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Figure 2 1 Intermodal and multimodal
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The so-called ‘high value’ industrial and consumer freight is more logistically demanding than bulk freight. In 
most circumstances it exhibits a lower net/tare ratio than bulk freight (the significance of which is highlighted 
in Section 3.3) and so is more costly for railways to carry. So, although market tariffs for industrial and 
consumer freights are much higher than for bulk and semi-bulk products, their unit contribution to rail freight 
profit margins is rarely so. The challenge to rail technology is also increased by the fact that these are traffics 
where universal door-to-door availability, service frequency and delivery times are usually more crucial to 
freight customers. Railways are rarely available to deliver transport traffic door-to-door between its disparate 
and scattered origins and destinations without transshipment. The combination of traffic transshipment time 
(to interface with pick-up and/or delivery modes), train assembly time plus lower train speeds typically 
produce a distinct disadvantage in delivery time of general freight compared to road haulage Moreover, many 
general traffic routes offer traffic managers an unenviable choice between running low-cost large trains but at 
unattractively low service frequency for customers, or running at an attractive service interval but with short, 
high-cost trains.  

The challenges of general freight can be met on the busiest routes (where sufficient traffic can be won by rail 
freight companies to be able to offer the required service frequency) and over sufficiently long distances 
(where transshipment costs and transfer times become a smaller proportion of the totals). Arguably, the 
railways of North America have been most successful in serving these markets aided by a very many long-
distance transport corridors of relatively dense freight flows. But exclusively general freight corridors, which 
have sufficient volume of and distance to permit railways to be low-cost carrier while still contributing to 
recovery of infrastructure costs, are a minority of route-km on most national railway networks, and in some 
countries hardly exist at all.  

Yet new market niches for rail freight do emerge. Rapid containerization over the last thirty years has given 
railways the opportunity to carry general freight much more economically.  In effect, international 
containerization has transformed what was a more diffuse, non-bulk general freight transport market, into a 
bulk-market for transport of boxes usually concentrated on busy routes between major ports and distribution 
hubs in industrial cities. This market has thereby become better matched to the physical capabilities of 
railways. Many railways have successfully won a good share of such markets and others have the potential to 
do so. But it doesn’t just happen. The requirements for success in intermodal traffic markets are described in 
section 3.8.  

3.3 MEASURE COSTS AND MONITOR MARGINS 

To become and maintain status of low cost carrier, and make returns, rail freight providers need to 
understand their cost structure and what it costs to serve different customers. This Paper is not the place to 
present a detailed account of railway costing and a glossary is given that outlines some useful sources. But an 
understanding of the main cost drivers is important to understand how rail can attain comparative cost 
advantage over road transport, and an outline guide to rail freight costs is given in Annex B.   

The analysis in Annex B demonstrates the substantial ‘economies of scope’ in rail infrastructure costs, through 
which marginal costs of rail infrastructure are typically only a fraction of average costs. This signals the 
importance of carrying high volumes of traffic to the ability of public railway lines to recover their costs.  
Annex B also notes the nearly proportionate relationship between train operating costs and traffic levels for a 
given train operating strategy and technology level, which implies the importance not only of short-term 
adjustments of resources to demand, but continuously seeking long-term management and technological 
efficiency improvements to pull the whole cost curve down (examples are given in subsequent sections). 
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Finally, Annex B notes that corporate overheads are often comparatively high in public railways. But 
managements that decentralize decision-making to business units, control finances and budgets, seek 
opportunities to competitively outsource corporate services, and run a ‘leaner’ ship, can dramatically reduce 
corporate overheads. There is little evidence of inherent economies of scale in rail organizational size. 

Railway managers can seek commercial advantage by attaining the most efficient base cost levels in all its cost 
categories, which allows customers to be offered specific services at attractive tariffs, and by exploiting the 
economies of traffic density to attract additional traffic at low incremental cost. However, to do this they need 
activity-based management accounting tools encompassing the variable costs of infrastructure, train 
operations and corporate administration. Such tools allow them to assess, to a reasonable level of 
approximation, the incremental or avoidable costs of different market segments, and to make this assessment 
against both short and long-run time horizons.  This process is sometimes called traffic costing. The revenue 
from each traffic segment can then be compared with key thresholds: first, with train operating costs, then 
with both train operating and rail infrastructure costs, and finally with fully allocated costs (including 
corporate overheads). This process is sometimes called financial contribution analysis. 

Traffic costing models and financial contribution analysis can help railway business managers to decide which 
markets to target and which to avoid. And through the cost breakdowns they provide, they can inform 
operating managers how they might cut costs to increase the margin of a viable segment or to convert a non-
viable segment to one which at least returns its train operating costs.  

Many rail freight managers in developing countries have only the most superficial ways of undertaking service 
and traffic costing, and to measure the financial contribution margins of different traffics.  Many have none at 
all. Even those that have management accounting capability often confine its use to Finance Department 
functions, rather than use it as a tool of business management. But the root cause is not lack of costing models 
or expertise to operate them.  As with marketing information (and other management information systems) 
the value of traffic costing information is ultimately determined by its users not by its generators. If rail freight 
is not structured as a business and incentivized to act like one, then its senior managers will have little interest 
in business information.  Yet without this information they cannot actively plan the business even if they 
wanted to, but can only project future performance on the basis of either broad past trends and/or wishful 
thinking. 

3.4 PRICE TO MARKET 

While cost knowledge helps to target markets and set price floors, it is competition not costs that should 
mainly determine rail freight pricing strategies. As was indicated in Section 3.3 and Annex B, most railway 
infrastructure costs are fixed (in relation to individual traffic movement) within the period of most rail freight 
contracts. Expressed in economic terms these costs are joint between customers 7

As a result, except in a few situations

, so any allocation of them 
to individual customers is for the most part technically arbitrary.   

8

                                                                 

7 Technically these cost include a mixture of genuinely joint costs which do not vary with traffic level, plus common costs that may vary 
with overall scale of traffic in the long-run, but which are not realistically incremental with or avoidable to any specific traffic contract.   

, there is no unambiguous answer to the question of what a particular 
freight segment costs and the prescription sometimes given that railway freight rates should be based on 

8 An exception is where there is an overwhelmingly dominant customer or traffic that is ‘prime-user’ where it is reasonable to justify the 
existence of the line, and hence its fixed costs, to that user. 
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costs is, unless more precisely qualified, meaningless. As long ago as 1905, railway economist Sir William 
Acworth observed: 

‘Volumes have been written to show that railway rates ought to be based on the costs of carriage…such a 
basis is impossible, as no one knows, or can know, what the cost of carriage is. Cost of carriage of a 
particular item may mean the additional cost of carrying that item; this is normally so small as to be 
negligible. It may mean the additional cost plus a fair share of the standing costs of the organization... an 
arbitrarily estimated proportion of a sum that can only be ascertained very roughly.’ 

The basic principles of commercially efficient rail freight tariff setting are well-established 9.  Unless there are 
special circumstances, such as the need to nurture an infant traffic, the rate set should be the highest that the 
market will bear taking account of the price charged by an actual or potentially competing alternative.  This 
rate should at least return the avoidable or incremental cost of carrying the traffic 10

By contrast, average cost pricing

 in question (the price 
floor) over the period within which it is anticipated it will be carried.  

11

Many railways in developing countries do not exploit the economics of railways to price market segments 
differentially and to manage overall revenue yields more effectively. Sometimes this is their own choice, 
preferring standard and sometimes crude rating schedules to entering into the sort of market engagement 
and contract negotiations that market pricing would entail. But sometimes the absence of market-pricing is 
because governments are reluctant to bestow the necessary pricing freedoms, despite the fact that more 
flexibility in pricing in markets where railways do not have market power could help to optimize use of 
capacity, assist in attracting new customers to railways so creating community benefits, and generate 
additional contribution to the recovery of public infrastructure costs. Some reasons for government 
restrictions on freight pricing, and the problems that it can create, are set out in Section 4. 

 in rail freight in which fixed costs are spread on some ‘fair’ basis over all 
traffic will lead to the discouragement of some traffic that would otherwise make a positive contribution to 
the recovery of fixed costs.  And such discouragement will result in less traffic overall and so higher fixed cost 
burden for the remaining traffic.  In (exceptional) cases where the railway does have significant market power 
the `market' may be a regulatory body. This should not change a freight railway provider’s general market-
based pricing philosophy, (except that railway will typically then try to allocate as many costs as possible and 
the regulatory body will ultimately decide how much of these ‘it can bear’).  

3.5 TREAT INFRASTRUCTURE AS BUSINESS ASSETS, NOT AS BALLAST 

Long-term technology choices, investment and maintenance policies for rail infrastructure are critical to the 
underlying competitiveness of railways. All railways face situations in which non-investment capital must be 
spent for personnel, safety or environmental reasons. Yet experience tells that there is considerable other 
capital expenditure on railway infrastructure that is also not ‘investment’ in the normal sense of having a clear 
rationale or commercial return. Instead of putting money where the market is, or where cost savings may be 
greatest, infrastructure spending too often contains a deal of metaphorical ‘ballast’, weighing down on the 

                                                                 

9 And they coincide approximately with the economically optimum approach known as Ramsey pricing, which refers to marginal rather 
than avoidable or incremental costs. 
10 avoidable cost for an existing traffic, incremental cost for a new traffic. 
11 Also known as fully distributed or fully allocated cost pricing. 
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business, responding to technical aspirations or untested commercial judgment without any serious 
assessment of likely market impact or cost saving.  

Most of the decisions to be made about infrastructure investment are of course about renewing or upgrading 
an existing infrastructure.  Most of the world’s railway lines have already been around a long time and 
managers are rarely starting from a blank sheet. The original alignments were often driven by passenger 
service or by freight of kinds that has been consigned to economic history by industrial change. The corridors 
they created may or may not now contain promising freight markets; and both their horizontal and vertical 
alignment and the current needs of passenger service may affect the options for improvement.  Even so, 
assuming that promising rail freight markets do exist, investment choices in infrastructure can substantially 
determine the extent to which they can be realistically be attracted to rail.  

Typical infrastructure upgrading choices faced by rail 
infrastructure managers relate to number of tracks, 
source of motive power, maximum train speed, length 
of crossing loops, weight of rail, rail connections, 
loading gauge, method of train control, methods of 
maintenance Choices made in all these areas can 
enhance or limit the comparative advantage of 
railways, as summarized in Table 3.2. 

Clearly, specific projects to upgrade railway 
infrastructure need to be justified in the context of 
local markets and economic conditions. Infrastructure enhancements that reduce costs can always be 
translated into value for customers or higher returns for the provider.  But creation of more capacity is only 
valuable if there are growth markets available to use it. Similarly, train performance improvements are only 
useful to customers who value that performance. 

The most transforming investments for freight railways are those that simultaneously deliver cost savings, 
capacity that can be sold and service improvements that can attract new rail freight markets. In Section 5.2, 
the China case-study is an example of how combined improvements have not only nearly doubled overall 
network capacity since 1990 but also delivered improvements in train operating performance and economics.  
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Table 3-2:  Some potential impacts of railway infrastructure on competitive advantage 

 

Feature 
 

Potential Impact 

Track duplication Increases the capacity of a rail route by a factor of about 4X. Typically also improves transit 
times, reliability and train utilization by reducing potential traffic conflicts and creating 
system ‘redundancy’ to handle such situations. 

Motive power source Electrification typically allows higher operating performance (e.g. speed and higher freight 
loads/Kw motive power) particularly in hilly territory reduces locomotive maintenance costs 
and may save energy costs (depending upon long-term costs of diesel fuel vs. electricity and 
locomotive efficiency improvements).   

Length of sidings Longer siding length (and crossing-loop length on single track lines) increases the maximum 
freight train length in normal operations. 

Max. train speed Higher maximum train speeds may create service value for more time-sensitive traffics on 
longer routes, though for most natural rail traffics commercial speeds of 30-50km/h are 
often perfectly adequate for markets. 

Weight of rail Weight of rail increases track life but, in particular, can allow higher axle-loads, allowing 
freight wagons to be used with both higher capacity, and higher net/tare ratio. 

Rail connections Continuous welding of rail can reduce track maintenance costs (and increase wheel life). 
Loading gauge Wider loading gauge can handle wagons with better volumetric, and higher gauge can allow 

double stacking of containers (though is more costly to attain where the loading gauge is 
constrained by electric catenary. 

Mode of train control Automatic block signaling can add 15-25 percent capacity to double-track line.  On low 
density freight lines, use of train radio (GSM-R) for train control can reduce train control 
costs to much lower levels than conventional signaling. 

Maintenance Mechanized maintenance techniques such as automated track lining and leveling, ballast 
cleaning, rail grinding and others can substantially improve rail performance and increase 
track life. 

 

3.6 HAUL MORE FREIGHT WITH LESS METAL 

Well-loaded trains of high net/tare weight, operated with well-utilized rollingstock deliver the most 
competitive train operating costs. Improvements in the mechanical and electronic control elements of 
locomotives over the past thirty years has led to big performance gains in many areas: tractive efficiency 
(haulage capability relative to power rating); energy efficiency (fuel or electrical energy/gross tonne-km); 
availability (proportion of fleet available for service at any one time); reliability (distance traveled between 
breakdown); maintainability (maintenance intervals compared to utilization); and environmental performance 
(e.g. emissions standards). All these improvements can deliver potential cost savings.  But they mean that 
modern locomotives are sophisticated and expensive capital assets, high utilization of which in moving freight 
is needed to convert advances in technology into market advantage.  

Wagon technology has likewise advanced in areas such as; loading/unloading times (through design 
characteristics); carrying capacity (through bigger wagons and/or higher axle loads); better bogies (that permit 
faster speeds and fewer derailments); and better braking systems and draw-gear (that allow longer trains). 
There has also been an extensive R&D effort by wagon manufacturers to allow production of specialized 
rollingstock for specific traffics and even for individual freight customers. Just a few examples include high 
capacity motorcar carriers, ‘well’ wagons that allow double-stacking of containers, pneumatic discharge 
wagons for cement; road-railer wagons that can be hauled on rails or on highways; pressurized wagons for 
LNG; and scores of others.  The effort is driven by the need to adapt railway technology to specific market 
segments. 
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While rail freight train managers will need increasingly to match train types and service characteristics to the 
markets offering, they will need to do so against the primacy of maintaining transport cost advantage. In train 
operations, the most effective ways of pursuing cost advantage are to maximize both the utilization of 
rollingstock (net tonne-kms hauled day per loco and per wagon) to avoid unnecessary capital acquisition costs, 
and to increase the ratio of net freight tonne-kms/tare tonne-kms hauled. As explained in Annex B, train 
operating costs vary, to a first order of approximation, with one or both of these two performance indicators. 
Indeed, most of the proportion of infrastructure costs that does vary with traffic, varies with gross tonne-kms 
over the line. So a higher ratio of freight tonne-kms /tare tonne-kms means more revenue tonnes carried 
relative to the incremental cost of providing both trains and infrastructure.  

Increasing the net/tare 
ratio is partly a matter of 
minimizing dead running 
and empty return of 
wagons and partly an issue 
of axle loadings.  Axle-
loads are an area of close 
interaction of train 
operations with 
infrastructure.  Increasing 
the weight of rail and 
strengthening track 
formation and engineering 
structures are required to 
increase the wagon 
load/axle. Figure 3.1 for 
example shows the 

evolution of axle loadings and corresponding net/tare in the United States since about 1950. Put simply (and 
approximately), compared to the 1950’s the increase in net/tare on certain operations means that a given cost 
of hauling metal will deliver nearly 50 percent more haulage of freight. The Case studies described in Section 5 
show how more recently both India and China have also adopted higher axle-loading as a key part of their rail 
freight development strategies. 

3.7 DOWNSIZE AND UPSKILL 

Modern rail freight companies are much less labor intensive than in the past, but some are still seriously 
overstaffed, undermining the potential role of rail freight.  There are many functions in which labor 
requirements have declined substantially over the last few decades and some examples are summarized in 
Table 3.3.  As a result a modern efficient freight rail operation needs only a fraction of the staff numbers that 
were needed in the past to handle a given level of traffic. There have been major reductions in labor levels in 
many railways (for example in the Bank’s ECA region alone, railway employment has reduced by over 1.5 
million since 1990). 

Labor productivity varies greatly between railways in different parts if the world.  Part of the differences is due 
to the level of traffic, recognizing the economies are gained when traffic density is high. Part is due to 
differences in traffic mix; passenger and general freight traffic is much more labor intensive than bulk freight.  

Figure 3-1: Evolution of wagon tons/axle and overall net/tare ratio, US railways 
since 1950s 
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And part of the differences arises from the quality and quantity of capital invested.  But even after allowing for 
these factors, some railway organizations remain heavily overstaffed in all areas (infrastructure, freight and 
passenger services).  

Table 3-3 Impact of technology and management measures on employment levels 

 

Changes 
 

Impact on employment 

Mechanized track maintenance Requires fewer and smaller maintenance gangs for track and other 
infrastructure. 

Automatic and centralized signaling 
 

Replaces large numbers of individually staffed signal-boxes. 

Shift of LCL traffic to road  
 

Reduces need for loading, unloading and transshipment staff. 

Containerization of freight  Underpins mechanization of freight handling and reduces need for 
loading, unloading and transshipment staff. 

Point-to-point unit and block train operating 
strategies  

Cuts out need for many small sidings and stations and intermediate 
marshalling yards, reducing staff requirement. 

New locomotive and wagon technologies Need more sophisticated maintenance resources but with fewer people 
working in fewer depots and workshops.  

Higher loco utilization, bigger trains, better 
communications  

Requires fewer crews and smaller crew sizes required per train and per 
traffic unit. 

Automated customer billing systems Cuts out the need for large numbers of freight accounting clerks at 
stations and sidings. 

Competitive outsourcing of non-core 
competences 

Reduces in-house staff and their overhead requirements while cutting 
costs through competitive procurement strategies 

 

Overstaffing is usually due to political or institutional constraints rather than because of management neglect. 
But labor costs typically account for 40-50 percent of total railway operating costs, so whatever the reasons 
for it, overstaffing is clearly something that will inevitably undermine the competitiveness and long-term 
development of railway freight. 

Trade Union resistance to changes that are threatening their members is one reason why overstaffing endures 
in many railways. The railway industry is a comparatively old industry in which trade unionism has a long and 
proud history. Because of the many technical specializations involved it has also often been characterized by a 
multiplicity of craft unions (or branches of unions) so that downsizing is not only a threat to members but also 
to viable membership levels at craft or branch level, on which union finances and influence may depend.  It is 
reasonable that those who pay the short-term price of change should look to sharing in its benefits, but often 
the expectation of union resistance leads not to the adoption of ‘fair’ change, with reasonable compensation 
to those displaced, but avoidance of change. This is especially so when political power aligns with union power 
to send a ‘hands-off’ message to management on matters of labor restructuring. 

Overstaffing usually also leads to insufficient investment in human resources. The skills mix of an efficient 
modern rail freight provider is richer than in the past, requiring train crews who can minimize energy and 
maintenance costs through driving techniques, terminal staff who can drive modern materials handling 
equipment, train and traffic controllers who can use sophisticated IT systems, marketing staff who can 
manage client relations and not just waybills, and so on. Rail freight providers that are heavily overstaffed 
invariably lack either incentives or corporate culture to deepen and widen individual skills.  
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