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Abstract 

This thesis analyzes economies of scale in the Chinese railway system based on data from 

1978 to 2000 for all of the railway administrations or corporations by using the theory of 

scale economies and econometric tools. The study shows that greater rail track length does 

not mean higher efficiency. Constant returns to scale will be present if the size of rail track 

and traffic volume increase at the same speed. However, the scale economies will be 

significant if the traffic volume increases faster than the size of rail track. 
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Chapter 1 Introduction to the Chinese Railway System 

The key question to be addressed in this thesis relates to how the management of the Chinese 

railway system should be structured. In particular, as we describe below, the government has 

experimented with increasing and decreasing the number of "administrations" or local levels 

of management. It is the goal of this thesis to examine whether consolidation of these 

administrations is likely to be efficiency enhancing. 

1.1 The Management System And the Structure of the Chinese Railway System 

In this part, the management system and the structure of China railway system will be 

introduced. 

For most of the period from 1949 to the present, the Ministry of Railways (MOR) under the 

State Council has been responsible for the management of the railway. The only exception is 

a period of several years in the mid 1970s when the MOR and the Ministry of 

Communications (responsible for the highway, waterway and harbours) were combined to 

form the Ministry of Transport. MOR manages and regulates railway activities according to 

'the Law of Railway' and many other rules and regulations. At present, the MOR is still 

governed by the State Committee of Planning, which regulates railway service pricing.1 

There are 16 divisions of the MOR. Each division has a different responsibility. There are 

different departments for planning, finance issues, pricing, human resources, R&D, railway 

1 On January 12 2002, the State Committee of Planning held a rate hearing before MOR decided on its prices 
for the coming peak period (the period around the Chinese New Year). The result of the hearing was that the 
price could be raised but that the percentage must be adjusted. For example, the increase percentages for seat 
prices were cut down from 20% to 15% for air-conditioned trains, and from 30% to 15% for trains without air-
conditioning because this kind of train is usually used by low-income people. Prices for higher classes of 
railway passenger services were increased more than those of lower classes of services, the percentages were 
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transport safety, health, railway construction standards and supervision, foreign affairs, 

security, drafting rules and regulations, etc. 

Under the MOR, there are some railway administrations and corporations, each of which 

manages one part of the whole railway system. The MOR reports to the State Council and 

the railway administrations/corporations report to the MOR. The number of railway 

administrations/corporations changes with time. For example, from 1978 to 1982, there were 

20 railway administrations, while at present there are 14 railway administration/ 

corporations. The details are shown in the following table 1-1. 

Table 1-1 the Change in the Number of Railway Administrations/CorporationsQ 978-2000) 
Period 1978-1982 1983 1984-1985 1986-1995 1996 1997-2000 
Total number 20 15 13 12 13 14 
Railway 
administrations 

Qiqihaer 
Haerbin 

Haerbin Haerbin Haerbin Haerbin Haerbin Railway 
administrations 

Jilin 
Shenyang 
Jinzhou 

Shenyang Shenyang Shenyang Shenyang Shenyang 

Railway 
administrations 

Huhehaote Huhehaote Huhehaote Huhehaote Huhehaote Huhehaote 

Railway 
administrations 

Beijing 
Taiyuan 

Beijing Beijing Beijing Beijing Beijing 

Railway 
administrations 

Wuhan 
Zhengzhou 
Xi'An 

Zhengzhou Zhengzhou Zhengzhou Zhengzhou Zhengzhou 

Railway 
administrations 

Jinan Jinan Jinan Jinan Jinan Jinan 

Railway 
administrations 

Shanghai Shanghai Shanghai Shanghai Shanghai Shanghai 

Railway 
administrations 

Nanchang Nanchang 
Shanghai Shanghai 

Nanchang Nanchang 

Railway 
administrations 

Guangzhou Guangzhou Guangzhou Guangzhou Guangzhou Guangzhou 

Railway 
administrations 

Liuzhou Liuzhou Liuzhou Liuzhou Liuzhou Liuzhou 

Railway 
administrations 

Chengdu Chengdu Chengdu Chengdu Chengdu Chengdu 

Railway 
administrations 

Kunming Kunming Kunming 
Chengdu Chengdu 

Kunming 

Railway 
administrations 

Lanzhou Lanzhou Lanzhou Lanzhou Lanzhou Lanzhou 

Railway 
administrations 

Urumqi Urumqi Urumqi Urumqi Urumqi Urumqi 
Source: compiled by the author 

The following map shows the current 14 railway administrations / corporations in Chinese 

railway system . 

adjusted from 20-30% to 35% because these services are usually consumed by higher income passengers or 
business passengers. This means that railway services were still regulated strictly until at least January 2002. 
2 Fu, Zhihuan Railway Restructuring in China: the Great Railway Challenge, presented in Beijing, March 2000 
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Under the railway administration I corporations, there may be several smaller administrations 

or corporations. 12 out of the current 14 railway administrations and corporations have sub-

administrations/corporations. Nanchang railway administration and Kunming railway 

administration have no sub-branches. This is an experiment by MOR. MOR wants to know 

whether eliminating sub-administrations will help improve the efficiency in smaller railway 

administrations. Nanchang was separated from Shanghai railway administration in 1996 and 

became its own rail administration. Thus it was much easier for the MOR to arrange a new 

management system in this newly established administration than it is in other railway 

administrations. Kunming was chosen for the same reason. It was separated from Chengdu 

railway administration in 1997 and also became its own administration. 

The activities in railway administrations and corporations are organized both by their own 

orders and orders from MOR. The MOR would/will not give orders directly to sub-

administrations. A l l of the orders from MOR are given to the railway administrations or 

corporations. The MOR can order the railway administrations because the railway assets are 

owned by the nation and MOR is the representative of the nation and manages the railway 

assets. In other words, the Central government is the sole shareholder of the railway, the 

MOR is like the CEO and the railway administrations are like the managers. However, the 

MOR will not arbitrarily determine all of the activities in railway administration. This is a 

game between MOR and railway administrations. Currently, the rules are changing. The 

railway administrations will be responsible for the intra-zonal railway transport services that 

involve none of the other railway administrations. The MOR will pay most of its attention to 

the arrangement of through-traffic or inter-administration traffic. After discussion with the 
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related railway administrations I corporations, the MOR has the right to make the final 

decisions on through trains that will operate in the management regions of at least two 

railway administrations / corporations. Each of the railway administrations/corporations will 

be responsible for the supply of railway services that both originate and terminate in its own 

management regions and have nothing to do with other railway administrations. 

The MOR had another possible way to influence these administrations/corporations. During 

most of the years since 1949, the MOR has had the right to distribute the maintenance and 

repair fund between the administrations/corporations. This fund supplies most of the 

necessary equipment such as locomotives, wagons and coaches. The situation has changed 

since 1999 when the administrations/corporations began to control the maintenance and 

repair fund. Locomotives and coaches are bought directly by the administrations and 

corporations in the market under the rules of market economy. Construction of a new 

railroad is finally determined by the State Council. Thus, MOR has less power to control the 

activities of administrations and corporations. This is a good trend because the MOR must 

depend much more on market mechanism to regulate the activities of the railway system. 

Although the relationship between MOR and the administrations/corporations had been 

changed, MOR still assigns railway operation goals to each of the railway administrations 

and corporations because it is the only representative directly responsible to the State 

Council. To accomplish the annual and five-year-plan social and economic goals of the State 

Council, the railway sector must set up its own goals. The MOR will report its goals to the 

State Council after discussion with the railway system. After the State Council approves the 
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goals, the MOR assigns goals within the railway system. These goals mainly include the 

traffic volume, cost and revenue, safety, technological progress, etc. 

In recent years, MOR has also been responsible for raising part of the funds for railway 

construction and upgrading. Aside from internally generated cashflow, the MOR may get 

loans from domestic banks and international banks, such as the World Bank or the Asian 

Development Bank. Another way of raising money is to issue securities or collect surcharges 

from the railway transport customers. Sometimes, MOR has cooperated with the local 

government to reduce construction expenses. For example, i f the local government regards 

the railway as a necessary input for development, the local government may supply free land 

as an incentive to persuade the MOR to construct a railway in its locality. Thanks to the 

reform in China and the technological progress in foreign railways, the management system 

and the structure of Chinese railways are in the process of great change. It is too early to 

forecast the future railway system in China. But we can say that it will be more market-

oriented than the current system. 

1.2 The Role Of Chinese Railway System 

The role of Chinese railways in the national transport system and the role of Chinese 

railways in the national economy will both be introduced here. 

A written introduction to the role of the Chinese railway is more effective than beginning by 

showing numbers. It is very important to know what the Chinese government and Chinese 

people think about the railway. The leaders of China recognized the importance of the 
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railway through the military activities of the 1940s. Also, the energy situation and the 

industrial capabilities of this time were critical factors in accelerating the development of the 

railway system. Fifty years ago there were very few oil fields found in China and many 

people doubted the presence of any oil deposit in China. However, the coal deposit is 

plentiful. China could not manufacture trucks until 1956 but in 1952 it had the ability to 

independently manufacture steam locomotives. The manufacturing of the first steam 

locomotive took place in the in the city of Qingdao, in Shandong province. 

Even though conditions were very bad in the 1950s many new railroads were constructed to 

connect east and west China. The most difficult railroads built at this time include the 1903 

km-long railroad from Lanzhou to Urumqi (in an area of desert) and the railroad from Baoji 

to Chengdu built in a mountainous area (many tunnels and bridges and bridges in tunnels). 

The highways (the most important competitor with railways on the surface transport field in 

China) had been underdeveloped for a long time. Both highway construction and the 

manufacture of vehicles were seriously in short supply. The government depended heavily 

on the railway to distribute materials. There was a centrally planned economy at that time. 

The government required an efficient mode of transportation to fulfill the needs of 

distribution and the railway was the most suitable one. The government also used railway 

transport services as a kind of tool to adjust production because most of the inputs and 

outputs would be transported to the factories or the markets by rail. The adjustment of 

railway transport service rates was strictly controlled, especially the freight service rates. In 
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the government's opinion, prices of most products would be influenced if the railway service 

rates were adjusted. 

Most Chinese people like railway passenger services because they are safe and affordable. 

Especially for medium and long-distance travel, most people will choose the railway if it is 

available between their place of departure and their destination. Regarding the above-

mentioned trend, 12 railway passenger service consumer representatives were chosen 

randomly to give their ideas about raising passenger service rates during the peak season 

around Chinese New Year. Some of them said it was "inhuman" (This is the direct 

translation from the speech of representatives) to raise service rates because most of the 

Chinese population would try any method to go home and share the New Year time with 

their family. Thus raising service rates at this moment can be regarded as a kind of robbery. 

Maybe the extra charges were not a big problem for some people, but the fare demanded a 

large proportion of the total income of the people who left their villages and struggled to earn 

some money in cities far away. They said that the money used for the extra charges was very 

important for their families in villages because with those funds they could buy some 

fertilizer and pay living expenses for about two months. However, most of the people living 

in the cities did not have to travel by rail to see their families (they always work in the same 

cities as their families), or the extra charges were too tiny for them to cancel their plans to 

travel by rail (travel at this time is always for leisure because there will be at least one week 

vacation during the period of Chinese New Year). Railway is the only choice for most 

Chinese people with low income if they need to travel a longer distance. 



The importance of the role of the railway in the Chinese transport system can also be shown 

by numbers. In terms of ton-kilometres (ton-kms) or passenger-kilometres (p-kms), it has a 

high market occupation percentage in both the passenger market and the freight market 

although in recent years its importance has been decreasing (see Table 1-2). 

Table 1-2 theV Market Share of Rai way in Terms of p-kms and ton-kms 

Year 

Market share in 
passenger transport 

market % 

Market share in 
freight transport 

market % 
Year 

Market share in 
passenger transport 

market % 

Market share in freight 
transport market % Year 

China U.S. China U.S. China U.S. China U.S. 
1978 62.7 n. a. n. a. n. a. 1990 46.4 0.17 71.3 32.4 
1979 n. a. n. a. n. a. n. a. 1991 45.8 0.17 69.7 32.1 
1980 60.6 0.17 71.6 30.7 1992 45.4 0.16 69.9 32.0 
1981 58.8 n. a. 71.7 n. a. 1993 44.3 0.16 69.5 33.0 
1982 57.3 n. a. 70.9 n. a. 1994 42.3 0.15 68.8 34.0 
1983 57.3 n. a. 71.4 n. a. 1995 39.4 0.14 69.1 35.8 
1984 56.4 n. a. 71.0 n. a. 1996 36.4 0.13 51.3 36.4 
1985 54.5 0.16 71.5 29.7 1997 35.7 0.13 56.9 36.6 
1986 52.8 n. a. 71.1 n. a. 1998 35.5 0.12 54.6 37.1 
1987 52.5 n. a. 71.8 n. a. 1999 36.6 0.12 53.6 37.6 
1988 52.5 n. a. 71.2 n. a. 2000 36.0 0.13 48.7 n. a. 
1989 50.0 n. a. 70.6 n. a. 2001 n. a. n. a. n. a. n. a. 
Source: the ratios here are calculated by the author on the basis of the relevant data. (1) China transportation 
data are gained from: China Statistical Yearbook (1999); the Yearbook of China Railway Statistics, different 
issues from 1978 to 2000. (2) U.S. transportation data are gained from National Transportation Statistics 2001 
which is available on the website of Bureau of Transportation Statistics (http://www.bts.gov/publications/nts) 
Note: n.a. is "not available". 

Based on Table 1-2, we can find that railway plays a more important role in China than in 

U.S. The importance of railway in the Chinese transportation system is similar to what 

happened in the 19th century in industrialized countries; the railway had dominant power in 

the surface transport market and thus led to the development of some underdeveloped 

regions3. Chinese government regards the construction of railways as an important way to 

help local economies because some labour and construction materials can be bought locally 

and after the railroad is put into use, the local products may have the opportunity to face a 

bigger market. Although railway transport services have their own advantages, they cannot 

3 Details on the history of railroad development in U.S. can be found: Pegrum, Dudley F. 1973, Transportation 
Economics and Public Policy, Richard D. Irwin, Inc. pp.50-57; the importance of railway in the development of 
Canada can be found: Jackman, W. T. 1926, Economics of Transportation, A. W. Shaw Company, pp.9-10 

http://www.bts.gov/publications/nts
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meet all kinds of demand for transport services. China has realized this. In recent decades, 

the Chinese government encouraged the development of other modes of transportation, such 

as highway and civil aviation. With the development of other modes, railway continued to 

lose its market share. Yet, of the present five modes of transportation, the railway still 

receives the most public attention. This is because of the lag in reform and also because it is 

the only choice for most Chinese people travelling a longer distance. 

The railway freight also has an important role because the transport of the majority of the 

grain, coal, crude petroleum, iron & steel, cotton, etc. depends on the railway system. These 

products are critical for the stability of the society and the economy. 

Table 1-3 the Role of Chinese Railways in Freight 
Year The ratio of amount transported by railway to the total production (%) Year 

Coal Crude petroleum Iron & Steel Lumber Grain Cotton 
1979 65.0 55.8 Not available 72.8 8.5 64.3 
1980 66.9 52.5 Not available 79.1 9.9 60.2 
1981 66.5 49.2 Not available 81.6 10.5 61.3 
1982 65.8 49.4 Not available 81.3 9.8 57.0 
1983 64.4 50.7 Not available 82.1 9.2 42.9 
1984 61.7 48.9 Not available 71.7 8.8 25.0 
1985 59.4 46.5 Not available 74.6 11.9 36.2 
1986 59.4 47.8 Not available 73.9 11.9 61.3 
1987 58.6 49.0 Not available 71.8 13.7 62.4 
1988 57.6 47.2 Not available 68.4 13.9 43.9 
1989 57.8 46.9 Not available 71.0 13.1 37.0 
1990 58.2 47.2 64.5 65.6 12.2 27.5 
1991 57.6 46.5 59.9 60.3 14.3 24.5 
1992 57.4 47.1 54.2 55.1 14.5 34.1 
1993 57.3 48.6 59.2 57.9 14.5 34.5 
1994 54.4 46.8 51.8 56.9 17.0 24.4 
1995 52.1 49.5 48.2 59.8 14.4 26.5 
1996 52.4 46.1 46.2 58.6 12.3 28.8 
1997 51.9 47.6 44.4 60.4 14.3 31.1 
1998 51.3 48.9 43.1 62.3 11.3 34.8 
1999 62.2 54.4 41.9 88.7 12.7 59.3 
2000 68.5 57.6 44.5 101.8 17.2 52.7 
Source: Yearbook of China railway statistics, different issues from 1980 to 2000 (in Chinese) 
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The role of the railway was enhanced by the introduction of sustainable development. The 

Chinese government is interested in sustainable development because of China's big 

population and limited amount of arable land. The Chinese government understands that 

further development of and support of the railway industry is essential to China's future 

because railway transport consumes less land, and less energy in comparison to the highway. 

The premise is that the railway must be able to supply transport services efficiently. 

1.3 The Need Of Reform And Some Proposed Schedules 

Due to its important role, the Chinese railway is required to meet demands more effectively 

and efficiently. However, with the loss of market share, the Chinese railway fell into 

enormous financial losses (see Table 1-4). The government cannot shut the railway down 

because of its importance and must try to deal with the financial losses. The financial losses 

mean that the railway transport sector itself has less power to sustain its development and the 

government budget may face greater pressure. The government felt angry about this 

situation. The government understood that the Chinese railway faced great demand and 

raised service rates several time in recent years, thus railway operations should be profitable 

in China. The financial loss was the first reason that the management of China railway was 

blamed. 

Tablel-4 The Profit and ^osses of China Railway (million RJV B, current value) 
Year Profit & losses Year Profit & losses Year Profit & losses 
1978 5001.67 1986 7690.20 1994 -2910.71 
1979 5326.50 1987 7532.16 1995 -6412.76 
1980 4260.68 1988 6708.73 1996 1379.67 
1981 4345.49 1989 5458.97 1997 -2613.57 
1982 4856.81 1990 11310.36 1998 25.45 
1983 6076.09 1991 9862.14 1999 2716.18 
1984 8570.84 1992 5920.69 2000 2673.34 
1985 Not available 1993 1266.44 2001 Not available 
Source: Yearbook of China Railway Statistics, different issues from 1978 to 2000 (in Chinese) 
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Employment is another reason to reform. The railway transport sector has a big number of 

employees. The China railway transport sector contributes more to the labour market than 

other countries' railway systems do. (See comparison between China and Canada in Table 1-

5). The financial losses prevented the railway from hiring new employees and even forced 

the railway to persuade some employees to retire earlier by giving them monetary packages. 

This made the labour market worse. 

Tab! e 1-5 Employees in the Railway Transport Sector (000 persons) 
Year Total employment Year Total employment Year Total employment Year 

China Canada China Canada China Canada 
1978 1936.5 * 1986 2327.6 88.315 1994 2557.5 57.253 
1979 1940.3 * 1987 2372.8 79.080 1995 2553.3 53.406 
1980 1961.5 * 1988 2410.6 76.294 1996 2567.6 50.645 
1981 2017.6 * 1989 2445.4 73.024 1997 2574.6 48.647 
1982 2085.0 * 1990 2489.2 68.555 1998 2651.1 48.432 
1983 2143.6 96.154 1991 2531.1 63.897 1999 2573.8 50.100 
1984 2231.4 95.541 1992 2556.3 62.483 2000 2583.8 51.923 
1985 2258.2 91.094 1993 2559.7 59.638 2001 * * 
Source: (1) China railway employment data are from the Yearbook of China Railway Statistics, 
different issues from 1978 to 2000 (in Chinese); (2) employment data on Canada railway transport 
and related services are from the Cansim L57000. 
Note: *: the data are not available. 

Reform schedules were suggested one by one to the government to reduce the losses or even 

to turn losses into profits. But, since the railway industry is regarded as so important to the 

economy, not only in terms of its market share, but also in terms of the large number of 

railway employees, no one can make the reform decision without thorough consideration. 

The third reason to reform the Chinese railway is the successful reform in other countries' 

railway systems. The government and MOR mainly receive encouragement from the 

Japanese railway and European Community railway. 
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There have been many reform proposals, most of them have lost importance with time. At 

present, the popular proposals on China railway reform include: 

(1) Turning the railway administrations into market-oriented corporations: Chinese model 

This reform model was based on the then current railway system in China. The railway 

corporations would continue to manage both the railway infrastructure and the railway 

operation. 

People realized that the market mechanism might have been more efficient. They argued that 

it was time to turn the railway administrations into railway corporations and asked the MOR 

to give more rights back to the railway administrations and corporations, therefore reducing 

interference from the government. Thus the railway administrations and corporations could 

make decisions based on their own situation and market conditions. 

Related to this topic, there are many sub-topics: 

The first sub-topic is on the MOR: what is the role and position of MOR in the future? MOR 

is the interest group at present, and it also has significant influence on the reform schedules. 

If the reform schedule suggests that MOR should be cancelled or the interest of officials in 

MOR be reduced significantly, this reform schedule will face great objection from MOR 

immediately. 
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The second sub-topic is how to deal with the railway sub-administrations if we turn the 

railway administration into corporations: whether we should merge some sub-administrations 

or cancel all of the sub-administrations. In fact this is not a problem if the railway 

corporations are really market-oriented. What really matters here is how to settle those laid 

off employees (especially the high level management employees) i f sub-administrations are 

eliminated. 

The third sub-topic is how many railway corporations should be set up, and it is this question 

which forms the principal focus of this thesis. 

(2) Separating the construction and management of railway infrastructure from the railway 

operation: European Model 4 

This model follows what we can see in the highway system: every vehicle pays the road 

usage fee through gas tax or other taxes and the government is responsible for the 

construction and maintenance of highway. Some people wanted to use this model in railway 

transport. This model was first put in use in Sweden. In China, all scholars did not agree 

upon this model5. However, it seems that the Government has some interest in this model. 

Regarding this model, the popular advice is: set up one or two or four state-owned railway 

infrastructure company(ies) that is/are responsible for the construction and maintenance of 

the railway infrastructure, then the right-of-way can be sold to some qualified railway 

4 European Conference of Ministers of Transport, 1996 The separation of operations from infrastructure in the 
provision of railway services 
5 Wang, Huaixiang, Comparing the reform alternatives of China railway, in The Progress and Development of 
Chinese Railway Sciences and Technology, China Railway Press (in Chinese), 2000: pp.792-796 
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services operators by some means. Railway infrastructure company will be subsidized by the 

government while the railway operation companies will be run commercially. 

The United Kingdom is the second country to implement this model. This model in U.K is 

implemented differently from that of Sweden in two ways, one is the railway privatization 

and the other is that the subsidies from government would go to the railway operations, not to 

the railway infrastructure management6. It might be better to combine the two ways of 

implementing the European model. For example, some short line railroad can be privatized, 

the railway infrastructure companies responsible for rail infrastructure in developed 

provinces follow the U.K. model (i.e., they would run totally commercially) while those 

railway infrastructure companies responsible for rail infrastructure in undeveloped provinces 

adopt the Swedish model (i.e., they would be subsidized by the government). 

(3) U.S or Japan model 

The freight services suppliers will control the railway infrastructure or passenger services 

suppliers, whichever is stronger. If the freight services account for most of the railway 

services, then the freight services suppliers will control the infrastructure and the passenger 

services suppliers will buy the right of ways from the freight services suppliers. 

1.4 Goals of This Thesis 

Whichever model will be accepted by China railway, one of the common issues is deciding 

how many railway corporations should be kept. There has been no deep study on this topic 

6 Nash, M.C.A. United Kingdom in The Separation of Operations From Infrastructure in the Provision of 
Railway Services, European Conference of Ministers of Transportation 1996, pp.53-89 
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until recently . The study of this topic by the World Bank suggested that the interchange of 

wagons among railway corporations should be minimized. It seems this is the only criterion 

adopted by the World Bank researchers. 

In this thesis, this topic will be studied based on the theory of scale economies and using 

econometric tools. Thus, we have two basic goals in this thesis: first, we want to know 

whether the current railway administrations/corporations would be better off if they achieve a 

higher level of traffic volume with or without the increase in railtrack length. That is to say, 

whether new railway administrations or corporations should be set up to manage the new 

railroads and supply more railway transport services by the operation of these new railroads. 

Secondly, we want to know whether the merger or consolidation between railway 

administrations I corporations can lead to better financial conditions for the new larger 

railway administrations / corporations. 

For the first goal, we need to inspect the relationship between cost and traffic volume and 

railtrack length in every administration/corporation. Because every administration or 

corporation has its own characteristics, the results reasonable for one 

administration/corporation may be unreasonable for others. It will be better to find the 

relationship for each administration. Meanwhile, we need to consider the size of railtrack 

here: whether longer rail track is helpful to reduce the average cost in this administration. 

7 Details can be found in: Thompson, Louis S. (World Bank Railway advisor), January 29, 2002 Transition 
Challenges in Chinese Railway Restructuring, a paper presented in Beijing 



17 

For the second goal, we fortunately have two cases on merger and separation: Chengdu and 

Kunming, and also Shanghai and Nanchang. From 1986 to 1996, Chengdu merged with 

Kunming and the new railway administration was named Chengdu railway administration; 

from 1984 to 1995, Shanghai merged with Nanchang and the new administration was named 

Shanghai railway administration. These two cases give us the opportunity to study the effect 

of merger in railway operation. 

In order to help us understand the study results, we need to explain the difference between 

the two kinds of ways of increasing the size of rail track in a railway administration I 

corporation. The first kind of way is to build new railroads within one railway 

administration. The second kind of way is to merge with another administration. Obviously, 

the latter way usually means that the new railway administration/corporation will take some 

time to restructure the operations and management. If the operations and management can be 

restructured and optimized, the new administration/corporation then may have the chance to 

benefit from the merger, the financial situation may be better than the simple sum of the two 

administrations operating separately. In the Chinese railway system, the merger of two 

administrations always means that the bigger one in the two administrations will get one 

more sub-administration (the smaller one becomes a sub-administration under the bigger 

one). No one can fundamentally restructure the management because of the localization in 

management of every railway administration. Thus, the second way should be usually 

negative or does not result in significant improvement in sum. On the contrary, the first way 

may be positive because there may be no new conflicts in management style and system of 
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the railway administration. Management and operations can be more easily improved in this 

first case. 

On the basis of the above discussion, we forecast that the economies of scale in terms of the 

length of rail track may not be significant if the size is enlarged through merger and may be 

significant when the size is enlarged through the growth of track and services within existing 

administrations. We also test this hypothesis by examining administrations which merged. If 

the truth is that railway transport has scale economies in terms of the size of rail track, and 

we cannot find it significantly in these two merger cases of China railway, we may suspect 

that the management level or management system was not simultaneously improved with the 

merger of administrations. 

An important consideration for railway systems is the possibility of economies of scope 

between freight and passenger services. Both economies of scale and scope are important for 

determining whether the railway corporations should be specialized in freight services or 

passenger services and whether the railway corporations should try to grow. Studying 

economies of scope requires more detailed data such as total costs of passenger services and 

freight service, railroad capacities occupied by passenger service, etc. These detailed data 

are not available for Chinese railways. Scholars have tried to allocate total costs between 

passenger services and freight services. This is a difficult problem because there are always 

some common costs that are indivisible. If these common costs are distributed between 

passenger services and freight services, both freight and passenger costs will be biased. 

Harris (1977) avoided this cost distribution problem by choosing those 55 railways that 
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derive less than one percent of total revenues from passenger services. This approach is not 

applicable to Chinese railways because neither freight nor passenger services are trivial 

enough to be ignored. Thus, economies of scope will not be studied in this thesis. However, 

there are likely to be diseconomies of scope in Chinese railways because passenger trains and 

freight trains optimally run at different speeds and this fact results in a waste of railroad 

capacity. 



20 

Chapter 2 Economies of Scale: Theory and Data 

In this chapter, we will first review the theory of scale economies, and then review the 

studies on scale economies in the railway transport industry. After this literature review, we 

will discuss the five possible ways in which to measure the marginal cost or elasticities of 

total cost with respect to traffic volume and the size of rail track in the Chinese railway. 

Finally, the data available will be explained briefly and some figures presented to summarize 

some basic information about the cost structure of the Chinese railway system. 

2.1 The Theory of Economies of Scale8: Literature Review 

Larger firms may have some advantages when competing with smaller firms in the same 

markets because their larger size may help reduce their average costs. There are three 

possible kinds of advantages of being large: economies of scale, economies of scope and 

multiplant economies of scope. 

Economies of scale involve the advantage of being large at the product level. This means 

that producing more of the same products will reduce per unit cost. If producing more of the 

same product will increase per unit cost, the diseconomies of scale will exist. If the per unit 

cost keeps constant with the quantity of the same product, it is called 'constant returns to 

scale'. 

This part referred the following materials: (1) Church, Jeffrey and Ware, Roger, Industrial Organization: A 
Strategic Approach. New York: McGraw-Hill, 2000: pp.54-62; (2) Tiróle, Jean The Theory of Industrial 
Organization. MIT press, 1988: pp.15-20; (3) Carlton, Dennis W. and Perloff, Jeffrey M. Modern Industrial 
Organization. HarperCollinsCollegePublisher, 1994: pp.50-76 
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The presence of economies of scale is due to indivisibilities that arise when it is impossible to 

scale some inputs down proportionately with output. Indivisible inputs may be caused by the 

technology used, by the culture, or by regulations. Examples include telecommunication 

networks (the networks are necessary no matter how many services are supplied), the 

advertisement fees on TV, the labour costs (when lay-off is strictly restricted by the laws and 

regulations), etc. When some inputs are indivisible, it will be better to do things at a larger 

scale than at a smaller scale. For example, the cost to write a program is the same despite 

how many copies will be made and sold. You cannot input one-tenth of the total input to 

write the same software if the demand is only one-tenth. 

Economies of scale are defined by the trend of average cost. Average cost is the total cost 

divided by the total production. Total cost is the sum of the marginal cost of each product at 

the corresponding production level. Thus the average cost is related to the marginal cost. If 

economies of scale exist, then marginal cost at production level q must be lower than the 

average cost at the same production level. Based on this discussion, the first measure on the 

scale economies can be given: 

MC(q) 

i f s(q) > 1, there are economies of scale at production level q. Economies of scale are global 

i f s > 1 for all levels of output. 

The other measure of scale economies is the elasticity of production to total cost. If 

economies of scale are present, then the increase in total cost due to a one percent increase in 

the production should be smaller than one percent. This means that the elasticity of total cost 
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with respect to production should be positive and lower than one. Similarly, if the elasticity 

is less than 1 at production level q, then the scale economies are present at the production 

level. If the elasticity is less than 1 at any production level, then the economies of scale are 

global. s(q) and elasticity give us the same information on scale economies in different 

ways. Which one should be used depends on the availability of relevant data. 

The economies of scope are the advantages of being large at the plant level. Sometimes, the 

total costs of producing two different kinds of products in the same plant will be lower than 

producing them separately in two different plants. In this case, the economies of scope exist. 

The definition of economies of scope can be shown through the following inequality: 

C(ql,q2)<C(ql,0) + C(0,q2) 

where q{ is the production level of the good one and q2 is the production level of the good 

two, and C means the production cost. 

Economies of scope are also caused by the indivisibility of some inputs. However, these 

indivisible inputs are not specialized for only one kind of product, and they can also be 

shared among several kinds of outputs. There are many examples. The same railroad can be 

used for passenger services and freight services at the same time. Batteries of different sizes 

can be produced in the same plant. However, economies of scope have a key limitation: the 

capacity of these indivisible inputs cannot be exhausted by the production of only one 

product. If the demand for railway freight transport services and passenger services are both 

large enough, it may be better to establish two railroads: one for passenger service only and 

one for freight service. 
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Multiplant economies of scope relate to the advantage of being large at the level of the firm. 

Some inputs are indivisible at the level of the firm and this will incur the multiplant 

economies of scope. These indivisible inputs may include the distribution channels and 

knowledge bases, strategic planning, accounting, marketing, finance, and an in-house legal 

counsel, etc. 

2.2 Scale Economies In Railway Transport Services 

Railway transport is capital-intensive. For there must be much investment in the railroad, 

stations and yards, signalling and communication systems, locomotives, coaches and wagons. 

The railway system requires much maintenance even if there is no traffic volume. Due to 

little friction, trains running on rail track cause relatively small costs in fuel, depreciation, 

etc. The depreciation of most railway assets is mainly due to time. In this case, the average 

cost will be certainly reduced if more traffic volume is achieved using the same railway 

facilities. 

In addition, if a new railroad is built within one railway corporation, the total fixed cost 

would not increase proportionally because some costs are almost fixed regardless of the size 

of rail track, such as the administration costs and advertisement fees. The locomotives, 

wagons and coaches may not require more funds when they can be operated more efficiently 

due to the longer rail track and the more flexible schedules. Thus the average cost will be 

reduced if the transportation density on all railroads is kept the same as it was before the new 

railroad was built. 
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However, empirical studies gave us a somewhat different conclusion. Keeler( 1974)9, and 

Caves, Christensen and Tretheway (1978)10, have shown that the long-run average cost curve 

of railway transportation services is horizontal. Consequently, the railroad industry is 

characterized by constant returns to the size of rail track over the relevant range of output. 

However, these studies did not include the firms with less than 500 miles of track. Griliches 

(1972)11 suggested that for firms of such small size, increasing returns in relation to the size 

of rail track may prevail. Charney and others (1977)12 indicate that economies of scale in 

terms of the size of rail track are present in the case of small U.S. (class II) carriers. 

13 

Spady(1978) suggests that there may be very small economies of scale with respect to firm 

size (firm size here means size of rail track, as noted by the author). Recent studies give the 

similar results (see Table 2-1 in next page). 

9 Keeler, Theodore E. "Railroad costs, Returns to scale and Excess capacity." The Review of Economics and 
Statistics (May 1974): 201-8 
1 0 Caves, D., L. Christensen, and M . Tretheway. "Flexible Cost Functions for Multiproduct Firms" In Social 
Systems Research Institute Workshop Series 7820 (1978). Madison: University of Wisconsin 
1 1 Griliches, Z. "Cost Allocation in Railroad Regulation." Bell Journal of Economics and Management Science 
(Spring 1972): 26-41 
1 2 Charney, Alberta H., Sidhu, Nancy D. and Due, John F. "Short Run Cost Functions for Class II Railroads" 
Logistics and Transportation Review (Vol.13 No.4 1977): 345-59 
1 3 Spady. R. 1978. "Econometric Estimation of Cost Functions for the Regulated Transportation Industries." 
Ph.D. dissertation, Massachusetts Institute of Technology, quoted in Bonsor, 1984 
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Table 2-1 Summary of Some Empirical Studies on Scale Economies 
in Railway Transport Industry 

Study Data Selected focus or conclusions 
Borts (1960) Cross section, 61 class I 

railroads, 1948 
DRS for larger railroads; 1RS for smaller 
railroads 

Keeler(1974)* Panel of 51 firms, 1968-70 CRS, economies of density 
Brown, Caves, and 
Christensen (1979)* 

Cross section, 67 firms, 1936 1RS 

Harmatuck(1979)* 40 firms, 1968-70 Economies of density 
Caves, Christensen, 
and Swanson (1981)* 

U.S. railroads, 1955-74 Economies of density but less strong 
evidence of economies of scale, productivity 
growth 

Friedlaender and 
Spady(1981)* 

26 firms, annual, 1968-70 Economies of density, no economies of size 

Braeutigam, Daughety, 
and Turaquist (1982)* 

One large RR, monthly, 1969-77 Economies of density, speed of service is 
important explanatory variable 

Braeutigam, Daughety 
and Turnquist (1984) 

One large RR, monthly, January 
1976-November 1978 

Economies of density, speed of service is 
important explanatory variable 

Caves and others 
(1985)* 

Panel, 43 firms, 1951-75 1RS for some carriers, CRS for large carriers, 
economies of density 

Kim(1987)* 56 Class 1 railroads in 1963 Slight 1RS, diseconomies of scope between 
freight and passenger 

Keaton, Mark H. 
(1990) 

No historic data. The analysis is 
based o the behavior of several 
hypothetical rail systems 

Economies of density 

De Borger(1992)* Time series, 1 firm, 1950-86 Slightly 1RS or CRS, productivity 
growth<2% per year 

Filippini and Maggi 
(1992)* 

48 Swiss private railroads, 1985-
88 

Economies of density 

Friedlaender, and 
others (1993)* 

Panel, 1974-86 Slight 1RS, economies of density 

Zhu, Zhengyu(1994) Panel of 57 railway sub-
administrations, 1986-1989, 
annual 

1RS 

Magura and 
Braeutigam (1997)* 

Annual, 1958-1990 Mixture of cost complementarities, 
anticomplementarities 

Note: CRS = constant returns to scale; 1RS = increasing returns to scale; DRS = decreasing returns to scale 
Source: (1) items with * are from: p82, Braeutigam, Ronald R. Learning about transport costs in "Essays in 
transportation economics and policy: a handbook in honour of John R. Meyer" José A. Gómez-Ibáñez, William 
B. Tye, and Clifford Winston editors, Washington: Brookings Institution Press, 1999; (2) the sources of other 
items in the above table are listed in the references. 

In practice, huge railway corporations and tiny railway firms are present together. In 

Canada, two railway corporations - the Canada National Railway and the Canada Pacific 

Railway - almost monopolize the market. But there are still many small railway 
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corporations there. In the United States14, in 2000, there were 8 Class I freight railroad 

systems -- systems with annual operating revenues of approximately $262 million or more --

in operation. There were 35 regional railroads (line-haul railroads operating at least 350 miles 

of road and/or earning revenue between $40 million and the Class I threshold), and over 500 

local railroads (line-haul railroads smaller than regional railroads). By examining the 

numbers employed by the eight Class I freight railroad corporations we can see how this 

class accounts for most of the American freight industry (see Table 2-2). 

Table 2-2 Distribution of Employees in American Railroads 
Class 1 Railroads Regional Railroads Local Railroads 

1990 2000 1990 2000 1990 2000 
Number 14 8 30 35 486 517 
Employment 209,708 168,360 11,578 11,254 14,257 12,194 
Source: the website of Federal Railway Administration (http://www.fra.dot.gov/policy/freight4.htm) 

A recent trend in the railway industry is the separation between the construction and 

management of rail track and the operation of trains. Under this situation, the whole system 

of track (maybe including some or all railway stations) will be managed by one railway 

infrastructure company. Railway operation companies can buy the right of way from the 

infrastructure company. In theory, this means there may be many railway operation 

companies. Some of them might operate the trains much less frequently than others. This 

trend seems to mean that the train operation does not have economies of scale while the 

management of the rail track has scale economies. Neither does this mean that all train 

operations are characterized by diseconomies of scale. We may think that the railway 

operation has a constant return to the scale of operations. If this is true, we still can find 

Data on US railway are from the website of Federal Railway Administration: 
http://www.fra.dot.gov/policy/freight4.htm 

http://www.fra.dot.gov/policy/freight4.htm
http://www.fra.dot.gov/policy/freight4.htm
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scale economies under a non-separation system when the railway administrations manage the 

rail track by themselves. The result will still be scale economies when combining the scale 

economies of rail track and return-constant railway operations. 

Regarding Chinese railways, we can study the three kinds of advantages of being large. 

Scale economies in terms of traffic volume and size of rail track can be studied because each 

of the railway administrations supplies at least one kind of railway transport service. Thus it 

is possible to find out whether the supply of one kind of service is at the minimum efficient 

quantity i f necessary data is available. Since the size of rail track is in the process of 

expansion, it is possible to study the economies due to the size of rail track. The economies 

of scope could be studied because each of the railway administration supplies both passenger 

services and freight services. The multiplant economies of scale can be studied because the 

MOR has been acting as the headquarters of the Chinese railway system. The MOR bought 

some of the most important railway equipment and allocated them among the railway 

administrations. However, in this thesis, the economies of scope will not be studied because 

of the lack of data. There is no data on the capacity and cost of the railway transport system 

that relates to the difference we might see when only passenger services vs. freight services 

are supplied. Maybe, the hybrid method suggested by Braeutigam, Daughety and 

Turnquist(1982) would be very helpful. However, engineers specialized in Chinese railways 

are not available to the author now. The multiplant economies of scope will not be studied 

because MOR is a combination of government and corporation. 
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Thus only the economies of scale will be studied here, in terms of traffic volume and size of 

rail track. 

2.3 How To Measure Scale Economies In China Railway 

It is straightforward to calculate the measure of scale economies if we know the average cost 

and marginal cost at the same production level. Usually, average cost is available at any 

level of production, but the marginal cost is not reported in the accounting system. It is not 

impossible for us to find out the marginal cost if we have proper data. However, it is hard to 

get the accurate marginal cost because (1) difficulties of dividing the common costs exist 

when two or more types of products are manufactured by the same production line, and (2) 

there may always be some technological progress. We will meet difficulties caused by these 

issues when we try to find out the marginal cost for the Chinese railway. 

Every railway administration or corporation in China supplies passenger services and freight 

services at the same time, on every railroad. This makes it very difficult to accurately divide 

common costs between passenger services and freight services. Further, there are many 

kinds of passenger services and freight services. For example, there are 4 types of passenger 

trains according to their travel speed. On most passenger trains, there are several classes of 

service: hard seat, soft seat, hard sleeper, soft sleeper, etc. Due to the service classes, the 

coaches may have different capacities and the cost of running them may be different if used 

for different classes of passenger service. 
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During a long period of time, the Chinese railway services were not improved significantly 

except that the travel speed may have risen a little. Starting in the mid- 1990s, when the 

Chinese railway began to fall into enormous financial losses and faced intense competition 

from highway and civil aviation, the MOR decided to improve the quality of services 

provided. The speed of some passenger trains was raised up to 180km/h on some railroads, 

more and more passenger trains were equipped with air-conditioners, and many new types of 

passenger coaches were put into use. Meanwhile, the passenger services rates were also 

raised. 

Technological progress has been the main supporter of the improvement of the quality of 

passenger services. The technological progress shows in every respect. 

Faced with these difficulties, how could we calculate the marginal cost for Chinese railways? 

There are five possible ways that can help us determine the marginal cost or the elasticity: 

(1) If two railway administrations (A and B) are similar, we can divide the difference 

between the two total costs by the difference between the two yearly traffic volumes 

in order to get the marginal cost. The difficulty here is finding the similar counterpart 

of each administration. It is not easy to find two similar railway administrations. If 

the whole railway system were divided into a large number of separate railway 

administrations, it would be possible to find two similar ones. At the moment this 

method is not feasible in our study. 
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(2) We may compare the change of total cost and the change of traffic volume in two 

consecutive years for one railway administration. If the economy develops smoothly, 

this method may work. Generally, the annual change of supply of railway services 

seems slow because of the long time needed to construct a new line, to change the 

timetables, etc. On the other hand, the change may happen all of a sudden. 

Everything changes in one day when the new railroad, new assets or a new timetable 

is put into use. Thus, generally speaking, the difference in the quality of railway 

services may not change too much between two consecutive years. This means most 

of the MCs calculated by this way should be credible. 

However, this is not the case with the Chinese railway because there are too many 

changes. These changes include the change of service rates, the depreciation policy, 

the surcharge on freight, changes in wages and salary, and many exterior conditions. 

The railway service rates were changed only recently. In the summer of 1989 the 

passenger rates were doubled because of the high inflation rate. Since then a 50% 

increase of rates has been the only main change. Although the economic reform in 

China helps most of the Chinese people earn more, these kinds of surprising increases 

in rates still influenced the demand for railway services. This can be proved by the 

data in Table 1-2: the passenger market share of railway declined more quickly in 

1989 and 1990 than in other years. 
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The depreciation policy was also changed several times. Most years, there was only 

one depreciation rate which was called the 'comprehensive depreciation rate' and was 

suitable for the all of the railway assets. Then depreciation rates were set for each 

kind of assets (railroad, signalling & communication systems, locomotives, wagons, 

coaches, electrification equipment, buildings, etc). Also the value of the railroad was 

re-evaluated to keep up with the inflation in railroad construction. 

There are many kinds of surcharges on railway freight. Surcharges will differ 

according to the goods and the routings. Most of the surcharges will be submitted to 

the Ministry of Finance. Some surcharges are due to the special cost of some of the 

newly built railroads or newly upgraded railroads. To the railway freight clients, 

these surcharges are also freight costs. These surcharges influence their decisions in 

the same way freight rates do. 

At times, wages and salaries are also increased. Increases of wage and salaries are 

strictly controlled by the central government. 

It is possible to get reasonable results by this method if we have enough data on the 

changes mentioned above. The problem is that we do not have such detailed data. 

Thus this method will not be adopted here. 

(3) We can determine the fixed cost and variable cost for every administration in every 

year. After getting the variable cost, we can use the average variable cost as the 
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marginal cost. This method is feasible because the fixed cost and variable cost are 

not very difficult to separate. The problem is that some of the items in 'fixed cost' 

may change somewhat when the traffic volume changes. The conservative solution is 

to enlarge the variable cost: by putting a variable on the list of variable costs when we 

do not know whether the cost is variable or not. The other problem is that it is 

impossible to get accurate fixed cost or variable costs for either passenger services or 

freight services. What can be gained here is only the average cost of the total traffic 

volume or so-called 'converted traffic volume' in ton-kilometers. 

(4) We may employ times-series and cross-sectional regression analysis using 

econometric models with total cost as the regressand. If the linear models are 

adopted, the slope coefficients can be regarded as the marginal cost. If the log-values 

of the variables are used here, the slope coefficients will give us the elasticities of 

total cost with respect to corresponding explaining variables. They can both give us 

useful information. 

(5) We may employ panel data regression. Since we have the data for every railway 

administration between the year 1978 and 2000, we can also use panel data analysis 

technology to avoid some disadvantages of linear regression and get the information 

wanted. 
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2.4 The Intuition From The Figures 

If we can find evidence on scale economies in Chinese railways, then we reach an issue that 

will be significant to most people who care about the reform of the Chinese railway. In their 

minds, there is an arbitrary opinion that suggests that significant scale economies exist in 

railway transport15. Some scholars agree that railway transport has a very low marginal cost 

compared with its average cost16 in China. 

The production of transport services is very different from other products. Transport services 

are produced in the open air while other manufactured products or services can be produced 

under the standard indoor conditions. This difference makes it harder to model the cost 

function of transport services because there are many external factors that are difficult to 

measure such as geographic conditions. Thus, I expect to see common characteristics as well 

as individual characteristics in all Chinese railway administrations. 

Before studying the scale economies by any of the five methods above, we want to have a 

glance at the data to find out the characteristics that are easiest to capture. Figure 2-1 through 

2-7 in the appendix are drawn for this purpose. Each figure shows the relationship between 

real average cost and scale of operations for a group of administrations for a set of years. 

Typically, average cost and scale are both moving up over time. Some basic ideas about the 

cost of the Chinese railway system may be found through these scatter figures. We can see 

that there really are some common characteristics in the average cost. The individual features 

are also significant. 

1 51 give this judgment because there is no related study till now in China. 
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Figures 2-1 and 2-6 indicate that the ACs of administrations with larger traffic volume tend 

to be lower than that of administrations with smaller traffic volume. Figure 2-1 shows the 

trend for every railway administration between 1978 and 2000 while Figure 2-6 is only 

related to years from 1978 to 1982. Because there were no merger or separation, no 

significant changes in almost all respects in these five years, it is possible that Figure 2-6 

gives us clearer trend between traffic volume and average cost. In the 23 years from 1978 to 

2000, there had been too many changes in the railway system, thus Figure 2-1 would be 

affected by these factors and the trends would not be as clear as that in Figure 2-6. Despite 

the general trend that average cost will decrease with traffic volume, for some specific 

railway administrations, the trends of AC sometimes might diverge from the mean. We 

therefore need to consider anything special that happened for that administration. For 

example, from 1996 to 2000, Shanghai had an increasing A C despite of the trend of its traffic 

volume. Shanghai is really the economic capital in China. We cannot imagine that Shanghai 

railway administration has lower quality management than any others. The following fact 

may help us: from the mid 1990s, after the MOR implemented a plan to raise the travel speed 

of passenger trains, Shanghai invested heavily to improve the rail bed and track, and buy new 

locomotives and coaches. These activities increased the total cost significantly. Now, the 

1*7 

Shanghai railway administration operates the fastest commercial passenger train which runs 

between Shanghai and Nanjing. The Shanghai railway administration is always willing to 

Zhu, Zhengyu, "Cost Analysis of Railway and Highway for Freight in China", Ph.D. dissertation, Georgia 
State University, 1994 
1 7 Some new types of passenger trains can have a higher speed than that running between Shanghai and 
Nanjing. However, they are not put into commercial use and are only for experiment at present. 
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innovate their product and management to supply high-quality services with the change of 

the market conditions. This may be the main cause that results in higher average costs. 

Figures 2-2 through 2-4 show us the influence of size of traffic volume on AC in detail. 

Based on these three figures, we can conclude that the bigger the scale of traffic volume, the 

slower the changes reflect on AC. Actually those with bigger scale have a longer length of 

rail track. This can also mean that the longer the rail track, the slower the change in AC. 

This means that the absolute value of elasticity of average cost with respect to traffic volume 

will decrease with the traffic volume. Further, we deduce that when the scale becomes 

bigger and bigger, economies of scale are more and more insignificant. 

Figure 2-5 shows the effect produced by merger and separation. Figure 2-5A involves the 

merger case between Shanghai and Nanchang, which merged and then separated. Figure 2-

5B involves a similar merger case between Chengdu and Kunming. These two figures seem 

to suggest that the effects of merger and then de-merger had little effect on total costs of the 

administrations. Shanghai railway administration merged with Nanchang railway 

administration during 1984 - 1995, Chengdu railway administration merged with Kunming 

railway administration during 1986 - 1996. Based on the figures, Nanchang becomes better 

after separation because its average cost lowered quickly while Shanghai's average cost 

increased. From Figure 2-5B, it seems that separation with Kunming on 1997 had no 

influence on its average cost while the average cost of Kunming increased. From both of the 

two figures, we can simply conclude that the average cost during the period of merger looked 

like the weighted averages of these two administrations. 
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Figure 2-7 involves those 6 railway administrations that have not merged or separated since 

1978. This means that mergers or separations did not influence the trends of ACs in these 

administrations. The conflicts between management and technology styles of the two 

administrations involved in a merger case may have negative influences on the AC of the 

new administration. More accurately, this figure can tell us how the traffic volume and/or 

size of rail track would affect AC. This figure also tells us that railway administrations with 

larger scale are likely to have lower average costs. Thus, combined with other figures 

discussed above, it is reasonable to guess that merger or separation has no significant 

influence on average cost. 

2.5 Data 

2.5.1 The Source Of the Data 

The data on Chinese railways were collected from the Railway Statistics Yearbooks compiled 

by MOR from 1978 to 2000. The data on the consumer price index (CPI) was collected from 

the China Statistics Yearbook, which was published by the Chinese statistics press in 1997, 

and from the International Financial Statistics Yearbook, which was published by the 

International Monetary Fund in 2001. 

Although it is not the best price index to use in this case the CPI will be used to deflate the 

total cost of the railway transport. The better way to deflate the total cost is to deflate the 

components of total cost with a different price index. For example, CPI can deflate a salary, 
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but the CPI is an inappropriate deflator for material and fuel. However, since a suitable price 

index is not available, CPI is the only price index used here. 

2.5.2 Potential Problems In The Dataset 

Econometric models require quality data to get the right results. If the data are perfect, then 

we can begin with modelling right away. However, there are always some problems with the 

data available. We want to discuss the potential problems found in data on the Chinese 

railway. 

(1) Total traffic volume 

For every railway administrations/corporation, the railway data includes total cost (TC) and 

also details the passengers services supplied in passenger-kilometres, freight services in ton-

kilometres. Because we cannot divide the common cost between passenger services and 

freight services, we can only use the total cost for all of the services supplied. Thus we meet 

the problem of calculating the total railway transport services supplied. In Chinese railways, 

the tradition is to convert passenger services into freight services by the ratio of 1:1, i.e., one 

passenger-kilometre is regarded as an equivalent to one ton-kilometre. Under this standard, 

the total traffic volume in terms of ton-kilometres is achieved by one railway 

administration/corporation by adding the ton-kilometres and passenger-kilometres directly. 

Then the average cost (AC) can be calculated through dividing the total cost by total traffic 

volume. 
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The problem here is the conversion ratio between passenger services and freight services. In 

this study, we follow the tradition of the Chinese railway (one passenger kilometre is equal to 

one ton-kilometre). 

(2) The size of rail track 

Here we only have the length of the rail track. The size of railroad is unavailable for me at 

present. It would be better i f there were detailed information on the railroad, such as the 

length of double track railroad and the length of electrified railroad. However, the single and 

un-electrified rail track has the dominant position in China railway. This bias, due to the lack 

of detailed information of rail track, is endurable. 

(3) The Accuracy of the Data. 

The railway statistics have been paid a lot of attention because the government needs the 

railway to help it accomplish its plan (as we discussed in Chapter 1, part 1.2). A l l railway 

sub-administrations, railway administrations and the MOR have a planning and statistics 

department responsible for their data. Those most important data, such as daily carloads of 

freight, are to be reported from the lower level to the upper level to the MOR every day at the 

same time. 

However, the data are not perfectly accurate. This is especially problematic if some railway 

administrations have some incentives to knowingly report wrong numbers. There may thus 

be some measurement errors in the dataset here. Measurement errors are most likely to exist 

in the cost data, which are difficult to authenticate, while it is very easy for the MOR to trace 
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the traffic volume and other indicators (e.g., the railtrack length) - all railway service 

consumers get their own ticket or bill. We cannot determine the directions of the errors -

bigger or smaller numbers might be reported according to the changes in policies and thus 

the changes in incentives. The existence of measurement errors in independent variables 

would cause serious problems because the disturbance errors will include the measurement 

errors existing in the independent variables. Thus the independent variables are correlated 

with the disturbance errors and the OLS estimates will be biased. However, measurement 

errors in dependent variables present less serious econometric problems because these errors 

are incorporated in the disturbance term . Fortunately, the analysis in this thesis has cost 

data as the dependent variable and the independent variables (traffic volume, railtrack length, 

etc.) should not contain errors. Nevertheless, given possible systematic errors in the cost 

data, the researcher should recognize that it is possible that there will be some distortions in 

the results, which we cannot, however, control for. 

In a word, I believe that railway statistics are the best among all of the industries in China. 

(4) The Change in the Accounting Method in Railway 

The accounting system was changed in 1999. The new system was designed to record costs 

in an extremely detailed way. Under the new system, all rail track is divided into thousands 

of sections. Each section is only about one kilometre long. The cost related to the rail track 

is recorded section by section. Thus, the maintenance staff must report their work on each of 

the sections to the accounting department. The cost related to locomotives, wagons, coaches, 

stations and yards, etc. is recorded under a similar method. If this system works well, we can 

1 8 Kennedy, Petera Guide to Econometrics 2n d edition MIT Press 1985 p.l 13 
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find out the accurate cost caused by a passenger train i f we know all locomotives tracking 

this train, the wagons attached to the locomotive, the routeing, the stations it stops by, the on

board service staff, etc. However, as we can imagine, it is very hard to implement such an 

accounting system as it takes a long time to transfer from the old system to the new system. 

The author interviewed some accountants in Shanghai, Nanchang, Lanzhou and Urumqi 

railway administrations and was told that the two systems were used at the same time. Thus, 

the data in 1999 and 2000 may contain some more errors. 

(5) Stationarity of the data 

The dataset here is composed of many time-series datasets. Thus it is necessary to perform 

unit-root testing to determine whether the data is stationary or not. This test will be carried 

out in Chapter 4 before we begin to establish the regression models. 

There may be some problems in the data available here. However, this is the best data the 

author could collect for this study. 
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Chapter 3 Using Average Variable Cost as a Proxy for Marginal Cost 

In this chapter, we begin the empirical study of scale economies in the Chinese railway 

system. 

3.1 Feasibility Of This Method 

In part 2.3 of Chapter 2, we have discussed that method (1) and method (2) will not be 

suitable for the case study of the Chinese railway. Thus, we begin with method (3), 

estimating the marginal cost through the average variable cost. 

The operation of railway transport industry has some fixed costs and some variable costs up 

until the point when it is shut down19. By definition, the fixed costs will not change with 

production, while the variable costs will. Often average variable cost is used as a proxy for 

marginal. However, when production exceeds the current capacity, the average variable cost 

may be a poor indicator of true marginal cost because it does not reflect opportunity costs or 

congestion. Although investment is required either in railroad construction or in buying new 

facilities, this should not be the case every year. The fundamental way to increase the 

capacity of railway transport services is to build new railroads or upgrade current railroads. 

Railway transport cost is always divided into fixed cost which is invariant with the level of output and 
variable cost which is variant with the level of output. Details can be found: Bonsor, Norman C , 
Transportation Economics: Theory and Canadian Policy, Toronto: the Butterworth & Co. (Canada) Ltd., 1984: 
pp.90-97. Boyer (1998) divided the railway transportation cost into three items: cost of fixed railway facilities, 
fixed cost of vehicle owning, variable cost of variable owning. He argued that the cost of fixed railway 
facilities should not be fixed. Although little is known outside of railway engineering department about the 
determinants of the extent to which railroad traffic levels change the level of required maintenance, it seems 
reasonable to expect that some part of the maintenance expenditure is related to traffic levels and some is due 
simply to weather and other factors independent of use levels. See details in pp.127-211, Boyer, Kenneth D., 
Principles of Transportation Economics, Boston: Addison Wesky Longman, Inc., 1998. The ICC, using the 
aggregate data, claims that maintenance of the way expenditure are about 45% variable with traffic level and 
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Both of these improvements require a long period of time (maybe 2-5 years or even longer). 

This means that capacity will be kept almost constant in 2-5 years. At least in the beginning 

years, after the formation of a new capacity, the demand for railway transport services will be 

within the capacity. Thus, we can feel comfortable with regarding the average variable cost 

as the marginal cost in these years. When the capacity is exceeded by the demand it is 

obviously still possible to get the marginal cost, but not through the average variable cost. In 

this case the average variable cost will be lower than the marginal cost 

In conclusion, this method will work under some conditions, although the results should be 

interpreted with care. 

3.2 Determining Fixed And Variable Costs 

We may figure out the fixed cost by the definition of each component of the total cost. We 

can get the variable cost by total cost minus fixed cost. 

In the dataset, the total cost is composed of six items: salary, material, fuel (including the 

coal and diesel used by locomotives), electricity (including electricity consumed by electrical 

locomotives), depreciation and other. 

Salary: There are two kinds of employees: permanent and temporary. 'Permanent' means 

"can have the job for the employee's life time"; 'temporary' means, "can have the job as a 

contractor". It is acceptable to assume that the salary paid to 'permanent' employees is fixed 

55% fixed. See Tolliver, Denver D., "Economies in Density in Railroad Cost Finding: Applications to Rail 
Form A." the Logistics and Transportation Review, Vol.20 No.l (1985): 3-24 
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while the salary to temporary employees may or may not vary with transport volume. The 

fixed part of salaries always accounts for more than 94% of the total salaries. Thus we 

regard all salaries as fixed. 

Fuel and Electricity: The part used by locomotives can be regarded as variable. The 

residual can be regarded as fixed. 

Depreciation: Depreciation is calculated according to the duration of railway facilities in 

use, and can be regarded as fixed. 

Material and other: Details for these items are unavailable. To make sure that the variable 

cost is not underestimated, we assume both are variable. 

Then we can get the minimum average fixed cost and maximum average variable cost for 

each of the 20 railway administrations. The results are shown in Table 3-1 (see it in 

appendix). 

3.3 Analyzing The Result 

In theory, marginal cost is related to the quantity supplied. Identification of marginal cost is 

useful to find out the optimal quantity of railway transport services that should be supplied. 

There are two ways to define the optimal quantity. One is based on social welfare and the 

other is based on the profit of the enterprise. The use of the second way requires the 

marginal revenue rate, which is not available now. Thus, the discussion here is based on the 
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first way - to maximize the efficiency of railway network instead of the profit of the 

administrations. In fact, the Chinese government, which owns and operates the railway 

industry, sees the railway as an economic tool by which to stabilize the economy and society. 

Since most of the population can barely afford medium- or long-distance transport services 

supplied by other modes and there are few other modes of transportation in some areas, the 

government values a stable society over increasing profit. (This issue was discussed in part 

1.2, Chapter 1.) 

In Table 3-1, we present the average variable cost (AVC) which can be regarded as the 

marginal cost in the corresponding year and administration. Because the variable cost is only 

a part of the total cost, this means that the MC calculated by this method must be less than 

average cost (AC), and we could deduce that there are scale economies in every 

administration for every year. But is this the truth? No. Consider, the traffic volume 

increases every year and the existing railway network must have a maximum capacity during 

a period of time. If the traffic volume is within the maximum capacity of a current railway 

network, the average fixed cost should continue to decrease with the traffic volume. The 

average variable cost would be approximately constant and can be regarded as the marginal 

cost. When the traffic volume is approaching the maximum capacity, and no new railway 

capacity is put into use, the total fixed cost will not change a lot and the average fixed cost 

would continue to decrease with the traffic volume, but the average variable cost would 

begin to increase (for example, the maintenance cost would increase because there are less 

time left for maintenance now). When the demand is high enough to force the railway 

system to run at its maximum capacity or even over its maximum capacity, the marginal cost 
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must become very high and the average cost will begin to increase. After new railway 

capacity is put into use, the fixed cost will jump to a new level while the demand for railway 

transport services will not react so quickly. Thus, in the first several years after the new 

railway capacity is put into use, the traffic volume would be within the maximum capacity 

and the average fixed cost will increase significantly. At the same time, the average variable 

cost should fall back to a lower level and can be regarded as the marginal cost again. In 

short, it is not feasible to estimate the MC only based on the AVC. The MC must be 

estimated with the help of the average fixed cost. 

Based on the data in Table 3-1, we can formulate the following analysis on the marginal cost: 

From 1978 to 1982, the length of rail track of the Chinese railway only increased a little, 

about 4% in total, from 48617.9 km to 50541.0 km. The total increase was so small that we 

cannot expect any significant influence on the scale economies of the Chinese railway. Thus, 

holding input prices constant, the average cost should not change significantly. This was true 

for most of the 20 railway administrations that were present at that time. Some railway 

administrations changed a little more than others, but this was because of increases in salary 

and depreciation. From 1980 to 1982, the traffic volume did not change much. Al l of the 20 

railway administrations had relatively constant average variable costs. In these three years, 

the A V C can be regarded as the MC. 

From 1999 on, the railway accounting method changed. It became much more detailed in 

order to distribute the common costs correctly. There is no change in the definition of any 
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cost items. But the transformation of the accounting system may bring some troubles. In this 

chapter, we therefore discard the data from 1999 and 2000. Thus, we mainly focus on the 

data from 1983 to 1998. 

Haerbin railway administration: Between 1983 and 1985, the size of rail track was almost 

kept the same while the traffic volume increased. The data showed that A V C was almost 

unchanged and that AFC was decreasing. It is reasonable to say that the AVC was the M C in 

these 3 years. From 1986 to 1989, the size of rail track was almost unchanged, the AFC 

decreased with the traffic volume and the AVC was changed a little (the change in A V C 

could be due to the big changes in inflation rates at that time, we have mentioned that CPI 

was not the most suitable price index used to deflate the railway transport cost) and we can 

regard the A V C as MC in these 4 years. From 1990 to 1994 and from 1995 to 1998, we find 

the same thing. Especially from 1995 to 1998, there was no change in the size of railroads, 

the AFC fluctuated with the traffic volume and the AVC was almost the same in these years. 

Shenyang Railway administration: There are two stages based on the change in the size of 

the railroad: 1983-1985 and 1986-1998. It is not very easy to decide which A V C can be 

regarded as M C without further information because the A V C continued to increase no 

matter the traffic volume decreased or increased. 

Beijing Railway Administration: From 1983 to 1988, the size of rail track changed quickly 

while the traffic volume changed more quickly, thus the AFC continued to decrease with 

time. The change in A V C was also significant, thus it is hard to conclude whether the A V C 
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is the MC without more detailed information. From 1989 to 1995, the size of rail track did 

not change quite so quickly. During this time the AFC fluctuated with the traffic volume and 

the A V C increased more quickly. We doubt that the capacity was still seriously less than the 

demand at that time. The A V C cannot be regarded as MC. From 1996 to 1998, the size of 

the rail track changed little, the AFC changed with the traffic volume, and the A V C was 

constant. Thus, the A V C can now be regarded as the MC. This may be due to the increase 

in service rates which restricted the demand for railway services and also due to the 

technological innovation in railway transport. 

Huhuhaote Railway Administration: From 1983 to 1985, the size of rail track was not 

changed significantly. The AFC changed with the traffic volume and the A V C was almost 

the same. Thus the A V C at that time can be regarded as the MC. We can conclude the same 

for the period from 1986 to 1989 and from 1990 to 1994. From 1995 to 1998, more railroads 

were put into use and the total traffic volume was not significantly altered, but the A V C 

changed. This might be due to the improvement in the service quality. In this situation the 

A V C would be equal to the M C because the capacity was less than the demand. 

Zhengzhou Railway Administration: In 1983, Zhengzhou railway administration merged 

with X i ' A n railway administration. We began the analysis with the figures from 1984. In 

1984 and 1985, the size of the rail track was not changed while the traffic volume greatly 

increased. Thus, we find a big decrease in the AFC. Because the A V C increased about one 

seventh, we cannot regard the AVC as the MC. After this period the size of the railroad 

changed every year. We cannot find much change in the A V C until the early 1990s. And in 
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the rest of 1990s, the A V C did not changed much. Thus the MC in thel980s and the 1990s 

can be equal to the AVC at that time. 

Jinan Railway Administration: From 1995 to 1996 the amount of rail track increased while 

the traffic volume remained about the same. Thus, we see that the AFC changed significantly 

while the A V C was lowered a little. In these two years, the M C was equal to the A V C . 

From 1996 to 1998, both the AFC and AVC increased with the increase in traffic volume 

while there was little change in the size of rail track. There is no clear conclusion for these 

three years. The analysis for other years told us that AVC = MC. 

Shanghai Railway Administration: In 1983, Shanghai merged with Nanchang, thus our 

analysis will begin with 1984. The size of rail track did not change significantly in 1984 and 

1985, but the traffic volume was greatly increased. We find that during this period the AFC 

decreased and the AVC increased a little. The AVC might be seen as the MC. From 1986 to 

1990, the size of rail track increased a little and the traffic volume did not change very much. 

Thus, the capacity should be able to fulfill the demand. The A V C can be regarded as the 

M C . We find this to be true because the AFC changed with the traffic volume and the A V C 

was almost kept constant. From 1991 to 1995, the length of rail track increased every year 

while the traffic volume and A V C also increased. It is hard to get any conclusion. In 1995, 

Shanghai and Nanchang separated. From 1996 to 1998, the size of rail track changed only a 

little and the traffic volume remained about the same. The A V C can be seen as equal to the 

M C during this period. 
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Guangzhou Raüway Corporation: From 1983 to 1985 and from 1988 to 1992, the A V C 

and M C can be seen as equal as there was no significant change in A V C . From 1996 to 

1998, the length of rail track increased a little while the traffic volume decreased a little. The 

increase in AFC may be due to the electrification along some of the railroads in Guangzhou. 

The A V C should be equal to the MC at that time. In other years, the size of the rail track and 

the traffic volume both increased yet the traffic volume always increased much faster than 

the size of rail track. Since the A V C increased significantly we cannot draw a clear 

conclusion without further information. 

Liuzhou Railway Administration: The amount of rail track was not changed until 1997. 

From 1983 to 1996, the AFC mainly changed with the traffic volume and the A V C changed 

over time and with the improvement in service quality. The A V C can be seen as the MC 

during this time. Compared with other railway administrations, this railway administration 

does not face such serious stress from demand. 

Chengdu Railway Administration: The size of rail track changed little from 1983 to 1985 

and from 1986 to 1996 and from 1997 to 1998. The significant changes in the size of rail 

track were due to the merger and the separation(from 1986 to 1996 Chengdu merged 

Kunming.). The trends of AFC and A V C were as normal as the examples in Economics 

textbooks. This showed that the A V C = MC. The seasonal fluctuation in Chengdu is very 

significant, especially for passenger transport services. Thus, it will be better to study the 

M C for passenger and freight services separately, and study the MC at peak season and non-
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peak season. Due to this data, it is impossible to draw a conclusion on passenger MC or 

freight M C in this context. 

Lanzhou Railway Administration: With this railway administration the A V C can, at all 

times, be regarded as the MC. This is because the intra-administration demand was not very 

high due to the underdevelopment in the Northwest China. There is also a bottleneck 

between Lanzhou railway administration and other railway administrations. Its total capacity 

cannot be fully used as long as the bottleneck exists. 

Urumqi Railway Administration: The size of the rail track only changed once between 

1983 and 2000. This change occurred in 1995 when the size of the rail track was almost 

doubled. It is obvious that since 1995 the capacity of this railroad has always exceeded the 

demand. The supply of rail services was relatively tight before 1995 because the railroad was 

used to transport coarse petroleum from the Xinjiang Autonomous Region to Eastern China. 

However, the railway capacity has been never exhausted in this administration. Thus, we can 

recognize the AVC as the MC in every year. 

3.4 Chapter Conclusion 

In summary, at almost all railway administrations, in some years, we can find scale 

economies in terms of traffic volume. 

The average cost will always be reduced if traffic volume (within the maximum capacity) is 

increased using the current rail track. The variable cost that is based on the data in Table 3-1, 
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accounts for one third to half of the total cost. Thus, s(q) should be between 2 and 3. The 

scale economies are significant under the condition that the demand is less than the 

maximum capacity and there is no change in the size of rail track. 

When the railway service capacity is very tight, it is very hard to get the marginal cost by this 

method. 

We do not know whether the average cost would be lower if the size of rail track is bigger. 

Although we know that more railroads are necessary to achieve more traffic volume, we 

cannot decipher a clear relationship between AC and the size of the rail track based on the 

discussion in this chapter. Thus, we cannot tell whether the merger of railway 

administrations could lead to lower average costs. The question cannot be answered by this 

method (3). We will try to answer it in the following 3 chapters. 
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Chapter 4 Studying Economies Of Scale Using Time-Series Models 

In this chapter, another method will be used to continue to study economies of scale of the 

Chinese railroad system. In this chapter we will examine the elasticity of total cost. Log-

linear models are established here to describe the relationship between total cost and traffic 

volume. If there are scale economies in terms of traffic volume, the coefficient of the 

variable "/« (total traffic volume)'''' should be less than 1. If there are scale economies in 

terms of size of rail track, the coefficient of the variable "ln(length of rail track)" should be 

less than 1. However, in order to make sense, the two coefficients must both be positive. It 

is impossible to have lower costs while more traffic volume is achieved or when the size of 

the rail track is extended. 

Since we want to find out the differences among railway administrations we should examine 

how the scale economies change across railway administrations. This examination is possible 

by looking at the time-series models established for each of the railway administrations. 

4.1 Literature Review On Railway Cost Models 

Railway costing is central for effective railway management and the development of an 

appropriate railway policy by the government. Studies on railway cost and of cost models 

were plentiful although they became less common in the recent decade. This corresponds to 

the change in the role of railway transport; this is an era of highways and aviation, not of 

railways. 
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Railway cost models may be established by two main methods. The first method relies on 

the accounting system. Sometimes the cost models are part of the accounting system. Its 

main purpose is to find out the financial effects of some of the activities of the firms. For 

example, specific cost models would be integrated into accounting software specially 

designed for a railway corporation. These models are always used for setting tariffs and are 

also used by the marketing, operations, and planning departments of railway corporations. 

Although this software is useful it may not be the best model for the government to base its 

policies on because it is hard to find standard rules regarding railway transport cost. Dr. E.R. 

Petersen designed such a model named 'QRAIL ' 2 0 . This model can give the railway 

managing departments detailed cost information, such as the number of locomotives, the 

quantity of wagons required, the level of output, and the locomotive hours. That software is 

very useful for managers entering into the industry. 

The second method is based on the economic thinking to find out what is the best for the 

industry. It is critical for investors to know the cost characteristics before they decide to 

enter into this industry and for policy-makers to understand which kinds of entry barriers 

should be set up or what kind of encouragement should be given to potential investors in this 

industry. By using aggregate data on railway cost, outputs and inputs, econometric models 

can find the trend of long-run average cost. This model is suitable for the formulation of 

policies and regulations. 

The first method discussed is mainly an accounting method; therefore there should not be any 

problems in establishing such models. The second method involves a greater focus on 

2 0 Petersen, E. R. A Railway Costing Model: QRAIL, working paper 92-04, school of business, Queen's 
University, Kingston, 1992 
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railway cost analysis because different models can be applied while there is only one 

standard accounting system in one country at one time. Thus, we will discuss railway cost 

models established by the second method only. 

The simplest cost model is the one used by ICC (Interstate Commerce Commission). It uses 

the format; C = F + my, where C is total cost, F is the fixed cost, m is the average variable 

cost or marginal cost which is assumed constant and y is the level of output measured in ton-

miles21. This model has received a great deal of criticism because of its simplification. 

However, it does make sense under two circumstances. The first is that average variable cost 

is constant for all kinds of railway services at any level of production. The other is that 

different railway transport services have different but constant average variable costs and the 

proportion of one kind of railway service to the total is kept the same within any railway 

corporation and the ratio of total traffic volume between any two railway corporations is kept 

constant. Based on our discussion in Chapter 3, we know that A V C is relatively constant i f 

the demand is within the maximum capacity. I believe this is true for U S railways. The 

demand for railway services in U.S. should not be larger than the capacity. Thus, the above 

model has the right expression. The main problem is whether F and m should be changed 

when used for different railway corporations. 

The practice of a railway transport service supplier is much more complex. Researchers tried 

to find a more suitable cost function for railway transport services. Under the assumption of 

economics, the firm is willing to minimize the cost if the production and technology is given. 



55 

If the technology is assumed to be Cobb-Douglas technology: Q - AKalf, where Q is the 

level of production, A is a constant, and K and L are the two kinds of production factors. The 

production cost can be described as TC = PKK + PLL, where TC is total cost, and PK and PL 

are the prices of factors K and L, respectively. The cost function can be gained through the 

minimization process. 

Assuming profit maximization, the railway corporation's objective function is to minimize its 

total cost TC = PKK + PLL, subject to: Q = AKalf. This implies a Lagrangian: 

l = PKK + PLL + À(Q - AKaLp ) 

The three first order conditions (FOCs) with respect to K, L and À are as follows: 

Pr-AAcK*-*!/ =0 (1) 

PL-UpKaLp-' =0 (2) 

Q-AK Lfi=0 (3) 

From the first two FOCs (1) and (2), we can get the relationship between K and L: 

PiL_a_L_ 
PL~ pK 

Solving for L and substituting into FOC (3), we obtain: 

L = A a/(a+/3)nll(a+p),rK \a/(a+0) 

Similarly, we can find: 

Braeutigam, Ronald R., "Learning about transport cost." In Essays in Transportation Economics and Policy: 
A Handbook in Honour of John R. Meyer. Gómez-Ibáñez, José A. and Tye, William B. and Winston, Clifford, 
editors Washington: Brookings Institution Press, 1999: pp.60-61 



56 

Finally i f we substitute these values for K and L into the cost function, we obtain: 

Q\I(OC+P) pal(a+P) pfiHa+0) 

To simplify, the cost function can be expressed as a log-linear function. It shows that the 

total cost relies on the level of production and the factor prices. However, i f the factor prices 

are invariant across observations, it can be excluded. The above discussion was first 

developed by Nerlove (1963)22. 

Various studies on railway cost have used this technology. Leonard Merewitz and Randall 

Pozdena (1974) studied the long-run cost function for rapid rail transit23. They used labor in 

annual hours, electricity in annual kilowatt-hours and rolling stocks in vehicles and miles of 

single track as the inputs to establish the Cobb-Douglas production function. Then, using the 

above procedure to get the minimum cost function. They first solved the short-run cost 

function by fixing the railway track (using the miles of single track as constant). Then they 

got the long-run cost function by differentiating the short-run cost function with respect to T-

the miles of single track, solving the optimum T and substituting the result back into the 

short-run function. Thus, the variable of rail track is not included in the long-run cost 

function because the optimum T is a function of all other explanatory variables. They 

2 2 Nerlove, Marc. 1963 "Returns to Scale in Electricity Supply" in "Measurement in Economics: studies in 
mathematical Economics and Econometrics in Memory of Yehuda Grunfeld", edited by Carl F. Christ and 
others, 167-98, Stanford University Press. 
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analyzed the cost function based on panel data, and found increasing returns to scale i f the 

rail track is fixed. Keeler (1974)24 employed the same technology. 

Although there has been progress regarding the cost function, the log-linear function has 
ne 

some rather restrictive properties . Beginning in the 1970s, one of the major innovations of 

cost studies has been the introduction of translog functions. The translog function has been 

most often employed in transportation models. 

The general form of the translog function for m output and n inputs can be written as: 

m n i m m 
Inte = «o + 2 « , Ing. + ¾ ìnPj + - £ £ a , lnfí l ng y 

(=1 7=1 * /=1 j=l 
i n n m n 
*• M /=1 /=1 7=1 

where te is total cost, Q¡ is the level of production of output i and P. is the price of input j. 

Thus, the log-linear cost function can be seen to be a special case of the translog cost 

function where the interactive effects are zero, i.e., ay = 0, btj = 0 and d.tj = 0 are held for 

all i and j. 

Following the introduction of the translog cost function, the studies on transport cost have 

mainly focused on the translog function. According to Ronald R. Braeutigam (1999), of the 

Merewitz, Leonard and Pozdena, Randall A Long-Run Cost Function For Rail Rapid Transit Properties, 
working paper, Institute of Urban & Regional Development, University of California, Berkeley, September 
1974, 

2 4 Keeler, Theodore E., "Railroad Costs, Returns to Scale, and Excess Capacity", The Review of Economics and 
Statistics (May 1974): 201-8 
2 5 Braeutigam, Ronald R., "Learning about transport cost." 1999: pp.71-72 



58 

36 studies on transportation cost after 1979, 31 used translog functions. For railway cost 

studies after 1979, 11 out of 12 used translog functions. 

Oft 

There are not many studies on the costs of Chinese railways. Zhu (1994) used the translog 

model to study the cost of the Chinese railway and found significant scale economies. He 

suggested that China should invest more on railway instead of highway. 

Based on past studies, we will use both log-linear models and trans-log models in this study. 

4.2 Factors Influencing Transport Cost Of the Chinese Railway System 

Due to the above discussion, we assume that firms will minimize the total cost according to 

the factor prices and the level of output. This model may not be the most effective when the 

demand for railway transport services exceeds supplies and forces the railway transport firms 

to try every method to fulfill the demand instead of minimizing total costs. This is what 

happens in the Chinese railway system. In this situation, the factor prices are not so 

important. Although there are some changes in the factor prices, the changes are mainly 

controlled by the government and changes are not frequent. For example, the depreciation 

rate has changed twice, once in the early 1980s and again in the middle of thel990s. In most 

years, nominal wages in the railway system increased a little more quickly than the inflation 

rate. (This is why so many Chinese people hoped that their children would acquire positions 

in the railway.) However, the railway industry cannot decide how many employees should 

be employed or lay off. Thus, factor prices are either appropriately constant or uncontrolled. 

2 6 Zhengyu Zhu, 1994, Ph.D. dissertation "Cost Analysis of Railway and Highway for Freight in China", 
Georgia State University 
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The factor price cannot have as much influence over operation decisions of the Chinese 

railway as it can over railways of western countries. We therefore do not include the factor 

prices into the cost models of Chinese railways. 

It is reasonable to assume that production levels, production facilities in use, and efficiency, 

influence production cost. By the theory of transport economics and the related 

experiences , we conclude that the total cost of railway transport services will be determined 

by the amount and quality of services supplied, the management level, the technological level 

and the amount of railway equipment in use. Under financial pressure and excessive 

demand, the technological level and the amount of physical railway facilities were carefully 

chosen. Therefore, we assume that the railway system has, to some degree, the incentive to 

minimize costs. Thus, we can still try the log-linear or translog models. 

Unfortunately, we do not have the indexes on the quality of transport services and the 

technological level of assets. Intuitively, both of them may progress with time, thus they 

may be represented by the time variable in the models. On the other hand, when the quality 

of services is improved, it usually means that the technological level is raised at the same 

time. This is because one of the most important factors influencing service quality is the 

speed and higher speed means higher technological levels and higher costs. However, 

including the two quality indexes in the same model at the same time may cause serious 

collinearity. Thus, if possible, only one of the two quality indexes should be taken as the 

independent variable; if it is impossible for only one of the variables to be included, neither 

See Chapter 3, part 3.1 
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should be included and the time variable may explain, to some degree, the missing variables. 

This is actually not a big problem. 

It is also hard to measure management levels. It seems reasonable to use the transport 

density (transport density can be calculated by dividing the traffic volume by the length of 

rail track) as the index. However, in China, the supply of transport service, especially railway 

transport service, has been in shortage for a long time. A railway administration that has a 

higher transport density may not have a higher management level. The higher transport 

density may be due only to the high demand for transport and the lack of substitutes from 

other modes. Neither the management style nor the management system has been 

fundamentally changed in the history of the Chinese railway. Although economic reform has 

been ongoing for two decades in China, the railway transport industry is still regarded as the 

most conservative of all the state-owned industries. Thus, the management level should not 

be a major difficulty here because there have been no significant changes. 

Regarding the amount of transport services supplied, there are several indexes, two for 

passenger transport, and two for freight. We can measure the passenger traffic volume by 

measuring passenger-kilometer and the number of passengers. Similarly, we can measure the 

freight volume by measuring ton-kilometers and the number of tons for freight services. In 

Chinese railways, one passenger-kilometer is traditionally regarded as the equivalent of one 

ton-kilometer. It is believed that both of them incur the same cost. Following this tradition, 

we can convert the passenger-kilometers into ton-kilometers and then add the two figures in 

order to measure total traffic volume. It is called 'converted traffic volume'' in China. The 
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reason for converting passenger-kilometers into ton-kilometers is that, in the history of 

railway transport services in China, freight services accounted for the majority of railway 

transport. In fact, these four indexes cannot give us enough information about railway 

transport services because railway services on different rail track and in different directions 

cannot be strictly the same. This does not matter when it does not significantly bias the 

transport cost. If the railway administration is not very big in terms of its geographic area, 

we can imagine that the cost of lines in any direction within the region controlled would not 

differ significantly. This is the case in the Chinese railway system. The Chinese railway 

network is divided into 14 parts, and none of them is large. Thus, the small size of Chinese 

railway administrations will not bring major difficulties when we establish models for each 

of the railway administrations or corporations. If we establish models for the Chinese 

railway as a whole, the results must be biased because the location of newly built railways 

influences both the fixed costs and the variable costs and therefore influences the total 

transport cost. 

Railway infrastructure is the most important part of the railway equipment. Railway 

infrastructure is mainly composed of rail track and railway stations along with the facilities, 

such as the signaling and communication system, attached to them. In general, stations and 

these attached facilities are designed and constructed in proportion to the size of the rail 

track, thus, the scale or length of rail track can be used to represent the railway facilities. We 

will use the total length of rail track as the index of railway infrastructures. 
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Finally, we concluded that the fixed cost is mainly determined by the size of rail track and 

the variable cost is mainly determined by the amount of services supplied. Variables that 

will be involved in the coming regressions include total cost, traffic volume (total, passenger 

and freight), and the length of rail track. Some of the variables are defined in Table 4-1. 

Table 4-1 Defining Variables Involved in the Railway Transport Cost Models 
Variable name Variable label 

Dependent 
variable 

L 
lnrealtc 

The natural logarithm of the total cost deflated by consumer price index 

Independent 
variables 

lnrtkm The natural logarithm of the total traffic volume 

Independent 
variables 

Lnpkm The natural logarithm of the passenger-kilometers 

Independent 
variables 

lnftkm The natural logarithm of the freight services (ton-kilometers) 
Independent 

variables 
lnlength The natural logarithm of the total length of rail track Independent 

variables lntkmlth The product of lnrtkm and lnlength 
Independent 

variables 
lnpkmlth The product of lnpkm and lnlength 

Independent 
variables 

lnfkmlth The product of lnftkm and lnlength 

Independent 
variables 

lnpkmfkm The product of lnpkm and lnftkm 

4.3 Testing The Unit-Root Of Variables 

Before modeling, the first thing we should do is to test whether the time series are stationary 

or not. If they are not stationary, misleading models may be produced. Fortunately, if the 

variable is not stationary in level form, it may be stationary by differencing. Especially for 

most of the economic data, the first order difference or second order difference is stationary. 

The times of differencing can be estimated with the Augmented Dickey-Fuller (ADF) test. 

The null hypothesis is that the variable is non-stationary, i.e., 1(1), and the alternative 

hypothesis is that the variable is stationary in level form, i.e., 1(0). The ADF test results are 

shown in Table 4-2(see appendix). If the computed absolute value of the statistic exceeds the 
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Mackinnon DF absolute critical value, then we do not reject the hypothesis that suggests that 

the given time series is stationary28. Usually, the estimated statistic has a negative sign. 

From the computed values of the statistics, we know most of the variables are 1(1) with 

trends at a significance level of 10%. From the test we see that some variables are not 1(1) 

but we still regard them as 1(1) on the basis of the discussion in part 2.5 of chapter 2. There 

may be some problems in the dataset. 

The time variable should be included in the models. We can try all of the possible models 

and test whether the residuals are white noise by the same DF test, then find the best 

model(s) by comparing all of the possible models. 

Combining the discussion in parts 4.1, 4.2 and 4.3, we know that there are four possible 

models. They are: 

In realtc = /?0 + /?, In rtkm + fi2 In length + Piyear (4-1 ) 

In realtc = fi0 + /?, In rtkm + /?2 In length + ̂ year + /?4 In tkmlth (4-2) 

Inrealtc = /?0 + /?, In plan + fi2 In ftkm + fi} inlength + fiAyear (4-3) 

In realtc = fi0+ /?, In pkm + f¡2 In ftkm + /?3 In length + fi4year + fi5 In pkmlth (4-4) 

+ /?6 In jkmlth + /?7 In pkmjkm 

About the ADF test, refer Gujarati, Damodar N. Basic Econometrics, New York: McGraw-Hill: 1994: pp718-
722 
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4.4 Selecting Railway Administrations 

Twenty railway administrations are available in this dataset. Some of them have existed 

about 5 years; some have existed for about 10 years, and others have existed for 23 years. 

Having enough data is the fundamental factor in getting an adequate time-series analysis. 

Thus, only the administrations existing for 23 years will be included in this time-series 

analysis. These administrations are: Haerbin, Shenyang, Beijing, Huhehaote, Zhengzhou, 

Jinan, Shanghai, Guangzhou, Liuzhou, Chengdu, Lanzhou and Urumqi. Fortunately, these 

12 railway administrations almost represent the entire Chinese railway during the period 

between 1978 and 2000. For example, between 1978 and 2000, the total passenger-

kilometers and the total freight ton-kilometers achieved by these 12 railway administrations 

were 6054.56 billion and 21278.396 billion, respectively. This accounts for 96.23% and 

95.31% of the total passenger-kilometers and freight ton-kilometers for the whole Chinese 

railway. 

4.5 Time-Series Models For Each Of These 12 Railway Administrations 

As discussed above, we estimated the four models mentioned in part 4.3. The results are 

shown in the following tables 4-3 through table 4-14. 
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Table 4-3 The Time-Series Models for Haerbin Railway Administration 
ln(real total cost) Coefficients in model ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 0.98 
(0.536) 

33.56 
(7.348)* 

year 0.04 
(0.010)* 

0.06 
(0.009)* 

0.04 
(0.010)* 

0.06 
(0.012)* 

ln(passenger-kms) 0.82 
(0.372)* 

-7.29 
(21.465) 

ln(freight ton-kms) 0.04 
(0.608) 

14.76 
(29.826) 

ln(length of rail track) -0.02 
(0.063) 

13.24 
(3.020)* 

0.03 
(0.611) 

-0.90 
(12.503) 

ln(total traffic 
volume)*ln(length of rail track) 

-3.63 
(0.818)* 

Ln(passenger-kms)*ln(length of 
rail track) 

1.76 
(2.835) 

Ln(freight ton-kms) *ln(length 
of rail track) 

-1.08 
(3.484) 

ln(passenger-kms) *ln(freight 
ton-kms) 

-1.89 
(1.651) 

_cons 
-76.11 
(21.114)* 

-244.30 
(40.738)* 

-83.08 
(20.664)* 

-122.27 
(117.566) 

Adjusted R-square 0.95 0.97 0.95 0.97 

Error term 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Note: (1) the number in the parentheses is the standard error of the coefficients. (2) * means the coefficient is 
significantly different from zero. 

Table 4-4 The Time-Series Models for Shenyang Railway Administration 
ln(real total cost) 

Coefficients in model 
ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 
0.28 
(0.650) 

34.70 
(10.320)* 

year 
0.05 
(0.012)* 

0.06 
(0.010)* 

0.05 
(0.012)* 

0.05 
(0.010)* 

ln(passenger-kms) 
0.80 
(0.500) 

39.18 
(15.478)* 

ln(freight ton-kms) 
-0.54 
(0.702) 

-22.64 
(20.726) 

ln(length of rail track) 
0.66 
(0.668) 

14.98 
(4.322)* 

0.70 
(0.659) 

4.76 
(11.747) 

ln(total traffic 
volume)*ln(length of rail track) 

-3.70 
(1.108)* 

Ln(passenger-kms)*ln(length of 
rail track) 

-4.56 
(2.446) 

Ln(freight ton-kms) *ln(length 
of rail track) 

2.17 
(2.376) 

ln(passenger-kms)*ln(freight 
ton-kms) 

0.68 
(1.823) 

_cons 
-94.46 
(26.005)* 

-248.11 
(50.572)* 

-98.02 
(25.573)* 

-127.04 
(91.517) 

Adjusted R-square 0.94 0.96 0.95 0.97 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 



Table 4-5 The Time-Series Models for Beijing Railway Administration 
ln(real total cost) 

Coefficients in model 
ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 
0.31 
(0.513) 

30.81 
(6.562)* 

year 0.03 
(0.016)* 

0.14 
(0.025)* 

0.04 
(0.017)* 

0.16 
(0.020)* 

ln(passenger-kms) 
0.51 
(0.460) 

77.25 
(18.916)* 

ln(freight ton-kms) 
-0.18 
(0.606) 

-57.10 
(21.498)* 

ln(length of rail track) 
1.02 
(0.734) 

16.31 
(3.323)* 

0.80 
(0.769) 

-2.88 
(7.140) 

ln(total traffic 
volume) *ln(length of rail track) 

-3.39 
(0.729)* 

Ln(passenger-kms)*ln(length of 
rail track) 

-8.48 
(2.454)* 

Ln(freight ton-kms)*ln(length 
of rail track) 

6.05 
(2.210)* 

ln(passenger-kms) *ln(freight 
ton-kms) 

0.20 
(1.249) 

_cons 
-72.75 
(29.348)* 

-420.37 
(77.381)* 

-82.42 
(30.784)* 

-270.86 
(73.833)* 

Adjusted R-square 0.92 0.96 0.92 0.98 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Table 4-6 The Time-Series Models for Huhehaote Railway Administration 
ln(real total cost) 

Coefficients in model 
ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 
-0.67 
(0.540) 

9.91 
(8.746) 

year 
0.11 
(0.027)* 

0.12 
(0.029)* 

0.15 
(0.027)* 

0.09 
(0.028)* 

ln(passenger-kms) 
0.38 
(0.165)* 

49.90 
(14.644)* 

ln(freight ton-kms) 
-1.51 
(0.513)* 

-39.79 
(22.369) 

ln(length of rail track) 
-0.38 
(0.991) 

4.19 
(3.892) 

-2.07 
(1.015)* 

-7.28 
(9.738) 

ln(total traffic 
volume)*ln(length of rail track) 

-1.43 
(1.183) 

Ln(passenger-kms)*ln(length of 
rail track) 

-7.52 
(2.187)* 

Ln(freight ton-kms)*ln(length 
of rail track) 

4.79 
(3.070) 

ln(passenger-kms)*ln( freight 
ton-kms) 

2.46 
(1.348) 

_cons 
-202.86 
(47.310)* 

-263.79 
(68.639)* 

-271.32 
(46.566)* 

-105.54 
(86.660) 

Adjusted R-square 0.94 0.94 0.95 0.97 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 
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Table 4-7 The Time-Series Models for Zhengzhou Railway Administration 
ln(real total cost) 

Coefficients in model 
ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 0.34 
(0.477) 

16.81 
(4.946)* 

Year 
0.04 
(0.015)* 

0.09 
(0.019)* 

0.03 
(0.014)* 

0.06 
(0.014)* 

ln(passenger-kms) 
1.12 
(0.449)* 

28.52 
(7.116)* 

ln(freight ton-kms) 
-0.34 
(0.427) 

-30.97 
(10.596)* 

ln(length of rail track) 
0.87 
(0.569) 

8.61 
(2.363)* 

0.08 
(0.601) 

-7.20 
(4.432) 

ln(total traffic 
volume)*ln(length of rail track) 

-1.86 
(0.557)* 

Ln(passenger-kms)*ln(length of 
rail track) 

-2.86 
(0.996)* 

Ln(freight ton-kms) *ln(length 
of rail track) 

3.57 
(1.182)* 

ln(passenger-kms) *ln(freight 
ton-kms) 

-0.43 
(0.641) 

_cons 
-83.96 
(30.221)* 

-250.00 
(55.372)* 

-59.98 
(28.402)* 

-47.52 
(52.104) 

Adjusted R-square 0.95 0.97 0.96 0.99 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Table 4-8 The Time-Series Models for Jinan Railway Administration 
ln(real total cost) 

Coefficients in model 
ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 0.25 
(0.356) 

20.40 
(6.261)* 

year 
0.03 
(0.023) 

0.10 
(0.029)* 

0.09 
(0.025)* 

0.06 
(0.027)* 

ln(passenger-kms) 
1.16 
(0.336)* 

51.15 
(11.453)* 

ln(freight ton-kms) 
-1.22 
(0.485)* 

-48.62 
(19.555)* 

ln(length of rail track) 
1.38 
(0.766) 

11.91 
(3.327)* 

-0.12 
(0.764) 

-0.98 
(11.07) 

ln(total traffic 
volume)*ln(length of rail track) 

-2.59 
(0.804)* 

Ln(passenger-kms)*ln(length of 
rail track) 

-7.13 
(1.600)* 

Ln(freight ton-kms) *ln(length 
of rail track) 

5.15 
(2.642) 

ln(passenger-kms) *ln(freight 
ton-kms) 

2.00 
(1.414) 

_cons 
-74.12 
(42.168) 

-295.19 
(76.798)* 

-164.42 
(43.489)* 

-76.23 
(79.512) 

Adjusted R-square 0.92 0.94 0.95 0.98 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 



Table 4-9 The Time-Series Models for Shanghai Railway Administration 
ln(real total cost) 

Coefficients in model 
ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 2.24 
(0.780)* 

8.89 
(3.395)* 

year 0.01 
(0.017) 

0.01 
(0.017) 

0.03 
(0.014)* 

0.02 
(0.019) 

ln(passenger-kms) 1.38 
(0.266)* 

35.62 
(14.517)* 

ln(freight ton-kms) -0.277 
(0.737) 

-38.46 
(13.544)* 

ln(length of rail track) -1.11 
(0.709) 

2.01 
(1.689) 

-0.38 
(0.607) 

1.57 
(5.395) 

ln(total traffic 
volume)*ln(length of rail track) 

-0.74 
(0.371) 

Ln(passenger-kms)*ln(length of 
rail track) 

-5.05 
(2.487)* 

Ln(freight ton-kms)*ln(length 
of rail track) 

3.64 
(1.089)* 

ln(passenger-kms) *ln(freight 
ton-kms) 

1.99 
(1.621) 

_cons 
-21.54 
(36.274) 

-35.90 
(34.448) 

-49.87 
(29.706) 

-22.43 
(25.687) 

Adjusted R-square 0.94 0.95 0.97 0.98 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Table 4-10 The Time-Series Models for Guangzhou Railway Administration 
ln(real total cost) Coefficients in model ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 
0.93 
(0.300)* 

21.79 
(6.197)* 

year 0.06 
(0.021)* 

0.14 
(0.029)* 

0.01 
(0.018) 

0.03 
(0.039) 

ln(passenger-kms) 
1.32 
(0.238)* 

14.72 
(6.436)* 

ln(freight ton-kms) 
-0.07 
(0.219) 

-23.28 
(15.458) 

ln(length of rail track) -0.98 
(0.756) 

8.37 
(2.843)* 

-1.47 
(0.526)* 

-7.50 
(6.236) 

ln( total traffic 
volume)*ln(length of rail track) 

-2.59 
(0.768)* 

Ln(passenger-kms)*ln(length of 
rail track) 

-1.62 
(0.858) 

Ln(freight ton-kms) *ln(length 
of rail track) 

2.80 
(1.900) 

ln(passenger-kms) *ln(freight 
ton-kms) 

-0.04 
(0.359) 

_cons 
-99.86 
(37.766)* 

-336.88 
(76.664)* 

-0.87 
(33.584) 

15.26 
(115.210) 

Adjusted R-square 0.94 0.96 0.97 0.98 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 



Table 4-11 The Time-Seríes Models for Liuzhou Railway Administration 
ln(real total cost) 

Coefficients in model 
ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 
0.01 
(0.398) 

7.23 
(9.299) 

Year 
0.10 
(0.025)* 

0.09 
(0.026)* 

0.08 
(0.019)* 

0.08 
(0.024)* 

ln(passenger-kms) 
0.61 
(0.158)* 

12.32 
(17.847) 

ln(freight ton-kms) 
-0.80 
(0.315)* 

-19.20 
(17.045) 

ln(length of rail track) 
-0.79 
(0.462) 

3.03 
(4.942) 

0.03 
(0.389) 

-5.039 
(7.575) 

ln(total traffic 
volume)*ln(length of rail track) 

-0.95 
(1.222) 

Ln(passenger-kms)*ln(length of 
rail track) 

-1.64 
(2.507) 

Ln(freight ton-kms)*ln(length 
of rail track) 

2.36 
(2.274) 

ln(passenger-kms) *ln(freight 
ton-kms) 

0.27 
(0.568) 

_cons 
-180.88 
(46.661)* 

-201.74 
(54.266)* 

-159.57 
(35.807)* 

-110.45 
(52.533)* 

Adjusted R-square 0.94 0.94 0.97 0.97 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Table 4-12 The Time-Series Models for Chengdu Railway Administration 
ln(real total cost) 

Coefficients in model 
ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 
0.79 
(0.530) 

-2.27 
(7.920) 

year 
0.04 
(0.027) 

0.03 
(0.029) 

0.07 
(0.029)* 

0.07 
(0.052) 

ln(passenger-kms) 
0.78 
(0.277)* 

1.67 
(39.412) 

ln(freight ton-kms) 
-0.75 
(0.678) 

-13.80 
(30.25) 

ln(length of rail track) 
0.22 
(0.509) 

-1.50 
(4.448) 

0.93 
(0.545) 

-5.76 
(4.896) 

ln(total traffic 
volume) *ln(length of rail track) 

0.38 
(0.968) 

Ln(passenger-kms)*ln(length of 
rail track) 

0.01 
(5.047) 

Ln(freight ton-kms) *ln(length 
of rail track) 

1.61 
(3.300) 

ln(passenger-kms)*ln( freight 
ton-kms) 

-0.20 
(1.03) 

_cons 
-70.53 
(56.030) 

-49.63 
(78.704) 

-146.14 
(59.419)* 

-91.32 
(105.104) 

Adjusted R-square 0.95 0.94 0.96 0.95 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 
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Table 4-13 The Time-Series Models for Lanzhou Railway Administration 
ln(real total cost) 

Coefficients in model 
ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 
-0.24 
(0.280) 

0.35 
(3.532) 

year 
0.09 
(0.016)* 

0.09 
(0.019)* 

0.10 
(0.012)* 

-0.08 
(63.418) 

ln(passenger-kms) 
0.39 
(0.125)* 

2.51 
(13.678) 

ln(freight ton-kms) 
-0.68 
(0.217)* 

-5.75 
(12.723) 

ln(length of rail track) 
0.10 
(0.415) 

0.39 
(1.812) 

0.01 
(0.318) 

-1.62 
(4.959) 

ln(total traffic 
volume)*ln(length of rail track) 

-0.08 
(0.453) 

Ln(passenger-kms)*ln(length of 
rail track) 

-0.28 
(1.880) 

Ln(freight ton-kms) *ln(length 
of rail track) 

0.62 
(1.611) 

ln(passenger-kms) *ln(freight 
ton-kms) 

0.09 
(0.726) 

_cons 
-174.90 
(29.196)* 

-180.22 
(43.871)* 

-184.15 
(22.737)* 

-146.70 
(63.418)* 

Adjusted R-square 0.97 0.97 0.98 0.98 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Table 4-14 The Time-Series Models for Urumqi Railway Administration 
ln(real total cost) 

Coefficients in model 
ln(real total cost) 

(4-1) (4-2) (4-3) (4-4) 

ln( total traffic volume) 
-0.76 
(0.552) 

-1.70 
(1.720) 

year 
0.14 
(0.041)* 

0.14 
(0.042)* 

0.13 
(0.037)* 

0.09 
(0.035)* 

ln(passenger-kms) 
0.35 
(0.235) 

12.77 
(6.182)* 

ln(freight ton-kms) 
-1.01 
(0.415)* 

-12.65 
(6.596)* 

ln(length of rail track) 
0.41 
(0.233) 

-0.10 
(0.907) 

0.43 
(0.205)* 

-1.48 
(1.974) 

ln(total traffic 
volume) *ln(length of rail track) 

0.13 
(0.229) 

Ln(passenger-kms) *ln(length 
of rail track) 

-1.86 
(0.890) 

Ln(freight ton-kms)*ln(length 
of rail track) 

1.50 
(0.923) 

ln(passenger-kms) *ln(freight 
ton-kms) 

0.68 
(0.432) 

_cons 
-275.04 
(79.927)* 

-273.97 
(81.388)* 

-255.19 
(72.955)* 

-157.16 
(70.696)* 

Adjusted R-square 0.97 0.96 0.97 0.98 

Error terms 
Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 

Stationary at 
10% 
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Among all of the four models tried, model (4-1) (the log-linear model with the logarithm of 

traffic volume, logarithm of length of rail track and time variable year as the independent 

variables) seems most reasonable. We summarize this model in Table 4-15. 

Table 4-15 Summarizing the Most Suitable Models Among the Four Models Estimated 
Railway The coefficient of Adjusted Error 
administration Inrtkm or ln(total Inlength or Year _cons R-square terms 

traffic volume) ln(length of rail 
track) 

Haerbin 0.98 -0.02 0.04 -76.11 0.95 stationary 
(0.536) (0.063) (0.010)* (21.114)* at 10% 

Shenyang 0.28 0.66 0.05 -94.46 0.94 stationary 
(0.650) (0.668) (0.012)* (26.005)* at 10% 

Beijing 0.31 1.02 0.03 -72.75 0.92 stationary 
(0.513) (0.734) (0.016)* (29.348)* at 10% 

Huhehaote -0.67 -0.38 0.11 -202.86 0.94 stationary 
(0.540) (0.991) (0.027)* (47.310)* at 10% 

Zhengzhou 0.34 0.87 0.04 -83.96 0.95 stationary 
(0.477) (0.569) (0.015)* (30.221)* at 10% 

Jinan 0.25 1.38 0.03 -74.12 0.92 stationary 
(0.356) (0.766) (0.023)* (42.168) at 10% 

Shanghai 2.24 -1.11 0.01 -21.54 0.94 stationary 
(0.780)* (0.709) (0.017)* (36.274) at 10% 

Guangzhou 0.93 -0.98 0.06 -99.86 0.94 stationary 
(0.300)* (0.756) (0.021)* (37.766)* at 10% 

Liuzhou 0.01 -0.79 0.10 -180.88 0.94 stationary 
(0.398) (0.462) (0.025)* (46.661)* at 10% 

Chengdu 0.79 0.22 0.04 -70.53 0.95 stationary 
(0.530) (0.509) (0.027) (56.030) at 10% 

Lanzhou -0.24 0.10 0.09 -174.90 0.97 stationary 
(0.280) (0.415) (0.016)* (29.196)* at 10% 

Urumqi -0.76 0.41 0.14 -275.04 0.97 stationary 
(0.552) (0.233) (0.041)* (79.927)* at 10% 

Note: (1) the number in parentheses is standard error; (2) * means that the coefficient is significantly different 
from zero at significance level 5%. 

There are two reasons why model (4-1) should be chosen as the best model: 

Firstly, models (4-3) and (4-4) are dropped because of the collinearity between the two 

independent variables - Inpkm (natural logarithm of passenger-kilometers) and Inftkm29 

(natural logarithm of freight services ton-kilometers). 

Because the passenger trains and freight trains are totally separated, the increase of freight transport service 
has nothing to do with the change in passenger services, except when the railway capacity is limited and one 



72 

Secondly, model (4-2) has too many unreasonable coefficients. Nine out of the twelve 

railway administrations have positive coefficients (which are much larger than 1) on the 

logarithm of traffic volume. Although the interactive effect is negative, which can help 

reduce the elasticities of total cost with respect to traffic volume and length of rail track, the 

estimated elasticities would still be unreasonably large/small when the traffic volume or 

length of rail track is very small/large. Among the other three railway administrations, two 

have negative coefficients on both traffic volume and length of rail track. Only one has 

reasonable coefficients. This suggests that model (4-2) is not a suitable choice for simulating 

the total cost of the Chinese railway. 

Thus, only model (4-1) is left. Although this model does not show reasonable coefficients for 

all of the twelve railway administrations, it is the best among the four models. 

However, model (4-1) does not have robust econometric features and does not give us 

enough coefficients that are significantly different from zero. This also makes us doubt 

model (4-1). An obvious occurrence gives us a clue for further analysis. The coefficients of 

traffic volume and the length of rail track both have big standard errors. It seems there is 

some correlation between them. Thus, the regression of Inrtkm (natural logarithm of total 

traffic volume) on Inlength (natural logarithm of length of rail track) was run for each of the 

twelve railway administrations. Adjusted R-squares are shown in the following Table 4-16: 

kind of service can only increase at the cost of other kinds of services. At most times, the freight services and 
passenger services increase together. In this situation, could we conclude that the increase in freight service is 
due to the increase in passenger service? However, this collinearity will cause some problems when estimating 
the models. That is why we will try to avoid using these two variables. 
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Table 4-16 Adjusted R-square: regress Inrtkm (natural logarithm of total traffic volume) on 
Inlength (natural logarithm of length o 'rail track) 

Railway 
administration 

Adjusted R-
square 

Railway 
administration 

Adjusted R-
square 

Railway 
administration 

Adjusted R-
square 

Haerbin 0.96 Zhengzhou 0.96 Liuzhou 0.56 
Shenyang 0.97 Jinan 0.89 Chengdu 0.44 
Beijing 0.96 Shanghai 0.94 Lanzhou 0.90 
Huhehaote 0.88 Guangzhou 0.92 Urumqi 0.86 

Based on the data in Table 4-16, we can conclude that there is serious collinearity between 

Inrtkm and Inlength. One of them must be dropped. We will drop Inlength and then run the 

regression of Inrealtc on Inrtkm and year only. The results are shown in Table 4-17. 

Table 4-17 Regression of Inrealtc on Inrtkm dina year for the 12 Railway Administrations 
Railway The coefficient of Adjusted R- Error terms 
administration Lnrtkm or ln(total Year _cons square 

traffic volume) 
Haerbin 0.96 0.04 -76.58 0.95 Stationary at 

(0.151)* (0.009)* (17.000)* 10% 
Shenyang 0.91 0.04 -76.44 0.94 Stationary at 

(0.116)* (0.010)* (18.470)* 10% 
Beijing 0.92 0.04 -84.97 0.93 Stationary at 

(0.264)* (0.015)* (28.62)* 10% 
Huhehaote -0.65 0.10 -192.51 0.94 Stationary at 

(0.526) (0.020)* (37.782)* 10% 
Zhengzhou 1.03 0.03 -61.94 0.94 Stationary at 

(0.166)* (0.014)* (27.435)* 10% 
Jinan 0.46 0.06 -114.93 0.91 Stationary at 

(0.354) (0.020)* (37.513)* 10% 
Shanghai 1.05 0.04 -69.14 0.94 Stationary at 

(0.169)* (0.011)* (20.537)* 10% 
Guangzhou 0.73 0.04 -80.68 0.94 Stationary at 

(0.262)* (0.018)* (35.31)* 10% 
Liuzhou 0.28 0.07 -134.62 0.94 Stationary at 

(0.383) (0.021)* (39.802)* 10% 
Chengdu 1.00 0.03 -49.10 0.95 Stationary at 

(0.196)* (0.013)* (24.28)* 10% 
Lanzhou -0.22 0.09 -176.96 0.97 Stationary at 

(0.261) (0.014)* (27.260)* 10% 
Urumqi -0.56 0.14 -276.91 0.96 Not 

(0.567) (0.043)* (83.944)* stationary at 
10% 

Note: (1) the number in parentheses is standard errors. (2) * means that the coefficient is significantly different 
from zero at significance level 5%. 
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The data in Table 4-17 give us more reasonable results than Table 4-16, because there are 

many more reasonable coefficients of the variable ln(total traffic volume). Thus, we will 

accept the results in Table 4-17 in preference to the others. 

4.6 Interpreting the Time-Series Results 

Why should ln(total traffic volume) and year more fully explain the total cost when in 

comparison with other variables? A possible reason is the shortage of railway transport 

services in China. The existing rail track can only supply a limited amount of railway 

services and more services require more rail track. Thus, the increase in railway service 

supply must accompany an increase of length of rail track. Also, factor prices tend to 

increase with time, thereby causing the total cost to increase with time. 

The coefficients in the log-linear models are the elasticity of the dependent variable with 

respect to the independent variables. We hope to find coefficients that are positive and less 

than 1 in the models estimated here. 

By examining the coefficients, we found that nine out of twelve railway administrations have 

acceptable coefficients, i.e., Haerbin, Shenyang, Beijing, Zhengzhou, Jinan, Shanghai, 

Guangzhou, Liuzhou and Chengdu. The data supplied by Shanghai and Chengdu is not 

consistent because of their merger (these two railway administrations will be further 

discussed in chapter 6), and therefore the Shanghai and Chengdu models may be biased. We 

do not need to worry about their large coefficients with respect to ln(total traffic volume). 

Zhengzhou is one of the biggest railway administrations in China in terms of its rail track and 
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its total traffic volume. It is located at the core of Chinese railway network. Two of the most 

important railroads (Beijing-Guangzhou and Lianyungang-Baoji) cross here. Most likely 

Zhengzhou railway administration is sufficiently large that scale economies are exhausted. 

Most of the other 9 railway administrations show scale economies to some extent, which 

means that more traffic volume will help reduce the average cost a little. Based on the 

assumption that more traffic volume means more rail track, we can assume that a bigger rail 

track will help to reduce the average cost only if the traffic volume increases proportionately. 

However, this does not solve the problem of how the average cost changes with more traffic 

volume and same size of rail track. This must be solved by the models with size of rail track 

as one of the independent variables. This will be tried in chapter 5 by using the panel data to 

reduce the collinearity between traffic volume and size of rail track. It is surprising to find 

the elasticity of total cost with respect to traffic volume as low as 0.28 in the Liuzhou railway 

administration. From Table 4-16, we found that the relationship between traffic volume and 

the size of rail track in Liuzhou was weak. Thus, we infer that, for Liuzhou, other types of 

models would be more useful. 

Suitable models cannot be found for another three railway administrations - Huhehaote, 

Lanzhou and Urumqi. Lanzhou and Urumqi are both located in the northwest of China and 

Urumqi contacts other railway administrations only through Lanzhou railway administration. 

These three have similar characteristics. Liuzhou, Urumqi and Huhehaote are three out of 

the four smallest railway administrations in China (the other is Kunming railway 

administration). Al l of the four smallest railway administrations have their own geographic 

characteristics (mountainous areas, desert, grass plain) and social characteristics (minorities' 
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main residential provinces). Thus it should not be a surprise to know these smallest railway 

administrations also have some special cost features. We also doubt the quality of their data. 

In summary, there are three main conclusions: 

(1) Scale economies in terms of traffic volume can be found in most of the railway 

administrations although they are not very significant. We must assume, when 

talking about the scale economies in the Chinese railway, that the traffic volume is 

highly related to the size of rail track. That is to say, if the transport density changes 

when the traffic volume changes, the resulting scale economies will also change. 

There may be no scale economies if the traffic volume increases less quickly than the 

length of rail track. The scale economies are significant if the traffic volume increases 

more quickly than the size of rail track. 

(2) Some of the railway administrations having very special features should be examined 

carefully. Standard models may not be suitable for them. 

(3) Merger is not necessary in the Chinese railway if there are no significant changes in 

management, technology and market conditions. The merger may be good for the 

railway only i f the merger significantly increases traffic volume and/or significantly 

decreases total cost. However, the models used in this chapter are unsuitable to find 

evidence for this. 
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Chapter 5 Studying Scale Economies With Panel Data Models 

In last chapter, the scale economies in Chinese railways were studied on the basis of time-

series models. That helped us find the differences that exist among railway administrations. 

However, time-series technology cannot meet our goals satisfactorily because it cannot deal 

with the collinearity between traffic volume and the size of rail track. In this chapter, we will 

study scale economies by using panel data methods. 

5.1 Why Use Panel Data 

The type of data available here is panel data. We have cost and output data from 1978 to 

2000 for all of the 20 railway administrations and corporations that have been present in 

China. In Chapter 4, we treated the dataset as a series of time-series datasets. Now we will 

use the dataset as a whole to establish models corresponding to the panel data. People 

generally prefer the panel data treatment because of its advantages . The advantages are as 

follows. 

• Since panel data relate to individuals, firms, states, countries, etc., over time, there is 

bound to be heterogeneity in these units. The techniques of panel data estimation can 

take such heterogeneity into account by allowing for individual-specific variables. 

• By combining time series of cross-section observations, panel data give more 

informative data, more variability, less multi-linearity among variables, and greater 

degrees of freedom and efficiency. 

3 0 Refer to the following material: (1) Gujarati, Damodar N. Basic Econometrics, 4th edition, New York: 
McGraw-Hill, 2003: pp.637-8; (2) Baltagi, Bdi Hani Econometric analysis of panel data, 2n d edition, New 
York: John Wiley & Sons, 2001 : pp.5-7; (3) Hsiao, Cheng Analysis of Panel Data, New York: Cambridge 
University Press, 1989: pp.9-10 
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• By studying the repeated cross sections of observations, we find panel data to be 

better suited to study the dynamics of change. 

• Panel data can better detect and measure effects that simply cannot be observed in 

pure cross-section or pure time series data. For example, the effects of minimum 

wage laws on employment and earnings can be better studied if we include successive 

waves of minimum wage increases in the federal and/or state minimum wages. 

• Panel data enables us to study more complicated behavioral models. For example, 

phenomena such as economies of scale and technological change can be better 

handled by panel data than by pure cross-section or pure time series data. 

• By making data available for many units, panel data can minimize the bias that might 

result if we aggregate individuals or firms into broad categories. 

In short, panel data can enrich empirical analysis in ways that may not be possible i f we use 

only cross-section or time series data. The collinearity between traffic volume and size of 

rail track caused large problems in Chapter 4 when analyzed using time-series technology. 

That problem may be mitigated in this chapter by using panel data technology. 

5.2 Choosing The Models 

The general model of panel data is as follows: 

r , = A + M » + A * » +•••+«* ( 5 -D 

Estimation of model (5-1) depends on the assumptions regarding the intercept, slope 

coefficients and the error term. There are 5 possible assumptions: 
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(1) The intercept and slope coefficients are constant across time and space and the error 

term captures differences over time and individuals. 

(2) The slope coefficients are constant but the intercept varies over individuals. 

(3) The slope coefficients are constant but the intercept varies over individuals and time. 

(4) The intercept and the slope coefficients vary over individuals. 

(5) The intercept and the slope coefficients vary over individuals and time. 

Obviously, the five possibilities are increasingly complex. Possibility (1) is the simplest 

possibility. By this possibility, the time and space dimensions in this panel data are 

disregarded. On the basis of our experience, we can easily reject the first possibility because 

each of these railway administrations / corporations has its own features. Differences in 

management, traffic volume, rail track size, and external factors lead to differences in their 

operation costs. 

Possibility (2) means that each individual's intercept may vary across individuals, but does 

not vary over time. In this case, we will add a dummy variable to represent different 

individuals and run a least-square dummy variable (LSDV) model. 

Possibility (3) requires two dummy variables, one representing the individuals and another 

representing the time. 
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Possibility (4) means that we need to introduce the dummy variable that represents the 

individuals and the product terms of the dummy variable and other independent variables. 

This will be at the cost of many degrees of freedom. 

Possibility (5) seems the most realistic of all of the 5 possibilities. However, it is also the 

most complex and it will consume too many degrees of freedom. 

Panel data models can be established according to any of the five possibilities as long as they 

are reasonable. In each of the above, the models can be further classified depending on 

whether the coefficients are assumed to be random or fixed. In fact, models under 

possibilities (2) and (3) are most widely used because they give simple but reasonably 

general alternatives to the assumption that parameters take values common to all agents at all 

times (Hsiao, 1986, p. 9). Possibilities (4) and (5) are both complex and will consume too 

many degrees of freedom, neither of which will be tried here. Models of possibilities (2) and 

(3) will be tried in this thesis. 

The dataset on hand contains data from all of the railway administrations or corporations in 

China. Thus, based on the situation here and the discussion of the choice between using the 

fixed-effect model versus the random-effect model by Hsiao (1986, pp. 41-43), we find that 

it is reasonable to use the fixed-effect models here. We can make this decision in this manner 

or we can decide between the fixed-effect models and random effect models by using the 

Hausman test31. If there is no systematic difference between the fixed effect model and the 

random effect model, the random effect model is preferred because it is more efficient. In 
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the Hausman test, the null hypothesis is that the differences between the coefficients of fixed-

effect models and the coefficients of random effect models are not systematic. The test 

statistic in the Hausman test follows the asymptotic x2 distribution. If the null hypothesis is 

rejected, this means that the random effect models are not suitable here, and the fixed-effect 

is recommended. 

The same four types of models that we saw in Chapter 4 will be estimated again here, based 

on panel data instead of time-series data. By using the Stata, all of the four models are first 

estimated as random effect models and then tried by the Hausman test. This can help us find 

out which type of panel data models are more suitable here. The Hausman test results are 

reported in the following Table 5-1. 

Table 5-1 Hausman Test Results for the ' Tour Models 
Dependent 
variable 

Independent variable Hausman test statistics Reject/do not 
reject 

Inrealtc or 
ln(real total 
cost) 

Inrtkm or ln(total traffic volume in ton-kms), 
Inlength or ln(length of rail track in kms), year 

chi2(3) = 2.99 
Prob>chi2 = 0.3927 

Do not reject Inrealtc or 
ln(real total 
cost) Inrtkm or ln(total traffic volume in ton-kms), 

Inlength or ln(length of rail track), Intkmlth or 
ln(total traffic volume in ton-kms) *ln(length of 
rail track in kms), year 

chi2(4) = 3.15 
Prob>chi2 = 0.5337 

Do not reject 

Inrealtc or 
ln(real total 
cost) 

Inpkm or ln(passenger-kms), Inftkm or 
ln(freight ton-kms), Inlength or ln(length of rail 
track), year 

chi2(4) = 24.14 
Prob>chi2 = 0.0001 

Reject 

Inrealtc or 
ln(real total 
cost) 

Inpkm or ln(passenger-kms), Inftkm or 
ln(freight ton-kms), Inlength or ln(length of rail 
track), Inpkmlth or ln(passenger-kms)*ln(length 
of rail track), Infkmlth or ln(freight ton-
kms)*ln(length of rail track), Inpkmfkm or 
ln(passenger-kms)*ln( freight ton-kms), year 

chi2(7) = 49.91 
Prob>chi2 = 0.0000 

Reject 

Note: Significance level is 5%. 

The Hausman test results show that random effect models are better when explaining 

variables are natural logarithms of traffic volume, length of rail track without their product. 

3 1 Gujarati, DamodarN. Basic Econometrics, fourth edition, p. 651 
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Fixed effect models are more suitable when regressing the natural logarithms of real total 

cost on the natural logarithm of passenger-kilometer, freight ton-kilometers, length of rail 

track plus interacted terms. In both cases, the time variable year should be included. To be 

consistent, fixed effect models will be the only ones adopted here. 

Another possible problem here is the multi-collinearity between the two independent 

variables: Inpkm (natural logarithm of passenger-kilometers) and Inftkm (natural logarithm of 

freight services ton-kilometers). These two variables are highly correlated in time-series 

models and cause much trouble. Although I do not believe that there is any economic 

meaning in this relationship32, i f possible, I will try to avoid the models with both Inpkm and 

Inftkm existing as independent variables. 

5.3 Fixed Effect Cost Models For China Railway 

Fixed-effect models are estimated by using the panel data for all of the 20 railway 

administrations between 1978 and 2000. The results are shown in Table 5-2(see it next 

page). 

Among the four fixed effect models in Table 5-2, models FE-(3) and FE-(4) do not make 

sense because they both have negative slope coefficients on Inftkm (natural logarithm of 

freight services ton-kilometers). This may mean that the collinearity between passenger 

traffic volume and freight traffic volume was not reduced enough by the use of panel data. 

Model FE-(l) seems reasonable and so does FE-(2) . The negative slope on Intkmlth means 

that the elasticity of total cost, with respect to total traffic, will decrease as the size of rail 
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track increases. With the increase in the size of rail track the elasticity of the total cost with 

respect to the length rail track will decrease as the traffic volume increases. 

Table 5-2 The Fixed Effect Models for China Railway 
lnrealtc or ln(real total cost) The coefficients of model lnrealtc or ln(real total cost) 

FE-(l) FE-(2) FE-(3) FE-(4) 
lnrtkm or ln(total traffic volume in ton-
kms) 

0.47 
(0.087)* 

0.55 
(0.182)* 

lnlength or ln(length of rail track in kms) 0.46 
(0.091)* 

0.51 
(0.141)* 

0.48 
(0.084)* 

-0.36 
(0.253) 

lnpkm or ln(passenger-kms) 0.55 
(0.061)* 

2.81 
(0.587)* 

lnftkm or ln(freight ton-kms) -0.14 
(0.093) 

-3.02 
(0.638)* 

Intkmlth or ln(total traffic volume in ton-
kms)*ln(length of rail track in kms) 

-0.01 
(0.020) 

Inpkmlth or ln(passenger-kms)*ln(length of 
rail track in kms) 

-0.23 
(0.079)* 

Infkmlth or ln(freight ton-kms)*ln(length of 
rail track in kms) 

0.37 
(0.080)* 

Inpkmfkm or ln(passenger-kms)*ln(freight 
ton-kms) 

-0.08 
(0.039)* 

Year 0.05 
(0.004)* 

0.05 
(0.004)* 

0.05 
(0.003)* 

0.04 
(0.003)* 

_cons -91.03 
(7.323)* 

-91.69 
(7.470)* 

-88.94 
(6.749)* 

-80.00 
(6.975)* 

Adjusted R-square 0.97 0.92 0.97 0.97 
Note: (1) the number in parentheses is the standard error; (2) * means the coefficient is significantly different 
from zero at significance level of 5%. 

The above fixed effect models considered administration-specific features. We now want to 

know whether there is any important time-specific variable left out of the models. In order to 

do this we add dummy time variables into the models and hope that these dummy variables 

will capture the effects of the variables left. If the coefficient of the time dummies is 

significantly different from zero it means that we omitted some variable(s). 

We set up this model by defining a time dummy lime** for every year from 1978 to 1999. 

The ** represent the last two digits of each year. For example, when the data is for the year 

See the related discussion in part 4.5 of chapter 4. 
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of 1978, time78 is equal to 1, otherwise time78 is equal to 0. After this four fixed effect 

models are estimated again. The results are shown in Table 5-3. 

Table 5-3 Fixed Effect Models With Time Dummy Variables 
Inrealtc or ln(real total cost) The coefficients of model Inrealtc or ln(real total cost) 

FE-(5) FE-(6) FE-(7) FE-(8) 
Inrtkm or ln(total traffic volume in ton-
kms) 

0.52 
(0.056)* 

0.57 
(0.092)* 

Inlength or ln(length of rail track in 
kms) 

0.48 
(0.048)* 

0.52 
(0.074)* 

0.47 
(0.048)* 

0.22 
(0.152) 

Inpkm or ln(passenger-kms) 0.21 
(0.048)* 

2.08 
(0.328)* 

Inftkm or ln(freight ton-kms) 0.33 
(0.059)* 

-1.43 
(0.362)* 

Intkmlth or ln(total traffic volume in 
ton-kms)*ln(length of rail track in kms) 

-0.01 
(0.010) 

Inpkmlth or ln(passenger-
kms)*ln(length of rail track in kms) 

-0.24 
(0.044)* 

Infkmlth or ln(freight ton-
kms) *ln(length of rail track in kms) 

0.22 
(0.046)* 

Inpkmfkm or ln(passenger-
kms)*ln(freight ton-kms) 

0.02 
(0.024) 

Year 0.06 
(0.003)* 

0.06 
(0.003)* 

0.05 
(0.003)* 

0.05 
(0.003)* 

_cons -111.73 
(5.274)* 

-112.62 
(5.396)* 

-105.23 
(5.856)* 

-100.05 
(6.552)* 

Adjusted R-square 
Note: the time dummy variables are not reported here. The complete report can be found in Table 5-4 in the 
appendix. 

We noticed that more than half of the time dummy variables had coefficients significantly 

different from zero. However, these were not very big and we find that their coefficients 

decrease with time. This suggests that there are no important time-specific variables omitted. 

Models FE-(5) and FE-(6) both have reasonable coefficients for every variable and they are 

acceptable. Model FE-(7) also has reasonable coefficients. Despite the fear of collinearity 

we will examine this model further. The reason why FE-(7) has reasonable coefficients may 

be due to the introduction of time dummy variables which help to reduce the collinearity 

between Inpkm and Inftkm. 
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5.4 Interpreting The Models And The Chapter Conclusion 

We begin with models in Table 5-2. In Table 5-2, model FE-(l) clearly indicates the 

economies of scale in the Chinese railway. The coefficient of Inrtkm (natural logarithm of 

total traffic volume) is only 0.47. This means that a one percent increase in total traffic 

volume will incur only a 0.47 percent increase in the total cost i f the length of rail track is 

kept constant. This must lead to a lower average cost. Similarly, a one percent increase in 

the length of rail track will only cause a 0.46 percent increase in the total cost. However, this 

does not mean that the average cost will be lower because the traffic volume is assumed to be 

constant. Thus, a one percent increase in the size of rail track will cause the average cost to 

increase 0.46 percent when the total traffic volume is kept constant. If there is no need for 

the construction of a railroad, why should the railway company construct it? Consider that 

the specific market situation in China means that there is always enough demand for railway 

transport services. This means that traffic volume will increase with the size of the railroad if 

the decisions regarding railroad construction are made reasonably. Suppose that a one 

percent increase in the size of rail track helps the traffic volume increase by one percent. A 

rough calculation suggests that this would result in an increase of total cost of 0.93 

(=0.47+0.46) percent. The implication is that there are modest scale economies in the 

Chinese railway when both track and traffic increase proportionately. 

Model FE-(2) is a bit more complex than FE-(l) because there is an interactive effect 

between the traffic volume and the size of rail track. An increase in total traffic volume 

while the size of the rail track is kept constant will lower the average cost significantly. 

However, an increase in the size of rail track with a proportional increase in traffic volume 
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will show few scale economies. This result is specially surprising because small railway 

companies will not see scale economies and the biggest railway companies will, according to 

this interactive effect, face the biggest scale economies. This contradicts the history of 

railway development while also contradicting other studies on smaller railway corporations 

(see Griliches, Z. 1972). 

In Table 5-3, from model FE-(5) we find almost the same results as we did in model FE-(l). 

The only difference is that constant returns to scale in model FE-(5) replace the insignificant 

increasing returns to scale in model FE-(l). Model FE-(6) gives us very similar results as 

model FE-(2). Model FE-(7) takes the natural logarithm of passenger-kilometers and freight 

ton-kilometers instead of the natural logarithm of total traffic volume. The elasticity of total 

cost with respect to passenger-kilometers and the elasticity of total cost with respect to 

freight ton-kilometers can now be estimated. They are 0.21 and 0.33, respectively. Since the 

total traffic volume is the sum of passenger-kilometers and freight ton-kilometers, the 

elasticity of total traffic volume with regard to total cost should be equal to the sum of the 

elasticity of passenger-kilometers to total cost and the elasticity of freight ton-kilometers to 

total cost. Compare model FE-(5) and model FE-(7).The coefficient (0.52) of lnrtkm in 

model FE-(5) is approximately equal to the sum of the two coefficients (0.21 and 0.33) of 

lnpkm and lnftkm in model FE-(7). Thus, if a one percent increase in the size of the rail track 

corresponds with a one percent increase in the total traffic volume (this can be done by a one 

percent increase in both passenger traffic and freight traffic), the result from model FE-(7) 

would be similar to the results from model FE-(5). 

Related discussion can be found in part 6.1 of Chapter 6. 
higher profit but for the monopoly. 

The merger of railway companies was not for 
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In model FE-(7) we also find that an increase of passenger traffic may incur less cost than the 

increase of freight traffic. This is a reasonable result. The schedule of passenger trains is 

always operated very strictly, and the number of coaches in a passenger train is seldom 

changed until the annual timetable of passenger trains are changed. Each passenger coach 

has a dead weight of about 45 tons. It has the capacity for about 128 passenger seats or 66 

sleeping berths or 36 sleeping berths. Each passenger is allowed to carry free baggage up to 

20 kilograms. Assuming that the average body weight of a passenger is 75 kilograms, we 

can conclude that the commercial weight of each coach will be between (75+20)* 128 =12.2 

tons and (75+20)*36= 3.4 tons. Compared with the dead weight of the coach, the 

commercial weight for one more passenger is pretty small. Thus, i f the passenger trains 

operate strictly by the timetable, the marginal cost for passenger traffic should be very low 

(with maybe only a small increase in the cost of fuel, ticketing and check-in). However, the 

marginal cost for freight traffic should be a little higher than that of passenger traffic because 

the timetable and number of wagons of freight trains are both more flexible than those of 

passenger trains. Also, freight traffic requires yard services to transfer to another direction 

while passengers can transfer to another passenger trains by themselves. 

In conclusion, we can find: 

(1) That significant scale economies in terms of traffic volume exist while the length of 

rail track is kept constant. This means that the higher the transport density, the lower 

the average cost. 
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(2) If the traffic volume can only increase proportionately with the size of rail track, 

economies of scale are at best rather modest: the returns to scale appear to be close to 

constant. However, i f the traffic volume increases more quickly than that of the 

length of rail track, the transport density will increase and the scale economies will be 

significant. Thus, increases in rail track, from the aspect of average cost, are likely to 

increase average costs if the increase in the size of rail track does not incur a similar 

increase in traffic volume. 

(3) By implication, a merger between administrations is not necessary if the merging 

does not incur more traffic volume than the simple sum of traffic volume before the 

merger. 

The results here correspond with the results found in chapter 4. 
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Chapter 6 An Empirical Study On The Two Merger Cases 

In Chapters 4 and 5, we studied scale economies (whether a railway administration would be 

better off i f it achieves more traffic volume and/or has more rail track in use) and found that 

scale economies are significant if the traffic volume increases while the length of rail track 

does not. We concluded from the two chapters that the merger of railway corporations is not 

necessary if the traffic volume does not increase significantly after merger. This conclusion 

is a theoretical deduction based on the models established in Chapters 4 and 5. In this 

chapter, we will use empirical means to study merger cases in the history of the Chinese 

railway. By doing so we hope to find out the effects of mergers upon the operational 

efficiency of railways. 

6.1 Historic Merger of Railway Administrations 

Fortunately, there are two cases of merger and separation in the history of the Chinese 

railway. Shanghai railway administration merged with Nanchang railway administration 

from 1984 to 1995; Chengdu railway administration merged with Kunming railway 

administration from 1986 to 1996. After merging, Shanghai and Nanchang operated under 

the name "Shanghai Railway Administration". So as not to be confused, we now use 

' Shanghai&Nanchang' to represent the railway administration during the period of their 

merger. Chengdu and Kunming operated as one under the name "Chengdu Railway 

Administration". In this study we will use 'Chengdu&Kunming' to represent the railway 

administration during their merger period. 
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As Keeler (1983)34 discussed, mergers in the railway transport industry were not always 

encouraged by the desire for higher profit, but instead for the desire for monopoly. The 

discussion of scale economies in the railway transport industry also showed that merger is 

not always necessary because of the constant or even decreasing returns to scale35. Indeed, in 

the case of these historical mergers, there are a variety of possible reasons why they may 

have occurred, including political reasons - hence one should not assume that the 

administrations were merged on efficiency grounds. 

6.2 How To Study The Effects Of Mergers On Operation Efficiency 

Obviously, i f the merger is effective, the new railway administration should have a lower 

average cost than the weighted average of the individual average costs of the railway 

administrations before the merger. Based on this, the following procedures are designed to 

test the effect of the merger on railway transport operations: 

(1) Establish models for Shanghai&Nanchang and Chengdu&Kunming on the basis of 

the data between 1984 and 1995 and between 1986 and 1996, respectively. These 

models can simulate operations during the time of the merger. We will use this 

model to estimate total costs for each year the railway administrations involved in the 

merger case were separately operating. 

(2) This procedure is to simply sum the two true values of each of the independent 

variables used in the above models for every year that Shanghai and Nanchang 

operated separately (1978 ~ 1983, and 1996-2000). Do the same thing for when 

Chengdu and Kunming operated separately (1978-1985, and 1997-2000). 

3 4 Keeler, Theodore E. Railroads, Freight, and Public Policy, Washington: Brookings Institution, 1983: pp36-
37 
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(3) Assume that Shanghai and Nanchang operated as one during 1978-1983 and 

1996~2000, and then, by using the explaining variables gained in procedure (2) and 

models established in procedure (1), estimate the real total costs. Do the same thing 

for Chengdu and Kunming. 

(4) As what we do in procedure (2), this procedure is to simply sum the two individual 

real total costs of Shanghai and Nanchang for every year they operated separately; do 

the same thing for Chengdu and Kunming. 

(5) Compare the estimated real total cost gathered in procedure (3) with the results 

gathered in procedure (4). If the estimated real total cost is significantly larger than 

the corresponding simple sum of the real total costs in each year that they operated 

separately, we will conclude that scale economies will not be found through merger. 

When the estimated real total cost is significantly smaller than the simple sum, we 

will expect to see scale economies through the merger of railway administrations. 

6.3 Studying The Merger Case Of Shanghai And Nanchang 

On the basis of the data from 1984 to 1995, two total cost models are established for the 

Shanghai&Nanchang railway administration. 

In realtc = 10.70469 In rtkm - 0.0648688year + 8.013548 In lg thl 

(22.62177) (0.0749255) (15.98357) (6-1) 

-1.068465 In tkm\g2 + 59.29874 

(2.600268) (74.07478) 

See details in chapter 4, part 4.1 
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In realtc = 0.0699592 In pkm + 2.003974 In ftkm -0.0778699year 

(0.3868938) (1.064236) (0.0530908) (6-2) 

+1.67566 In \gth2 +137.8979 

(1.29953) (95.74522) 

Table 6-1 The True Value and Estimated Value Of Real total cost For The 
Shanghai&Nanchang Railway Administration  

Status Year Real total cost Forecast by model 6-1 Forecast by model 6-2 
Separatee- 1978 679.91 632.362 783.474 Separatee-

1979 714.661 683.528 827.595 
Separatee-

1980 876.469 709.574 814.262 

Separatee-

1981 890.926 697.748 752.207 

Separatee-

1982 901.737 700.525 760.458 

Separatee-

1983 941.689 747.709 810.542 
Merged 1984 1023.950 1010.768 989.5272 Merged 

1985 1116.030 1138.305 1161.833 
Merged 

1986 1419.906 1337.872 1362.448 

Merged 

1987 1518.206 1478.134 1505.156 

Merged 

1988 1490.913 1546.206 1494.108 

Merged 

1989 1389.526 1557.168 1524.501 

Merged 

1990 1479.225 1516.956 1534.673 

Merged 

1991 1615.574 1582.514 1579.143 

Merged 

1992 1936.461 1887.169 1925.53 

Merged 

1993 2293.311 2069.277 2058.054 

Merged 

1994 2410.839 2400.863 2373.166 

Merged 

1995 2370.812 2510.751 2529.339 
Separated 1996 2432.875 3472.263 3174.447 Separated 

1997 2658.356 3530.418 3358.557 
Separated 

1998 2820.921 3567.501 3504.343 

Separated 

1999 3114.526 3577.107 3532.907 

Separated 

2000 3441.805 3568.556 3605.878 



The other possible way to study the effects of mergers in the railway transport industry is to 

compare the average costs of the railway administrations involved in the merger with the 

average costs of the rest of the railway administrations in the Chinese railway. The average 

cost of Shanghai&Nanchang can be calculated based on the data in column 3 of Table 6-1 

that is called "real total cost". The results are shown in the following Table 6-2. 

Table 6-2 Study the Effect of Merger in Shanghai and Nanchang Through 
the Comparison of Average Cosi s 

Status Year Real AC of 
Shanghai&Nanchang 

Real AC of the rest of 
China railway 

The ratio 

Separated 1978 9.106 10.057 0.905 Separated 
1979 8.911 10.003 0.891 

Separated 

1980 10.270 11.680 0.879 

Separated 

1981 10.258 11.421 0.898 

Separated 

1982 9.960 11.034 0.903 

Separated 

1983 9.609 10.604 0.906 
Merged 1984 9.509 10.446 0.910 Merged 

1985 9.187 9.858 0.932 
Merged 

1986 10.812 10.794 1.002 

Merged 

1987 10.747 10.807 0.994 

Merged 

1988 10.006 10.145 0.986 

Merged 

1989 9.322 9.126 1.022 

Merged 

1990 10.111 10.038 1.007 

Merged 

1991 10.565 10.289 1.027 

Merged 

1992 11.446 11.417 1.002 

Merged 

1993 12.575 12.933 0.972 

Merged 

1994 12.388 13.119 0.944 

Merged 

1995 11.829 12.780 0.926 
Separated 1996 12.613 13.194 0.956 Separated 

1997 12.423 14.631 0.849 
Separated 

1998 12.639 15.328 0.825 

Separated 

1999 12.696 16.248 0.781 

Separated 

2000 13.139 16.545 0.794 
Note: (1) How to get the real AC: for every year when Shanghai and Nanchang separated (i.e., 1978~1983 and 
1996~2000), sum the real total costs of Shanghai railway administration and Nanchang railway administration, 
divide the sum of the real total cost by the sum of total traffic of the same two railway administrations; for every 
year when they merged (i.e., 1984-1995), that is the real AC of the Shanghai railway administration at that 
time. (2) The ratio means the ratio of the real AC of Shanghai&Nanchang to the real AC of the rest. 

To be clear, we draw Figures 6-1 and 6-2 using the data in the above two tables (see 

appendix). 
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Based on data in Table 6-1, we find out that both of the two total cost models can forecast the 

real total cost very accurately for every year in the period of merger. This means that the two 

models can both simulate the operation under merger very well, thus they can be used to 

estimate the real total cost for other years when Shanghai and Nanchang operated separately, 

assuming that Shanghai and Nanchang had merged in these years also. 

On the basis of the data, we can see that the merger would be beneficial for the period 

between 1978 and 1983 because the simple sum of the two real total costs was a little higher 

than the forecasted cost. However, between 1996 and 2000, the merger would be really 

unreasonable. If Shanghai and Nanchang had merged during the period between 1996 and 

2000, the total cost resulting from the merger would have been much higher than the simple 

sum of the separate operations of Shanghai and Nanchang. 

Analysis of the ratio of costs gives us the same conclusion. 

6.4 Studying The Merger Case Of Chengdu And Kunming 

Based of the data from 1986 to 1996, we can establish models for the period when Chengdu 

and Kunming merged. The result is as follows: 

inrealtc = 2.17'61'25 Inrtkm -0.0164953 year + 30.26476 

(0.8974979) (0.0400548) (75.88499) (6-3) 

From these calculations we can estimate the real total cost of Chengdu and Kunming from 

1978 to 2000. The results are in Table 6-3: 
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Table 6-3 The True Value and Estimated Value of Real Total Cost 
for the Chengdu&Kunming Railway Administration 

Status Year Real total cost Forecast by model 6-3 
Separated 1978 549.539 242.391 Separated 

1979 563.718 281.951 
Separated 

1980 659.774 321.211 

Separated 

1981 644.386 310.416 

Separated 

1982 657.355 337.489 

Separated 

1983 699.418 396.440 

Separated 

1984 788.661 552.357 

Separated 

1985 833.16 712.673 
Merged 1986 998.977 828.427 Merged 

1987 1094.908 1057.074 
Merged 

1988 1085.147 1174.365 

Merged 

1989 963.983 1162.664 

Merged 

1990 989.812 1061.409 

Merged 

1991 1056.3 1158.331 

Merged 

1992 1525.206 1388.857 

Merged 

1993 1770.936 1665.938 

Merged 

1994 1833.326 1775.013 

Merged 

1995 1834.868 1815.032 

Merged 

1996 1887.091 1872.548 
Separated 1997 2057.844 2001.905 Separated 

1998 2071.928 1917.424 
Separated 

1999 2242.193 2206.847 

Separated 

2000 2419.15 2491.767 

Similarly, we can get the real AC of Chengdu and Kunming and the real AC of the rest of the 

railway administrations in the Chinese railway. 
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Table 6-4 Studying the Effects of Mergers in Chengdu and Kunming 
Through the Comparison of Average Costs  

Status Year Real A C of 
Chengdu&Kunming 

Real AC of the rest of China 
railway 

The ratio 

Separated 1978 14.897 9.644 1.545 Separated 
1979 14.148 9.608 1.472 

Separated 

1980 15.479 11.257 1.375 

Separated 

1981 15.241 11.032 1.382 

Separated 

1982 14.849 10.666 1.392 

Separated 

1983 14.562 10.241 1.422 

Separated 

1984 13.993 10.100 1.385 

Separated 

1985 13.050 9.569 1.364 
Merged 1986 14.492 10.557 1.373 Merged 

1987 14.093 10.578 1.332 
Merged 

1988 13.208 9.923 1.331 

Merged 

1989 11.699 8.980 1.303 

Merged 

1990 12.431 9.893 1.257 

Merged 

1991 12.648 10.169 1.244 

Merged 

1992 16.674 11.072 1.506 

Merged 

1993 17.674 12.561 1.407 

Merged 

1994 17.637 12.716 1.387 

Merged 

1995 17.340 12.346 1.405 

Merged 

1996 17.447 12.831 1.360 
Separated 1997 18.312 14.085 1.300 Separated 

1998 18.664 14.699 1.270 
Separated 

1999 18.792 15.543 1.209 

Separated 

2000 19.030 15.868 1.199 
Note: The method used to get the data in the above two tables are same as that used for table 6-1 and table 6-2. 

To be clear, we put the data in Table 6-3 into Figure 6-3, and put data in Table 6-4 into 

Figure 6-4 (see appendix). 

The estimated total costs for the years when Chengdu and Kunming merged are very close to 

the real values. Thus we believe that the model 6-3 can simulate the operation under the 

merger of Chengdu and Kunming. And we also believe that the estimated real total cost for 

years when Chengdu and Kunming operated separately but assumed to operate under merger 

could be reliable. Based on the data in Table 6-3, the two railway administrations could have 

benefited from merger because the estimated real total costs are significantly lower than the 

sum of two real total costs. Between 1997 and 2000, the estimated real total costs are either 
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close to or a little bigger than the sum of the two real total costs. This means that merger 

between Chengdu and Kunming will be neutral. 

Based on the ratio of the two ACs in figure 6-4, we can conclude that a merger would have 

been of neutral or of little good to these two railway administrations between 1978 and 1985. 

However, from 1997 to 2000, separate operation gave better result. 

In summary, merger would more likely be effective if the railway administrations are all 

small. However, i f the railway administrations are big, then merger or separation between 

railway administrations would not make a significant difference in performance. 

6.5 Chapter Conclusion 

The two merger cases found in the history of the Chinese railway do not give exactly the 

same results about mergers and productivity. In the Shanghai-Nanchang case, merger appears 

to be have been at first efficiency-enhancing and then later efficiency-decreasing. In the 

Chengdu-Kunming case, the merger appears to have much effect on total costs in the earlier 

years and little effect later. The implication is that either the time periods studied are too 

short to reflect the real effects of the merger; or that there were particular effects present in 

these administrations which led to these results; or that the results in these railways are likely 

to be typical of mergers between other administrations. If the latter is true, then these two 

mergers provide little reason to think that mergers will in general be efficiency-enhancing. 

This corresponds to what we found in the previous chapters and the findings of Keeler (1983) 

on economies of scale. 
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Chapter 7 Conclusion 

This thesis has studied economies of scale in railway transport in China from different 

perspectives. Some clear conclusions can be summarized as follows: 

(1) There are significant scale economies if the traffic volume increases while the size of 

rail track remains the same, provided the traffic volume is still within the maximum 

capacity of the current railway infrastructure. 

(2) Very small economies of scale or constant returns to scale can be found when, in one 

railway administration, the size of the rail track increases at the same speed as the 

traffic volume increases. This is the situation that one would expect from mergers of 

administrations, in which it is unlikely that significant additional demand would be 

created by merger. 

(3) Historical evidence from two mergers of railway administrations suggests that the 

gains from such mergers are not likely to be large. 

This evidence on mergers of administrations therefore suggests that mergers will have little 

effect on total costs. There are certainly important methods for reducing costs - but changes 

in the structure or number of administrations is unlikely to be a very important method of 

cost reduction. One implication of this is that the Ministry of Railways should probably focus 

on issues other than the number and size of administrations. 
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The thesis does have limitations. The methodology used in the study, as well as the data, do 

not conclusively establish that mergers of administrations will not lead to substantial 

efficiencies. It is possible that mergers may lead to cost savings in the long term, which 

might not be shown by the data. Or it is possible that there are cost savings from mergers, but 

that they are simply too small. And cost savings might be realized by mergers, but only if the 

administrations had appropriate profit-maximizing incentives. (Given the current system of 

management, it is not clear that managers of administrations always want to reduce costs.) 

Finally, it must be admitted that that data available are not ideal - it would have been 

desirable to have used more disaggregated data, and to have had more information on prices, 

quality, and costs. 

The thesis suggests some interesting possible extensions. In this study we examined the data 

on railway administrations in China. We have mentioned that most of the railway 

administrations in China have several swò-administrations. The study of scale economies 

may also be carried out on the basis of the data on sub-administrations, which might help to 

determine the optimal size of sub-administrations. 
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Table Appendix: 

Table 3-1 Estimating MC by variable cost 
(RMB Yuan/1000 ton-kms, 1985 value) 

Year Qiqihaer Haerbin Shenyang Jilin Jinzhou Year 
A V C AFC A V C AFC AVC AFC A V C AFC AVC AFC 

1978 5.761 10.396 4.521 7.079 3.052 6.487 6.511 9.179 2.649 5.510 
1979 5.957 10.508 4.690 6.998 3.397 6.201 6.805 8.909 2.785 5.385 
1980 6.405 11.944 4.751 8.515 3.869 7.888 6.499 11.196 3.065 6.523 
1981 5.607 11.753 4.578 8.450 3.731 7.844 6.218 10.936 2.894 6.410 
1982 5.618 10.781 4.759 8.032 3.635 7.300 6.191 10.529 2.891 5.855 
1983 5.453 8.388 3.950 6.526 
1984 5.812 8.128 4.134 6.243 
1985 5.743 7.499 4.253 5.708 
1986 6.046 8.346 4.317 6.544 
1987 5.969 8.428 4.632 6.446 
1988 6.249 7.560 4.806 5.556 
1989 5.568 6.578 4.223 4.804 
1990 5.970 7.102 4.765 5.412 
1991 6.376 7.442 5.031 5.644 
1992 6.896 7.951 5.358 5.894 
1993 9.281 8.593 6.367 5.722 
1994 12.793 6.605 9.386 4.365 
1995 12.287 6.346 9.102 4.426 
1996 11.881 6.824 9.290 5.078 
1997 12.040 7.684 9.696 5.452 
1998 12.506 8.655 10.307 6.011 
1999 7.545 14.926 5.601 11.211 
2000 8.528 15.481 6.128 10.767 

Continued 
Year Huhehaote Taiyuan Lanzhou Urumqi Kunming Year 

A V C AFC A V C AFC AVC AFC A V C AFC A V C AFC 
1978 3.261 6.004 4.147 7.266 5.000 6.683 3.591 10.700 7.164 17.270 
1979 3.381 5.691 4.475 7.153 5.094 6.783 3.688 10.105 6.501 16.255 
1980 3.537 7.820 4.549 8.332 4.829 8.863 5.864 10.805 8.511 15.654 
1981 3.401 7.963 4.809 9.349 4.746 9.095 5.479 11.404 7.595 15.745 
1982 3.246 7.567 4.871 9.046 4.636 8.567 5.080 10.290 7.905 15.092 
1983 3.564 7.011 4.706 7.649 5.044 9.412 8.784 14.453 
1984 3.477 6.673 4.665 7.219 5.574 8.957 8.959 12.992 
1985 3.489 6.283 5.057 6.316 5.026 8.311 9.549 12.075 
1986 3.631 7.183 5.092 7.547 6.353 9.772 
1987 3.653 7.141 4.932 7.315 6.110 10.518 
1988 4.096 6.859 6.077 6.533 6.037 8.937 
1989 3.846 6.094 5.106 5.818 5.587 7.740 
1990 4.421 6.280 5.862 6.299 5.915 8.440 
1991 5.110 6.666 6.244 6.264 6.345 7.308 
1992 6.008 7.105 7.011 7.062 7.792 7.748 
1993 7.228 7.112 8.433 7.246 10.271 7.561 
1994 9.837 4.907 11.150 5.344 12.068 5.981 
1995 9.156 4.849 9.889 4.878 10.588 5.603 
1996 9.748 5.756 10.117 5.884 9.824 6.346 
1997 10.021 6.179 10.806 7.295 11.206 8.911 15.961 12.308 
1998 10.947 6.699 10.902 7.347 11.261 9.250 15.738 11.908 
1999 6.360 12.023 7.402 11.175 9.165 13.820 9.199 15.899 
2000 6.994 11.371 7.536 11.494 9.479 15.074 9.591 14.589 
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Continued 
Year Beijing Zhengzhou Jinan Xi 'An Wuhan Year 

A V C AFC A V C AFC AVC AFC A V C AFC AVC AFC 
1978 2.209 5.702 2.427 5.230 2.538 5.307 3.151 8.887 3.457 6.986 
1979 2.211 5.497 2.469 5.258 2.582 5.326 3.245 9.013 3.469 7.074 
1980 2.770 6.429 2.982 6.209 3.053 6.551 4.029 9.348 4.320 8.601 
1981 2.536 6.533 2.732 6.240 2.980 6.554 3.707 10.246 3.680 8.532 
1982 2.566 6.271 2.657 5.937 3.036 6.261 3.084 10.278 3.913 8.236 
1983 2.889 6.004 3.214 6.010 3.199 5.886 3.093 9.102 
1984 3.167 5.745 3.423 6.277 3.398 5.499 
1985 3.183 5.020 3.908 5.374 3.334 4.879 
1986 3.306 5.618 4.007 6.008 3.400 5.689 
1987 3.677 5.338 4.078 5.727 3.583 5.626 
1988 3.724 4.837 3.823 4.980 3.588 4.731 
1989 3.372 4.618 3.609 4.442 3.181 4.330 
1990 3.661 5.214 3.959 4.732 3.704 4.651 
1991 3.772 5.246 4.102 4.846 3.928 4.823 
1992 4.261 5.479 4.471 5.738 4.216 5.053 
1993 5.422 5.118 5.706 5.645 5.512 5.750 
1994 7.254 3.412 7.361 3.809 7.124 3.520 
1995 7.572 3.795 6.984 3.452 6.800 3.257 
1996 7.847 4.205 6.832 4.021 6.570 3.784 
1997 8.614 4.637 7.589 4.785 8.142 4.765 
1998 8.632 5.185 8.286 5.234 8.059 4.800 
1999 6.036 9.258 5.229 8.621 5.026 8.338 
2000 6.280 9.246 5.323 8.561 5.442 8.008 

Continued 
Year Shanghai Nanchan Guangzhou Chengdu Liuzhou Year 

A V C AFC AVC AFC A V C AFC A V C AFC A V C AFC 
1978 2.484 5.924 4.392 6.640 3.259 6.755 3.650 9.631 3.012 6.289 
1979 2.604 5.720 4.253 6.216 3.107 6.240 3.585 9.079 3.271 6.614 
1980 2.849 6.790 4.299 7.628 3.554 7.558 4.829 9.130 3.812 8.255 
1981 2.718 6.907 4.219 7.705 3.414 7.450 4.535 9.299 3.572 8.076 
1982 2.766 6.565 4.210 7.440 3.639 7.219 4.592 8.885 3.435 7.682 
1983 2.976 6.012 4.318 6.946 3.560 6.578 4.887 8.242 3.599 7.198 
1984 3.558 5.952 3.749 5.708 5.356 7.331 3.916 6.573 
1985 3.788 5.399 3.896 5.278 5.378 6.368 3.953 5.842 
1986 4.261 6.551 3.978 6.169 6.300 8.192 4.210 7.043 
1987 4.230 6.518 4.130 6.089 6.220 7.874 4.353 7.785 
1988 4.317 5.689 4.589 5.431 6.470 6.738 4.532 6.464 
1989 4.165 5.157 4.064 4.910 5.709 5.990 4.391 5.838 
1990 4.403 5.709 4.322 5.917 5.986 6.445 4.982 6.350 
1991 4.587 5.978 4.008 5.541 6.164 6.484 5.622 6.137 
1992 5.155 6.290 4.501 5.898 7.042 9.632 6.121 6.861 
1993 6.588 5.987 6.771 6.979 8.841 8.833 8.220 6.438 
1994 8.171 4.217 7.589 4.321 11.544 6.093 10.159 5.010 
1995 7.668 4.161 7.165 4.265 11.520 5.821 9.955 4.837 
1996 7.830 4.784 7.114 4.576 6.413 4.373 10.750 6.697 10.018 5.770 
1997 8.450 5.259 5.200 4.575 7.422 4.829 10.301 6.444 9.120 6.187 
1998 8.741 5.843 4.855 3.633 7.394 5.455 10.590 6.495 8.736 5.991 
1999 5.600 9.847 3.813 4.575 5.880 8.160 6.778 10.852 6.122 9.620 
2000 6.141 9.885 4.369 4.680 6.126 8.247 6.777 11.215 6.262 9.225 
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Table 4-2 ADF test results from Stata 
Administration/ Variable Statistic without trend Statistic with trend 
Corporation 
Haerbin Lnrealtc -2.769 -2.524 

Lnrtkm -2.389 -0.948 
Lnlgth2 -1.766 -1.433 
Lntkmlg2 -2.128 -1.043 
Lnpkm -2.430 -1.223 
Lnftkm -2.294 -0.971 
Lnpkmfkm -2.338 -0.988 
Lnpkmlg2 -2.281 -1.176 
Lnfkmlg2 -2.086 -1.059 

Shengyang Lnrealtc -2.811 -2.326 
Lnrtkm -1.979 -1.285 
Lnlgth2 -1.942 -1.627 
Lntkmlg2 -1.934 -1.382 
Lnpkm -2.040 -1.348 
Lnftkm -1.955 -1.289 
lnpkmfkm -1.953 -1.271 
Lnpkmlg2 -1.970 -1.382 
Lnfkmlg2 -1.925 -1.381 

Beijing Lnrealtc -2.814 -3.372 
Lnrtkm -3.487 -0.762 
Lnlgth2 -2.340 -1.374 
Lntkmlg2 -3.260 -0.786 
Lnpkm -2.461 -1.486 
Lnftkm -3.478 -0.486 
mpkmfkm -2.621 -1.188 
Lnpkmlg2 -2.534 -1.406 
Lnfkmlg2 -3.239 -0.600 

Huhehaote Lnrealtc -1.639 -3.811 
Lnrtkm -0.351 -2.102 
Lnlgth2 -0.162 -1.637 
Lntkmlg2 -0.102 -2.096 
Lnpkm -1.941 -1.679 
Lnftkm -0.153 -2.557 
mpkmfkm -1.318 -1.621 
Lnpkmlg2 -1.815 -1.673 
Lnfkmlg2 0.099 -2.637 

Zhengzhou Lnrealtc -2.888 -2.155 
Lnrtkm -2.204 -0.432 
Lnlgth2 -1.817 -1.271 
Lntkmlg2 -1.999 -0.711 
Lnpkm -2.220 -1.184 
Lnftkm -2.169 -0.173 
lnpkmfkm -2.068 -0.786 
Lnpkmlg2 -2.031 -1.157 
Lnfkmlg2 -2.002 -0.551 
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Continued: 
Administration/ Variable Statistic without trend Statistic with trend 
Corporation 
Jinan Lnrealtc -2.265 -3.693 

Lnrtkm -1.633 -0.651 
Lnlgth2 -0.985 -1.861 
Lntkmlg2 -1.525 -0.828 
Lnpkm -2.502 -1.489 
Lnftkm -1.209 -0.670 
lnpkmfkm -1.810 -1.100 
Lnpkmlg2 -2.347 -1.483 
Lnfkmlg2 -1.130 -0.860 

Shanghai Lnrealtc -2.730 -2.436 
Lnrtkm -1.972 -0.838 
Lnlgth2 -1.694 -1.131 
Lntkmlg2 -1.796 -0.899 
Lnpkm -2.528 -1.362 
Lnftkm -1.796 -0.621 
lnpkmfkm -2.083 -1.024 
Lnpkmlg2 -2.197 -1.183 
Lnfkmlg2 -1.700 -0.783 

Guangzhou Lnrealtc -2.052 -2.965 
Lnrtkm -2.189 0.146 
Lnlgth2 -0.898 -1.708 
Lntkmlg2 -2.053 0.143 
Lnpkm -2.241 -1.837 
Lnftkm -2.100 0.839 
lnpkmfkm -2.087 -0.502 
Lnpkmlg2 -2.020 -1.711 
Lnfkmlg2 -2.080 0.804 

Liuzhou Lnrealtc -1.691 -3.176 
Lnrtkm 0.113 -1.982 
Lnlgth2 0.692 -0.699 
Lntkmlg2 0.668 -2.245 
Lnpkm -2.346 -2.025 
Lnftkm 0.804 -2.790 
lnpkmfkm -1.183 -1.935 
Lnpkmlg2 -2.136 -2.220 
Lnfkmlg2 1.350 -2.605 

Chengdu Lnrealtc -2.062 -2.203 
Lnrtkm -1.997 -0.455 
Lnlgth2 -1.605 -1.214 
Lntkmlg2 -1.771 -0.631 
Lnpkm -2.465 -1.431 
Lnftkm -1.698 -0.355 
lnpkmfkm -1.937 -0.899 
Lnpkmlg2 -2.370 -1.169 
Lnfkmlg2 -1.596 -0.594 
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Continued: 
Administration/ Variable Statistic without trend Statistic with trend 
Corporation 
Lanzhou Lnrealtc -0.763 -3.865 

Lnrtkm 0.307 -1.804 
Lnlgth2 -0.680 -1.935 
Lntkmlg2 0.288 -1.999 
Lnpkm -1.493 -1.921 
Lnftkm 0.530 -2.342 
lnpkmfkm -0.189 -1.492 
Lnpkmlg2 -1.287 -1.837 
Lnfkmlg2 0.491 -2.527 

Urumqi Lnrealtc -0.321 -2.515 
Lnrtkm 0.535 -2.794 
Lnlgth2 0.418 -1.524 
Lntkmlg2 1.282 -1.759 
Lnpkm -0.931 -2.456 
Lnftkm 0.634 -3.222 
lnpkmfkm 1.234 -1.205 
Lnpkmlg2 -0.148 -1.922 
Lnfkmlg2 1.211 -2.291 

Note: 1. The critical values without trend: 1% -3.750, 5% -3.000, 10% -2.630 
2. The critical values with trend: 1% -4.380, 5% -3.600, 10% -3.240 

Table 5-4 the Complete Report of Fixed Effect Models With Time Dummy Variables 
Ln(real total cost) The coefficients of model Ln(real total cost) 

FE-(5) FE-(6) FE-(7) FE-(8) 
Ln(total traffic volume in ton-kms) 0.52 

(0.056)* 
0.57 
(0.092)* 

Ln(length of rail track in kms) 0.48 
(0.048)* 

0.52 
(0.074)* 

0.47 
(0.048)* 

0.22 
(0.152) 

Ln(passenger-kms) 0.21 
(0.048)* 

2.08 
(0.328)* 

Ln(freight ton-kms) 0.33 
(0.059)* 

-1.43 
(0.362)* 

Ln( total traffic volume in ton-
kms) *Ln(length of rail track in kms) 

-0.01 
(0.010) 

Ln(passenger-kms)*Ln(length of rail 
track in kms) 

-0.24 
(0.044)* 

Ln(freight ton-kms) *Ln(length of rail 
track in kms) 

0.22 
(0.046)* 

Ln(passenger-kms)*Ln(freight ton-
kms) 

0.02 
(0.024) 

Year 0.06 
(0.003)* 

0.06 
(0.003)* 

0.05 
(0.003)* 

0.05 
(0.003)* 

_cons -111.73 
(5.274)* 

-112.62 
(5.396)* 

-105.23 
(5.856)* 

-100.05 
(6.552)* 
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Continued: 
Ln(real total cost) The coefficients of model Ln(real total cost) 

FE-(5) FE-(6) FE-(7) FE-(8) 
time78 Dropped Dropped Dropped Dropped 
time79 -0.01 

(0.026) 
-0.01 
(0.026) 

-0.21 
(0.026) 

-0.03 
(0.025) 

time80 0.55 
(0.025)* 

0.55 
(0.025)* 

0.53 
(0.026)* 

0.52 
(0.026)* 

time81 0.47 
(0.025)* 

0.47 
(0.025)* 

0.45 
(0.026)* 

0.44 
(0.026)* 

time82 0.41 
(0.025)* 

0.41 
(0.025)* 

0.39 
(0.026)* 

0.37 
(0.026)* 

time 8 3 0.33 
(0.027)* 

0.33 
(0.027)* 

0.31 
(0.028)* 

0.29 
(0.029)* 

time84 0.26 
(0.028)* 

0.26 
(0.028)* 

0.23 
(0.030)* 

0.22 
(0.032)* 

time85 0.21 
(0.028)* 

0.21 
(0.029)* 

0.17 
(0.032)* 

0.16 
(0.034)* 

time86 0.29 
(0.030)* 

0.29 
(0.030)* 

0.25 
(0.033)* 

0.23 
(0.034)* 

time87 0.27 
(0.030)* 

0.27 
(0.030)* 

0.23 
(0.033)* 

0.21 
(0.034)* 

time88 0.18 
(0.030)* 

0.18 
(0.031)* 

0.13 
(0.035)* 

0.12 
(0.036)* 

time89 0.02 
(0.030) 

0.02 
(0.030) 

-0.01 
(0.032) 

-0.03 
(0.032) 

time90 0.05 
(0.029) 

0.05 
(0.029) 

0.04 
(0.029) 

-0.00 
(0.029) 

time91 0.04 
(0.029) 

0.04 
(0.030) 

0.02 
(0.029) 

-0.01 
(0.029) 

time92 0.11 
(0.030)* 

0.12 
(0.030)* 

0.10 
(0.030)* 

0.07 
(0.030)* 

time93 0.21 
(0.030)* 

0.21 
(0.031)* 

0.19 
(0.031)* 

0.17 
(0.030)* 

time94 0.18 
(0.031)* 

0.18 
(0.031)* 

0.17 
(0.031)* 

0.14 
(0.030)* 

time95 0.07 
(0.031)* 

0.07 
(0.031)* 

0.07 
(0.030)* 

0.03 
(0.030) 

time96 0.02 
(0.029) 

0.02 
(0.029) 

0.02 
(0.029) 

-0.02 
(0.029) 

time97 0.05 
(0.029) 

0.05 
(0.029) 

0.05 
(0.029) 

0.02 
(0.028) 

time98 0.01 
(0.030) 

0.01 
(0.030) 

0.01 
(0.030) 

-0.00 
(0.028) 

time99 0.00 
(0.031) 

0.00 
(0.031) 

0.00 
(0.030) 

-0.00 
(0.029) 
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Figure appendix: 

Figure 2-1: Traffic Volume and Average Cost: All of the Railway Administrations 1978-2000 
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Figure 2-2: Traffic Volume and Average Cost: Administrations With Small Traffic 
Volume 
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Figure 2-3: Traffic Volume and Average Cost: Administrations With Medium Traffic 
Volume 
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Figure 2-4: Traffic Volume and Average Cost: Administrations With Larger Traffic 
Volume 
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Figure 2-5A: Traffic Volume and Average Cost: The effect of merging and 
separating 
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Figure 2-5B: Traffic Volume and Average Cost: The effect of merging and separating 
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Figur 2-6: Traffic Volume and Average Cost: All of the Railway 
Administrations: 1978-1982 
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Figure 2-7: Traffic Volume and Average Cost: Railway Administrations 
That Never Merge or Separate 
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Figure 6-1 : the Effect of merger between Shanghai and Nanchang 
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Figure 6-2: The ratio of AC for Shanghai and Nanchang to the AC of the rest of 
the Chinese railway System 
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Figure 6-3 the Effect of Merger Between Chengdu and Kunming 
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Figure 6-4: The Ratio of AC of Chengdu and Kunmint to the AC of the Rest 
of the Chinese railway System 
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