km/h on conventional track, carrying mixed 

passenger and freight traffic. EMU train services were introduced at these operating speeds 

over eight upgraded corridors in April 2007. The construction of high-speed PDL commenced in 

2005, according to the technical specifications summarized in Box 4.4. 

 

 
 

Technological up-grading has also been instrumental in increasing capacity on freight dedicated 

lines such as the Datong–Qinhuangdao (Daqin) line where throughput increased from 100 to 

300 million tonnes/year between 2002 and 2007. On the Daqin line, 75 kg/m head-hardened rail 

has been introduced given the very high traffic levels and the use of 25 tonne axle-load freight 

wagons.   

Box:  4.4: Passenger-dedicated Line for 300–350 km/h operation (PDL): 

Technical Parameters 

The PDL corridors are being built on new alignments as the existing rights of way generally pass 

through populated areas and the new construction, requiring relatively straight alignment with large 

radius curves for high-speed operations, would often cause significant displacement of the population. 

The key technical parameters are: 

 Design speed: 350 km/h 

 Double track with distance in center line of two tracks: 5.0 m 

 Minimum curve radius: Normal 9,000m, in difficult areas: 7,000 m 

 Maximum grade: 12 in 1,000, not to exceed 20 in 1,000 in difficult sections 

 Effective length of departure track: 700 m 

 Traction: Electric 25kV 50 Hz 

 Train type: Electric Multiple Units 

 Train operation control: Automatic 

 Traffic management control: Centralized Traffic control 

 Minimum headway between trains: Initially 5 minutes, later 3 minutes 

 Axle load: 17 tonnes 

 Station spacing: typically about 50 km 

 

On many routes much of the line is on structure to minimize land loss and severance. The track 

structure consists of 60 kg/m rails welded from station to station with elastic split rail fastenings and 

ballastless track. 

Optical fiber cable will be laid on both sides of the railway and an optical fiber monitoring system 

established. The main communication equipment will be based on multi-service transfer platform 

technology with GSM-R digital mobile communication system used for radio communication. 

Signalling is based on Automatic Train Protection (ATP) without trackside signals but with the driver‘s 

cab displaying the train control sub-system. The train control sub-system is at the CTCS2 level.  

Several measures are being adopted to conserve energy while safety features include monitoring for 

wind, rain, snow, earthquake, and fire. Other safety systems include the use of hot box detectors. 
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CR has introduced heavy-duty track maintenance machines on all high density corridors (over 

40,000 route-km). This maintains the track to higher standards, carries out track maintenance 

faster while the track is under intensive use (leaving only a narrow window for maintenance, 

often only 90 minutes per day), and reduces unit cost.  Besides conventional track tamping 

machines, CR routinely employs specialist machinery for tamping turnouts, ballast cleaning, 

ballast regulating, dynamic stabilization, rail grinding, turnout grinding, rail crack detection, and 

other tasks.  

 

Periodic rail grinding is carried out to extend rail life. CR also acquired stationary and mobile rail 

welding equipment and developed a capability for laying factory-welded long rail panels. As a 

result, nearly 90 percent of rail welds are made on stationary welding machines that have a 

much lower failure rate than ‗in-situ‘ welds. Track condition is monitored by modern track 

recording cars that provide data to the computer-based track maintenance system.   

 

Typical track for 25 tonne axle-load operations with a maximum speed of 120 km/h consists of: 

quenched steel rail of 60kg/m (Box 4.5) and 25m standard length with continuous welding; 1667 

type III sleepers per kilometer with type II fastener; Class I macadam ballast; soil sub-grade with 

50cm-thick double layers; and hard rock sub-grade with 30 cm single layer. 

 

 
 

4.2.2 Power supply systems 

 

Electric traction (at 25 kV, single phase, 50 hertz) is China‘s preferred mode of traction on the 

main rail corridors. Traction substations are located at intervals of approximately 50–75 km and 

use standardized three-phase or single-phase transformers with ratings ranging between 20–40 

MVA. China has developed local manufacturing capacity in collaboration with international 

companies for power supply equipment such as traction transformers, isolators, circuit breakers, 

lightning arrestors, traction power control equipment, contact wire, etc.  

 

Typical traction substations receive high voltage power (110 kV or 220 kV) from two 

independent sources that feed two traction transformers. Only one transformer is used at any 

Box 4.5: Rail for 25t Axle-Load Track 

 

The 60kg/m quenched steel rails adopted in China are mainly U71Mn and PD3 with the following 

parameters: 

Chemical Composition (percent) 

Steel grade C Si Mn P S V Al 

U71Mn 0.65-0.77 0.15-0.35 1.10-1.50 ≤0.03 ≤0.03 Residual ≤0.004 

PD3 0.70-0.78 0.50-0.70 0.75-1.05 ≤0.03 ≤0.03 0.04-0.08 ≤0.004 

 

Tensile Strength, Extension Percentage and Hardness of Roller Face to Rail Head 

Steel grade Tensile strength 

MPa 

Extension percentage 

 

Hardness of roller face to 

rail head HB 

U71Mn ≥880 ≥10 260-300 

PD3 ≥980 ≥9 280-320 
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time with the second maintained as a standby. Parallel capacitance compensation devices are 

adopted on the 27.5 kV busbar of traction substations to improve the power factor and partly 

filter higher harmonics. Traction power supply is managed from centralized power dispatch 

centers. Remote control systems are set up for power dispatch and to manage and control 

power-supply devices. Materials such as copper/silver, copper/tin and copper/magnesium alloys 

are used for the contact wire.  On those electrified routes selected for double-stack container 

trains, the contact wire height above-rail is 6.33–6.50 meters.  Locomotives and EMUs are 

currently working satisfactorily on such routes at speeds of up to 200 km/h.  

 

Modern catenary maintenance cars are used and a very high level of availability and reliability of 

the traction power system has been achieved.   

 

4.3 Rollingstock 
 
4.3.1 Locomotives and EMUs 

 

MOR has strongly encouraged the development of modern diesel and electric locomotives and 

EMUs.  Locomotive-hauled passenger trains are used for speeds up to 160 km/h with EMU train 

sets used for higher-speed services. The separation of rollingstock manufacturing units from 

MOR in 2000 facilitated the participation of international manufacturers to establish joint 

ventures with Chinese counterparts. This enabled MOR to access modern traction technology 

over a relatively short period. The international joint venture partners contributed capital to 

modernize manufacturing units, besides providing technical know-how in the design and 

manufacture of modern products. 

 

In most cases, two or more joint ventures were established for the same product. For example, 

each of the four major international manufacturers of high-speed EMUs has a joint venture with 

a Chinese counterpart. Contracts for 200 EMU train sets for 200 km/h and 300 km/h operation 

were awarded to the joint ventures.18 A similar strategy was adopted with three leading 

international locomotive manufacturers for the local manufacture of modern high-power electric 

locomotives. MOR has declared long-term plans for CR‘s procurement of a relatively large 

volume of locomotives and EMUs in the period to 2020,19 a strategy that encourages multiple 

suppliers to compete for future business.  The new generation of locomotives and EMUs employ 

state-of-the-art technologies, including 3-phase asynchronous induction motors with associated 

IGBT-based, micro-processor controlled converter, inverter, auxiliary converter and filters and 

are suitable for regeneration. Both locomotives and EMUs employ modern fault detection and 

diagnosis systems. 

 

Tables 4.1 and 4.2 give the characteristics of some of the models of diesel and electric 

locomotives introduced on CR in the past 15 years.  

 

                                                
18

 To build up a large fleet of high speed trains in short time, 200 EMU train sets are currently being procured with 

technology transfer contracts for progressive local manufacture. These are: 

CRH1 (Bombardier) – 20 eight car sets (200 km/h) 

CRH2 (consortium of Japanese companies led by Kawasaki) – 60 eight car sets (275 km/h) 

CRH3 (Siemens) – 60 eight car sets (300 km/h) 

CRH5 (Alstom) – 60 eight car sets (200 km/h) 
19

 For example, CR plans to place about 1,000 EMU train sets in service by 2015. 
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Table 4.1: Characteristics of selected CR Diesel Locomotives introduced since 1990 

Class 
Fleet 

(2006) 

Wheel 

arrangement 

Power  

(kW) 

Axle 

load 

(tonnes) 

Remarks 

DF4 6356 Co-Co 2,430/ 

2,940 

23 Passenger and freight versions available. AC-DC 

transmission. 

DF7 1518 Co-Co 1,470/ 

1,840 

22.5/23 Originally for shunting/switching duty. Passenger and 

freight versions also available. AC-DC transmission. 

DF8 

DF8B 

966 Co-Co 3,100 23 Freight locomotive, AC-DC transmission, Maximum 

speed 100 km/h. Suitable for long and steep gradient 

sections. 

DF11 587 Co-Co 3,610 23 AC-DC transmission passenger locomotive with a 

maximum speed of 170 km/h. The DF11G was 

specially developed for the 5th speed-raising. Service 

power of diesel engine 2×3610kW. Equipped with 

auxiliary diesel generator set with the maximum power 

supply 2×400kW.  AC380V for hotel load. 

Microprocessor control. Fitted with diagnostic systems 

for failure analysis. 

HXN5 300 (by 

2010) 

Co-Co 6,250 25 AC-DC-AC transmission locomotive for freight 

operation. Kits supplied by GE for assembly in 

Qishuyan Locomotive Co. All 300 locomotives 

expected to be delivered by 2010.  

 

The advanced diesel locomotives which have been introduced into service on CR in recent 

years include the DF11G, 5,000 horse power twin diesel locomotives with a maximum speed of 

170 km/h which have been employed on the Beijing–Shanghai route for non-stop 12 hour 

operations (1,300 km). These locomotives are equipped with 16-cylinder engines, large fuel 

tanks of 7,500 liter capacity, and with cab signaling. The latest additions to the diesel fleet are 

the 6,000 hp EMD AC traction drive units and General Electric‘s (GE‘s) 6,000 hp locomotives, 

both complying with the stringent US Environmental Protection Agency (EPA) Tier 2 emission 

standards. 
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Table 4.2: Characteristics of selected CR Electric Locomotives introduced since 1990 

 

Class 
Fleet 

(2006) 

Wheel 

arrangement 

Power 

(kW) 

Axle load 

(tonnes) 
Remarks 

SS3 

SS3B 

1,908 Co-Co+Co-Co 2X4,350 23 Equipped with a traction transformer and two rectifiers. 

Each rectifier energizes three shunted DC traction 

motors, which can be isolated individually in case of 

failure. DK-1 E-P air brake and dynamic brake. Multiple 

operation control and information exchange between 

two units are fulfilled through WTB (wired train bus) with 

double redundancy and automatic changeover.  

SS4/ 

SS4(G) 

1,373 Bo-Bo+Bo-Bo 6,400 23 Consists of two identical 4-axle locomotives with 

internal coupling, with each unit having a complete 

system and a driver‘s cab. A driver can operate the two 

units from one cab. Transmission system realizes 

higher coefficient of adhesion. Equipped with a traction 

transformer and two rectifiers. Each rectifier energizes 

three shunt-wound DC traction motors. DK-1 E-P air 

brake and dynamic brake. Microcomputer based control 

system capable of data transmission, display and 

storage in locomotive for convenience of failure 

diagnosis. Design speed 100 km/h. 

SS6B 254 Co-Co 4,800 23 Similar arrangement of transmission system, traction 

transformer and current rectifiers and DC traction 

motors as SS4 series. DK-1 E-P air brake and dynamic 

brake. Microcomputer based control system capable of 

data transmission, display and storage in locomotive. 

Design speed 100 km/h. 

SS7 

series 

 

255 Bo-Bo-Bo 4,800 21 For mountain areas with sharp curves. SS7 series 

locomotives are widely used as passenger and freight 

haulers on the main line. The wheel arrangement of 

SS7B, SS7C and SS7D is Bo-Bo-Bo, and SS7E‘s bogie 

is Co-Co. The axle load of SS7B is 25t axle load. 

SS8 245 Bo-Bo 3,600 22 First standard locomotive type for 160 Km/h (240 units 

in service). Rheostatic brakes. 

SS9  

SS9G 

443 Co-Co 5,400 21 Used in premium passenger service at 170 km/h. 

Similar to SS8, but higher power due to two more 

powered axles. Rheostatic brakes. 

DJ1/ 

HXD1 

180 Bo-Bo+Bo-Bo 8,000/ 

9,600 

 AC-DC-AC drive, water cooled GTO converter, three 

phase asynchronous motor locomotives. This freight 

locomotive delivers 8,000/9,600 kW. These units have 

DK-1, EP brakes and regenerative braking system and 

a maximum speed of 120 km/h. 

HXD3 640 Co-Co 7,200 23t AC-DC-AC drive, water cooled GTO converter, three 

phase asynchronous motor locomotives for main line 

freight service. Maximum speed 120 km/h. Capable of 

hauling 5,000t trains. 
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New electric locomotives being introduced include: 

 

 500 units of 5,600 kW freight locomotives under manufacture at Zhuzhou Electric 

Locomotive Co. with traction components supplied by Siemens AG. These are 150 

tonne, six axle Co-Co units with a top speed of 120 km/h.  

 

 500 Co-Co 9,600 kW freight locomotives are under manufacture at Dalian Locomotive 

Co. with traction equipment supplied by Bombardier Transport. These locomotives are 

provided with three phase motors and water-cooled IGBT converters. Air filters with roof-

level intakes are incorporated to ensure that coal dust cannot penetrate the interior. 

Three-axle ‗flexi-float‘ bogie with coil-spring primary and secondary suspension and low-

level traction rods is used. The first 150 sets of electrical equipment and control package 

will be imported from Europe but the rest will be manufactured by joint venture partners 

Bombardier CPC Propulsion Systems Co. and Dalian Locomotive & Rollingstock Co. in 

China.  

 

 180 eight-axle 9,600 kW locomotives (HXD1) with Siemens AG traction equipment 

supplied by a consortium of Siemens and its partner Zhuzhou Electric Locomotive Works 

for use on the Daqin line. These locomotives are also specially designed for protection 

against damage by coal dust. This is a 184 tonne Bo-Bo+Bo-Bo 120 km/h locomotive 

which can be ballasted to increase the axle-load from 23 to 25 tonne to increase its 

tractive effort. Each half of the twin-unit has an identical control system, consisting of a 

train communications network with a wire train bus and a multifunction vehicle bus linked 

to a central control unit consisting of microprocessor controllers. Regenerative braking is 

fitted, developing up to 9,600 kW of braking power at the wheel rim. Tractive effort is 700 

kN (maximum) and 494 kN (continuous). 

 

 New locomotives (HXD2) with similar characteristics to the HXD1 class locomotives are 

also under manufacture at Alstom-Datong works. 

 

Multiple-unit train sets introduced in recent years include: 

 

 China Star, the first locally-designed and manufactured high-speed train. It is a push-

pull train consisting of two locomotives and 9 passenger coaches. The train-set features 

modular design, water cooling converter, high power asynchronous traction motor, 

scattered micro-computer network control system, thin shell broad-body and 

independent ventilation on an interlayer of the coach roof. Designed with a top speed of 

270 km/h, it achieved a top speed of 321 km/h on the Qinshen Passenger Railway 

during a test run in late 2002, setting a Chinese train speed record. However, only one 

prototype has been produced and the train has not been mass-manufactured. 

 

 Zhongyuan star, an AC-drive EMU, used for medium and short trips with a maximum 

speed of 160 km/h. It has AC-DC-AC drive, four quadrant impulse commutation, two-

point voltage inverter, 1,500V DC voltage and current converting elements of IGBT. It is 

provided with a microcomputer based control system. Regenerative braking is provided. 

The maximum speed is 160 km/h.  

 

 CRH, modern high-speed AC drive EMUs, in use on 200/300 km/h services, were 

introduced in April 2007. Of 200 train sets on order with four manufacturers, 105 trains, 

http://en.wikipedia.org/wiki/Push-pull_train
http://en.wikipedia.org/wiki/Push-pull_train
http://en.wikipedia.org/wiki/Qinshen_Passenger_Railway
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each of eight coaches, were delivered in 2007. These trains are built to international 

level of quality and comfort. CR plans to procure about 1,000 EMU train sets by 2015. 

They use high strength aluminum alloy body shells weighing 8.5 tonnes and will be 

serviced at four main depots at Beijing, Shanghai, Wuhan, and Guangzhou. 

 

4.3.2 Passenger coaches  

 

After their separation from MOR, the manufacturing enterprises made substantial progress in 

the design and manufacture of passenger coaches. The capability and capacity to produce 

coaches in China with carbon steel, stainless steel and aluminum alloy was developed. For 

example, Changchun Railway Vehicle Company acquired advanced technology and equipment 

from Germany, Italy, Korea and Japan, established a computer-based design facility, and is 

able to deliver modern passenger coaches capable of operation at 160 km/h.  

 

Improvements include air conditioning (by the end of 2007, over 60 percent of the passenger 

coach fleet was air-conditioned), high-quality sleeper coaches and international-quality chair 

coaches. The tare weight of passenger coaches was also reduced through the use of new 

materials for the body shell and interior fittings. 

  

Table 4.3:  Characteristics of selected Air-conditioned passenger coaches since 1990 

Class 
Length and tare 

weight 
Type 

Max. speed 

(km/h) 
Remarks 

RW25B 25,500mm, 

51.5t 

Soft sleeper 140  Ride Index:2.5, 209T bogie, hotbox alarm 

device 

CA25G 25,500mm, 48t Dining Coach 140 Ride Index: 2.5, 209T bogie 

25Z 25,500mm, 

43.6t 

Soft sleeper 180 CW-2 bogie, air springs, automatic fire 

alarm, hot box alarm and electronic anti-

skid device 

Shanghai 

Coaches 

25,500mm, 49t Soft sleeper 1st 

and 2nd Class 

160 Ride Index: 2.5, CW-2 bogie, air springs, 

disc brakes, electronic anti-skid device 

 

4.3.3 Freight wagons 

 

The maximum speed of freight trains has to date remained unchanged at 80 km/h. Until 2000, 

the standard freight wagon had a carrying capacity of 60t with an axle-load of 20.3t. On 

dedicated heavy haul corridors such as the Daqin line, freight wagons with 23t and 25t axle-load 

were introduced progressively. In 2000, some wagons with 23t axle-load were also introduced 

for general service and in July 2004 it was decided that future freight wagons would have a 

carrying capacity of 70t, an axle load of 23t and a maximum speed of 120 km/h. 

 

In 2007, the future standard for freight wagons was revised to 25t axle-load with a maximum 

speed of 120 km/h. Air brakes are standard while EP brakes are being introduced on heavy haul 

corridors. The heavy haul freight wagons (C80 and C80B) have a carrying capacity of 80t with 

bodies of aluminum or stainless steel and are fitted with rotary couplers.  

 



 

 

 52 

Table 4.4: Characteristics of selected high capacity freight wagons since 1990 

Class Tare (t) 
Axle-

load (t) 

Carrying 

capacity (t) 

Max speed 

km/h 

Payload/ 

Tare 

Remarks (freight, body 

material) 

C70 23.6 23 70 120 3.0 General purpose gondola 

wagon 

X4K 21.8 23 72 120 3.3 Container flat 

C76 24.0 25 76 100 3.2 Coal, 

C80 20.0 25 80 100 4.0 Coal, Aluminum body 

C80B 20.0 25 80 100 4.0 Coal, Stainless steel body 

 

Modern facilities have been developed for freight wagon maintenance in well appointed depots 

and workshops. For example, ultrasonic testing of axles and magnetic particle crack detection 

facilities are common. 

 

4.4 Signaling and telecommunications 
 
Between 1990 and 2007, over 20,000 route-km of relatively busy corridors were provided with 

ABS, bringing the ABS routes to 26,526 route-km, covering over 41 percent of total route-km of 

CR. Headways between trains of five to seven minutes are common and on some of the busy 

double-track electrified corridors up to 150 pairs of trains are operated daily. The development 

of signaling systems has focused on using digital and computer-aided equipment. Computerized 

signal diagnostic systems have been set up to monitor the condition of signals and the 

communication lines between stations and dispatching centers. Cab signaling and over-speed 

control devices are provided on locomotives and EMUs for speeds of 160 km/h and above. 

 

Centralized train control system (CTC) is provided on 5,322 route-km (2007) and is being 

extended to more routes. However, all busy corridors have train dispatching controlled from 

train control centers located at RRA head offices where control panels display the configuration 

of tracks and real-time location of trains for several hundred kilometers of the route. The control 

of station areas normally lies with station officers who implement the train control decisions of 

the dispatchers. The span of responsibility of train control centers was enlarged when sub-

administrations were abolished in March 2005 and train control function at sub-RRA level was 

transferred to RRA at the respective head offices. The traffic control functions have an interface 

with the Dispatch Management Information System (DMIS), Traffic Management Information 

System (TMIS) and Supervisory Control and Data Acquisition (SCADA), and detectors for hot 

boxes, hanging parts and unusual sounds from trains. Integration of the computer-aided 

dispatching system and the dispatcher's supervision system has resulted in the generation of 

automatic real-time train movement records and raised the efficiency of train operations. 

 

CR has built its communication network using fiber optics. The communication network was 

transferred to the Railway Communications Corporation (established as a separate corporation 

outside the railway in 2004) which also operates a GSM-R mobile phone service for railway as 

well as non-railway customers. Mobile radio communication is provided on all locomotives and 

EMUs with a maximum speed of 140 km/h or more. 
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4.5 IT systems for operations and management 
 

Since 1993, IT applications have been developed for various business areas of CR. The most 

successful application is the railway Transport Management Information System (TMIS) 

covering the whole railway network (Box 4.6). TMIS encompasses traffic planning, rollingstock, 

marshalling yards, freight stations, district stations, real-time tracking of freight trains, 

locomotives and containers, waybills, daily transport statistics, wagon-loadings and wagon flow 

calculation, freight transport marketing, and traffic control system. An information network  

connects RRAs, Sub-RRAs (while they existed), main stations and depots which enables real-

time tracking and management of more than 20,000 daily passenger and freight trains, 600,000 

freight wagons, and 17,000 locomotives, providing timely and accurate freight tracking 

information for shippers and enterprises and creating the foundation for railway e-business.
20

  

 

 
 

TMIS identifies the location of trains, locomotives, containers and freight transported as well as 

the technical status of equipment at any time. The system also provides projections of traffic 

flows over the next three days which are used to plan work at marshalling yards, to determine 

                                                
20 TMIS installed a central processing system at Beijing and processing system of 18 RRAs, 50 railway sub-

administrations and 1,830 stations and depots that are connected to the network. In addition about 900 computerized 

reporting stations were set up that replaced 372 telegraph units. About 3,600 computerized freight booking stations 

capture data from 99.9 percent of freight waybills. 

Box 4.6:  Structure of TMIS 

 Information Sources: The central database directly collects the real-time information of trains, 

locomotive, container and waybills from 2,200 reporting-points.  

 Central Processing System: Processes the information and establishes a real-time database 

covering: rollingstock, containers, locomotives, trains, stations and waybills.  

 Application Systems: Processes the information for facilitating management of transport work of 

stations, depots and RRAs. These systems also generate transport statistics on a daily basis. 

 Automatic Train Identification System: Generates accurate train manifests and provides 

dynamic information for vehicles and also facilitates vehicle and locomotive tracking.  

 Actual report system: Furnishes advance train information for planning operations 

 Station information system: Automatically generates station reports and places them on the 

network. This improved data quality and timeliness, eliminated telegraphic transmission of data 

from stations and reduced employees by 4,000.   

 Waybill system: Includes 16 sub-systems that cover national railway and local/ joint venture 

railways (data is obtained from 3,685 stations and more than 10,000 tickets offices). The system 

provides reports on revenue, operating statistics and settlement.  

 Railway transport plan information system: Prepares loading outline based on shipper demand 

and availability of resources. The master loading plan is prepared by MOR and forwarded to RRAs 

who implement it after suitable modifications related with actual availability of resources. 

 RRA transport information system: Performs the collection, processing, query and statistics 

from  RRAs, and prepares a general plan automatically. 

 Integrated dispatching information system: Establishes daily plans for freight traffic working, 

passenger trains and locomotives. CR has reduced manual dispatching and has adopted more 

efficient computerized system that takes into account accurate operational information from 

stations and depots. This system also harmonizes the information obtained from various 

dispatching sub-systems.  
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freight train routing, and for restricting loading on routes that are likely to be congested. The 

real-time information enables tracking and management of assets and improves the ability of 

managers at RRAs, stations and depots to plan and make informed decisions regarding railway 

operations. Much of the data is generated through an automatic train identification system 

(ATIS) based on RFID tags installed on rollingstock. Readers at strategic locations capture 

wagon and train data as these enter and depart major stations/marshalling yards. The data from 

wagons includes commodity carried, origin, destination and revenue. Train manifests are 

automatically generated and manual wagon-number reading has been discontinued.  

 

Since 2003, large shippers of freight have been able to order freight wagons through the 

automated wagon order center, although smaller shippers still need to order from a station. The 

automated system provides a prompter response than previously. Related operational systems 

include a Train Consist Reporting System, Container Information System, Train Dispatching 

System (covering train and locomotive planning), and Yard Inventory Management System 

(covering 100 main yards and about 300 smaller yards). CR is also developing a preventive 

maintenance management system for locomotives, freight wagons, and passenger coaches; it 

will be based on the actual utilization of units rather than on time elapsed since last 

maintenance. 

 

In 1999, CR developed and implemented a railway office automation system covering all RAs 

and some stations and depots. This system has helped improve efficiency of offices and 

provided high quality management information to managers. Other IT based systems that have 

been developed include Freight Cargo Marketing Information System, Railway Construction 

Project Management Information System and Railway Land Management System.  

 

Passenger ticketing remains an area where CR has lagged behind international standards. In 

1996, CR instituted a computerized booking system in Beijing connected by a fiber optic 

network to 2,000 stations and 7,000 ticket windows. However, it still lacks many features that 

are automatically provided elsewhere, such as the ability to make return and through bookings. 

Seats are still distributed to regions through fixed quotas. These quotas are further distributed to 

stations, although these latter quotas are changed regularly to reflect changing patterns of 

demand. Over three quarters of the tickets issued and more than 94 percent of passenger 

revenue is now handled through the computerized system. In 2000, CR began selling tickets 

over the internet and this is now available in several hundred stations. Nevertheless, whether 

manual or computerized, booking tickets is not easy, with return tickets especially problematic. 

 

CR has established a computer-based manpower development system for training and 

upgrading the skills of its employees. Over 2,000 computer terminals have been established 

where an individual employee can log in and obtain interactive training on subjects of their 

choice. While a contractor supplied and installed the hardware, the content and training material 

has been developed by CR. The system identifies the employee and maintains record of 

training undergone and performance at tests taken. This system also has video conference 

facilities at selected locations. 

 

In 2007 MOR prepared an Information Technology Strategic Development Plan to develop an 

integrated IT structure for CR covering transport organization, passenger and freight marketing 

(including e-commerce) and operations management. It proposes to implement this strategic 

plan in phases over the next ten years.   
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4.6 Safety 
 

Safety in train operations is assigned a very high priority on CR. As described in Section 5.4, 

CR‘s financial incentive scheme is partly based on safety performance. In the event that an 

RRA is held responsible for a major accident, it stands to lose the entire incentive payment it 

might have earned on the basis of its operational and financial performance.  

 

CR has taken many measures to enhance safety during the period under review. These include 

fencing routes with speeds of 140 km/h or more and providing underpasses across railway 

rights of way to reduce trespassing and so cut down on the number of people killed while 

crossing open track, installing infrared hot box detection to reduce train derailments, installing 

trackside equipment for detecting hanging parts and unusual sounds on trains, mobile radio 

communication systems between train crew and dispatching centers, and cab signaling and 

over-speed detection equipment for trains with maximum speed of 160 km/h or more. Safety 

monitoring devices are connected with the train dispatch centers through the communication 

network enabling a fast response to potential problems and failures.  

 

Train safety depends on good planning and design, the quality of infrastructure and rollingstock, 

and adherence to specified standards and procedures for maintenance and operation. CR 

management has been diligent in improving safety performance (see Section 3.5) by 

establishing and implementing standards for each area of railway investment (construction of 

infrastructure and manufacture of rollingstock), maintenance and operations. Technical 

standards have been prepared in recent years for track and signaling for 200 and 300 km/h 

speed rail corridors, for tunnel and bridge construction, for the provision of safety equipment in 

railway tunnels and for providing relief and rescue in the event of fire or accidents in tunnels. CR 

has also set up a number of major depots for the rapid deployment of relief and rescue staff and 

equipment, including newly procured 200t capacity telescopic cranes that can travel to accident 

sites at a speed of 120 km/h. 

 

4.7 Energy conservation and environmental protection 
 

4.7.1 Energy conservation 

 

Measures for improving energy efficiency are incorporated in railway projects at the design 

stage and estimated power consumption is benchmarked against standards for similar projects. 

Progressive use of low-tare freight and passenger coaches has helped in reducing unit energy 

consumption. Continuous welding of rails has also improved energy efficiency. CR has met with 

remarkable success in energy conservation. While the transport workload increased between 

2002 and 2007 by 45 percent, the energy consumption increased by only 9.7 percent. Some of 

the measures taken for energy conservation include: 

 

 Close monitoring of unit energy consumption. 

 Selecting alignments and grades of new railways to minimize energy consumption.  

 In the case of electric traction, use of regenerative braking to feed power back to the system, 

current carrying carrier and return cable to reduce impedance and power consumption and 

use of low-loss transformers and regulators and voltage regulators to automatically adjust 

wire voltage to improve the efficiency of electric locomotives.  
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 Routing of high and low voltage power lines to minimize power losses and locating power 

distribution sub-stations close to load centers. Use of reactive compensation devices to 

improve the power factor. 

 Use of green lighting systems with low energy consumption for outdoor illumination.  

Maximization of natural lighting for indoor areas. 

 Energy-efficient design of heating systems and measures to save heat loss in pipes. 

 Design of buildings so that heat load is minimized. 

 Energy efficient design of communication and signaling systems. 

 Sizing and layout of maintenance depots optimized for energy consumption.  

 
4.7.2 Environmental protection 

 

Since 1990, public and political sensitivity to social and environmental impact of railway projects 

and operations has greatly increased. CR has integrated procedures for minimizing adverse 

social and environmental impacts, and identifying and implementing mitigation measures, into 

the project design and implementation process.  China has enacted new laws for protecting the 

interests of project-affected persons who lose land, homes and or livelihood through cash 

compensation and/or relocation. Similarly laws have been enacted for environmental protection.  

 

For each major railway project an Environmental Impact Assessment (EIA) is prepared, paying 

particular attention to environmentally and culturally sensitive areas (i.e. protected natural areas, 

tourism areas and cultural property). Detailed impact and mitigation measures are addressed in 

the EIA. An Environmental Management Plan (EMP) is also prepared for each major railway 

project, specifying the appropriate environmental management and supervision setup, mitigation 

measures, monitoring plans and administrative arrangements. CR has developed considerable 

in-house capacity and has a record of implementing, supervising and monitoring the EMP. 

 

Public consultations are carried out during the environmental assessment with communities 

affected by the project, local governments and relevant experts. Various methods are used for 

public consultation, including survey questionnaires, public meetings, and interviews with 

affected groups and individuals as well as small discussion groups. In compliance with national 

laws, the draft EIA is publicly disclosed through advertisements.  

 

Typically, in the project design and evaluation stage, a socio-economic survey is conducted by 

an independent agency to assess the potential negative social impacts including land 

acquisition and resettlement. If land is required during the construction period, compensation is 

paid to owners for the duration of the use and land returned to owners. A Resettlement Action 

Plan (RAP) for those permanently affected is also prepared. This includes an assessment of the 

potential resettlement impacts due to land acquisition and house demolition by the project, and 

resettlement strategies and compensation rates based on current Chinese land regulations. As 

the resettlement objective is to at least maintain the pre-project standard of living for the 

affected households, the RP includes household relocation schemes and livelihood 

development schemes, as well as restoration measures for enterprises, schools and 

infrastructure. 
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5. Management, Finance and Planning 
 
5.1 Introduction 

 

The railway sector in China is supervised by MOR, a body which combines strategy, policy and 

regulatory functions as well as administering the complex of operational entities that deliver the 

CR railway network and rail transport services. MOR has overall control of policy, technical 

standards, planning and investment, finance and system-wide train and rollingstock control. But 

day-to-day management and delivery of railway infrastructure and rail transport services are 

managed and delivered by the (now) 18 MOR-owned RRAs. MOR also owns and supervises a 

limited number of specialized companies related to the rail transport, but has divested the 

manufacturing and construction SOEs that it controlled at the start of the period under review. 

 

In the early 1980s the railway entities, in common with many state companies in China, 

underwent the first stages in their conversion from pure production-oriented units, with very little 

independent financial and administrative authority,21 to more autonomous organizations that 

more closely resemble state-owned corporations.  By 1986, a large number of management 

functions (e.g. wages, labor policies and stores provision) had been decentralized from MOR to 

the RRAs. The RRAs were by then retaining profits which, after paying tax, could be used to 

fund investment and pay employee bonuses.  

 

The 1991 Railway Law created enduring foundations for continuing this approach. The 

principles of devolving greater commercial responsibility and accountability from MOR to railway 

enterprises, while retaining ultimate strategic, regulatory and supervisory control of the industry 

with MOR, have been evident in the structural evolution that has since occurred, and which is 

still on-going.   

 

5.2 The 1991 Railway Law 
 
The railway sector in China is still governed by the 1991 Railway Law. It has a similar structure 

to Railway Laws in many countries, with five main sections: 

 

 General (this includes the key article on sector administration)  

 Rail Transport Business (commercial arrangements for passenger and freight transport) 

 Railway Construction (planning, construction standards and opening arrangements) 

 Safety and Protection of Railways (protection of railway alignments, operating safety etc) 

 Legal Responsibility (relating offences damaging the railway and its passengers to 

infringements of the Criminal Code) 

 

The Law recognizes four types of railway (Article 2): 

 

 State  railways: administered by the ‗competent department‘ (that is, by MOR);  

 Local  railways: administered  by  local  government authorities (which could include 

provincial governments or city administrations); 

 Industrial railways: administered by industrial enterprises or  other units to provide their own 

rail transport services, (normally within their own boundaries); 
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 All revenues flowed to the government, and all their expenditures and capital investment were provided by the government. 
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 railway private sidings: branch railway lines that are administered by enterprises or other 

units and are connected to any other railway line. 

 

However, Joint Venture Railways are not explicitly classified by the 1991 law. 

 

One of the key clauses in the Law is Article 3, which as well as making the ‗competent 

department‘ (MOR) responsible for railway affairs throughout the country,  also requires MOR to 

implement  over  the State railway network a  centralized and unified traffic  control  system, and 

to guide, coordinate, supervise and assist local and industrial railways and railway private 

sidings. The Law (Article 4) also requires MOR to focus on the development 

of State railways but also aid and support the development of local railways, and (Article 24) 

encourages industrial railways to provide public passenger and freight transport services on a 

commercial basis.  

 

Passenger fares and freight tariffs on State railways must be approved by the State Council and 

those on local railways by the relevant local authority (Article 25). In practice, the National 

Development and Reform Commission (NDRC) approves tariffs for CR, new lines and joint 

venture and local railways that span more than one province. Intra-provincial tariffs on local 

railways follow NDRC guidelines and are approved by the equivalent provincial bodies. 

 

Accident investigations are handled by the relevant railway transport enterprise in accordance 

with guidelines stipulated by the State Council and MOR (Article 57); the Law makes no specific 

provision for any independent monitoring or investigation (although of course this could be 

included in the State Council guidelines). 

 

5.3 The central role of MOR 
 

While the RRAs have been given progressively more commercial freedom in ancillary activities, 

their core railway function is still closely circumscribed and monitored by MOR so as to provide 

the integrated and coordinated national railway system that is branded as China Rail. The State 

controls the two key levers of investment (through MOR) and pricing (through NDRC) and there 

is little or no intra-rail competition in the system.22 This is perhaps inevitable given the acute 

shortage of capacity that has persisted over the past two decades, which has led policy priority 

to try to concentrate traffics and operations to maximize throughput rather than divide the 

market through competition.  But at the operating level it has inevitably led the managers 

operating day-to-day services to focus on asset productivity rather than customer service, and 

to adopt an approach to both freight customers and passengers that is more akin to rationing 

than marketing.  

 

MOR down-sized considerably in 1998 when it reduced its own ministry staff from 853 to 413, 

converting some functions into companies (which then operated on a fee-for-service basis) and 

transferring others (primarily transport management staff) to the RRAs. However, most of the 

staff in question continued to perform the same tasks in the same offices and the change was 

therefore to a large extent administrative. The 413 staff remaining in MOR still includes 98 traffic 

dispatchers (to conform with Article 3 of the Law) with the remainder undertaking the typical 

range of central corporate functions. 

                                                
22

 Some very limited competition between RRAs can be seen in the nightly Beijing-Shanghai expresses, some of 

which are operated by Shanghai and some by Beijing RRA. 
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Some decisions have been made to devolve greater commercial power. In 1996 the Guangshen 

Railway Corporation was listed on the Hong Kong and New York Stock Exchanges and in 2006 

the Daqin Company was also floated on the Shanghai Stock Exchange (Box 5.1).23 Both 

companies remain subsidiaries of their respective RRAs and their financial and operational 

results are consolidated into those for RRAs as a whole. Both companies benefit from a more 

liberal tariff regime and Guangshen has been allowed unregulated fares on its high-speed 

services since its creation. Daqin (and parallel coal lines) has been allowed a tariff increment 

since it was opened to recover its construction costs.  

 

More generally, the Government committed itself to the reform of all SOEs in the Outline of the 

Tenth Five Year Plan (2001–2005) which stated that government is ―To accelerate the reform of 

transport management system and operation mechanisms with the core focus on the separation 

of the government functions and the enterprise functions. Railways will separate infrastructure 

from transport operations."   

 

In the lead-up to the 10 FYP, MOR prepared a general plan for reform which was submitted to 

the State Council in early 2000 but no decisions were taken as a result. The challenges faced 

by MOR are substantially those that governments elsewhere have had to address, as they have 

sought to reform their railway systems: how to clarify the respective functions of government 
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 A third, and much smaller, company, the China Railway Tielong Container Logistics Company, is also listed on the 

Shanghai Stock Exchange. However, it has much weaker links with railway operations, with over half its revenue 

coming from real estate development. 

Box 5.1: Guangshen and Daqin Railway Companies 

In 1996, the Guangshen Railway Company was created as a subsidiary of the Guangdong RRA 

and listed on the Hong Kong and New York Stock Exchanges (and remains the only PRC railway 

enterprise which is listed overseas). Guangdong RRA retains a controlling share (51% of the ‗A‘ 

shares and 41% by share value).  Its original business was railway transport between Guangzhou 

and Shenzhen and (in conjunction with KCRC) Hong Kong, being the first railway in China to 

operate 200 km/h passenger trains. In addition to these services (about 80 pairs/day, or a train 

every 15 minutes), in 2006 it also operated 40 pairs of long-distance passenger trains (e.g. 

Shenzhen-Shanghai) and handled about 30 million tonnes of freight, mostly to and from the Pearl 

river ports. Profit in 2006 was CNY 0.7 billion on revenues of CNY 3.6 billion. In December 2006, it 

listed on the Shanghai Stock Exchange and, at the start of 2007, acquired the 300 km Guangzhou 

– Pingshi section of the Guangdong – Beijing main line with the result that both turnover and profit 

in 2007 approximately doubled.  

The technical and operational characteristics of the Daqin railway are described in Box 3.4. In 1995 

it was created as a fully-owned subsidiary of Taiyuan branch administration (within Zhengzhou 

RRA), and was clearly instrumental in Zhengzhou consistently being one of the few RRAs to make 

a profit (which was then used to support less financially strong RRAs such as Shenyang and 

Harbin). In July 2006, it floated 33% of its shares (previously all held by Taiyuan RRA) on the 

Shanghai Stock Exchange, raising CNY 15 billion. By the end of 2007, the share price had 

increased five times to CNY 25, although by early 2009 it had fallen back to under CNY 10. In April 

2008, Daqin announced it was ordering CNY 17 billion of locomotives and wagons to expand its 

capacity. 
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and enterprise, focus on the market, create and manage competition, and define and reshape 

private/public boundaries.  

 

In response to strategic goals set by the national leadership, the National Development and 

Reform Commission (NDRC) set out the underlying policy principles for the future reform of the 

rail industry, among others, in "State Development and Reform Commission: China's Key 

Reforms in Seven Fields in 2004". This document identified three key principles: 

 

 separation of government administration of the railways from enterprise              

management; 

 introduction of competition where suitable; and 

 effective industry regulation 

 

It falls on MOR to specify actions and timing that will implement the principles set by the NDRC. 

Its priority at present remains threefold: to deliver the MLRNP as well as the efficient transport of 

passengers, and raw materials for industry. That this is likely to remain so for at least the short-

term is supported by the decision of the government not to include MOR in the enlarged multi-

modal Ministry of Transport (MOT) announced in March 2008. This issue is discussed further in 

Section 6.4. 

 

5.4 Evolution of CR management structure 
 

In 1990, CR was managed within the so-called Economic Contracts System (ECS). ECS was 

introduced in 1986 mainly to increase productivity at a time when there were chronic shortages 

of capacity following many years of comparative under investment. The process (described in 

Box 5.2) was essentially one in which MOR entered into annual contracts with the government 

to meet national production targets (measured in net tonne-kms and passenger-kms 

performed). Subsidiary contracts were then made between MOR and the RRA‘s, and between 

the RRA‘s and their operating units. The achievement of these targets was the basis for an 

incentive compensation system. This system continued until it was replaced in 1999 by the 

Assets Operation Liability System (AOLS). 

 

ECS improved operating efficiency, led to the generation of additional net revenue and allowed 

CR to accelerate investment. It was nevertheless still a production-oriented system with little 

consideration of whether activities were individually profitable or not. In a sense that was 

inevitable: at the time of its introduction, there was a ‗dual-track‘ pricing structure in China 

(which sometimes became ‗triple-track‘24) that would have made specific ‗profit‘ results 

unreliable as an indicator of underlying performance.  More compelling to railway policy-makers 

was the reality that railway capacity was an evident bottleneck on economic growth and that the 

railway had to ‗produce‘ more traffic throughput to meet demand.   

                                                
24

 Different prices were charged depending on whether activities were ‗in-plan‘, ‗out-of-plan‘ (both by SOEs) or purely 

private-sector. This meant that controlling on financial measures was fraught with potential pitfalls, especially as 

these prices were progressively merged. 
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As the various administered pricing systems in China were consolidated, substantial input price 

increases were imposed on CR for its materials and energy.  CR began facing severe 

profitability problems particularly as tariffs were held constant until 1995, at least in part to 

counter the severe inflation at that time.25 At the same time, China‘s manufacturing sector was 

not only growing significantly but also was clearly expecting a higher standard of service from 

railway transport than had historically been provided. At the beginning of 1998, after four years 

of continuous losses, the State Council demanded that MOR make a profit within three years. 

MOR‘s reform of CR then shifted towards transforming rail operations from a production-

oriented system to one more attuned to the market, and to the restructuring of CR to try to attain 

financial self-sufficiency. In the event, profitability in the railway industry was restored by 1999, 

despite the impact of the Asian economic crisis and major floods in 1998. 

 

The most important of the many individual reforms was the introduction of AOLS in 1999, 

following a trial program in 1998. It represented a significant step in managerial decentralization. 

Under ECS, the RRAs had primarily been responsible for executing the plan developed by 

MOR. Under AOLS, they were now responsible for managing and increasing the value of the 

assets assigned to them. The incentive bonus received by each RRA also became more 

sophisticated and commercially-focused. AOLS set bonuses in relation to three targets and two 

commitments. The three targets set for RRAs are: 

 

 to increase the net worth of the RRA; 

 to make profits, expressed as a percentage of the RRA‘s gross operating assets; and 
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 However, CR had been able to levy a freight surcharge to fund the RCF from 1991. 

Box 5.2: Economic Contract System 

Under the ECS, MOR assumed responsibility for specific functions including: (i) monitoring transport 

operations; (ii) ensuring that rollingstock production targets were met; (iii) supervising railway 

infrastructure construction projects; and (iv) applying after-tax profits to investments in infrastructure 

and rollingstock. The Government allowed MOR to retain all post-tax profits for railway construction. It 

increased these profits by reducing the railway business tax rate and making some accounting 

changes. It also progressively increased tariffs (including special tariffs on any new loss-making lines), 

and allowed implementation of the Diversified Economy Program (see below).  

The RRAs assumed responsibility for: (i) managing day-to-day transport operations; (ii) collecting 

transport revenue from shippers; (iii) maintaining accounts and paying taxes; (iv) managing transport 

safety; (v) maintaining the quality of equipment; and (vi) maintaining and upgrading existing rail lines 

to attract new traffic.  

In return, MOR introduced the following changes: (i) basing the revenue settlement for inter-RRA 

traffic on the relative amount of work performed by the RRA; (ii) implementing an incentive 

compensation system partly related to traffic units produced; (iii) charging RRAs a fee for the use of all 

rollingstock; (iv) increasing CR‘s capacity by funding increases in the rollingstock fleets; (v) providing 

investment funds to the RRAs for upgrading existing lines; (vi) accelerating the development of the 

Diversified Economy Program; and (vii) implementing a new retirement pension system to harmonize 

payments between different MOR enterprises. 
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 to return dividends to MOR, expressed as a percentage of MOR‘s capital investment. 

 

The two commitments made by RRAs are: 

 

 to operate safely; and 

 to achieve a specified minimum increase in RRA profits or reduction in RRA losses. 

 

Each member of RRA management (as far down as stationmaster) puts up an incentive deposit, 

the size of which depends on the member‘s rank. The deposit is forfeited if the targets and 

commitments are not met. For a target-beating performance, the manager gets the deposit 

back, plus a bonus equal to up to twice the deposit.  During the eight years that AOLS has been 

in place, there has been a steady improvement in the financial performance of the RRAs (and of 

CR as a whole) as well as a significant improvement in safety, with the number of accidents 

reducing. Most RRAs now achieve the higher levels of bonus.  

 

One of the most common elements of railway reform internationally has been the replacement 

of functional management structures with business sector (also known as ‗lines of business‘) 

management.26 MOR undertook a pilot program in 1999 in which passenger transport 

companies were set up in four RRAs and by late 2002 these were extended to each RRA. 

These companies (which in practice acted more as business divisions) controlled passenger 

coach maintenance and the management of passenger stations, had their own financial 

accounting, and acted as quasi-separate profit centers. However, in late 2003, these 

responsibilities were reviewed and coach maintenance and passenger station management 

were returned to the functional units, leaving the passenger companies with the more limited 

responsibilities of passenger marketing and passenger station services (ticket sales etc). It is 

difficult for internally ‗separated‘ businesses to thrive as add-ons to a structure which is 

overwhelmingly functionally-based, and on which the new businesses depend for many of its 

resources and services.  

 

A major and successful step in streamlining management was taken in 2005 when the 

secondary level of regional administration, the sub-administration, was abolished. Prior to this, 

each RRA was divided into about 5 sub-administrations, each of which had a parallel structure 

to that of the RRA. With their abolition, a whole layer of management was removed and RRAs 

had a direct line of management to depots, stations and yards. This also provided a platform for 

improving the utilization of locomotives and crews, previously often confined within sub-

administration boundaries. 

 

5.5 Divestment of non-core activities 

 

In 1990, CR employed nearly 3.4 million staff in total but around 1.4 million of them were 

employed in non-transport organizations. These included construction entities and rollingstock 

factories, as well as schools, hospitals and universities. Beginning in 1998, MOR began to 

reorganize and separate these enterprises and, over the next 7 years, transferred the ownership 

and control of almost all of them to other organizations. 

                                                
26

 Functional management structures are based on divisions responsible for track, locomotives, rollingstock, train 

operations etc, while business sector management creates market-focused divisions such as inter-city passenger 

services, commuter services, mineral freight, and inter-modal freight. 
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The first step was a reorganization of several engineering and rollingstock manufacturing 

companies from 1998 which created a number of limited liability companies. This was then 

followed in 2000 by the establishment of six major non-rail companies as independent 

enterprises,27 and their transfer to the supervision of the State Large Enterprises Working 

Committee. Also in 2000, MOR began transferring the schools, colleges and universities run by 

RRAs to local governments and to the Ministry of Education, although it still retained railway 

management institutes and colleges to provide occupational qualifications and training for 

railway staff. This process was completed in about 2005 by which time nearly 900 schools, 400 

hospitals as well as kindergartens had been transferred.  

 

In 2004, the China Railway Communications Co. Ltd. (CRCC) (which had been established in 

2000 and is responsible for providing railway telecommunications) and China Rail Materials and 

Supplies Co. Ltd. (CRMSC) (established in 1988 as the supply and trading agency for the 

RRAs) were transferred from MOR to the supervision of the State-owned Assets Supervision 

and Administration Commission (SASAC). With a combined total of around 84,000 employees 

they now function as independent entities though with budgets allocated by MOR. Also in 2004, 

the first three specialist train operating companies were established to handle containers, 

special freight and parcels.28 These companies currently manage the marketing and planning of 

their own trains, although these are still hauled by CR. The companies are planned eventually to 

be listed on the stock market.  

 

By the end of 2007, staff not directly employed in rail transport had reduced to 560,000.  Most of 

these are employed within the RRAs in what are called diversified economy companies 

(DECOs). These were initially established in 1985 to help absorb surplus staff. At that time it 

was already recognized that many of the core railway businesses would need to operate with 

higher staff productivity in the years ahead. MOR rejected the idea of mass redundancies and 

instead relied on normal attrition trends, transfer of personnel to other companies who needed 

employees, an early retirement program for employees within 2 to 3 years of retirement age and 

encouragement of retraining. As part of this process the Government instructed the major SOEs 

(including MOR) to create any business that was legally and financially sustainable which could 

help absorb surplus staff. By 1990, there were 3,900 of these DECO companies attached to the 

rail sector,29 employing an average of about 60 persons each and with an average profit of 

about 25 percent of earnings. During the 1990s the companies continued to expand and by 

2000 there were about 6,600 such companies employing 420,000 people. From 1999, with the 

introduction of AOLS, all other subsidiaries belonging to RRAs (e.g. cement factories, quarries, 

freight handling and real estate) were also transferred to the DECO scheme and their financial 

results consolidated for the purposes of calculating the AOLS targets. 

 

                                                
27

 China Railway Engineering Corporation (CREC), China Railway Construction Corporation (CRCC), China Railway 

Telecom and Signaling Corporation (CRTSC), China Civil Engineering (Group) Corporation (CCEC), South LORIC 

(CRS), and North LORIC (CRN). 
28

 China Railway Container Transport Company Ltd., China Railway Special Goods‘ Transport Co. Ltd., and China 

Rail Baggage and Luggage Express Co. Ltd. 
29

 Typical areas in which the companies operate include industrial manufacturing, wholesale and retail outlets, food 

service companies, construction, local road haulage, agriculture and livestock, hotels and tourism and advertising. 
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5.5 Staffing, wages and productivity 

 

As noted, in 1990, CR employed30 nearly 3.4 million staff, of whom 2.0 million were engaged in 

railway (infrastructure and transport) operations. Total employment peaked shortly after, in 

1991–92 and then began to steadily reduce, although by 1999 (at the start of the divestiture of 

non-core establishments), MOR still had 3.2 million employees, of whom 1.6 million were 

employed in the operation of the railway itself.   

 
Figure 5.1: CR workforce 1990 – 2007 
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Figure 5.1 shows the end-of-year workforce since 1990. The ‗total rail‘ covers all staff directly 

involved in operating the railway system; the overwhelming majority of these are in the RRAs. 

These reduced by about one-third between 1995 and 2001 to drive up labor productivity. Since 

then the rail operational workforce has remained constant but the traffic task has increased by 

60 percent so productivity has again risen sharply. The total workforce within the RRAs (i.e. 

excluding surplus staff but including casuals) has reduced by rather less, demonstrating the 

extent to which DECO employment has increased.   Although the non-RRA workforce was very 

high in the 1990s, reaching 1.4 million in 1995, this had fallen substantially by the year 2000 

                                                
30

 Statistics on MOR staffing and employment need careful interpretation. The basic statistics identify three types of 

worker: (a) those who are employees with a defined position in the organization (1.904 million at end-2005); (b) those 

who are employees but who do not have a defined position, i.e. are surplus (0.233 million at end-2005); (c) temporary 

or casual employees who are working but who are not permanent (and thus pensionable) employees (0.158 million at 

end-2005). Total employment as defined in the statistics (2.137 million at end-2005) is the total of (a) plus (b) whilst 

the actual workforce (2.062 million at end-2005) is (a) plus (c).  Both year-end and annual average figures are also 

available and this can also lead to variations in any statistics quoted in various reports.  
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(when the construction and rollingstock companies were separated) and was almost eliminated 

following the 2004 transfers of China Railcom and CRMSC described above. Figure 5.2 shows 

the distribution of railway operational workforce by broad function in 2005. 
 

Figure 5.2: CR workforce by branch 2005 

Stations and yards Train Passenger Locomotive Water/elec Power supply Vehicles Track and bridges Signalling
 

 

The JV and local railways also employ a substantial number of staff; at the end of 2006 these 

totaled 78,000 and 28,000 respectively. 

 

CR labor productivity has increased strongly at an average of 6.6 percent p.a. since 1990.  Staff 

labor costs, as recorded in the accounts, have increased even faster, by 13.1 percent, 

measured in real terms, over the same period (Figure 5.3). But it is possible that some other 

non-wage benefits have fallen back. In 1999, MOR transferred the administration of CR‘s social 

security and retirement plans to local social security organizations; currently 19 percent of 

wages are now paid to local social security organizations for undertaking these functions. 
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Figure 5.3: CR labor productivity and average wage 1990 – 2007 
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5.6 Overall financial results 
 

Table 5.1 and Figure 5.4 show financial performance indicators31 for the railway component of 

MOR-administered and supervised organizations for key years between 1990 and 2007. It 

appears that tariffs have been regulated so as to allow MOR to broadly break-even as a whole. 

During the mid-1990s, revenue declined in real terms as inflation accelerated, and MOR 

became loss-making for a short period, both for transport and as a whole.  MOR then made 

small profits for several years but in 2006, following a sharp increase in depreciation provisions, 

MOR transport activities again reduced. In addition to its transport activities MOR includes in its 

consolidated accounts the various DECOs under the RRAs; these generally make a small 

surplus of around CNY 1-2 billion. Previously MOR also included major companies that it 

administered such as the construction companies and rollingstock factories but these also more 

or less broke even. A final group of costs concerns expenses for the remaining railway-

administered entities such as schools and police.  

 

                                                
31

 In the early 1990s prices were a mixture of administered and market prices and costs were calculated on a different 

basis prior to 1999 so detailed comparisons should be made with care. All figures refer to the railway transport 

component only of the various organizations. In the early 1990s, the reported depreciation often included expenditure 

on major repairs; this has been transferred to ‗Other‘ in Table 5.1 for consistency. In addition, reported results for 

MOR in statistical yearbooks variously include and exclude non-transport subsidiaries. 
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Figure 5.4: CR revenue and expenditure 1990 – 2007 
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Table 5.1: CR transport Revenue and Expenditure 1990-2005 (current and 2007 prices) 

 CNY current (billion) CNY 2007 (billion) 

 1990 1995 2000 2005 1990 1995 2000 2005 

Revenue         

Passenger 11.1 20.2 36.9 61.9 25.3 25.1 42.0 65.8 

Freight (excl RCF) 27.2 35.6 53.6 109.6 62.1 44.3 61.0 116.5 

Parcels/mail 1.0 1.8 4.2 5.3 2.2 2.2 4.7 5.6 

Other 1.8 7.1 15.9 30.5 4.2 8.8 18.1 32.4 

Subtotal 41.1 64.6 110.6 207.1 93.8 80.3 125.8 220.4 

RCF 0.0 34.8 38.4 47.5 0.0 43.2 43.6 50.5 

Total 41.1 99.4 149.0 254.6 93.8 123.6 169.5 270.9 

Less business taxes 2.2 3.2 6.0 11.6 5.0 4.0 6.8 12.4 

Net revenue 38.9 96.1 143.0 243.0 88.7 119.6 162.7 258.5 

Expenditure         

Labor 4.3 14.0 21.4 35.4 9.8 17.4 24.4 37.7 

Materials 3.3 8.6 9.4 22.3 7.4 10.6 10.6 23.7 

Fuel 3.8 10.1 14.2 23.9 8.8 12.6 16.1 25.4 

Electricity 0.9 3.2 6.3 13.5 2.0 4.0 7.1 14.4 

Other 8.7 20.8 33.3 61.4 19.7 25.9 37.8 65.3 

Depreciation 4.5 7.4 16.0 26.2 10.2 9.2 18.2 27.8 

Total 25.4 64.1 100.5 182.6 57.9 79.7 114.3 194.3 

Surplus (excl RCF) 13.5 -2.7 4.1 12.9 30.8 -3.3 4.7 13.7 

Surplus (incl RCF) 13.5 32.1 42.5 60.4 30.8 39.9 48.3 64.2 
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In Table 5.1, around half the ‗other‘ revenue is the electrification surcharge of 1.2 fen/ntkm 

applied to freight carried over electrified lines (and thus should more properly be included with 

freight). ‗Other‘ expenditure includes the costs of major repairs of rollingstock, typically done 

externally to the RRAs by third parties. 

 

Income tax is also levied (after excluding the RCF revenue) and the net result is generally a 

small profit after tax of around CNY 2-4 billion, a relatively insignificant sum compared to the 

cash flow from RCF and depreciation, which in 2007 came to CNY 57 billion and 41 billion 

respectively.  

 

Table 5.2:  Passenger and freight revenue yields (fen/pax-km or net tonne-km) 

 Yield (nominal) Yield (CNY 2007) 

 
Pax 

Freight 
Pax 

Freight 

 Excl RCF Incl RCF Excl RCF Incl RCF 

1990 4.3 2.6 2.6 9.7 5.9 5.9 

1995 5.7 2.8 5.5 7.1 3.5 6.8 

2000 8.4 4.3 6.9 9.5 4.6 7.8 

2005 10.9 5.7 8.0 11.3 6.0 8.6 

 

Average traffic yields have increased in real terms over the period (Table 5.2), helped for freight 

by the introduction of the construction surcharge on freight to fund the RCF. However, pure 

freight tariff revenue declined markedly in the 1990s, leading to the losses experienced in 1994-

97.   

 

5.7 Tariffs 
 
5.7.1 Passenger tariffs 

 

Passenger tariffs are based on a standard fare for a hard seat on a standard train for up to 200 

km, to which a number of surcharges are applied. A distance taper is also applied, giving a 

reduction of around 13 percent for a 1,000 km trip, 25 percent for a 2,000 km trip and 30 percent 

for a 3,000 km trip. 

 

In 1992 the principle of surcharges being applied for higher level of service (soft seating and 

sleepers, fast and express trains, and air-conditioning), for peak periods, and for regional factors 

was approved by the State.  A surcharge of 50 percent was introduced for air-conditioned trains. 

A further surcharge of 50 percent was introduced from 1995 for the Guangshen semi-high-

speed services. The principle of surcharges for higher speed was reinforced in late 1995 when, 

in conjunction with the increase in the standard fare, surcharges of 20 percent and 40 percent 

for fast and express trains were also introduced. At this time, the ratio between the standard 

fare and the most expensive ticket (a soft sleeper on an air-conditioned express train) for a 200-

km journey was over ten to one.  

 

In 1996, the State allowed the Guangshen Company to set its own fares, within a 50 percent 

margin for its conventional services and completely deregulated the high-speed services. Other 

regional variations followed, with Shanghai–Nanjing air-conditioned express train tariffs 

increased by 30 percent following a speed increase and Liaoning, Jilin and Heilongjiang allowed 
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to adjust tariffs for urban and suburban train services to local conditions (although the small 

number of suburban services that remained during the period, principally in Shenyang RRA,32 

offered fares at 40 percent of the standard tariff). In 1997, a 20 percent premium was approved 

for an express soft berth train from Shanghai, and MOR was allowed to vary the fare by 10 

percent up and down depending on market conditions. The most recent speed-up, with the 

widespread introduction of 200 km/h services, has been accompanied by surcharges of 100 

percent. Notwithstanding, the services are well patronized, with very high loadings.   

 

China‘s Spring Festival always produces very high demand for tickets, normally accompanied 

by a vigorous secondary market, and in 1993 a temporary surcharge was approved for 

passengers traveling to, from and within Guangdong Province. These continued until 1995 and 

were resumed in 1999 (typically 20-30 percent) for trains originating in the RRAs with very 

heavy passenger flows. 

 

There have been comparatively few changes, however, in the standard fare. After more than 

doubling in late 1989 to 3.86 fen /pkm (0.56c)33, it was next increased only in October 1995, at a 

time of rapid inflation, when it was increased to 5.86 fen/pkm (0.85c). It was then increased 

again by about 7.50 fen/pkm (1.09c) and has since remained constant.  

 

 

Figure 5.5: CR passenger tariffs 1990 – 2007 
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32

 Suburban commuter services carry about 4 percent of total CR passengers and represent about 0.2 percent of total 

passenger-km. Shenyang carries about two-thirds of the total. 
33

 US dollar equivalents in Section 5.7 are indicative only and based on a rate of 1 fen=0.145c. 
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Figure 5.5 shows the gap between the standard fare and the average yield, which has 

increased from 10 percent in 1990 to over 50 percent in 2007, indicating the premium that CR 

has been able to charge as it has introduced improved levels of service, and representing about 

CNY 25 billion (USD 3.62 billion) in 2007. This premium can also be seen in Figure 5.6, where 

the basic fare in 2006 (for a hard seat on an ordinary train on an average trip of 500 km) was 

about 6 fen/pkm (0.9c) while those for soft sleepers on a Z-train (the non-stop well-appointed 

overnight sleeping trains) or for the high-speed EMU services) were well over 30 fen/pkm 

(4.35c). 

 
Figure 5.6 CR passenger tariffs by class of travel 2006 
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5.7.2 Freight tariffs 

 

Freight tariffs on CR have a commodity-based structure with distance-based charges plus 

loading and unloading charges. Changes since 1990 included revisions in the basic tariff, 

surcharge on freight tariffs, adjusted tariffs for new lines and, in 1999, a revision of the tariff 

structure. 

 

The base tariff averaged 2.6 fen/ntkm (0.4c) in 1990 and was unchanged until 1996, during 

which time average prices in China nearly doubled due to inflation. The base tariff was then 

increased by 0.50 fen/ntkm (0.07c) in each of 1996, 1997 and 1998. Smaller increases occurred 

in succeeding years. The net result is that the yield from the base tariff is now some 10 percent 

higher in real terms than in 1990 (Figure 5.5). 
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Figure 5.7: CR freight tariffs 1990 – 2007 
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Freight surcharges have been imposed above basic tariffs to provide capital for new 

construction. The RCF surcharge of 0.3 fen/ntkm (0.04c) was applied to all freight traffic in 

1990. In 1998 the surcharge was increased to 3.3 fen/ntkm (0.48c), with the exception of some 

agricultural inputs and products. It has not been altered since then. The surcharge revenue is 

‗ring-fenced‘ and not subject to tax. It is used within guidelines of the Ministry of Finance, 

primarily for major upgrading, new construction and associated debt service. A second 

surcharge, an electrification surcharge of 0.4 fen/ntkm (0.06c) was introduced in 1993 (which 

was increased to 1.2 fen/ntkm (0.17c) in 1999) for all freight traffic moving on electrified lines 

and this revenue is used for extending electrification over the network.34 

 

In 1993, the Government accepted the principle of tariff adjustment on new lines to improve 

cost-recovery and help service project debt. The first application was for the Daqin heavy haul 

line (Box 5.1). This had a break-even tariff that was three times the tariff on three competing 

parallel lines (which were close to capacity) and a new tariff of about twice the previous rate was 

then applied to all four lines. This principle of applying the surcharge to all routes within the 

same general corridor was also applied when the Jing–Jiu line was opened in 1997 parallel to 

the ‗at-capacity‘ Jing–Guang line. 

 

The freight tariff structure has six categories of wagonload freight; however, one of these is not 

currently used (Group 3) and Class 1 only applies to a relatively small tonnage. The majority of 

the traffic moves under Class 2 (construction material, non-metallic ores), Class 4 (coal, ores, 

grain and agricultural products), Class 5 (coke, steel, cement, timber and manufactured 

                                                
34

 This surcharge is treated in ‗Other revenue‘ rather than ‗Freight revenue‘ in the CR financial summaries. 
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products), and Class 6 (petroleum and machinery). The tariff itself is a two-part tariff with a fixed 

element and a per-km component. Figure 5.8 shows the two components, together with the 

RCF and electrification surcharges (where electric traction is used), for the four main tariff 

classes for a trip of 750 kilometers 

 

 
Figure 5.8: CR freight tariffs by tariff class 2006 
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5.8 Expenditure 

 

The unit cost of most inputs to railway activities has increased steadily since 1990. Initially, this 

was due to the national transition in China from ‗plan‘ prices to market prices. More recently it 

has been caused by the sharp increases in market prices of energy and raw materials although 

the economic recession is now relieving these pressures.  

 

Labor costs per unit of output have doubled, with the eight-fold increase in average real CR 

labor costs only partially offset by a 200 percent increase in labor productivity (Figure 5.2). The 

increase in the cost of electricity per unit partly reflects the much increased use of electric 

traction, which has increased from 18 percent of the total traffic task in 1990 to 49 percent in 

2007, measured in terms of gross tonne-kms. Conversely, the apparent increase in the unit cost 

of diesel fuel is understated because of the reduction in the share of non-electric haulage.35 

When allowance is made for the change in traction mix, the cost of electricity has increased at 

seven percent annually and diesel fuel at nearly six percent. 

                                                
35

 In 1990, this cost included coal for steam engines, which at that time still carried 29 percent of the work.   
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‗Other‘ costs include the major repairs of rollingstock, mostly done externally in what are now 

third-party facilities, as well as various pension and staff welfare expenditure. Depreciation has 

increased per unit of output, again because of the adjustment of asset prices to market prices.  

 

Table 5.3: Expenditure/traffic unit, 1990-2005 

 
1990 1995 2000 2005 2007 

% growth 
p.a. 

Expenditure (Fen 2007/tu)       

Labor 0.74 1.06 1.37 1.49 1.76 5.3% 

Materials 0.56 0.65 0.60 0.93 0.82 2.3% 

Fuel 0.66 0.77 0.91 1.00 1.09 3.0% 

Electricity 0.15 0.24 0.40 0.57 0.64 8.7% 

Other 0.77 0.56 1.02 1.10 1.41 3.6% 

Depreciation 1.49 1.58 2.13 2.57 2.76 3.7% 

Total 4.38 4.86 6.44 7.66 8.49 4.0% 

       

Average labor cost (000 CNY 2007 p.a.) 4.4 7.7 15.8 25.3 35.3 13.0% 

Labor productivity (000 TU/staff) 673 824 1155 1712 1982 6.6% 

 

5.9 Investment planning 
 

Investment programs are developed in the context of the five year economic planning process 

described in Section 2. These medium-term plans have since 2003 been based on the longer-

term development strategy which is set out in detail in the MLRNP. The MLRNP is described in 

more detail in Section 5.10. 

 

Individual projects are subject to a formal appraisal process. The first steps are the pre-

feasibility study and feasibility study, normally done by one of the seven specialist railway 

design institutes and consultancies, which are reviewed by MOR headquarters staff and also, if 

the project is sufficiently large, by NDRC using an external consulting firm. Although a well-

established procedure, it is by no means routine, and there are often lengthy review phases 

while the project is refined. Once the project has been approved, detailed design begins and 

project construction starts. 

 

MOR uses a computerized decision-support system for analysis of railway investment 

packages. The main tool is the RIS analysis system, originally developed with World Bank 

assistance in the early 1990s, and subsequently upgraded in 1995 and 2003, which can 

undertake network analysis of competing projects to determine the most effective and efficient 

investment package. This typically considers traffic flows for each of the main commodities 

between 483 zones covering the entire railway. It has a network design capability, in which 

candidate projects are simultaneously analyzed and a subset selected which minimizes the sum 

of operating costs and annualized project investment costs as well as the cost of unsatisfied 

demand. However, as in nearly all countries, such decision-support tools do not solely determine 

capital programs, which reflect broader policy and strategic priorities as well as financial returns. 
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5.10 The Mid to Long-Range Network Plan  
 

The Mid to Long-Range Network Plan (MLRNP) (2003) was the first long-term industry plan of 

its kind approved by the State and it addresses the chronic capacity problem in the context of 

both the expected national growth and development and the expected evolution of the other 

transport modes. Its stated objectives are the expansion of rail transport capacity and 

improvement of service quality, with an emphasis on ensuring maximum value from the 

proposed investment, whilst supporting both rural and urban development in a sustainable 

manner. It encourages both domestic and foreign private capital investment. It defines the 

government‘s regulatory role and responsibilities within a market framework. The principles 

underpinning the plan are to:   

 

 coordinate rail development at both the macro and corridor level with that of other transport 

modes as well as the energy and other related sectors; 

 separate passenger and freight transport on constrained busy trunk lines to increase 

capacity and improve service levels, and develop inter-city fast passenger networks in 

densely populated and developed areas; 

 strengthen the links between major economic areas and ensure smooth operation by 

providing adequate line and terminal capacity; 

 expand the coverage of the rail network to support and encourage sustainable economic 

development, regional development and national defense; 

 raise the local content of railway equipment and promote local equipment manufacturing. 

 

The most radical and critical element of the plan is to create more capacity through separation 

of freight and passenger services by building passenger dedicated lines (PDL). Most of the 

passenger trains in a PDL corridor would migrate from the existing rail corridors to the dedicated 

lines, thus releasing a large capacity for freight traffic. It is expected that the benefit of this 

additional freight capacity will materialize from 2010, as the passenger-dedicated lines are 

commissioned. In addition, under MLRNP several freight corridors will be upgraded to augment 

capacity.  

 

By 2020, the total operational length of CR was originally expected in the MLRNP to reach 

100,000 km (this has since been revised to 120,000 km), with separate high-speed passenger 

and freight routes on the main corridors and 50 percent of the network either double-tracked or 

electrified or both. 

  

The 12,000 km high-speed passenger network is to be based on four north-south and four east-

west corridors, with three regional inter-city systems; the target speed in these corridors is over 

200 km per hour.  

  

MLRNP includes investment in high-capacity coal transport corridors, together with the 

duplication and electrification of other corridors where required, and the development of 

container transport. The plan also includes detailed proposals for extending the network, 

especially in the western region.  
 

MLRNP was designed (prior to recent plan revisions) to enable China annually to deliver 1,600 

billion pkm and 3,100 billion ntkm (4,700 billion traffic units), an increase of about 50 percent 

over the performance of 3,100 billion traffic units in 2007. As was indicated in Section 2.6, this 

demand forecast may be conservative (Section 2.6). But in any event, MLRNP represents the 
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biggest railway development program in the world since the nineteenth century; a formidable 

planning, engineering and construction challenge. The following sections discuss the key 

elements in more detail 
 

5.10.1 High-speed passenger network 

 

MLRNP envisages the creation of around 12,000 km of dedicated passenger lines between 

major provincial centers, on which the target traffic speed will typically be 250–300 km/hour, 

plus a further 20,000 km of mixed traffic high-speed lines with a target speed of 200 km/h. The 

dedicated passenger network will consist of four north–south (vertical) lines and four east–west 

(horizontal) lines (Table 5.4 and Figure 5.9). 

Table 5.4: Planned dedicated passenger lines 

Name Route Distance (km) Speed (km/h) 

Jinghu Beijing–Shanghai 1,380 350 

Jingguang Beijing–Guangzhou–Shenzhen 2,230 350 

Jingha Beijing–Shenyang–Harbin 1,860 350 

Hangyungshen Hangzhou–Ningbo–Shenzhen 1,600 350/200-250 

 Subtotal 7,070  

Longhai Xuzhou–Zhengzhou–Lanzhou 1,400 350 

Zhegan Hangzhou–Nanchang–Changsha 880 350 

Qingtai Qingdao–Shijiazhuang–Taiyuan 770 200-250 

Huhanrong Nanjing–Wuhan–Chongqing–Chengdu 1,900 350/200-250 

 Subtotal 4,950  

 Total 12,020  

 

Figure 5.9: Planned PDL network 2020 (MLRNP) 

 



 

 

 76 

Three additional rail systems, totaling 2,000 km, are planned to serve the intercity travel 

demands within regional agglomerations: the Yangtze River Delta region (Shanghai, Nanjing, 

Hangzhou); the Pearl River Delta region (Hong Kong, Guangzhou, Shenzhen); and the Bohai 

Sea Ring (Tianjin, Beijing, Qinhuangdao).  

 

About twenty existing routes will also be upgraded to increase their maximum speed to 160 

km/h or above.36 This can be seen as a further stage in the progressive ‗speed-ups‘ introduced 

since 1997 and described in Section 3. Freight trains on the mixed traffic routes (such as the 

container services) are planned to operate at maximum speeds of up to 120 km/h. 

 

Only high-speed passenger trains at speeds up to 300 km/h will be operated on the PDLs which 

will be set up on separate new alignments more or less parallel to the existing routes.  The 

existing tracks will be used to accommodate growing freight demand and slow local passenger 

trains. This strategy will more than double the rail transport capacity in such corridors.  

 

The first PDL to be commissioned was the busy Beijing–Tianjin line in mid-2008. The 

Guangzhou-Wuhan–Zhengzhou–Beijing (2,100 km) is being constructed in four sections, to be 

completed by 2011. The construction work on the southern section, Guangzhou–Wuhan (968 

km), commenced in June 2005 and is scheduled for completion in December 2009. 

Construction on the Beijing–Shanghai line began in early 2008. 

 
5.10.2 High-capacity coal corridors   

 

In 1990, the volume of coal transported by rail from Shanxi and Inner Mongolia to Hebei, Beijing 

and the coastal ports for on-shipment by sea to the coastal provinces further south was around 

100 million tonnes. This traffic was carried in conventional trains of around 4,000 gross tonnes 

on mixed-traffic lines on which the coal trains competed for capacity with passenger traffic and 

other freight for train paths. The demand is now over 500 million tonnes p.a., hauled in trains of 

up to 20,000 tonnes.  

 

                                                
36

 Several of these were implemented in the ‗speed-up‘ introduced in May 2007.  
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Figure 5.10: Major coalfields and coal flows 

 
 

High-capacity coal corridors will be developed, based on the ten major coalfields37 (Figure 5.10), 

to provide an annual coal transport capacity of 2 billion tonnes in 2020. Immediate priorities in 

the Plan are increasing the west-east capacity to the north China ports by expanding the 

Datong–Qinhuangdao Railway, upgrading the Beitongpu Railway, construction of the Huanghua 

–Dajiawa Railway and enhancing the freight capacity of the Shijiazhuang–Taiyuan line by 

constructing the separate passenger line. 

 

5.10.3 Upgrading of existing railway network   

 

The existing railway network will also be upgraded to support the Government‘s development 

strategy. This proposes a more balanced development among the regions, with accelerated 

development of the western regions and reconstruction of the north-east industrial base. The 

general objective is to ensure all major corridors are double-tracked and electrified, as a 

minimum, with further segregation of freight and passenger on the busiest routes.  
 

5.10.4 Rail container service network 

 

Although CR currently handles over 60 million tonnes of containers, it has been doing so with 

obsolete equipment and with most containers handled in conventional freight terminals. Few 

dedicated container services have been operated and service levels are correspondingly low. 

Work is now underway to construct 18 dedicated container hubs (currently representing about 

                                                
37

 Datong, Shefu, Taiyuan, southeastern Shanxi, Shaanxi, Henan, Yanzhou, Huainan and Huaibei, Guizhou and 

eastern Heilongjiang.  
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40 percent of current dispatches and receivals) in the main ports and inland centers,38 with a 

further 40 terminals in other provincial centers and at inland border crossings. Some major 

routes with heavy container traffic are being upgraded to allow double-stack container trains.  

 
Figure 5.11: Planned container network 

 

 

5.10.5 Network expansion 

 

Regional economic development will be supported through expansion of the western railway 

network and improvements in the central and eastern areas. In total, about 16,000 km of new 

lines are planned. They include: 

 

 four new lines to international borders in the north-west and south-west39 (1,600 km) 

 twenty new lines to augment the regional network serving Xinjiang, Sichuan, Gansu, Inner 

Mongolia and Tibet (9,600 km) 

 seven new lines in the central and eastern regions (1,500 km) 

 

The four new lines to international borders will provide new transport corridors to the adjacent 

countries in the south and southwest (Kyrgyzstan, Vietnam, Laos and Myanmar). The 

expansion of the western regional network includes six new corridors linking the region to the 

remainder of the network40 as well as fourteen internal links. The new lines41 in the central and 

                                                
38

 Shanghai, Kunming, Harbin, Guangzhou, Lanzhou, Urumqi, Tianjin, Qingdao, Beijing, Shenyang, Chengdu, 

Chongqing, Xi‘an, Zhengzhou, Wuhan, Dalian, Ningbo, and Shenzhen.  
39

 Kashi–Tuergate (China–Uzbekistan–Kyrgyz Railway), reconstruction of the Kunming–Hekou line to Vietnam, 

Kunming–Jinghong–Mohan (China–Lao Corridor), Dali–Ruili (China–Myanmar). 
40

 Jining–Zhangjiakou–Sanggendalai linking Inner Mongolia and Hebei/Biejing; Taiyuan–Zhongwei (Yinchuan), linking 

Yinchuan and Beijing; Liuzhou–Zhaoqing and Hepu–Hechun, both linking Guangxi with Guangdong and the Pearl 

Delta; Yongzhou–Maoming to link Hunan and Guangzhou. 
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eastern regions are mostly of regional significance only. The most important is the Dongbiandao 

line in north-east China which will link Mudanjiang and Dalian via Tumen and Dandong running 

along an eastern corridor by the Russian and North Korean borders. 

 

5.11 The 2007 Review 
 

In 2007, at least partly in response to the unexpectedly fast growth in rail freight since the 

MLRNP was prepared, an expanded investment program was announced which aimed to see a 

railway network of 120,000 kilometers by 2020, an increase of 20,000 km over the original plan. 

This plan includes several further 200 km/h lines for fast passenger and mixed freight 

operations, as well as an expanded network in western China (Figure 5.13). 

 

 

5.12 Financing the Railway Investment Program 
 

It is estimated that implementation of the MLRNP will cost about CNY 2,000 billion (2003 

prices), or around CNY 100–150 million p.a. Based on the cost escalation of the initial high-

speed lines compared to the feasibility study estimates, this is likely to prove an underestimate. 

The availability and sources of railway finance are major challenges, particularly since many of 

those proposed rail projects that are driven by regional economic development aims are likely to 

be not commercially viable, irrespective of their wider economic and social benefits. This 

prospect will also pose a challenge to a railway which is increasingly exposed to competition 

and commercial pressures on its existing network.42  

 
Prior to economic reform, railway investment was managed by the central government, which 

decided the investments, was the sole source of funds (which were provided as grants), 

determined the administrative procedures, and absorbed any investment risk.  With the shift in 

the 1980s to China‘s socialist market economy, CR‘s investment and financing procedures 

developed in new ways. Although some minor local and joint venture railways had been funded 

as far back as the 1970s, a number of more substantial joint venture railway companies were 

established with shareholdings by provincial governments and other enterprises though usually 

with MOR and its RRAs as the major share-holder. Decision-making responsibility for most 

rehabilitation and upgrading of existing lines was decentralized to railway administrations. As a 

result project administration improved, with competitive bidding and civil works supervision. 

Finally, sources of investment capital were broadened, with a change from grants to interest-

bearing loans as well as using the stock market to issue stocks and bonds.  

 

Most of the railway sector is now in principle open to both overseas and domestic investors. 

Participation in rail operations is allowed but the government must hold the majority of the 

shares in any passenger joint venture. Participation in construction and equipment 

manufacturing through equity investment and project financing is encouraged while small 

businesses, in addition, also may be supported in rail-related businesses.  

 

                                                                                                                                                       
41

 Tongling–Jiujiang, Jiujiang–Jingdezhen–Quzhou, Ganzhou–Shaoguan, Longyan–Xiamen, Huzhou–Jiaxing–Zhapu, 

Changchun–Yantongshan as well as the Dongbiandao line. 
42

 Even where rail has an effective monopoly in the domestic transport of bulk minerals, there will often be 

competition from alternative overseas sources, as well as pressure from domestic processors facing overseas 

competition. 
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Figure 5.12 MLNRP network (revised November 2008)
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The JV railways have mobilized considerable funds from outside MOR. By 2004, local 

authorities and enterprises had contributed about half of over CNY 100 billion investment in JV 

railways over the preceding 14 years43 (Table 5.5 and Figure 5.13). From mid-2005, this 

mobilization intensified with the use of JV companies to construct the new passenger-dedicated 

lines and other lines in the core network. These ‗second generation‘ joint ventures generally 

have MOR and provinces as major shareholders together with third parties, often major freight 

customers in the case of the mixed-traffic lines,44 contributing a smaller proportion.45 

Table 5.5: Investment in the rail sector 1990-2007 (CNY billion) 

 Capital Construction Upgrading 
Rolling 

Stock 
Total 

 MOR Other (JV) 
Other 

(local) 
MOR Other 

1991–1995 108.1 12.1 4.3 25.8 14.8 37.5 202.6 

1996–2000 211.1 27.4 5.4 47.3 23.7 60.0 374.9 

2001–2005 281.9 24.6 7.9 74.7 15.0 94.5 498.6 

Total 601.1 67.1 17.6 147.8 53.5 192.0 1076.1 

(%) 56 6 2 14 5 18 100 

2001 52.0 4.7 1.4 12.6 3.3 15.7 89.7 

2002 57.6 3.1 1.6 12.8 3.6 17.6 96.3 

2003 49.0 2.1 1.7 13.0 3.4 16.8 86.0 

2004 48.9 2.7 1.5 17.7 1.4 17.8 90.0 

2005 74.3 12.0 1.7 18.7 3.1 26.6 136.4 

2006 130.1 24.2* 19.2    1.7 31.9 207.1 

2007 149.2 29.2* 20.8 56.4 255.6 

*includes other (local) 
 

About half the capital construction expenditure is for new lines (generally including the 

associated rollingstock) with about 40 percent being for the reconstruction of existing lines. 

MOR expenditure on capital construction covers all categories of lines: between 1991 and 2005 

about 89 percent of this (CNY 536 billion) was directed to the national network and about 11 

percent (CNY 64 billion) to JV railways. Less than CNY 2 billion was directed to local railways. 

However, since 2005 most new lines are being built as JVs and in 2007 70 percent of MOR 

investment of CNY 149 billion was being directed towards such lines. 

 

                                                
43

 In addition, local governments and enterprises contributed about CNY 16 billion to local railway lines. 
44

 There have also been a few cases to date in which shareholders are private investors. 
45

 Although provincial governments reduced their investment in railways in the early 2000s, with most transport 

investment directed to highways and airports and under 5 percent to railways, they have played a more active role in 

the dedicated passenger and inter-city passenger projects
45

, albeit much of it in the form of land rather than funds. 
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Figure 5.13: Application of investment funds 1991 – 2007 (CNY billion) 
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Between 1991 and 2005, despite some progress in diversifying sources of investment funds, 

MOR provided nearly 90 percent of the total funds with the remainder coming from local 

governments and enterprises, many of them state-owned.  Even for the joint venture and local 

railway lines, over 95 percent of the funds have been generated by state-related bodies. 

 

Table 5.6 shows that special funds (primarily the RCF) and bank loans have historically been 

the main sources for capital construction. The funds46 contributed CNY 282 billion between 

1991 and 2005, representing nearly 50 percent of the total invested by MOR. Domestic bank 

loans contributed 26 percent, with both the national budget and self-funding each contributing 

about ten percent, with five percent from each of bonds and foreign loans (principally the ADB, 

IBRD and OECF). By the end of 2005, MOR long-term debt had reached about CNY 200 billion 

and it was spending as much on debt service as on new investment. In 2005 social security 

funds began to be invested in new construction and in 2006 and 2007 there were substantial 

contributions from the proceeds of the sale of shares in the Daqin and Guangshen lines. 

 

Until 1995, investment by provincial governments in JV railways and local lines was entirely 

financed from their provincial budgets but since then a similar range of sources to MOR has 

been developed and the share from provincial budgets is now about half the total expenditure. 

                                                
46

 Although there have been proposals to discontinue the Railway Construction Fund surcharge (many of those in 

other sectors have long since been terminated) the compelling need to maximize funding for network development 

has meant it continues to be applied.
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Table 5.6: Sources of MOR Capital Construction Investment Funds, 

 1990-2007 (CNY billions) 

 
National 

budget 

Foreign 

loans 

Domestic 

loans 
Bonds 

Special 

funds 

Self-

funded 

Other Total 

1991–1995 7.2 3.6 24.4 5.3 61.5 6.0 0.2 108.1 

1996–2000 12.6 6.5 72.8 12.1 87.9 18.4 0.8 211.1 

2001–2005 28.9 11.6 61.4 14.4 132.6 27.7 5.3 281.9 

Total 48.7 21.7 158.6 31.8 282.0 52.1 6.3 601.1 

(%) 8 4 26 5 47 9 1 100 

2001 4.3 1.5 13.3 1.5 23.6 7.9 0.0 52.0 

2002 5.9 3.4 12.5 1.8 24.8 9.2 0.0 57.6 

2003 5.6 2.2 13.5 1.1 20.9 5.7 0.0 49.0 

2004 7.0 0.9 6.5 4.9 28.8 0.8 0.0 48.9 

2005 6.0 3.6 15.7 5.1 34.5 4.1 5.3 74.3 

2006 5.3 2.6 32.6 29.3 44.6 5.0 10.6 130.1 

2007 1.9 2.7 32.7 46.6 27.4 2.9 35.1 149.2 

 
Most of the funds for replacing and upgrading rollingstock on existing lines, and for upgrading 

transport facilities have been provided from retained earnings, principally through depreciation.  

 

The JV model adopted since 2005 is an important development in funding new lines as the 

principal MOR contribution is in the form of equity (albeit raised through corporate debt and 

bonds). A typical ‗new‘ JV will be funded 50:50 by debt and equity; the equity will be contributed 

by MOR and third parties, typically provinces and potential customers and the joint venture will 

then raise the required debt from local banks. The provincial equity is often in the form of 

cleared land (and the associated resettlement costs) but they can also contribute funds, 

normally through a Provincial Rail Investment Corporation. Figure 5.14 compares the previous 

MOR direct-investment approach with the JV model, which accounted for about 70 percent of 

MOR funding in 2007 and is now planned to be used for almost all new construction and 

upgrading projects. 

 
Figure 5.14:  ‘Direct’ and ‘equity’ funding by MOR 2001 – 2007 (CNY billion) 
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One consequence of the JV approach to funding, however, is that equity investors other than 

those directly associated with a particular rail project will expect a return on their investment. 

The mechanisms for this seem far from clear at present, with RRAs planned to operate most, if 

not all, of the JVs and the income and expenditure of any given JV depending on revenue 

apportionment and operating contracts based on procedures determined and administered by 

MOR. The JVs themselves are expected to be relatively small, with around 20 staff, and 

function as infrastructure asset companies; whether the currently proposed arrangements will 

attract genuine third-party investment remains to be seen. 

 
Cash flow 

 
In addition to financing investment, MOR must service existing debt. This is substantial and in 

many years has been of the same order as new investment. Table 5.7 gives a summary of the 

average annual cash flow of MOR for 2004-2006. 

 

Table 5.7: Average annual MOR cash flow 2004-6 (CNY billion) 

 CNY billion 

Sources of funds  

Profit after tax 4.4 

RCF (after business taxes) 45.8 

Depreciation 28.6 

Loans 46.5 

Other (local government, IPO etc) 23.5 

Total 148.8 

Application of funds  

Capital investment 86.3 

Debt service  

Interest 6.2 

Repayment 39.4 

Transfer to government 1.3 

Equipment replacement 17.5 

Total 150.6 

 
 

Outlook 

 
MOR still currently performs the functions of both government and enterprise and the railway 

transport enterprises still do not have independent financial accountability and full decision- 

making powers and are thus not able to take the risk and responsibility for the investment. This 

lack of a direct linkage between investment and return at the enterprise level is accentuated by 

the practice of revenue being allocated from the centre in a non-transparent way, thus making it 

difficult to directly link the incidence of revenues of a project with the expenditure and inhibiting 

the ability of RRAs to initiate major projects themselves. 

 
As China continues to make the transition from financial appropriation by central government to 

financial market orientation, the time is long past in which the government could provide all 

finance for all projects. There will be a continuing shift in funding from large loans by the major 

State banks to a combination of multiple loans, bonds and share issues with an emphasis to 
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devolving project funding responsibility as much as possible to those enterprises directly 

benefiting from a project. However, many of the projects in the MLRNP are designed to promote 

regional development and related objectives.  These projects are unlikely to be financially 

feasible on a stand-alone basis and will require either contribution from the central or local 

governments (either directly through grants or indirectly through tax concessions and 

development rights) or cross-subsidy from CR from other parts of the network. 

 

The stand-alone nature of many of the major new projects (e.g. the coal corridors and the 

dedicated passenger lines) also provides opportunities for introducing special-purpose project 

companies, with clearly-defined revenue and expenditure schemes, which will be more 

amenable to commercial financing.  
 
5.13 China’s 2008 Economic stimulus package 
 

At the time of finalizing this Report there has recently been announced an acceleration in the 

railway construction program as part of a wider Economic Stimulus Package. Concerned by a 

marked and rapid slowdown in the rate of economic growth, and mindful of the emerging world 

recession that would create an increasing  constraint on China‘s exports, the Government 

announced in November 2008 an economic stimulus package that is ‗valued‘ at CNY 4 trillion 

(USD 585 billion). The CNY 4 trillion (12 percent of estimated 2009 GDP) refers to the sum 

required to carry out the investment projects from the fourth quarter of 2008 until the end of 

2010. This spending is to be frontloaded, with planned (additional) spending for 2009 higher 

than for 2010.  Of the total package transport (and urban power) infrastructure is about 45 

percent. Railway construction projects appear to constitute over 40 percent of the transport 

component. 

 

The Stimulus Package has secured and in many cases speeded up the execution of investment 

projects. There are currently over 150 major railway projects under implementation and this 

number is set to increase.  Many of the projects were already in the MLRNP but were lacking 

concrete timing or financing arrangements. The Package means that, with the Central 

Government‘s approval and the potential to raise the financial backing, these projects can now 

be brought forward and implemented, often some years earlier than would otherwise have been 

the case.  

 

What is not yet clear, and cannot really be determined until the effects of the overall Stimulus 

Package are worked through, is whether the rail infrastructure projects brought forward will be 

followed by a lower rate of spending to attain the planned 2020 end-point or whether the higher 

rate of spending will represent a permanent increment of infrastructure capacity on top of the 

previous plan. Either way, the Package increases the likelihood that the 2020 MLRNP will 

indeed be in place either by 2020 if not before. 

 

The extent to which the economic downturn that has provoked the Economic Stimulus Package 

will adversely affect short-term traffic levels or long-term traffic trends is even less clear.  It is 

inevitable that in the immediate future, freight and passenger growth levels will be moderated 

and may well decline in absolute terms. But for how long this impact will endure is at this stage 

pure speculation and it will depend not only on China‘s economic development but also that of 

the world with which it so heavily trades. 
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6. Tracks to the future 
 
6.1 Introduction 
 

This paper has described the record of China‘s railways in the period from 1990 to the present 

and the development plans contained in MLRNP that exist to the year 2020. The history largely 

speaks for itself. It is one of massive accomplishment: the railway network, its capacity, its 

technology and its transport operations have all expanded and improved in ways, and within a 

timescale, which are a credit to China‘s railway policy-makers, administrators and managers. 

However, railway management has been heavily influenced by the abiding political priority given 

to the use of rail capacity to carry coal to ports and power stations. This priority is 

understandable in a system which has been capacity-constrained, but has in many ways 

inhibited the earlier development of a more customer-oriented system that could compete more 

effectively in a range of transport markets in which rail is losing market share to its competitors.  

There has also been rather limited use of tariff policy to help manage demand and use of 

capacity. In addition, the continued monolithic structure of the industry may partly discourage 

the emergence of new participants, new sources of capital for investment, and innovative 

service ideas that a more pluralist structure might help to foster. 

 

In this final section we try to look further ahead, beyond the impact of the current global 

recession and assuming an eventual recovery from it.  What will determine the continuing role of 

rail in China?  What policies might be pursued that will help assure that its future role is 

optimized?  These issues can be conveniently explored by reference to four main factors that 

will affect the long-term role of railways. They are: 

 

 the evolution of China‘s transport markets; 

 the impact of  overall transport strategy; 

 the structure of the railway sector; and 

 the actions of railway management. 

 

This section considers each of these areas in turn, and concludes with their broad implications 

for the sector‘s policy makers and managers. 

 

6.2 The evolution of China’s transport markets 
 

In China‘s socialist market economy, market forces now increasingly shape all facets of China‘s 

transport demand: the types of freight and passenger transport demanded; the volume of 

demand; its geographic distribution; and the proportions of traffic carried by each mode. We 

consider, first, some of the strategic trends in freight markets and then those in passenger 

markets. 

 

As was implied in Section 1, the main reason for China‘s very high railway freight transport task 

is the high proportion of China‘s economic activity that is contributed by the production and 

transport of coal and coke, metal ores, iron and steel, petroleum products, grain, fertilizers and 

other bulk products; this is traffic to which the technology and economics of rail transport is well 

suited. Moreover, the average transit distance of rail freight on CR itself in 2008 was nearly 860 

km, one of the highest of any national railway system in the world. As a result, the Chinese rail 

system carries about two-thirds of the country‘s inland freight task (that is including inland 

waterways but excluding coastal shipping). These traffics will continue to grow and, presuming 
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that China can provide adequate capacity and management of the railway system to handle it, 

the railway sector will continue to dominate the inland freight transport market for at least the 

next 10–15 years, within the period covered by the MLRNP.   

 

However, international experience suggests that as China‘s economy matures the proportion of 

GDP that is contributed by primary activities and heavy secondary industry will decline relative 

to newer and consumer goods industries and service industries.  The newer industries will tend 

to have lower overall transport intensity than the traditional industries, in terms of measures 

such as tonne-km/value of output. But at the same time, they will seek greater quality from 

transport suppliers in terms of securing the wagons they need when they need them, more 

reliable (that is, less variable) delivery times for freight, less risk of loss or damage to freight, 

greater integration of rail services into multi-modal supply chains, value adding logistics services 

and so on.  Many of these qualities are not yet embedded in CR‘s freight transport services. 

  

The impact of structural change is already evident. Although China‘s rail freight continues to 

grow, its market share of tonne-km carried is declining. If this were measured in terms of the 

overall value of transport (that is, the tonne-kms multiplied by the unit tariff/tonne-km) the rate of 

decline would be seen to be even faster.  Moreover, the challenge is evident in the market for 

the land distribution of international shipping containers, probably the fastest growing sector of 

the overall freight market by value. Virtually all the growth in this transport market over the last 

twenty years has been won by road transport companies (and some barging operations on the 

Yangtze and Pearl Rivers) and the volume carried by railways has until recently been negligible. 

 

So while China‘s railways have a very favorable medium term outlook in regard to bulk traffics 

they cannot afford to be complacent about the newly emerging freight commodity markets. 

Winning a significant share of these emerging markets will underpin the nature and role of 

China‘s future railway freight system 15–50 years ahead. It may be noteworthy, for example, 

that over the last five years, inter-modal (mainly container) traffic has overtaken coal as the 

biggest generator of gross revenue in the US Class 1 Railways 

 

China also has very favorable passenger railway markets with a high population density in its 

settled areas and numerous large and growing cities that are driving inter-city passenger 

markets.  With increasing purchasing power to back up their growing propensity to travel this is 

fueling some of the most intense inter-city passenger flows in the world, as well as heavy 

demand for suburban and regional travel within the larger conurbations.  

 

China has already experienced huge growth in the demand for personal mobility in terms of the 

number of trips made/person and the average annual distance of travel. But these indicators are 

still not high by international standards. With increasing incomes the trend of China‘s people to 

travel further and more often is likely to continue. But with increasing incomes people will want 

not only to travel more but also to have greater ease of access, for example in the booking and 

buying of tickets, which is still a problem area with difficulty in purchasing return tickets, often 

very long queues at ticket windows and the existence of informal secondary markets in tickets. 

Moreover, China has a great potential for increasing its international tourist industry and this will 

create demand for world class travel service standards, in rail transport as in other parts of the 

tourism industry such as hotels and tourist destinations. As with freight markets, customer 

expectations will continue to increase. 
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Again, while China provides a very positive market environment for passenger rail transport, 

and overall traffic is increasing, passenger modal share has slowly declined (though now with 

the many service improvements appears to be gradually increasing again). 

 

It is clear that improvements to other modes of transport, particularly road transport, have been 

a major source of loss of railway mode share in both freight and passenger markets. Indeed, the 

changes in market structure that are now happening in China have already occurred in most 

developed countries and with results that have generally favored non-rail modes of transport.   

 

While a re-balancing of modal shares may be a natural response to strategic changes in the 

market, the speed and extent of that change are by no means inevitable.  Passengers and 

freight shippers do not make their modal choices in response to pre-ordained roles of different 

modes but in response to the specific price and service alternatives which they are offered. 

While market threats and opportunities will help shape the future role of rail they will do so to the 

extent that transport policy-makers and rail industry managers respond, or do not respond, to 

those threats and opportunities.  

 
6.3 The impact of national transport strategy 
 

In the sphere of user demand, China‘s transport system is heavily market-oriented:  passengers 

and freight shippers decide whether to purchase transport service and how much to purchase. 

They choose a mode of transport based on the tariffs and services offered by the alternative 

modes of transport service that are available to them.   

 

By contrast, the supply side of transport is much more dependent on government than on 

markets. Government policies with regard to funding of transport infrastructure and regulation of 

transport services have a great influence on the nature of the choices with which transport users 

are faced. 

 

For example, from 1990 to 2005, as part of the Eighth, Ninth and Tenth Five Year Plans, China 

completed the construction of nearly 44,000 km of high-grade tolled expressways, the main 

portion of which comprised the National Trunk Highway System (NTHS). During that period 

about 400,000 km of local and township roads were also improved. From 2000 to 2005, 

investment in the highway sector amounted to the equivalent of almost USD 45 billion/year, with 

about one third allocated to development of the NTHS. Public investment made this possible, 

contributing more than 90 percent of the investment funds for new road construction since the 

1980s. By 2005 the rate of investment in trunk highways alone was running at nearly 3.5 times 

the rate of investment in all railways. The rate of investment in the highway system as a whole 

was about 7 times that in railways—even more when compared on a per traffic unit basis.  

While public investment decisions are not the only determinant of modal shares, it would have 

been surprising if such disparity in funding levels had not been an important contributor to the 

declining role of rail transport in the national economy. 

 

China has put greatest emphasis on highways construction in its public investment program in 

recent years partly because China started from a very low asset base in the roads sector and 

the program is set to continue. In December 2004, the Government of China approved further 

plans for the National Expressway Network (NEN).  Incorporating and expanding the NTHS, this 

highway network will have some 85,000 km of high-grade expressways. However, as the 

backlog in modern roads infrastructure is reduced, China will increasingly confront policy 
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conflicts between the desire for private car travel and unrestricted road freight haulage, against 

the need to manage environmental and social impact such as land-take, greenhouse gas 

emissions and road safety.  

 

For example, in terms of traffic accidents, China has one of the highest rates of road traffic 

deaths in the world. According to official statistics, there were about 450,000 road accidents in 

2005, with about 99,000 deaths, 470,000 injuries and direct economic losses of over USD 2 

billion. Railway accidents per traffic unit are only a tiny proportion of those that occur on the 

road system. 

 

Road transport also has much greater impact than rail transport in terms of energy efficiency 

and greenhouse gas emissions. The estimates in Table 6.1, made by the World Bank, are for a 

specific corridor in China but are nonetheless indicative of the differential in impact in China.  

Even allowing for coal-fired electricity generation, train services have only 20–30 percent of the 

CO2 emissions per passenger-km of private cars and only 10 percent of the emissions per 

tonne-km of freight carried in road trucks. 

 

Table 6.1: Energy efficiency and carbon emissions (Shi Zheng Corridor) (1) 

 

Modes 

Energy use 

(Kwh for rail, else lt) / traffic unit-

km 

CO2 emissions 

(kg/traffic unit-km) 

Passengers Freight Passengers Freight 

Motor car 0.042 N/A 0.10 N/A 

Bus 0.016 N/A 0.04 N/A 

Truck N/A 0.082 N/A 0.23 

Train (conventional) 0.020 0.019 0.02 0.02 

Train (high-speed) 0.032 N/A 0.03 N/A 

Airplane 0.067 N/A 0.17 N/A 

(1) Results based on corridor-specific parameters. 

 

Government regulatory policies for the transport sector will also affect the role of rail.  For 

example the Ministry of Communications has recently set out an eight-point plan including 

proposals for reducing the incidence of truck overloading, excessive driving hours and illegal 

operations through market-entry licensing, tighter controls over movements of dangerous 

cargoes, monitoring enterprise safety standards more effectively and upgrading standards of 

driver training, vehicle repair and road safety engineering. In the short-term, tighter regulation of 

the reportedly lax standards in road transport will favor rail transport.  In the longer-term, the 

emergence of a more professionalized road transport industry with larger companies and larger, 

more modern vehicles will continue to challenge railway in many markets. 

 

The above examples are not intended to argue for a specific set of modal roles and market 

shares in China. National Transport Strategies should not be excessively prescriptive about the 

precise roles of the different modes of transport: road, rail, airlines, waterway transport etc. They 

should instead try to establish broad principles such as: how the sector will be governed; public 

and private sector roles; establishing the extent of competition and the nature of regulation; 

attainment of consistent pricing principles across modes to reflect costs and avoid distorting 

user choices; integrating global warming policies into transport policy; ensuring transport equity 

to meet the needs of disadvantaged groups and remote areas; and safety and security.  
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Establishing and implementing such principles is not straightforward but it is better done 

imperfectly than not done at all.   

 

At present China does not have a National Transport Strategy.  It has individual sub-sector 

plans and policies for each of the different modes, railways, roads, waterways, aviation etc that 

are typically developed by different authorities at different levels of government. Its overall 

investment and regulatory policies are therefore typically developed from the ‗bottom up‘ by 

aggregation of sub-sector plans. Modal roles do not emerge from the application of a common 

set of policy principles across modes, but as the outcome of independently determined policies 

and programs within each sub-sector.   

 

The rate of change in China‘s economy and in the transport sector itself adds urgency to what 

appears to be a strong case for a National Transport Strategy.  This would provide a more 

stable and consistent basis for allocating public investment resources across sectors, for 

transport industry regulation, and for developing the most efficient and effective long-term role of 

all transport modes, including railways. 

  

6.4 Railway sector structure 
 

The structure of any industrial sector has an influence on its performance and its adaptability to 

changing market circumstances. This has been demonstrated in the railway industry in many 

countries.  It may be expected that the long-term role of railways in China will be influenced by 

the underlying sector structure. 

 

China‘s railway industry is close to being monolithic and almost wholly centrally controlled. A 

small proportion of traffic is carried by local railways and JV railways in which ownership is 

shared with provincial governments and others.  However, the great majority of traffic is carried 

by the 18 RRAs that are administered by a government department: MOR.  

 

This highly centralized, government driven model cannot be lightly dismissed. The management 

of the railway network and the operation of trains are both executed with high operational 

discipline and efficiency. Moreover, the centralized ministerial structure has for some years 

been successfully delivering the biggest railway development program in the world. 

Nevertheless, the Government and MOR have long recognized the need for railways to become 

more market-oriented in their approach to customer service, more competitive with ever-

improving road and air transport, and more commercial in their management of the railway 

business. 
 

As has been shown in Section 5, MOR has taken significant steps to improve the organization 

of CR. Through the 1990s there has been a separation of non-core activities, staff levels have 

been reduced, greater accountability has been given to RRA‘s, sub-regional administrations 

have been abolished, and JV railways with other parties have been encouraged and have 

proliferated. 

 

All these changes indicated recognition by rail policy-makers of the need to create more efficient 

structures to meet the changing requirements of increasingly competitive transport markets. 

Because those markets are continuing to evolve, and becoming more competitive each year, 

further structural change will be important for the long-term role of rail.  But what should those 

changes be? 
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The most important structural change that has been identified and proposed by China‘s railway 

policy-makers, and which finds strong support in international experience, is to separate the 

policy and regulatory functions of government from the commercial functions of railway 

operating entities (including RRAs, JV railways, private concessions). In response to strategic 

goals set by the national leadership, the National Development and Reform Commission 

(NDRC) has established a framework for future reform of the rail industry, among others, and 

set out the underlying policy principles in ―National Development and Reform Commission: 

China’s Key Reforms in Seven Fields in 2004”. This document identified three such principles: 

 

 separation of government administration of the railways from enterprise management; 

 introduction of competition where suitable; and 

 effective industry regulation. 

 

In the railway sector it currently falls on MOR to specify actions and timing that will implement 

the principles set by the NDRC. At this point, system development has been given priority over 

such structural change.  The policy and regulatory functions of MOR remain interwoven with the 

commercial functions of CR enterprises for which MOR has commercial responsibility and 

accountability.  

 

This interweaving of functions may already be acting as a constraint on the long-term role of rail. 

It seems likely that the successful delivery of the MLRNP will itself require non-traditional 

sources of funding including private sector loans and equity. Moreover, it is evident that the 

system will not have reached anything like an optimum end-state in 2020.  Transport 

competition will still be increasing, and new investment in railway capacity and service 

requirements will need to respond to markets that will still be growing in volume and complexity.  

 

The quest for private finance for rail projects, particularly private equity, does not sit well with the 

co-responsibilities of railway policy, regulation and commercial operations.  In terms of dealing 

or competing with CR, external investors in new rail entities might reasonably question whether 

their rights will be protected and obligations fairly administered without a separation of MOR‘s 

policy-making functions from the commercial interests of CR. Some observers therefore argue 

that such a separation is a pre-requisite to attracting private investment in the railway system on 

any significant scale.  

 

However, the wider goal of separation would be to remove other conflicting responsibilities that 

make it difficult for more of the full range of possible industry structures to be considered. It is 

possible that the current configuration of 18 vertically integrated RRAs is the best way of 

organizing rail service delivery in China.  But there is no way that China can be sure this is the 

case. The Ministry of Railways is responsible for the financial results of the RRAs — it would be 

very difficult for any administration with such a demanding responsibility to be able to 

dispassionately assess options which might put pressure on those profits, for example by 

encouraging competition with or between them. The current institutional structures therefore do 

not encourage a transparent and comprehensive assessment of the current structure against 

the many other possible ways of configuring the industry. 

 

For example, there is the potential for creating more specialist, and separately accountable 

‗lines-of-business‘ geared to market segments as well as more general companies that serve 

multiple markets. There is also scope for many forms of competition within the railways sector.  
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It can be at the point of service delivery, either through franchises/concessions (‗competing for 

the market‘) or through direct competition between rail companies (‗competing within the 

market‘).  There is scope for ‗narrow and specific‘ or ‗wide and general‘ access rights to railway 

infrastructure. There can also be competition in the supply of support services, such as 

rollingstock maintenance, rollingstock cleaning, periodic infrastructure maintenance and even 

ticket selling.  Competition creates incentives for higher efficiency, encourages innovation and 

constrains undue market power.  However, where there is congestion due to lack of capacity 

and a case for closer operational coordination, unrestricted competition can generate some 

system inefficiencies. In the context of China, the potential costs and benefits of each of these 

possible forms of competition therefore need to be carefully assessed before major structural 

changes are made. But many of the capacity constraints that currently exist in China will be 

overcome by the MLRNP, and the opportunities for competition that will emerge might be more 

dispassionately assessed if China‘s railway policy were to be determined by an entity that would 

not be financially threatened by such competition. 

 

With structural change, the different forms of regulatory intervention needed for different 

structural options would also need to be evaluated. Competition and regulation form a balance.  

The regulatory functions that would need to be examined in different structural options could 

include: safety of design and operation; economic regulation of tariffs; entry (new lines) or exit 

(abandoning a line or service); rights of access to track (if rail-versus-rail competition is 

adopted); revenue divisions between adjacent railways; and anti-monopolistic behavior. Again, 

an independent assessment of regulatory options is best done by an entity that would not itself 

be impacted by those regulations. 

 

It is not intended here to speculate about what the best structure would be; that is a matter for 

China‘s experts. However, it is worth stressing the value of diversity in any solution:  China is a 

vast country with many different local geographic and market circumstances. In the busiest 

areas transport markets could bear a comparatively high level of competition.  In some remote 

areas, exclusive operating rights might be justified to attain economies of scale and scope. 

There is room to match solutions to circumstances.47 However, it is probable that a more 

diverse and pluralist industry would benefit from regulatory mechanisms, independent of both 

the policy ministry and the commercial participants, that would protect rights and enforce 

obligations in a fair and transparent way.   

 

Implementation of new structures would be a substantial and long-term challenge because of 

the size of the railway and its importance to the nation.  The social, environmental and 

economic implications of different approaches would need to be fully considered. The stakes 

are high. China‘s geography, demographics, bulk natural resources, distances and multiplicity of 

large cities mean it is highly amenable to the economics of an efficiently run rail network.  

Further, the growth of China‘s trade in goods, and long-term trend to higher purchasing power 

and personal mobility of its people underline the importance of a successful railway industry.  

That success will depend upon continuing to make progress in structural adaptation as well as 

physical network development. 

 

 

                                                
47

 For example, North America has well over 500 different sorts of rail operating entities:  local and regional and 

international operators; passenger and freight operations; public and privately owned entities; vertically and specialist 

train operating companies; terminal operating companies; and others.  
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6.5 Rail business management 
 

When all other settings are in place, the long-term role of railways will ultimately depend upon 

the specific skills and competence of the companies that provide rail services, and how well 

they exploit improvements in railway technology to provide the services sought by changing 

transport markets.   

 

All industries are subject to continuous changes in both demand and supply parameters, in 

competitive circumstances and in their own commercial constraints. It is therefore spurious to try 

to speculate what rail business managers will need to do to meet market needs that are not 

necessarily yet revealed. However, subject to this warning, this final section sets out some of 

the strategic management initiatives to be adopted or (in most cases) continued over the next 

10–15 years that seem to hold the key to an optimum role for railways in China beyond 2020. 

 
6.5.1 Bulk freight services 

 

Bulk freight business will remain the mainstay of China‘s rail freight business.  The comparative 

advantage of railways is their ability to combine high volume haulage capability with low unit 

costs.  There remains great scope for China‘s railways to achieve both higher haulage capability 

and lower unit costs through selective application of heavy-haul technologies. These depend on 

increasing axle-loads and improving wagon designs to increase the net/tare weight of wagons, 

and increasing siding lengths and terminal tracks on selected routes to attain larger train sizes.  

The transfer of many passenger services to high-speed dedicated lines should create  

opportunities for improving the efficiency of bulk freight services on existing lines. 

 
6.5.2 International container services 

 

International container and other inter-modal services offer huge growth potential to China‘s rail 

freight business.  The poorly-developed rail container industry will be boosted with upgrading of 

those railway lines that have intensive container transport, and the operation of double-stack 

container trains.  MOR‘s joint venture with international partners to build container terminals can 

be just a beginning.  There is scope in China for the operation of dedicated container trains by 

specialist private or part-private companies that might offer a wider range of logistics services to 

freight shippers. Moreover, imbalances in the international trade to/from container destinations 

will provide surplus capacity to build domestic container service, which was important in helping 

railways build similar markets in North America. 

 

6.5.3 Other specialist freight services 

 

Shortage of capacity on key routes has dictated a train operating plan that is still largely based 

on standard services of often mixed freight trains operating between major re-marshalling yards.  

The additional capacity that will be created by the MLRNP should allow much more product 

differentiation in freight services including major shippers of products such as steel, oil products, 

bulk chemicals, motor cars etc. Management action to tailor services to specific commodities 

and customers will help ensure that rail has a significant future role in the many railway sub-

markets that exist between pure bulk freight and containerized freight.  
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6.5.4 Passenger services 

 

The MLRNP well reflects the need for railway managers to use new rail technologies, including 

high-speed rail, to achieve a fundamental step-up in the level of service to medium and long-

distance rail passengers. High-speed rail enables railways to win back market segments which 

they will otherwise lose to road transport for shorter distance trips and airline transport for longer 

distance trips. The newer passenger train designs also offer high class standards of 

accommodation and comfort.  It will be important to try to match these standards with other 

aspects of passenger service including ticketing and reservations, terminals connections with 

ground transport. While the PDL network will be the showcase of CR passenger service, the 

majority of passengers will still be using conventional rail services for the foreseeable future and 

it will be important to ensure a coherent commercial strategy for these services as well to avoid 

unplanned deterioration.   
 

6.5.5 Multi-modal integration 

 

In both passenger and freight sectors the ability to meet customer needs will often depend on 

how successfully rail services connect with other modes both in a physical sense and in terms 

of being able to offer a seamless multi-modal transport service. In the freight sector, one of the 

ways in which rail can respond to competition from other modes is actively to seek opportunities 

to improve service through cooperation.  

 

In the freight sector, the long-term role of rail will be supported by improving both physical and 

commercial connections with river ports and seaports and by looking for markets where 

connectivity of rail and barge services will improve service and/or reduce costs.  Similarly, the 

inland distribution/collection of international containers will be improved by coordinated road 

transport services between rail container hubs and road haulage services. To exploit fully the 

potential for inter-modality it will be beneficial for CR‘s freight managers proactively to seek 

opportunities to co-operate and even partner with freight forwarders and logistics services 

providers.  It is often such companies who have the closest contacts with final freight shippers, 

and the best understanding of where new market opportunities exist for railways amongst 

industries and shippers currently using or planning to use road transport.   

 

In the passenger sector, railways will improve their long-term role by close cooperation with the 

many cities that are planning metro lines and new public transport systems to ensure maximum 

connectivity between those modes and the main line and regional railways.  

 
6.5.6 Labor and equipment productivity 

 

CR has high staff productivity by comparison with most publicly-owned railways in the world. In 

terms of traffic task (annual tonne-km/operational employee) CR‘s productivity is nearly 2 million 

which is a little higher than in Russian railways and nearly three times as high as the European 

Union (656,000), Similarly, China has high rates of equipment utilization by international 

standards, particularly in freight transport, with over one million tonne-kms of freight handled per 

locomotive/day and possibly the fastest wagon turn-around times in the world. Moreover, all of 

CR‘s key indicators of productivity have shown substantial gains since 1990.  

 

Even with this good record, it will be beneficial for CR to continue to set challenging targets and 

measures for productivity improvements in its labor and equipment, because of course CR does 
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not compete with international railways but with Chinese road haulage and waterways transport.  

Both of these sectors are highly entrepreneurial, and also very competitive both internally (with 

each mode) and with rail transport.  Their own productivity is improving rapidly.  For example, 

since 2000, the average vessel size in China‘s barge fleet has increased from 50 tonnes to over 

300 tonnes which means that its average operating cost has probably almost halved.  

 

So the message remains that, for any given network, the more productively CR‘s managers use 

its staff and assets, the more efficient will be its cost base, and the greater the overall role 

railways will sustain in the transport market in the decades ahead. 
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Annex A:  MOR Structure and Functions 

Department Functions 

General Office Minister‘s 
Office 

Comprehensive Division, Secretariat, Political Functions Division, 

Documents Division, Confidential Division, Letters & Calls Division, Finance 

Division 
Policy & Regulations 
Department  

Policy Study Division, Institutional Reform Division, Regulations Division, 

Administrative Permission Division 

Development and 

Planning Department 

Administrative Office, Integrated Planning Division, Long-term Planning 

Division, Construction Planning Division, Equipment Planning Division, 

Joint Venture & Local Railway Administration Division, Energy-Saving & 

Environmental Protection Division 
Finance Department  Integrated Finance Division, Tariff & Revenue Division, Operating Finance 

Division, Capital Construction Finance Division, State-owned Capital 

Supervision & Control Division 
Science & Technology 
Department 

Comprehensive Development Division, Technical Supervision Division, 

Traffic Signaling & Telecommunication Technical Equipment Division, 

Foundation Technical Division 

Personnel Department 

(Organization Department 

of Political Department) 

General Affairs Division, Leading Cadres Division No.1, Leading Cadres 

Division No.2, Government‘s Cadres Division, Technical Cadres (Training) 

Division, Organization Division, Cadres‘ Supervision Division 
Labor & Health 
Department 

General Affairs Division, Labor & Wages Division, Establishments Division, 

Labor Organizations Division, Medical Affairs Division, Epidemic Prevention 

Division, Education Division 
Construction 
Administration Department 

General Affairs Division, Construction Administration Division, Technical 

Standards Division, Project Management Division 
International Cooperation 
Department (Office for 
Hong Kong & Macao 
Affairs) 

Comprehensive Economic Division, International Railway Through Traffic 

Division, Exchange & Cooperation Division 

Safety Supervision 
Department 

General Affairs Division, Running Train Safety Division, Labor Safety 

Division 
Transport Department 
(includes Traffic Control 
Center) 

General Affairs Division: General Affairs Division, Transport Analysis 
Division, Transport, Insurance Division 
Operation & Transport Division: Passenger Traffic Marketing Division, 
Freight Traffic Marketing Division, Freight Transport Division, Traffic 
Regulations & Tariff Division, Passenger Traffic Quality Supervision 
Division, Special Transport Division, intellectual property of DPL Division 
Traffic Control Division: Traffic Control Division, Freight Transport Working 
Division, Self-provided Wagon Division, Technical Division 
Equipment Division: Equipment, Water & Electricity Division, Loco. 
Technical Acceptance Division, Loco. Operating Division, Loco. Inspection 
& Repair Division, Passenger Coach Division, Freight Wagon Division, 
Wagon Management & Acceptance Division 
Infrastructure Division: Comprehensive Technical Division, Permanent Way 
Division, Bridge & Tunnel Division, Signaling Division, Telecommunication 
Division, Machinery & Equipment Division Transport Capacity Resources 
Planning Division: Existing Line Capacity Division, New Line Capacity 
Division 
Land Management Division: Land Ownership Administration Division, Land 
Utilization Administration Division 
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DPL Technology Division: Operation Technology Division, Equipment 
Technology Division, Infrastructure Technology Division, Comprehensive 

Technology Division 
Public Security Bureau 
General Affairs Office 

Divisions No.1,2,3,4,5 and 6, Organization & Education Division, Police 

Supervision Division, Government Defense Division and Propaganda 

Division 
Propaganda Department 
Of Political Department 

Propaganda Division, Theory Division, New Division 

Discipline Inspection 

Commission, Supervision 

Department 

General Affairs Office, Case Inspection Division, Case Hearing Division, 

Law Enforcement Division, Railway Style Supervision Division 

All-China Railway Youth 
League Committee 

Organization Department, Propaganda Department 

Party Committee Directly 
under the Ministry 

General Affairs Office, Organization Department, Propaganda (United Front 

Work) Department 

 


