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0. Executive summary
Background and objectives.
The recent White Paper of the EC on the revision of the Common Transport Policy 1
devotes a special attention to intermodal freight transport services. In its section:
“Linking up the modes of transport”, the White Paper advocates a number of technical,
economic and organisational innovations that directly aim at increasing the
attractiveness of intermodal solutions. On the other hand, and no less importantly, many
other measures and actions proposed by the White Paper, although they do not target
intermodal freight transport as such, are immediately relevant to the general objective of
promoting intermodality. Specifically: the revitalisation of European railways (through
radical increases in efficiency and the eventual establishment of a dedicated freight
network), the introduction of an adequate system of transport infrastructure charging,
the generalised improvement of the quality of transport services, are all fundamental
prerequisites to achieve a higher degree of competitiveness in the intermodal freight
sector.
RECORDIT addresses those policy needs in a comprehensive way. It is based on the
recognition that, in Europe, the current intermodal market is characterised and
constrained by an insufficient knowledge of the mechanisms of cost and price
formation. Increasing the transparency of those mechanisms will stimulate fair
competition, and, as a result, raise efficiency levels and improve the quality of service,
while contributing to increase the sustainability of the transport sector, social welfare
and quality of life.
The RECORDIT contribution is twofold: on the one hand, it identifies priority areas
where intermodal costs could be reduced through a better organisation of services and a
more effective and systematic use of efficient technologies; on the other, it supports the
pricing reform currently in preparation, whereby users are expected to pay for the full
costs arising from the production of the transport services, through the incorporation in
prices of the so-called negative externalities generated by those services (environmental
damages, congestion costs, accident risks, etc.). An equitable pricing system will in turn
allow to redress current market distortions, particularly across modes.
Overall approach.
Shedding light on the cost and price formation mechanisms requires, as a starting point,
the availability of an agreed set of rules to consistently assess the wide variety of cost
factors involved. The first task of RECORDIT has therefore been to establish a fullfledged, original accounting framework for intermodal freight transport, where both
internal costs (those faced by the various operators for the production of the service),
and external costs (those currently borne by society at large) are described. The
approach is based on a highly detailed representation of the sequence of activities that
are carried out for the production of the door-to-door transport services (load and
unload, transhipments and marshalling, pre and post haulage, main haulage by road,
rail, inland waterways or short-sea-shipping). Each such activity involves one or more
operator (shippers and consignees, modal hauliers, terminal operators, forwarders,
1

European Commission, 2001
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integrators). RECORDIT has reviewed this entire process at the maximum possible
disaggregation level, and mapped all cost factors associated to each step, resulting in
over 800 individual cost items, all of which are described in the RECORDIT accounting
framework, together with their units of measure and the methods to appraise the
corresponding values. For what concerns externalities, RECORDIT has adopted the
damage cost approach, based on the Impact Pathway methodology, which starts from
the technical characteristics of the activity (technology and type of vehicle, load factor,
corridor length), then calculates the so-called “burdens” associated to the activity (i.e.
emissions of pollutants, emissions of noise, frequency of accidents), then models the
physical impact of these burdens on human health, crops, materials, etc., and finally
estimates the monetary value of these damages (through market values when available,
as for e.g. crops and materials, or through Willingness-To-Pay values otherwise). This
process - which, as described, is strictly bottom-up - has been originally devised and
experimented in the ExternE project, and has since been used and validated in several
other projects and case studies (e.g. QUITS, UNITE); although uncertainties still
remain, it is generally considered to be accurate.
RECORDIT has then proceeded to the calculation of the entire range of costs for three
trans-European, door-to-door corridors (corresponding to a cumulated length of over
9000 km, across 16 European countries, including both Member and Accession States).
This has allowed a testing of the effectiveness of the accounting framework and, more
importantly, to evaluate the actual costs along these major corridors. Both the
intermodal solutions and their all-road, competing alternatives are analysed. The result
is a database of costs, internal and external, which, although limited to the three
RECORDIT routes, provides basic, fundamental insights at the European level as a
whole.
Based on this extensive data set, and on the assessment of taxes and charges currently
paid, RECORDIT has then carried out systematic comparisons of costs: across
corridors, between intermodal and all-road options, between real costs and prices paid,
and between external costs and taxes and charges.
This has in turn allowed the identification of those cost items (cost drivers) that play a
major role in determining the performance of intermodal services, thereby leading to
recommendations on priority actions to reduce those costs. In parallel, the pricing
relevance of results has been analysed, through the appraisal of the potential impacts of
internalisation.
A major development of RECORDIT is the implementation of a Decision Support
System (DSS). The DSS is an interactive software allowing one to estimate the costs
(internal and external) of freight transport services along any intermodal or all-road
corridor. It incorporates the basic data set of the three RECORDIT corridors, from
which unit costs and parameters are drawn for extrapolation purposes. The DSS further
allows one to simulate the impact on costs of policies and actions, by mapping those
against the cost drivers on which they act. A number of simulations have been carried
out to estimate the potential impact of policies and actions advocated in the White
Paper.
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Corridor results.
The three corridors analysed are:
The freight freeway between Patras - Brindisi - Milano - Munich - Hamburg and
Gothenburg;
The tri-modal transport chain between Genova - Basel - Rotterdam and Manchester;
The door-to-door intermodal chain along the corridor Barcelona - Lyon - Torino Verona - Budapest and Warsaw.
Total internal costs for the movement of a “Class A container” (including taxes and
charges) are summarised in the table below:
Corridor
Genova-Manchester
Patreas-Gothenburg
Barcelona-Warsaw

€/movement
2315
3970
3350

Intermodal
Length (km)
2134
4128
3270

€/km
1.08
0.96
1.02

€/movement
2836
4894
3448

All-road
Length (km)
1912
3599
2735

€/km
1.48
1.36
1.26

The intermodal option is consistently cheaper than the all-road alternative, despite being
longer. Its competitiveness is however severely undermined by the poor performance of
intermodal transport in terms of trip duration, which is between 70% (PatrasGothenburg) and 400% (Genova-Manchester) longer than for all-road.
A similar comparison for marginal external costs confirms the better performance of
intermodal transport, as illustrated below:
Genova-Manchester

Barcelona-Warsaw

500

1000

400

800

300

600

€

€

200

400

100

200

0
Intermodal

0

Road

Intermodal

Road

Patras-Gothenburg
1200
1000

Up and Downstream
Electricity Production
Congestion
Noise
Global Warming
Accidents
Air Pollution

800
€

600
400
200
0
Intermodal

Road
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These aggregate figures, which illustrate the overall performance of door-to-door
corridors, provide only a partial account of the considerable variability experienced by
individual cost categories across national situations, specific local contexts, and
technical/organisational conditions.
The diagram below, which illustrates the basic variability ranges, provides additional
insight, and anticipates the need for a cautious differentiation between contexts in the
perspective of price setting.
€/vehiclekm (road)

€/40’ containerkm (all other modes)

note change of scale

0 0.05

0.1 0.15

0.2 0.25

0.3

0.35 0.4 0.45 0.5 0.75

1.0 1.25

1.5

2

0 0.05

0.1

0.2 0.25

0.3

0.35

1.0 1.25

1.5

2

Internal Cost
Haul

Road
Rail
Pre/post
Tax

Road
Rail
External Cost
Air pollution

Road
interurban
urban
Rail
Accidents
Road
Interurban
urban
Rail
Noise
Road
Interurban
urban
Rail
Global
Warming
Road
Rail
Updownstream
Road
Rail
Congestion
Road
Rail

0.15

ix

0.4 0.45

0.5 0.75

RECORDIT – Final Report

Reducing costs
Based on the identification of the most critical cost factors (drivers), and on the priority
measures advocated by the White Paper, three main policy packages have been
simulated with the RECORDIT DSS.
The first concentrates on the reduction of internal costs associated to terminal and
transhipment operations. It features the elimination of rail-rail transhipment
(interoperability), a 15% improvement of manpower productivity in terminals, and a
33% cut in capital costs. The aggregated result is a 6% reduction in total resource costs
(average value for the three RECORDIT corridors).
The second scenario focuses on Pre- and Post-haulage. An optimisation of the load
factor (from 60% to 90%) is the main component of this package, and yields expected
savings, in terms of resource costs, evaluated in the range of 2-4% (as expected, shorter
routes perform better under this scenario).
A third policy package concentrates on rail haul improvements, also with reference to
the 50% reduction in rail electricity consumption advocated by the White Paper. Such
an ambitious objective may be approached through a combination of measures
including an increase of the number of wagons per train, a reduction in the number of
stops, an increase in the load factor (up to 95%) and the generalized use of energy
efficient locomotives. Altogether, this package achieves a 16% reduction in resource
costs (average value between two corridors).
An attempt to extrapolate these results to the Europe-wide level shows that total
resource costs can be saved in the order of 82 M€, 173 M€, and 59 M€ respectively for
the three scenarios, while the increase in intermodal demand induced by lower prices is
estimated in 3.3, 8.5 Gtkm, and 2.4 Gtkm respectively.
Internalising External Costs
The case for marginal cost pricing has been forcibly stated in the 2001 White Paper.
Users should pay fully for the external costs and (marginal) infrastructure costs that they
impose. The taxes and infrastructure payments that they currently make pay only some
extent. Examination of the balance between these two sides of the equation on the three
corridors revealed a mixed situation. On two routes there was approximate balance
between the costs imposed and the taxes paid (which merited a significant increase in
taxes on the all-road solution. The increase is equivalent to 0.16€/40’containerkm on
both road and intermodal). Only on the third corridor (Barcelona-Warsaw) was there a
large shortfall. A shortfall was also found for intermodal transport.
Using the figures derived from the corridors it is possible to project these to a country
and hence European level. These figures, at 2001, show that the average level of
external costs in the 16 countries studied was 0.32€vkm for a 40t articulated vehicle
(0.31€ for a 18t rigid vehicle) for road. Taxes paid amounted to about half of this, and
there was also a shortfall in payments to cover marginal infrastructure costs of about
0.05€ vkm for a 40t articulated vehicle (0.03€ vkm for a 18t rigid vehicle). If taxation
was increased to ensure a modal transfer from road with higher external costs to rail
intermodal with lower external costs, this would require an increase by 0.12€ vkm for a
x
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40t articulated vehicle, which is equal to the difference between the charge required for
covering road external costs (0.21€ vkm) and the corresponding required charge for rail
(0.09€ vkm). This ensures that the relative costs of road and rail are in balance. The
impact of this would be increased use of intermodal (estimated 10 Gtkm) and savings in
social costs of €44M per year in 2001.
Finally it should be recognised that road transport serving the long distance market in
competition with intermodal transport generates a lower level of external costs (per unit
of freight carried) than the other sections of the road freight market. On the basis of
studies undertaken in the corridors, taxes in other markets (operating to a much greater
extent in urban areas) would need to be higher, and a simple fuel tax, for instance,
would not be able to differentiate between the external costs imposed in these markets.

:
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1 Purpose and policy relevance
1.1 Purpose of the project.
The ultimate objective of RECORDIT is to improve the competitiveness of intermodal
transport in Europe - notably through the reduction of cost and price barriers that
currently appear to hinder its development - while respecting the principle of sustainable
mobility. It is in fact generally agreed that promoting intermodal transport solutions will
generate direct benefits in terms of:
a reduction of the negative environmental impacts, as well as of health and accident
risks associated to the transport activity
an increase in the quality of life (less congestion, reduced barriers to the use of
space) and, in general, better working conditions and safety of those involved in the
transport of goods.
The main challenge is to identify ways and means to achieve such goals through a
market transformation process based on the actual increase of intermodal attractiveness,
i.e. primarily through: i) the reduction of the real costs associated with intermodal
transport services, and ii) the internalisation of externalities that are currently not
reflected in market prices.
RECORDIT therefore concentrates on the issue of real cost calculation, where those
include both internal and external elements. Internal costs are those directly faced by the
user of intermodal transport services, therefore covering all cost items for which the
shippers (or/and the consignees) ultimately pay. External costs correspond to those cost
items that are currently borne by the community at large, and notably include damages
to the environment and health, as well as time losses resulting from congestion and
affecting other transport users or citizens in general.
.
The immediate objectives of RECORDIT are to:
define and validate a methodology for the calculation of the real costs of intermodal
freight transport
compare real costs to charges and taxes currently paid
assess current imbalances and market distortions
recommend policy and business actions allowing to drastically reduce intermodal
costs thus increasing the attractiveness of intermodal transport options.
The comparison of real costs with current prices (charges and taxes) faced by the users
of intermodal transport services contributes to identifying the most appropriate policies
apt to redress current inefficiencies of the market. On the other hand, the comparison of
intermodal costs with the corresponding all-road costs allows an assessment of the
existence and the extent of undue competitive advantages as a result of insufficient
internalisation of external costs.

1
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Ultimately, RECORDIT aims at promoting intermodal transport by helping formulate
the appropriate mix of: i) public policies to redress current market distortions, and ii)
private initiatives focusing on the reduction of friction and other internal costs.
1.2

Policy relevance.

RECORDIT addresses EU policies in many ways, as it recognises and applies the
principles established by the Community on such strategic issues as:
the fair and efficient pricing of transport infrastructure and services
the achievement of environmental targets (Kyoto, Oslo) and of sustainability in
general
the development of the TEN-T and the integration of transport systems across
Europe
the liberalisation of the transport market
the increased use of advanced technologies in the transport industry.
Increasing the transparency of cost and price formation mechanisms will stimulate fair
competition, and, as a result, generate efficiency increases and the improvement in the
quality of service. This will in turn result in an increase of competitiveness for the
European industry as a whole, and the strengthening of its position in the international
playing field. Also, the diffusion of fair and efficient pricing practices will result in a net
welfare gain for the community at large.
More specifically, for what concerns the freight transport market, RECORDIT is fully
in line with the objectives set out by the recent White Paper of the EC on the revision of
the Common Transport Policy 2:
indeed, the White Paper explicitly advocates, under the general objective of
“Linking up the modes of transport”, a number of technical, economic and
organisational innovations that directly aim at promoting intermodality, with the
new Marco Polo programme serving as the primary instrument to achieve such
objective. RECORDIT can help identify and implement priority actions within this
policy framework, by pointing as those cost items with the highest reduction
potential
also, the White Paper stresses the need to revitalise the European railway network,
and to increase the rail market share in the transport of goods from 8% to 15%,
through for instance a 50% gain in energy efficiency, a similar percentage of
decrease in pollutant emissions, and a trebling of manpower productivity.
RECORDIT can help verify the feasibility of such gains, and evaluate their ultimate
2

European Commission (2001)
2
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impact on the degree of market attractiveness of intermodal, rail-intensive freight
transport
moreover, and most importantly, the White Paper sets the scene for a generalised
system of transport infrastructure charging, whereby users of transport services
would pay for the full cost associated with the production of such services.
RECORDIT provides an obvious contribution to this objective, by shedding light on
the actual values of this cost, with particular regard to its external components,
whose quantitative estimation is a fundamental prerequisite to implementing
equitable pricing policies
finally, the White Paper recognises the need for significant quality improvements of
transport services, across modes. Increasing safety, reducing trip duration can and
will contribute to increase such quality, both real and perceived, thus changing the
terms of modal competition. RECORDIT provides direct evidence supporting the
measurement of such changes.

1.3 Overall approach
The project was divided into three main working areas (see block diagram overleaf):
•

the first working area (WP1 and WP2) is concerned with methodological
developments (how to calculate real costs), and with the preliminary assessment
of the current mechanisms of costs and price formation of intermodal transport
in Europe, with particular reference to three European corridors

•

the second working area (WP3, WP4 and WP5) focuses on the detailed analysis
of three transport corridors, and aims at calculating real costs (including direct
costs, charges and taxes, and external costs) for those corridors

•

the third working area (WP6, WP8 and WP9) concentrates on the analysis and
interpretation of the corridor results so as to: i) identify current imbalances and
market distortions, ii) outline public policies and business actions aiming to
redress imbalances and distortions, and iii) assess the potential effectiveness of
these policies and actions in increasing the competitiveness of intermodal
transport services.

In addition, the workplan featured the design of the RECORDIT Decision Support
System (DSS), to translate the RECORDIT methodology into an interactive piece of
software (WP7). The DSS, whose scope and functioning are illustrated in a further
section of this report, plays a fundamental role in the pursuance of the policy support
objectives of the whole project, as it allows to concretely quantify the cost impact of the
priority policies and business actions identified.
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1.4 The RECORDIT playing field: assessing the European intermodal
market.
What is the size of the market for Intermodal3 freight transport, and what are the
important characteristics of that market? Data for the EU from various sources
(Eurostat, 1999) provides a partial answer. Referring to unitised traffic 53.7 M tkm were
moved by rail in 1996. The main operators in this market are UIRR4 companies (share
approximately 60%) and ICF5 which with its Associates has a share of approximately
30%. Small independent companies such as CNC receive a small share (~10%).
Detailed statistics are not available on the mix of swapbodies and containers but the
latter represent the major proportion of tonnes moved. In addition UIRR members are
responsible for the movement of semi-trailers and accompanied transport, which
account for 30% of consignments.
In the case of inland waterways the figure for unitised movements in 1996 was 4.7 M
tkm representing only 4% of the mode’s activity. The hinterland traffic of the ports of
Rotterdam (the Rhine corridor) and Antwerp together with feeder traffic between these
two ports is reported to account for over 90% of the containers moved on inland
waterways of the EU. With short sea shipping (intra EU) the unitised traffic was 140.7
M tkm which is a 13% share of the total short sea shipping movement. Dominated by
container movements it includes both feeder traffic and trade between EU members.
Figure 1: The relative size of the market for intermodal transport

SSS
Rail
Road

Inland
Waterway

If the market of interest to intermodal transport is defined as the market for unitised
traffic, then this market includes all containers and swapbodies moved – not just those
3

‘...one loading unit using successively several modes of transport, without handling of the goods during
transhipment...’
4
Union Internationale des societes de transport combine Rail-Route (UIRR) is the association of 20
intermodal operators in 18 different European countries.
5
Intercontainerfrigo provides a network of container, swap body and semi-trailer transport services
consisting of 7,600 links between 1,600 stations and terminals in Europe and the CIS.
5
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destined for a railhead or seaport. Statistics are not generally available on the proportion
of road movement that takes place using load units. The figure for the UK is 6% of
tonnes moved by road (HMSO, 2001). Other countries in Europe make greater use of
containers and swapbodies and therefore the current figure for the EU can be expected
to be over 10%. This gives a figure for the total unitised market in 1999 of at least 150
M tkm. Figure 1 draws together these various statistics to show the level of unitised
movements, which can be regarded as the potential market for intermodal transport
(blue refers to the scale of tkm in 1999, yellow to the unitised portion). However, it is
possible to go further and say that the potential market is even larger – intermodal
transport could persuade (with perhaps a more attractive price/quality package)
consignors to unitise more of the goods that they move, leading to an expansion of the
potential market and a transfer from road.

1.5 The corridors
One of the main objectives of RECORDIT was to examine the internal and external costs
of intermodal transport and its competitor – the All-road solution. Within Europe there
is a wide range of intermodal routes. The area of interest includes not only the countries
of the EU but also those of the pre-accession states. Intermodal transport covers not
only rail but also inland waterways, short sea shipping and even air (though the last is
not examined in this study). In order to capture this variety throughout intermodal
services in Europe, and at the same time draw certain general conclusions about the
costs of intermodal transport, three corridors were chosen. These three corridors cover
16 different countries and, to some extent, the three main modes that contribute to
intermodal transport. The three corridors comprise
1. Genova to Manchester
2. Patras to Gothenberg
3. Barcelona to Warsaw
Each of these corridors is defined in terms of the beginning and end of the intermodal
points on a route. The cost analysis is carried out for a door-to-door movement between
an origin and a destination in the vicinity of these locations. The three intermodal routes
in the corridors therefore require pre-haul from the origin (except Genova) and posthaul to a destination. In the first corridor for instance the post-haul is from Manchester
to Preston (a distance of 50km) and in the second there is a pre-haul from Athens (a
distance of 210km). Each corridor is served by an intermodal route and an All-road
route.
1.5.1

The Trimodal Chain between Genova, Basel, Rotterdam and Manchester

This is defined as trimodal due to the use of three modes (four including road). The
origin of the consignment is Genova Voltri harbour. The intermodal route starts with a
rail itinerary connecting the harbour and Basel. This is followed by a transfer (by road)
to an inland waterway terminal providing access to the Rhine corridor linking Basel and
Rotterdam (via Koblenz, Koln, Dusseldorf, Emmerich and Nijmengen). At Rotterdam
there is a transfer to a Short Sea Shipping service which carries the consignment to
Felixstowe harbour. In the UK the rail route goes from Felixstowe to Manchester
Trafford Park, via London. The final leg to Preston is by road.

6
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Although on the Genova – Basel segment there are only two direct services per week,
(provided by ICF) there are a multitude of indirect services (a total of more than 120
unaccompanied combined trains per week starting from North west part of Italy to the
Southern part of Rhine corridor). Danser Line provides a regular barge service between
Rotterdam and Basel. The service Northbound takes 2-5 days (Southbound 4-5). At
Rotterdam the consignment is unloaded and transferred to one of the container ship
services running between Rotterdam and Felixstowe. From Felixstowe docks to
Manchester Trafford Park the consignment is moved by rail on a service provided six
days a week by Freightliner and on a track owned by Railtrack. The load unit examined
on this route is the maritime container, swapbody facilities do not exist for inland
waterway transport, and due to their construction without supporting frames,
swapbodies cannot be stacked in the hull of a vessel. No direct intermodal transport
services departing from Genova direct to Manchester have ever been provided via the
route specified. There are, however, a number of other routes that are in direct
competition (such as those from Italy (Orbassano and Milano Smistamento) to
Manchester through Modane and Eurotunnel) that can offer shorter transit times, and
would under present circumstances be the preferred intermodal routes.
The All-road route starts with a segment between Genova and Basel via Milano (E62),
Como (E35), Gothard tunnel and Luzern (E35). The road segment between Basel and
Rotterdam involves Walldorf (E35), Hockenheim (E50), Eindhoven (E25) and
Gedersmalsen (A2). Following use of a RoRo service across the Channel from
Rotterdam to Felixstowe the road route is via the A14 and M6 to Manchester. The
overall length of the road route is 1912km, which is considerably shorter than the
intermodal route of 2134km. About half this extra distance can be explained by the
extra length required by rail in the UK.
Figure 2:Genova to Manchester (Preston) – Intermodal solution
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1.5.2

Patras – Brindisi –Munich – Hamburg – Gothenburg

The intermodal route starts with a road leg from Athens to Patras. This is followed by a
short sea shipping leg (RoRo) to Brindisi provided by Combimare (daily service). The
rail segments are then Brindisi – Milano (provided by CEMAT 6 times a week) and
Milano – Brenner Pass-Kuffstein-Munchen Riem (again provided by CEMAT). In
Germany, Denmark and Sweden: the route goes to Hamburg/Billwerder – Taulov
(terminal in Southern Jutland) – The Great Belt Bridge – Hoje Taastrup (terminal
outside Copenhagen) – The Oresund Bridge – Malmo – Gothenburg. The Munich Riem
– Hamburg Billwerder segment is part of Kombiverkeher “Kombi Net 2000+” network.
This is followed by DSB services in Denmark and SF in Sweden. The final leg from
Gothenburg is then by road.
The road segment follows the same route from Athens to Patras. Following the ferry
crossing the route from Brindisi involves Bari, Rimini (E55), Bologna, Verona, Brenner
pass, Innsbruck (E45), Dreieck Inntal and Munich (E52). In Denmark and Sweden the
route goes to The Great Belt Bridge and The Oresund Bridge. All the road segments of
the route between Munich and Helsingborg are high quality motorways (except for
urban road close to the harbour of Helsingborg). The length at 3599km is considerably
less than the intermodal route (4128km), though there are charges on the road for access
in both Italy and Austria as well as the three ferry boat crossings.
The intermodal service has a 5 days transit time (3 days for the Brindisi – Milano
Smistamento – Hamburg segment) and 2 days from Hamburg to Gothenburg terminal.
One maritime company, five railways operators and three UIRR members is the
minimum number of operators involved in the intermodal movement along the whole
route. The analysis provides an interesting comparison between the different railways.
Figure 3: Athens to Gotheberg – Road and ferry route.
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IER-University of Stuttgart
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1.5.3

Barcelona – Lyon- Torino- Trieste – Lijbliana – Budapest – Warsaw

Following a pre-haul by road to Barcelona the intermodal route (3270 km) follows a rail
itinerary connecting the Spanish (165 km), French (845 km) and Italian territories (110
km) defined as: Barcelona - Cerberes – Bezieres – Nimes – Montpelllier – Avignon –
Lyon – Amberieu – Chambery – Torino. This requires an axle change at the French –
Spanish border, restrictions on the swapbody gauge in Modane (C30) and the necessity
of using two or three locomotives on the Alpine slopes. The Southern route, which
passes through Ventimiglia is not endowed with sufficient capacity and infrastructure
characteristics to support heavy traffic, and is dedicated to passenger trains. All rail
freight on the corridor from Barcelona to Torino therefore goes via the Rhone Valley
and through the Alps. The rail itinerary connecting the Italian, Hungarian and Polish
territories starts in Torino and runs through Verona – Budapest – Kosice –
Plavec/Muszyna and Warsaw.
On the intermodal route between Barcelona and Torino five operators offer direct or
indirect services: Transfesa (SP), CNC (F), Novatrans (F), Ambrogio (I) and CEMAT
(I). On the Italian segment there is only one UIRR company operating: CEMAT. The
service between Torino Orbassano and Verona Quadrante Europa is also offered by
CEMAT. On the Italy –Hungary segment ICF, Hungarokombi and CEMAT offer a
wide number of direct and indirect intermodal rail services. The complete intermodal
train linking Verona and Budapest via Trieste, Slovenia and Croatia operates five times
a week. On the Budapest – Warsaw segment both the UIRR members of the countries
(Hungarocombi and Polkombi) provide regular services, and Hungarokombi organises a
daily intermodal service with the insertion of single wagons in traditional scheduled
trains.The All-road route (2735 km) is different to the intermodal, the road segment
follows a southerly route through Marseille -Ventimiglia – Savona and then to Torino
which avoids the Alps’ crossing. The road segment between Torino and is a high quality
toll motorway. From Trieste to Ljubljana is the E70; followed by a motorway to
Budapest (E57) and by E77 from Budapest to Warsaw, with a final delivery leg on
local; roads.
Figure 4: Intermodal Route Barcelona to Warsaw - All-road Solution.
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1.6 From corridor case studies to the assessment of the European intermodal
market as a whole
In choosing the RECORDIT corridors, great care was taken to identify routes that
would prove representative of the overall European market of intermodal transport
services, thereby adequately lending themselves to a possible generalisation process.
Clearly, both the sheer length and the geographical and modal variety of the selected
corridors reflect this objective, with corridors that cumulatively extend over 16
countries, more than 9000 km of routes, and all transport modes (with the exception of
air).
One should however be cautious in attempting direct extrapolations from the corridor
results, for a variety of reasons:
RECORDIT deals with door-to-door transport solutions. The market situation is
however such that, on any of the RECORDIT corridors, the current door-to-door
transport demand (i.e. loading units being moved all the way from Patras to
Gothenburg, etc.) is in fact very limited. While the selected routes are theoretically
sound - as they allow for a wide coverage of modes and contexts - the results (in
terms e.g. of unit door-to-door costs) are not immediately market-relevant
also (as extensively illustrated in further sections of this report), variability has been
found very high across corridors and segments thereof: estimated costs (both
internal and external) vary considerably from one corridor to another, and
approaches based on the adoption of average values do not therefore seem
reasonable in a generalisation perspective
moreover, uncertainties affecting individual cost values can be very high, owing in
particular to: i) the difficulty in obtaining high quality bottom-up data, ii) the
difficulty in establishing common sets of assumptions across countries and
corridors, and iii) the intrinsic uncertainty associated to valuation methodologies.
On the other hand, several steps have been taken to - at least partially - offset these
limitations:
while door-to-door traffic is indeed scarce on the full length of the RECORDIT
corridors, intermodal services are offered and active on most sub-segments therein.
This allows to assess shorter, market-relevant corridors as an immediate by-product
of the full corridor analysis
RECORDIT has established a comprehensive database with all the values of the
individual cost items assessed along the corridors and sub-corridors. Ultimately, this
wealth of highly disaggregated data (several hundreds of individual cost items)
provides an extensive and (to a large degree) statistically significant sample of
elementary observations, which lends an acceptable level of credibility to further
quantitative analyses carried out in a generalisation perspective
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Finally and most importantly, the DSS has been designed and implemented (see also
the relevant sections of this report) so as to allow for a flexible and multi-purpose
use of the cost data assembled through corridor case studies. Sensitivity analyses
can be easily carried out to partially compensate for uncertainties; new corridors can
be defined and assessed by re-assembling building blocks from existing routes and
the cost values thereof; policy-induced changes in the value of individual cost items
(e.g. the elementary cost of a crane movement in a terminal, the fuel consumption of
a truck, etc.), or on cost categories (e.g. cost of labour, fuel taxes, etc.) can be easily
simulated to produce new estimates of corridor costs, at all possible disaggregation
levels.
To conclude, the data sample from the three RECORDIT corridors, although subject to
the limitations above, can indeed be used as a solid basis for transferability and
generalisation purposes.
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2 The estimation of costs
2.1 Introduction
In this chapter the principles underlying the way RECORDIT has approached the
estimation of costs is described. The main aim is to identify as accurately as possible the
various costs involved in the movement of consignments by intermodal and all-road
solutions. There are numerous definitions of costs that need to be addressed. There is a
distinction between internal costs that operators incur in moving a consignment and
external costs that are imposed on other members of society as a result of the
movement. Resource (or social) costs measure the value of resources consumed and
include both elements of internal and external costs. The average cost of moving
consignments may be different from the cost of moving an extra consignment – the
marginal cost.
Cost analysis can be carried out at various levels. At the most fundamental level it
identifies the various elements of cost (both internal and external) in moving a
consignment from a specific origin to a specific destination by a particular mode. This is
the approach adopted where possible by RECORDIT (referred to as the ‘bottom-up’
approach). Sometimes it is not possible to identify the detailed cost figures in this way
and it is necessary to resort to aggregated statistics (such as company accounts) in order
to derive costs – the ‘top down approach’. Using a sample of these detailed studies
facilitates the understanding of why and how costs vary with throughput, from country
to country, between rural and urban areas and modes and even within the same mode.
This detailed knowledge of the cost structure allows initiatives for reduction in internal
costs of elements of an intermodal trip to be evaluated in a much more precise way than
hitherto. The findings from cost analyses can also be used to inform more precisely a
wide range of current activity aimed at developing marginal social cost pricing policies
for transport in the EU.

2.2

Internal Costs

2.2.1

Accounting for Costs

The internal cost of moving a consignment is the sum of costs incurred by the various
parties responsible for the movement of the consignment from an Origin (such as a
factory) to a Destination (another factory, a wholesale distribution warehouse). Those
parties include the consignor, one or more transport operators, possibly terminal
operators, and possibly a forwarder organising the transport and the consignee. This
analysis can be carried out for intermodal transport and its road based alternative. It is
also possible to calculate a unit cost – the cost per consignment km – given information
about the distance between the two points. The cost allocation procedure adopted in
RECORDIT divides the movement of a consignment from an origin to a destination into
a sequence of activities in which costs can be incurred. The activities are those by the
consignor (shipper) in loading a consignment, pre-haulage to a terminal, the terminal
handling near to the shipper, the main haulage (with train, truck, ship or inland
waterway), the terminal handling near to the consignee, the post haulage and finally the
consignee receiving the consignment. Within these activities the cost components of the
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shipper and a consignee can be regarded as structurally the same, and the same
argument applies to pre- and post haulage. This means that the cost classification can be
reduced to nine distinct activities each with its own set of cost components.
Loading/unloading - Shipper / consignee
The first and the last step of a transport process are the companies which
dispatch and receive the consignment. Their costs include those incurred in
loading (unloading) and storing the units used for transport (containers, trailers).
In addition a company may incur costs in leasing or owning units used for
transporting the goods.
Pre haulage / Post haulage
Pre and post haulage to and from terminals (e.g. rail) is typically provided by
road transport companies. Road haulage companies incur costs involved in the
ownership and operation of vehicles, which in most cases involves the payment
of taxes. The total costs include the time spent loading and unloading as well as
movement. Costs may also be incurred for the payment of infrastructure in the
form of tolls.
Transhipment
This can be defined as the location in which loading units are physically
transhipped from one vehicle to another similar vehicle of the same mode (e.g.
truck to truck). Costs involved are the capital cost of the equipment necessary
for transhipment, its operation and the storage area required.
Terminal transfer
A terminal is defined as a place containing the functions and technical assets
whereby a loading unit may be transhipped between two different kinds of
carrying units. Transfer may be between the various modes – rail, road, sea and
inland waterway.
Marshalling Yard transfer
The function of a marshalling yard is the transhipment of loading units from one
train to another, or, more commonly, the rearrangement of wagons into a single
train.
Main haulage: Road
Road haulage companies incur costs involved in the ownership and operation of
vehicles, which in most cases involves the payment of taxes. Costs may also be
incurred for the payment of infrastructure in the form of tolls and road pricing.
This includes all national road tax stickers and motorway vignettes operative in
Switzerland and Austria as well as tolls for Alpine and Channel crossing.
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Main haulage: Rail / Train
The costs refer to a terminal-to-terminal journey performed by rail transport. It
includes any charges for the use of the rail infrastructure. These charges may or
may not cover the costs of the infrastructure.
Main haulage: Inland waterway
The cost structure of this transport block is similar to that experienced for main
haulage by train. Charges may be incurred for the use of infrastructure.
Main haulage: Maritime
The cost structure of this transport block is similar to that experienced for main
haulage by train. No charge is paid for infrastructure (the sea). Costs for piers
and berths maintenance and repair are allocated to terminals.
As well as breaking down a journey into individual activities it is possible to
disaggregate the costs into a set of standard elements. These are
Depreciation costs: which includes all the costs necessary to provide and keep
ready the means of transport, loading units and other technical equipment in the
various activities.
Personnel costs: which includes all costs borne by operators to provide salaries,
social security and wage bonuses to their employees.
Consumption costs: includes all costs necessary to provide fuel, oil, tyres and
electric power for all modes of transport.
Maintenance costs: which includes all costs to repair and running maintenance
of means of transport and loading units. Infrastructure maintenance is not
included.
Insurance costs: which includes only costs borne to insure means of transport
and loading units.
Taxes; which include those taxes paid on the purchase, use and operation of
vehicles. But not indirect taxes such as VAT.
Tolls and charges: which includes all charges and tolls incurred for
infrastructure use by operators in the different modes of transport.
Other costs: which includes all costs involved in the organisation and provision
of transport services. These are incurred by operators and providers (such as
forwarders).
2.2.2

Terminology

Internal Costs refer to those costs that are incurred by an operator responsible for one
of the nine activities above.
14
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External costs refer to those costs that are incurred by other parties as a result of an
operator’s transport or terminal activities. These comprise costs stemming from
accidents, air pollution, and climate change and noise nuisance.
A charge in the context of RECORDIT is defined as the price paid to an infrastructure
owner i.e. road, rail track and inland waterway operator. These are paid by road
hauliers, marshalling yards, and train operators and inland barge operators who incur
them as costs.
The word price is used in RECORDIT to refer to the income received by an operator for
a transport or terminal movement. The difference between total revenue and total cost is
profit or loss; and between price and unit cost it is profit per unit (load unit moved).
From the perspective of the purchaser of transport services prices in the market become
his costs.
2.2.3

Different Units of Cost

Examination of the costs of moving a consignment between two locations reveal costs
in a wide variety of different units. Capital costs are expressed initially in per asset.
Personnel costs may be per year; and tolls per journey. These need to be combined in a
suitable way to derive other unit costs. There are usually two steps – first to derive a per
vehicle figure (per journey) and then a per consignment figure (per journey). In the
context of RECORDIT the prime interest is in a consignment carried in a container or
swap-body. Although a variety of containers could be examined intermodal transport is
largely concerned with Twenty foot equivalent (TEU or 20’) and Forty foot equivalent
(FEU or 40’) containers, a swap-body (Class ‘A’) that is similar in size to the 40’
Container and a swap-body (Class ‘C’) that is similar to the 20’ Container.
Using these four standard load units various assumptions need to be made about the
load carried in a load unit, the loading factor of vehicles and the utilisation of vehicles –
all of which have an important influence on the final cost estimates.
Table 2.1: Loading units
Loading unit
Class A swap body/Semitrailer
40’ container
Class C swap body
20’ container

Length m
Up to 13,60
12,19
7,40
6,10

Tare t
4,2
4,2
2,3
2,3

Max load t
24
24
16
16

Ave load t
18
18
12
12

Whilst the tare and maximum weight of the four load units is clearly defined, figures for
average load actually carried are rather elusive and the evidence that does exist suggests
that the weight varies with area of operation. Sea containers for instance appear to carry
heavier loads than swapbodies. The average load figure represents the values used in
RECORDIT for a standard load. A change in the average load figure assumed has an
effect on vehicle fuel consumption. A higher figure, for instance, will increase fuel
consumption leading to higher costs of operation and increased environmental damage
from emissions.
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Table 2.2: Loading and Utilisation
Loading unit
Class A swap body
40’ container
Class C swap body
20’ container

Load factor
Road
Rail
1
0,75
1
0,75
0.6-1
0,75
0.6-1
0,75

Utilisation
Road
Rail
0.60-0.85
1
0.60-0.85
1
0.60-0.85
1
0.60-0.85
1

Load factor represents the average fill of a vehicle. A 40’ container by definition uses a
complete articulated road vehicle. In the case of a 20’ containers (or Class C swapbody)
only one of these may be carried on a vehicle (giving a load factor of 0.5). However for
main haul by road it is assumed that the load factor is always one, whereas for pre- and
post-haulage figures are used that reflect local experience (the lowest figure is 0.6). In
the case of rail a default average of 0.75 is used except where there is additional
evidence of local conditions.
The utilisation refers to the distance that the vehicle travels effectively carrying a load.
In road transport national figures reveal an average figure of 0.70 – in other words
trucks travel empty for 30% of their time on the road. A higher utilisation figure for
long distance haulage is found due to the smaller proportion of distance spent empty
driving to pick up a load and the greater incentive to find return loads. Both these
figures also include an element to take account of the need to deliver empty containers
to an origin point. A figure for main haul of 0.85 is therefore used, but lower figures are
used for pre and post haul where utilisation is generally very poor (with a minimum of
0.60). In the case of rail there is generally negligible empty running.
A related point under utilisation is the effective work time of a vehicle. The faster
vehicles can circulate the more capacity a given number of vehicles can offer. It is not
just a question of travel speed but also of turn-round times at terminals and customers.
For instance, one of the main benefits from the new generation of intermodal terminals
is not so much operational cost reduction as the increased utilisation of trains and trucks
(TERMINET, 2000). This factor is taken into account in the cost calculations of main
haulage and pre post-haulage.
The impact of these assumptions is that the cost of moving a 40’ container and a Class
A swapbody will be very similar because weight, load factor and utilisation are the
same. A slight difference occurs on some rail operations where the extra length of a
swapbody means that fewer can be carried on a given train compared with 40’
containers. For some movement costs a 20’ container will be half that of a 40’
container. However, for a total journey, the cost of a 20’ container will tend to be rather
more than half due poorer utilisation in pre-post-haul sections and the fact that the cost
of terminal movements is similar for all load units.
Using these two factors the following relationship applies
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€perloadunitjourney ≡

€perloadunitkm ≡

€pervehiclejourney
loadfactor × utilisation

€pervehiclekm
loadfactor × utilisation

It can be seen that assumptions about load factor and utilisation play a prominent role in
determining the final estimate of cost per load unit. Under some circumstances it may
be twice as high as the comparable per vehicle figure.
2.2.4

Taxation and Subsidies

Within internal costs taxation, and possibly subsidy, can be a large component. The
various tax instruments can be divided into four broad categories.

• General economy wide indirect taxes, VAT
• Taxes associated with acquisition, purchase or registration of vehicles
• Taxes involved in possession or ownership of a vehicle: circulation taxes,
insurance taxes
• Taxes, related to the use of vehicles: fuel tax, road pricing
This is excluded in the calculation of internal (and external) costs since it is
part of general taxation and not a charge specifically related to transport.
VAT

Registration taxes are normally payable in advance of, or at the time of, registration of
a vehicle. They are normally charged only once, at the time of first registration, but in
some Member States a new charge arises on each change of ownership.
A circulation tax is charged on a periodic basis, mostly annual, and usually confers the
right to use the public road network. The tax is charged according to various criteria,
such as engine capacity, horsepower, fuel type, region of registration, age of vehicle.
The circulation tax has to be paid in the country where a transport company is located.
Most European countries do not have an insurance tax for freight transport. It is an
extra tax above the insurance fee, and in most cases charged in insurance for private
cars. Freight trucks are often exempted from this.
Fuel tax is the excise duty on petrol and diesel. Usually it is a percentage of the fuel
price. It is paid per litre of fuel.
Subsidies can be seen as the inverse of a tax. Shippers and forwarders might make use
of a range of different subsidies.
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2.3

Infrastructure Charges and Costs

2.3.1

Marginal Costs

If the total costs of moving containers between two points is divided by the number of
containers moved during the relevant time period then the result provides an average
figure. In some cases, however, it is of interest to understand what is the additional cost
of moving an extra container i.e. the marginal cost. In order to derive the marginal cost
it is a common habit to make a distinction between fixed and variable costs. Variable
costs can then usually be interpreted as marginal costs. This arrangement undoubtedly
has the merit of simplicity but may not be rich enough to capture essential features of
the true cost function. The relationship can be more complex due to fixed costs
changing slightly with output (i.e. partly variable) or being a step function. Marginal
cost in this case is complex and changes with the level of output. An additional
complication is what is meant by ‘fixed’ costs. Some costs may be fixed in the short run
(the number of trains provided) and variable in the long run (when the schedule adjusts
to the change in demand). In transport the problem is also confused by the existence of
integer effects. An extra load unit movement by train, it might be argued has a near zero
marginal cost because there is invariably spare capacity. This may be true for small
increases but eventually a new train service is required, with its consequent costs. For
the haulage segment of a transport journey the marginal costs can be expected to be
very similar to the average costs. This is because an increase in load units moving by
road requires a proportionate increase in the number of vehicles moving. In rail a
similar situation will apply, although in particular situations (of severe excess of
capacity for instance) this may not be the case. The case of infrastructure is different to
that of haulage.
2.3.2

Infrastructure and Fixed Costs

The definition of internal costs used above includes the charges for the use of
infrastructure. For a full understanding of the costs of moving a consignment it is also
necessary to consider the costs of using the infrastructure. The distinction between
marginal and average costs is central to the analysis of infrastructure costing and
charging (Directive 91/440). The total cost of infrastructure per year is the sum of the
capital cost of providing that infrastructure, its maintenance and other operating costs.
The capital cost per year can be represented by an annual depreciation amount (plus any
financing charges). Given an annual cost the next stage is to allocate these costs to
different vehicle types. On the road system a distinction is drawn between cars and
different types of goods vehicles as the cost they impose in terms of maintenance is a
function of weight and axle configuration. On rail a distinction is drawn between
traction units and the multitude of wagons used in passenger and freight operations
(again weight and axle configurations are prominent discrimination variables).
Infrastructure owners are therefore faced with a cost allocation problem of considerable
complexity and uncertainty. Another distinction that needs to be drawn between average
and marginal costs raises further difficult conceptual and empirical issues. In general
there still remains considerable disagreement over the method that should be used to
calculate marginal infrastructure costs both in road and rail (for a full discussion see
Link et al, 1999). One study (LIBERAIL, 1998) in its examination of rail infrastructure
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costs and capacity assignment also brings attention to the fact that there is not an agreed
methodology for identifying the relevant costs. It also notes the variation in charging; in
1999 the variation between the amount of the rail infrastructure costs that were
recovered was quite significant across the member states, from 20% in Belgium to as
much as 100% recovery including a financial rate of return in the UK. Wider political
and governmental rules and pressures clearly influence the degree to which publicly
owned transport infrastructure is able to raise charges from users.
Whilst haulage (by road and rail) may exhibit few genuine fixed costs, infrastructure
(road, rail and inland waterways) is usually characterised as having a large fixed cost
element, notably the track and its supporting equipment (signaling and electricity
provision on rail). It is a fixed cost as it is independent of the scale of use by vehicles.
Excluding this fixed cost element the marginal cost of an extra vehicle km (€/vehicle
km) then comprises the extra maintenance or operating cost that it imposes on the
infrastructure system. Terminals also may be characterised as having fixed costs (cranes
for instance) which lead to a divergence between marginal and average costs.

2.4

Prices

Prices charged by the various parties during a period are unlikely to ensure that total
revenue matches exactly the total internal costs incurred during that period. The
difference can be referred to as profit (or if it is negative loss). This net profit is
calculated after taking account of capital depreciation and interest charges. It is over and
above that which contributes to a fair return on capital. In general it is difficult to obtain
accurate and comprehensive information on prices charged for intermodal transport
journeys. Sometimes prices are published but in most cases they are concealed for
commercial reasons. Transparent pricing may be considered of use to potential
competitors or inhibit the provider’s ability to discriminate between customers. Even
published (or quoted) tariffs are not necessarily representative, being subject to
discounts after negotiation with the customer
Information on the decision rules and objectives used by intermodal (and road)
operators for the process of price formation remains limited (see projects IQ, LOGIQ
and PROMOTIQ). It is noticeable that most discussions of the subject are dominated by
normative considerations of what prices should be (for example marginal cost pricing)
rather than the rules that parties actually use in the translation from internal costs to
market prices. However, from the evidence that does exist it is possible to say that in
making a decision about what price to accept an intermodal or road operator takes into
consideration the following factors:
1.

The underlying cost function; this specifies the marginal cost of the vehicle or load
unit and the average cost (taking account of any associated fixed costs)

2.

The organisation’s objective; it may simply aim to recover costs, it may aim to
maximise its revenue or profit, or it may have more complex objectives concerned
with growth or market penetration in the long term
The competitive situation; there may be a small or large number of players in the
market; they may be active in the market or potential entrants; competitors may be
the same mode or another mode. The concept of contestability is sometimes used.
What is important, it is argued, is not the existence of many players in a market but

3.
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the existence of many players competing for the market. Thus, for instance, whilst
there might be only one player serving a transport route, there may be other players
willing to enter the market if the incumbent starts to become inefficient, or charges
high prices.
4.

Consumer preferences; consumer differences in tastes, power and information
allow the decision-maker to charge different prices for the same service. Whilst the
empirical evidence on prices is slim, there are a number of factors that are known to
lead to different prices for apparently similar load units. The reason for these
different prices stems from a combination of cost considerations and the nature of
the consumer (tastes, power and access to information).
Size of shipment. Large shipments often attract a lower (or discounted price).
Regularity If an intermodal operator is offered regular shipments there may some
expectation of a reduction in price.
Difference in time of day, week or season (peak capacity demand). Pricing
initiatives may attempt to increase overall revenue by offering lower prices where
excess capacity exists.
Dangerous cargo Whilst costs are higher due to the extra care and risks associated,
there are opportunities for discrimination in price setting.
Value. It is often stated (though evidence is limited) that high value loads are
charged at higher prices than low value loads.
Empty versus full. The difference in all up weight of a transport and load unit
together when empty or full has to be quite substantial to lead to any significant
variation in costs. A reason for lower prices due to lower cost occurs if empty
containers can take advantage of off peak capacity in the system or can be regarded
as low priority.
Between customers The reasons for treating customers differently for the same
unit load movement are related to objectives such as retention of some for the long
term and indifference to others (perhaps because of unreliability for instance). An
important point is ignorance. The customer (particularly an irregular one) is
unlikely to be aware of costs or the price the operator is willing to accept (as
revealed in other exchanges). In this case the operator during negotiation might be
expected to achieve a price nearer to what the customer is ‘willing to pay’ rather
than what he the operator is ‘willing to accept’.
Political intervention; governments may intervene in the market in various ways
by constraining organisations objectives and levying taxes. The intervention may
derive from a European, national or local level. Different bodies may be used to
enable government policy.
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2.5

Definitions

After consideration of these various elements of internal cost it is possible to define
certain relationships. For a journey
Total Revenue = Total Internal Costs + Profit
Price = Average Internal Costs + Average Profit
= Average Operating Costs + Average Infrastructure Charges
+ NetTaxes + AverageProfit
If marginal costs are of interest then:
Marginal Internal Costs
= Marginal Operating Costs + Marginal Infrastructure Charges
+ Marginal Net Taxes
These cost figures refer to the costs that a service provider experiences. From a social
perspective a more important concept is concerned with the resource consumed – the
resource (or social) costs. Efficiency is concerned with minimising the resources used in
moving a given consignment. In particular taxes do not reflect resources consumed and
are therefore excluded from the definition of resource costs. Infrastructure Charges also
do not necessarily reflect the true marginal costs imposed due to the use of the
infrastructure – costs therefore need to be referred to rather than charges. This gives
Marginal Resource Costs = Marginal Operating Costs
+ Marginal Infrastructure Costs
These costs refer to the resources necessary to move a consignment from its origin to a
destination. It refers to costs incurred by providers of the overall transport service
(operators and infrastructure providers). It does not consider costs incurred by other
sections of society – those external to the provision of the service.
2.6

External costs

2.6.1

The components

The concept of Externalities has become a major consideration in the design and
execution of transport policy. Transport activity generates costs in terms of additional
resources consumed or damage to individuals that are not internalised; that is those
costs are not suffered by the provider of the transport service – they are external.
Externalities can be categorised into five main groups:

•
•

Air pollution from vehicle use, electricity production and up/downstream
processes
Accidents
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•
•
•

Noise
Global warming
Delay to other travellers

The external cost of an activity (per vehicle km or per Transhipment) is the product of
three factors – the scale of the initial production of emissions, the physical impact of
these emissions (in terms of health, delay etc) and finally the valuation of these impacts.
Data on the first factor - vehicle emissions - is readily available. In order to understand
the numerous impacts of vehicle activity on the surrounding environment, the last two
decades have seen the development of models to estimate these impacts. These models
are under continuous review and uncertainty still surrounds the precise scale and in
some cases nature of the impact. The final factor – valuation - allows the conversion of
physical impacts into the common economic metric - money. Such valuation may be
through the measurement of an imposed economic cost on a third party (loss of crops,
building deterioration) or through estimates of the willingness of society to pay to avoid
effects such as noise or injury. This conversion into money terms provides the basis for
charging policies based on ‘polluter pays’ principles and policy evaluation.
2.6.2

Air pollution

External costs of air pollution are based on the traffic flow for on specific routes. In
order to quantify the impact of one extra vehicle (or vehicle km) due to airborne
pollutants the Impact Pathway Approach is used. A detailed description of the method is
to be found in the ExternE (European Commission, 1999a) - the steps comprise

•
•
•
•

emission calculation,
dispersion and chemical conversion modelling,
calculation of physical impacts, and
monetary valuation of these impacts.

Emissions/burdens
The original source of pollutants is the vehicle. The emissions per kilometre depend
critically on the fuel consumption of the vehicle and the pollutants associated with
combustion. The emissions vary depending on the age of the vehicle, the quality of its
combustion process and methods used to prevent pollutants escaping into the
atmosphere. Standards referred to as EUROI and EUROII can be used to define
emissions of road vehicles. Ideally, when comparing externalities of goods transport by
electric trains and heavy duty road vehicles, the complete chain of fuel provision should
be considered for both modes - the complete chain from coal, crude oil, etc. extraction
up to the fuel consumption.
Concentrations
Air quality models are used that simulate the transport as well as the chemical
transformation of pollutants in the atmosphere. Depending on the range and type of
pollutants considered different models are in use:
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•

The Gaussian dispersion model ROADPOL for calculation of pollutant
concentrations from line sources on the local scale up to 25 km from the road
(Vossiniotis et al., 1996);

•

The Wind rose Trajectory Model (WTM) is used to quantify the concentration
and deposition of acid species on a European scale (Trukenmüller and Friedrich,
1995);

•

The Source-Receptor Ozone Model (SROM), which is based on source-receptor
(S-R) relationships from the EMEP MSC-W oxidant model for five years of
meteorology (Simpson et al., 1997), is used to estimate changes in ozone
concentrations on a European scale.

Impacts
Concentrations then translate into impacts through the application of exposure-response
functions, which relate changes in human health, material corrosion, crop yields etc. to
unit changes in ambient concentrations of pollutants. The relationship may be linear or
non-linear and contain thresholds (e.g. critical loads) or not. Those describing effects of
various air pollutants on agriculture have proved to be particularly complex,
incorporating both positive and negative effects, because of the potential for certain
pollutants, e. g. those containing sulphur and nitrogen, to act as fertilisers.
Applicable exposure-response functions describing the impacts on human health,
building materials, and crops are available for a range of pollutants, such as primary and
secondary (i.e. nitrates, sulphates) particles, ozone, CO, SO2, NO2, benzene, etc.
(Friedrich et al., 1998) - Table 2.3

Table 2.3:Overview on impact categories and effects of air pollutants
Impact category
Public health – mortality
Public health – morbidity

Material damage
Crops

Effects included
Reduction in life expectancy due to acute and chronic mortality
Respiratory hospital admissions
Restricted activity days
Cerebrovascular hospital admissions
Congestive heart failure
Cases of bronchodilator usage
Cases of chronic bronchitis
Cases of chronic cough in children
Cough in asthmatics
Lower respiratory symptoms
Asthma attacks
Symptom days
Ageing of galvanised steel, limestone, natural stone, mortar,
sandstone, paint, rendering, zinc
Yield change for wheat, barley, rye, oats, potato, sugar beet
Yield loss for wheat, potato, rice, rye, oats, tobacco, barley, wheat
Increased need for liming
Fertiliser effects
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Adverse health effects of air pollution include mortality as well as morbidity outcomes.
The impacts with associated pollutants - particulate matter PM, ozone, SO2, NO2, CO
and VOC – are shown in the following table.
Table 2.4: Human health impacts.
Receptor

Impact Category

Pollutants

ASTHMATICS (3.5% of population)
Adults
Bronchodilator usage
Cough
Lower respiratory symptoms (wheeze)
Children
Bronchodilator usage
Cough
Lower respiratory symptoms (wheeze)
All
Asthma attacks (AA)
ELDERLY 65+ (14% of population)
Congestive heart failure
CHILDREN (20% of population)
Chronic cough

PM10, Nitrates,
PM2.5, Sulphates
PM10, Nitrates,
PM2.5, Sulphates
O3
PM10, Nitrates,
PM2.5, Sulphates, CO
PM10, Nitrates,
PM2.5, Sulphates

ADULTS (80% of population)
Restricted activity days (RAD)
Minor restricted activity day (MRAD)
Chronic bronchitis
ENTIRE POPULATION
Chronic Mortality
Respiratory hospital admissions
Cerebrovascular hospital admissions
Cancer risk estimates Symptom days

PM10, Nitrates,
PM2.5, Sulphates, O3
PM10, Nitrates,
PM2.5, Sulphates
PM10,
Nitrates,
PM2.5, Sulphates
SO2, O3

Impacts on building material can be assessed using the most recent exposure-response
functions developed in the last phase of the ExternE Core/Transport project (Friedrich
and Bickel ,2001). These impacts include
Limestone
Sandstone, natural stone, mortar,
rendering
Zinc and galvanised steel
Paint on steel
Paint on galvanised steel
Carbonate paint

surface recession and maintenance frequency
surface recession and maintenance
frequencymass loss and maintenance frequency
mass loss and maintenance frequency
maintenance
maintenance frequency:
material loss

Another important impact of air pollution is on crops. Yields are affected by levels of
SO2 and Ozone. In addition, due to the acidification of agricultural soils, the amount of
lime required to balance acid inputs on agricultural soils across Europe is increased. On
the other hand the effect of nitrogen deposition is beneficial (assuming that the dosage
of any fertiliser applied by the farmer is not excessive).
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Monetary values
Physical impacts are finally transferred into damage costs by using appropriate
monetary values. For the yield loss of agricultural products, market prices are used, as
well as for some of the material damages. However in general the problem arises, that
market prices do not exist for externalities that influence public health. The valuation is
then based on the willingness-to-pay approach. Table 2.5 describes the values used for
the health impacts.
Table 2.5:Monetary values for health impacts (EU15 average factor costs)
Impact
Year of life lost (chronic effects)
Year of life lost (acute effects)
Chronic bronchitis
Cerebrovascular hospital admission
Respiratory hospital admission
Congestive heart failure
Chronic cough in children
Restricted activity day
Asthma attack
Cough
Minor restricted activity day
Symptom day
Bronchodilator usage
Lower respiratory symptom
Source: Nellthorp et al. (2001)

Monetary value (rounded)
75 000 €/yearsoflifelost
130 000 €/yearsoflifelost
138 000 €/new case
14 000 €/case
3 600 €/case
2 700 €/case
200 €/episode
100 €/day
70 €/day
34 €/day
34 €/day
34 €/day
32 €/day
7 €/day

2.6.3 Accidents
Marginal external costs are the incremental costs of an accident borne by society at
large, including victims, family and friends, imposed by those who cause the accident
risk (Lindberg, 1999). When a vehicle enters into the traffic flow, the user
1. exposes himself to the average accident risk in that transport mode.
2. increases or decreases the accident risk for other users of the same mode.
3. may influence the accident risk of other transport modes
When economic values are assigned to these three consequences they express the total
marginal accident cost (internal plus external). The cost of an accident, ex ante, can be
considered to include three components each with a monetary value:
(a)

willingness-to-pay (WTP) for safety by the user(s) of the vehicle exposed
to the risk;

(b)

WTP to avoid the consequences of accidents by relatives and friends of the
user;

(c)

costs imposed on the rest of the society (material losses, including net
production loss, hospital care, medical cost, administration and property
damage)
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If the user internalises in his decision to make a trip the expected accident cost he
exposes himself to (item a), then the remaining cost, the external marginal cost,
consists of three components:
1. System externalities - the expected accident cost to the rest of the society (item c)
when the user exposes himself to risk (r) by entering into the traffic flow- mainly
medical and hospital costs:
c.r
(c is the cost of a fatality, severe injury or light injury,
r is the risk per vehicle km of a fatality, severe injury or light injury)
2. Traffic volume externalities - the WTP of vehicle users (item a), relatives and
friends (item b), and costs for the rest of society (item c) related to the increase or
decrease in the accident risk for all other users of the same mode, caused by an
additional user:
(a+b+c) . r. ErQ
(risk elasticity ErQ = ∂r/∂Q . Q/r with Q = total kilometres run in the mode)
3. Traffic category externalities - the WTP of the vehicle users (a), relatives and
friends (b), and costs for the rest of society (c) related to the changed accident risk r’(1+Er’Q) - in other modes of transport:
(a+b+c) .r’. (1+Er’Q)
(risk elasticity Er’Q = ∂r’/∂Q * Q/r’ with Q = total kilometres run in the mode)
In the case of road freight transport the risk (r’) to pedestrians and passenger car
occupants is high compared to the freight vehicle occupants (r).
The values used for the risk elasticity for road freight vehicles are derived from a
previous study

Table 2.6:Elasticities used for calculating external accident costs

Urban roads
Extra-urban roads
Motorways
Source: PETS (1998)

ErQ
0.25
0
0
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The same principles are used for rail (and other modes). Compared with road, the risks
for goods train personnel are low and therefore system externalities (1) and traffic
volume externalities (2) are negligible. The only significant source of costs is the traffic
category externality (3) which concerns the risks for train passengers and third parties
(above all road users). The availability of studies concerning the relationship between
train km and accident risk is even worse than for road transport. The risk elasticities
assumed are6 ErQ = 0, i.e. constant risk within the mode goods trains and Er’Q = 0.5, i.e.
a risk elasticity of one half between goods trains and other modes (passenger trains,
road users, etc.).
Monetary values
To be consistent with the results of the UNITE-Project, values and valuation
conventions of the UNITE. project (Nellthorp et al. 2001) were applied as far as
possible. The first cost component (a - the willingness-to-pay (WTP) for safety by the
vehicle user) for fatalities was taken from UNITE, as were risk values for severe and
light injuries (estimated as 13% and 1% of the risk value for fatalities). In accordance
with UNITE, no explicit estimate for component (b), the WTP of relatives and friends is
applied:
“While we have evidences that the existing arguments for not including these values are
not valid in the external marginal cost case we do not propose to spend too much effort
on this issue. Given the huge uncertainty in the present WTP studies it is probably more
important to reduce the gap in the private risk value.” (Lindberg, 1999).
Costs due to material damages, which belong to the last cost component (costs for the
rest of society) are treated as internalised through the payment of vehicle liability
insurance payments. Material damage costs are subject to market transactions in the
form of repair costs and are covered either by vehicle liability insurance or by the
vehicle owners and are thus internalised. Other costs, such as net production losses,
administration costs and part of the medical costs are not internalised by the decision
maker and have thus to be included in external cost calculations.
For the cost fatalities to the rest of society (item c), the non-internalised costs to the rest
of society are estimated as 10% of the fatality valuation for freight vehicle occupants
(Nellthorp et al., 2001). Costs due to injuries are taken from European Commission
(1994) and updated to 2000 for Austria, Denmark, France, Germany, the Netherlands,
Spain, Sweden, Switzerland and the UK. For Italy and Greece costs due to injuries are
estimated from the average of these countries using an adjustment for average income.
A similar method is used for the estimates of Hungary, Poland, Croatia, Slovenia, and
Slovakia; these estimates are based on the average of Spain, Portugal and Greece, the
EU countries whose GDP is closest to those countries.

6

Based on PETS (1998)
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Table 2.7: Monetary values for accident cost components
€/case
Country
Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

Willingness-to-pay
component (a)
Severe
Fatality
Light Injury
Injury
1,367,000
177,700
13,700
299,000
38,900
3,000
1,395,000
181,300
13,900
1,172,000
152,400
11,700
1,380,000
179,400
13,800
837,000
108,800
8,400
567,000
73,800
5,700
1,147,000
149,200
11,500
1,400,000
182,000
14,000
460,000
59,900
4,600
568,000
73,900
5,700
864,000
112,300
8,600
1,061,000
137,900
10,600
1,235,000
160,500
12,300
1,769,000
230,000
17,700
1,251,000
162,600
12,500

Costs for rest of society
component (c)
Severe
Fatality
Slight Injury
Injury
136,700
27,800
2,610
29,900
2,700
120
139,500
11,000
1,130
117,200
30,400
1,980
138,000
28,500
2,960
83,700
9,900
730
56,700
5,400
240
114,700
12,300
900
140,000
21,200
2,350
46,000
4,100
180
56,800
5,100
220
86,400
7,800
340
106,100
5,400
270
123,500
43,800
2,230
176,900
41,300
3,150
125,100
17,700
1,880

2.6.4 Congestion and Slot Scarcity
"Congestion can be defined as a situation in which transport participants cannot move
in a usual or desirable manner. All kind of vehicles and pedestrians can experience
congestion"(ECMT, 1998)
Numerous reasons can be responsible for obstructions on transport infrastructure
including obstacles like road works, accidents, driving behaviour or high flow/capacity
ratios. The consequence is, that the vehicles have to move slower and the users need
more time than they would have without the obstacle. The main effect of congested
situations is therefore time losses of the participants. From an economic point of view,
these time losses can be expressed in money times; they constitute any increase in
vehicle operating costs and the value (WTP) that travellers place on extra time spent on
a journey. Potentially congestion can impact the environment (due to increased
emissions) and accidents. Within RECORDIT the focus is on the time losses
themselves, as they "... generally show 90 per cent of the costs of congestion" (Link et
al., 1999). For trains, scarcity of rail slots can also manifest itself in delays.
From the point of view of marginal costs the figure of interest is not the average cost of
congestion (or delay) a vehicle experiences but rather the delay an extra vehicle km (or
journey) imposes on other users of the network.
Quantification of time losses
As recommended by the Commission’s High Level Group on Infrastructure Charging
(WG2) (Nash et al., 1999) the external congestion costs are estimated by modelling the
interaction of demand and supply on the road network under consideration. Time losses
are quantified by the use of speed-flow curves, which demonstrate the impact of an
extra vehicle on overall speeds (and hence the extra delay caused). Available for
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different types of roads, they allow the estimate of total delay caused by the marginal
vehicle along a route, given assumptions about traffic flow and type of road. Data is
required on an hourly basis in order to understand how delay varies by time of day.
The values of time used to value delay are derived from four state-of-the-art studies:
two Dutch value of time (VOT) studies, a Swedish VOT study by Algers, the Wardman
review, 1998 and DeJong's Dutch study on freight. The values are transferred to other
countries by factors derived from "real per capita income at purchasing power parity
exchange rates for each country" using the Netherlands/Sweden/UK average as the
base.
Table 2.8: Monetary valuation of travel time (€ /person hour)

Country

Business

Austria
22.66
Croatia
4.94
Denmark
24.13
France
20.03
Germany
21.82
Greece
13.44
Hungary
9.93
Italy
20.41
Netherlands
22.89
Poland
7.60
Slovakia
9.38
Slovenia
14.25
Spain
16.34
Sweden
20.66
Switzerland
25.68
United Kingdom
20.56
Source: Based on Nellthorp (2001)

2.6.5

Commuting /
private
5.26
1.18
5.37
4.51
5.31
3.22
2.19
4.42
5.39
1.81
2.23
3.39
4.09
4.75
6.81
4.90

Leisure/holiday
3.51
0.78
3.58
3.01
3.54
2.15
1.46
2.95
3.59
1.21
1.49
2.26
2.73
3.17
4.54
3.26

Freight
46.4
10.1
49.4
41.0
44.7
27.5
20.3
41.8
46.9
15.6
19.2
29.2
33.5
42.3
52.6
42.1

Noise

Noise is unwanted sound and its impact is a complex and highly non-linear
phenomenon. The Impact Pathway approach applied to noise consists of the following
steps:

•
•
•
•

Sound emissions modelling
Sound propagation and exposure of dwellings
Quantification of impacts
Valuation of impacts

The modelling of sound emissions and propagation is based on the German road noise
model RLS90 (Arbeitsausschuß "Immissionschutz an Straßen", 1990). The model
distinguishes between vehicle types and takes into account vehicle speed.
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Figure 5: Sound emissions of a constant flow of vehicles (measured 25 m from the road).
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Noise emissions of a total traffic flow on a road increase non-linearly with traffic; the
marginal impact of one extra goods vehicle depends on the traffic flow and is less than
the average impact. The impact on individuals will be greater in urban areas (more
people are affected) and at night time (more serious impact).
The modelling of sound emission and propagation for railways is similar to road. The
original emissions are different (Figure 6) and, as with road, the impact varies by type
of train and speed.
Figure 6: Sound emissions of different trains over speed as used for the modelling.
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The calculation of marginal impact and the modelling of the population at risk and their
exposure is the same as described for road transport.
Health effect due to transport noise
Health impacts are estimated using exposure-response functions for:
-

ischaemic heart disease (endpoints myocard infarction, fatal and non-fatal,
and angina pectoris)
hypertension (hospital admissions, medical treatment)
subjective sleep quality

Valuation of welfare changes due to transport noise
The total external costs for noise impacts arise from three sources:
i. Resource costs - medical costs paid by the health service
ii. Opportunity costs - mainly the costs in terms of productivity loss
iii. Disutility - other social and economic costs including any restrictions on or
reduced enjoyment of desired leisure activities, discomfort or inconvenience
(pain suffering), anxiety about the future, and concern and inconvenience to
family members and others.
The first two components (sometimes referred to as the “Cost of Illness" - COI) are
estimated using market prices. Added to this is a measure (estimated by Willingness-toPay principles) of the affected individual's disutility or loss of welfare. The Willingnessto-Pay for avoiding amenity losses is based on the hedonic pricing approach. The Noise
Sensitivity Index (NSDI) gives the value of the percentage change in property price
arising from a unit increase in noise. A large number of studies conducted suggest NSDI
values ranging from 0.08% to 2.22% for road traffic noise.
A hedonic pricing study in the town of Neuchatel in Switzerland (Soguel, 1994) used
rent rather than housing prices. The coefficient on the noise variable in this study
suggested a NSDI of 0.91. This value is similar to the average derived from European
studies of NSDI = 0.9 (European Commission, 1995a) and was taken for this study.
There is a danger of double counting impacts of health/productivity effects if this is
included in measures derived from WTP studies. However, the awareness of people
concerning definite health risks due to transport environmental noise is considered to be
very low and thus negligible (Passchier-Vermeer, 2001). Table 2.9 shows the main
valuations used.
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Table 2.9: Monetary values for impacts due to noise

Impact

Valuation in €

Myocardial infarction (fatal, 7 YearsOLL)
Total per case
Myocardial infarction (non-fatal, 8 days
in hospital, 24 days at home)
Medical costs
Absentee costs
WTP
Total per case
Angina pectoris (severe, non-fatal, 5 days
in hospital, 15 days at home)
Medical costs
Absentee costs
WTP
Total per case
Hypertension (hospital treatment, 6 days
in hospital, 12 days at home)
Medical costs
Absentee costs
WTP
Total per case
Medical costs due to sleep disturbance
(per year)
Average (net) rent per person per year
( WTP for avoiding amenity losses)

Average
Europe

Austria

Switzerl
and

Germany

522 900 586 100

664 300

564 200

Denmark

UK

624 300 531 500

4 720
2 820
15 070
22 600

5 290
3 140
16 850
25 270

5 990
3 550
19 090
28 640

4 680
3 490
16 330
24 500

5 630
3 360
17 990
26 980

4 870
2 720
15 180
22 760

2 960
1 760
9 440
14 160

3 320
1 960
10 560
15 840

3 760
2 220
11 960
17 950

2 930
2 180
10 220
15 340

3 540
2 100
11 270
16 910

3 080
1 700
9 550
14 330

1 830
1 580
550
3 960

2 050
1 760
610
4 430

2 320
2 000
700
5 020

1 820
1 960
590
4 370

2 180
1 890
650
4 730

1 870
1 530
560
3 950

197

221

250

212

235

200

823

2 866

1 791

2 565

3 618

Source: based on Metroeconomica (2001), Nellthorp et al. (2001) and Bickel (2001)

2.6.6

Global warming

This is not based on detailed modelling of impacts and valuation of resource impacts
and willingness-to-pay. Instead the cost avoidance approach is adopted. Using
arguments concerned with sustainability certain targets are set for a reduction in CO2
emissions. The target adopted here is derived from the Kyoto target which represents a
5.2% reduction over the whole EU. The external cost of CO2 emissions then becomes
the extra cost that is incurred in order to achieve this target. The result is a value of € 37
per tonne of CO2 emitted; it applies to emissions wherever they occur in Europe.
2.6.7

Up- and downstream processes

Impacts from up- and downstream processes focus on externalities due to air pollutants.
Here, emissions from the manufacture of the vehicles and the supply of fuel are
assessed. In contrast to air pollution damages, where impacts are site-specific,
emissions from manufacture and maintenance are not treated as site-specific, as the
origin locations of these emissions, which come from a multitude of manufacturing and
production processes cannot determined. Taking into account the emissions generated
over the life cycle of a vehicle (manufacture, maintenance and disposal) it is possible to
estimate, using the models described for emissions, the cost associated with these life
time activities.
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2.7 Valuation in the European Context
Three components are required to estimate an external cost – vehicle emission factors,
a model of their physical impact (health etc) and a valuation of these impacts. Common
vehicle emission factors and the same models are used for Europe. Ideally the final
stage - monetary valuation of the impacts - should be based on national studies and the
willingness of individuals in those countries to pay (WTP) for improvements in health
and safety.
However due to the scarcity of appropriate studies it is necessary to transfer values
generated in one country to other countries. The assumption made is that willingness to
pay is proportional to average income in a country.
The relative valuation of impacts is therefore a simple function of GDP per capita
(including a Purchasing Power Parity adjustment). Table 2.10 shows these transfer
ratios compared to the EU15 average. It can be seen that there is a range from Croatia at
24% of the EU average to Switzerland with 127% - a factor of 5.
Table 2.10: Ratios for adjusting differences in values between countries
Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Source: Nellthorp et al. (2001)

1.121
0.244
1.194
0.991
1.079
0.665
0.491
1.010
1.132

Poland
Spain
Sweden
Slovenia
Slovakia
Switzerland
United Kingdom

0.376
0.808
1.022
0.705
0.464
1.270
1.016

EU15

1.000

2.8 From Costs to Pricing Policy
Using the principles, methods and data described for external costs it is possible to
estimate the total resource costs consumed in the process of moving a load unit from an
origin to a destination as the sum of two components.

Marginal (Total) Resource Costs (also referred to as the Marginal Social Cost)
= Marginal Internal resource Costs + Marginal External Costs
(for a given journey by intermodal or road transport)

There are two main policy themes addressed in RECORDIT.
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• Initiatives for the reduction in costs. The target in this case is resource costs both
operating and external. Chapter 5 examines these opportunities.
• Policy instruments that concern the appropriate pricing of externalities and
infrastructure for road and other modes.
The case for marginal cost pricing has been put forcefully by the 2001 White Paper
(COM 2001(370))

”..the price structure generally fails to reflect all the costs of
infrastructure, congestion, environmental damage and accidents.”
“It is generally acknowledged that not always and not everywhere do
the individual modes of transport pay for the costs they generate. The
situation differs enormously from one Member State and mode to
another. This leads to dysfunctioning of the internal market and
distorts competition within the transport system. As a result, there is
no real incentive to use the cleanest modes or the least congested
networks.”
In this argument there are two distinct strands. One concerns the principles for charging
for infrastructure and the other is the integration of external costs. A White Paper of
1998 (COM(98)466) examined means of remedying the diversity found in infrastructure
charging regimes both between member states and between modes. The Paper proposes
a framework of charges based on the 'user pays' principle, which should also include a
charge for any external costs that the user imposes. The charges, it argues, should be
based on marginal costs and, if possible, vary according to the type of infrastructure
used, time of day, distance covered, size and weight of vehicle.
The principle of charges reflecting the marginal cost of resources used is aimed at
efficiency and equity (COM(95)691). If users perceive the full cost of their actions then
they will make efficient choices between modes (and in the decision of the extent to
travel as well). The equity argument requires users to pay in some way for the full cost
of their actions.
Thus with charges reflecting marginal resource costs and reflected in prices paid then
the user will pay the full costs. Given that marginal costs are for some external costs
higher than average costs then, although the marginal motorist may pay the full
marginal costs, motorists as a whole will pay more than the full cost of their actions.
We can characterise the juxtaposition of the various costs, charges and prices involved
by the following diagram. It describes the overall process within which RECORDIT
investigates costs and the link to the policy themes concerned with pricing.
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Figure 7: Steps in cost principles for RECORDIT
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Marginal
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charges

VAT
Marginal
infrastructure
resource costs

Operators Profit

Current
Price

Ideal
Price

Marginal
Operating
Resource costs

Average
Operating
Resource costs

The left hand box shows the current situation with the price of a transport movement
(either on a per journey or per vehicle km basis) as the sum of VAT, taxes, the average
internal resource costs and a profit (or loss) that the provider of the service receives. The
next step is to determine the overall marginal resource costs of the transport movement
using the principles outlined in the sections above – marginal operating and
infrastructure costs, and the set of marginal external costs. The final stage is to identify
the new additional charge required if price in the market place is to be equal to the
marginal social (resource) cost. The difference between the two situations and the
additional charge required to make price equal to marginal resource (social) cost is
given by
Additional charge =
Marginal External Costs – Taxes
+ Marginal Infrastructure Costs – Infrastructure Payments
+ Marginal Operating Costs - Average Operating Costs
- Operators’ Profit

Thus it can be seen that there are four empirical issues to be resolved in deciding the
optimum additional charge where price covers the marginal social costs. The first
comparison - between external costs and current taxes - usually receives most
prominence in discussions of the user pays principle. The second element is concerned
with the balance of infrastructure charges (payments) and costs. From a social charge
perspective it is the difference between payments and marginal costs that are of concern
and need to be identified. Given that there are usually large fixed costs in infrastructure
provision, equality of marginal costs and payments will mean that average costs are not
covered and a loss will be made. The third element is an adjustment for any differences
between the average and marginal cost of moving a consignment such as a container.
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The final element corrects for any distortion that arises due to payments received by
operators being different from the cost of resources used to provide that service. All of
these four factors will vary by mode. And within mode they will vary by route and
operator.

2.9 Decision Support System
The previous sections have described a set of data, parameters and models that can be
used to estimate the internal costs, external costs and by derivation an appropriate
additional charge that equates price with marginal social cost on a particular route. The
collection of data on three specified routes in a number of European countries provides
a database that can be used within a model accounting framework to calculate a set of
costs (internal, external, etc) for alternative routes in Europe by different modes. The
Decision Support System (DSS) is a computer based system that allows a user to input
basic parameters of a route and identify cost parameters from the database that are
appropriate for the different segments of the route. The output is a full cost analysis by
mode and by load unit category. The following diagram illustrates the basic
relationships between required input data and expected output.
The DSS allows the user both to set up new corridors and to analyse the internal as well
as external cost structure of the existing ones, i.e. six intermodal and all road corridors.
Three of these are three long routes Barcelona-Warsaw, Patras-Gothenburg and GenoaManchester, and three short distance routes, Coventry-Rennes, Torino-Bologna and
Milan-Munich.
The set up of a new corridor requires as input data a set of basic parameters involving
both the corridor characteristics and the cost parameters. The former set of parameters
concerns the length of route segments, the country of origin-destination, the indication
of urban or extra-urban context, relevant for pre and post haulage, the type of loading
unit to be carried, the number of operators on the route and the transport blocks. In
particular, the indication of transport blocks represents a basic requirement for the
definition of the new corridor; in fact it allows a specification of the type of transport
activities characterising the intermodal chain. These correspond to the nine activities in
which costs are incurred; loading a consignment, pre-haulage to a terminal (in which a
transhipment point in the form of storage can be inserted), the terminal handling near to
the shipper, the main haulage (with train, truck, ship or inland waterway), the terminal
handling near to the consignee, the post haulage and finally the consignee receiving the
consignment.
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Figure 8: Structure and Process of the Decision Support System
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The cost parameters required as inputs allow a specification of the cost item value, i.e.
the unit of measure of the primary cost information source for cost analysis. Summing
the cost items related to the three long routes, more than 800 cost items are available in
the RECORDIT database, aggregated into six cost categories, i.e. personnel, insurance,
depreciation, maintenance, energy, taxes and charges. For instance on the corridor
Patras-Gothenburg, main haulage by train, about 100 cost items are related to the
personnel costs, i.e. salary for drivers, marshalling staff and shunters, monitoring,
security, etc. Concerning the internal costs, the user can pick up the cost values from the
existing corridors or input directly new values. The relevant cost parameter can be
expressed in euro/loading unit or in other parameters (e.g. with reference to personnel
costs, the parameters of salary can be expressed in euro/h).
Concerning the external costs the user can identify the following key parameters: load
factor, vehicle technology, vehicle capacity and, for train only, k factor (the k factor is a
technical parameter involving the number of train stops, the average speed, the number
of wagons and the load factor). The load factor, for instance, allows an assessment of
the impact on external costs through the reduction of the empty trips (i.e. the amount of
kilometres travelled).
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Through the set up of policy measure the user can simulate at corridor level the
potential impacts of policies/measures, comparing the outcomes on costs structure,
internal as well as external, both for intermodal and all road solutions. It is necessary to
select the main parameters related to the corridor where the policy impact is assessed,
together with the cost parameters, internal as well as external.
The results, internal and external costs in euro/LU, allow a comparison of the ex-ante
situation, i.e. before the implementation of the policy/measure, with the ex-post
situation, after the implementation of the policy/measure, in terms of the potential gain
of the policy, i.e. the percentage of cost reductions obtained.
The results can be examined according to the following output formats:
By transport mode, policy impacts in the different transport modes (% of
incidence)
By operator, policy impacts for the involved operators (% of incidence)
By cost category, policy impacts in the different cost categories (% of incidence)
By transport blocks, policy impacts in the different transport blocks (% of
incidence)
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3 Internal costs
3.1

Internal Costs

3.1.1

Corridor Results

Internal costs comprise the costs incurred in the movement of a consignment from an
origin to a destination. They therefore include not only the cost of resources used for
physically transporting the consignment, but also costs associated with infrastructure,
management, insurance, the unit (container, swapbody) and taxes.
Cost estimates were assembled for an intermodal and an all-road solution in each of the
corridors described in Chapter 1. Costs of operations were provided by individual
transport operators (road, rail, inland waterways, short sea shipping) and forwarders
providing a service on the individual segments of the routes. In the case of infrastructure
(road, rail, canals, ports) and transhipment centres the figures refer to charges made by
the infrastructure operator.
The estimates of taxes paid and subsidies received are estimated from published figures
at a national level. In the case of taxes this should provide a good estimate of the taxes
actually paid on individual routes. The figures for costs and taxes refer to the year 2000.
A summary of the internal cost results are shown in Table 3.1. A simple comparison of
total cost (in terms of €/movement) shows that the intermodal solution is the lowest cost
on all the routes for a 40’ container (or ‘A’ class swapbody).
In the case of a 20’ container (or ‘B’ class swapbody) intermodal is the lowest cost
except in the case of the Barcelona-Warsaw route where the all road solution is slightly
cheaper. In unit cost terms (€/km) the intermodal solution is consistently lower than
road, though it should be noted that this exaggerates intermodal’s advantage as its
distance is longer.
Beneath these aggregate figures there are the individual cost components. Using these it
is possible to compare more clearly the underlying cost structures of the intermodal and
all-road solutions.
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Table 3.1 Internal Costs (including taxes)
20'
'B' Class

40'
'A' class

Road
€/movement

km
1912
3599
2735

Genova-Manchester
Patras-Goteburg
Barcelona-Warsaw

1498
2588
1760

Genova-Manchester
Patras-Goteburg
Barcelona-Warsaw

0.78
0.72
0.64

2836
4894
3448
€/km
1.48
1.36
1.26

Intermodal
€/movement
1395
2315
2132
3970
1855
3350
€/km
0.65
1.08
0.52
0.96
0.57
1.02

Genova-Manchester
Patras-Goteburg
Barcelona-Warsaw
km
2134
4128
3270

Genova-Manchester
Patras-Goteburg
Barcelona-Warsaw

The total internal cost of intermodal can be broken down into a number of major
components of which the most important are pre/post haulage, the haul leg (by different
modes) and transhipment costs. Figure 9 shows this breakdown for the three corridors.
Figure 9: Breakdown of Intermodal Costs
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The figure shows that, whilst main haulage is the most important cost in all cases, the
share of movement and transhipment at terminals can increase to over 30%. The shares
will vary depending critically on the number of transhipments necessary along the
intermodal route, the length of the pre- and post-haul legs and the route distance. In
routes less than 1000km for instance the share of main haulage is likely to be less than
85% and may fall as low as 50% for the shortest routes.
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A further breakdown is possible which shows the unit costs for each segment of the
three routes. The unit of measurement in the case of haul is € per km and for
transhipment € per terminal movement.
Table 3.2: Components of Internal Costs
20'
40'
'B'
'A'
Class
class
€/km

Prepost haul

Road

Road

Haul

Rail

Short Sea Shipping

Manchester
Basel
Patras
Goteburg
Barcelona
Warsaw
Genova-Rotterdam
Rotterdam-Manchester
Brindisi-Goteburg
Barcelona-Torino
Torino-Budapest
Budapest-Warsaw
Genova-Chiasso
Chiasso-Basel
Felixstowe-Manchester
Brindisi-Milano
Milano-Munich
Munich-Hamburg
Barcelona-Torino
Torino- Verona
Verona-Budapest
Budapest-Warsaw
Felixstowe-Rotterdam
Patras-Brindisi

1.17
1.89
0.62
1.36
0.76
0.99
0.63
0.69
0.56
0.63
0.29
0.63
0.61
0.59
0.23
0.32
0.38
0.68
0.24
0.39
0.48
0.60
0.84
0.27

2.34
3.78
1.23
2.72
1.52
1.84
1.26
1.37
1.13
1.26
0.58
1.26
1.21
1.20
0.46
0.64
0.76
1.35
0.47
0.79
0.96
1.20
1.67
0.54

Basel-Rotterdam

0.13

0.26

Inland Water

€/movement

RoadRail
RoadIW
RailShip
Terminal

ShipIW

RailRail

RoadShip

Manchester
Copenhagen
Barcelona
Warsaw
Brindisi
Basel
Basel
Genova
Felixstowe
Rotterdam
Milano
Munich
Bou Bou
Lyons
Torino
Bologna
Verona
Budapest J.
Patras
BrindisiPort

30
35
27
38
36
49
50
78
40
166
15
17
28
28
36
38
14
38
25
101

30
35
27
38
36
49
50
80
40
166
15
17
28
28
36
38
14
38
25
101

Genova-Manchester

0.04

Patras-Goteburg

0.02

0.02

Barcelona-Warsaw

0.06

0.08

€/km
Forwarder
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3.1.2

Road Haul Costs

The cost of movement by road (main haul rather than pre- and post-haul) ranges from a
low of 0.58 to a high of 1.37 €/km for a 40’ container (or ‘A’ Class swapbody). This
unit cost is derived from the cost of moving an articulated vehicle with an assumed
vehicle utilisation rate of 0.85. The lowest cost figure occurs in the Torino-Budapest
segment and is explained by the use of low cost (and low tax) vehicles from Croatia.
The high cost figure is influenced by the use of a sea crossing. The range for trucks
operating on mainland Europe and operated by EU operators is in the range 1.13 to 1.26
€/40’ km. These figure can be compared with those produced by a survey of
international movements during 2000 (PROGNOS, 2001).
Table 3.3: PROGNOS study road haulage costs €/40’ containerkm
Austia
Belgium
Deutchland
Denmark
Spain
Italy
Netherlands
France
United Kingdom

1.06
1.09
1.14
1.12
0.94
1.14
1.08
1.14
1.16

Czech Republic
Hungary
Poland
Romania

0.83
0.79
0.89
0.75

The figures from this survey (which have been adjusted using the same utilisation rate)
suggest a slightly lower range for EU based operators at 0.94 - 1.16 €/km and 0.75 0.89 €/km for the four East European operators.
3.1.3

Pre and post Haul

The survey revealed that the range of costs for movement to and from terminals was
significantly higher (at 1.23-3.78 €/40’ containerkm) than the main haul segments. The
reason for this is clear – poor utilisation of vehicles often operating empty for up to 50%
of the time and often extensive periods of waiting at terminals. If there is no opportunity
for combining two 20’ containers on a truck the cost is the same as for a 40’ container
and this is often reflected in rates quoted. (see for instance Containers Inland; The
European Container Market, MDS Transmodal, 1998 ,pp62)
3.1.4 Rail
Turning to rail the range of unit cost figures is 0.46 – 1.35 €/km with an (unweighted)
average of 0.90 €/km. The average confirms the claim that hauling goods by train is
generally cheaper than by road. However the wide range shows that this will not always
be the case.
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Figure 10: Variation in Rail Haul Unit Costs

Detailed examination of the reasons behind the differences in the various segments
suggests that the first source is differences in the unit costs of resources (vehicles,
personnel, fuel). These vary between operators and between countries. Another
explanation is the different segment lengths – shorter lengths tend to be higher cost due
to the fixed costs incurred at the ends of the segment waiting and preparing the trains.
Whilst these two factors explain some of the variation, the main reason appears to be
differences in productivity of both vehicles and personnel. It seems therefore, assuming
the figures are accurate, that there is great potential for reducing operating costs in a
large number of railway operations through improvements in productivity.
3.1.5 Terminals
Intermodal transport requires the use of terminals at the interface between modes, and
sometimes between the same mode. Rail to rail transfers are found to be the lowest cost
on average at €27 per movement of a 40’ container. The cost is higher for Road-Rail
transfers at €36 rising to around €60 and even higher at €166 when the move is
between inland water and a ship.

3.1.6

Economies of Scale

The costs referred to in the tables above are average costs. If economies of scale exist
then marginal costs will be different and this could have implications for pricing.
Examination of the different modes reveals the following. In road transport there is no
evidence of any economies (or diseconomies) of scale. The marginal consignment will
cost the same as the existing consignments. In the case of rail there is a similar finding.
Increases in demand can be expected to bring forward pro rata increase in services.
Whilst of course very small changes in demand could enjoy low marginal costs as load
factor increases, this is not to be expected over significant changes in demand. There
are, however, two instances when marginal costs might be lower than average when
demand increases. The first is when train length increases (which reduces average cost)
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and the second when it is possible to introduce through services (thus eliminating costs
concerned with transhipment). In general these changes are limited to certain routes and
will only create a modest divergence between the two costs. Turning to barges and ships
economies of scale will only apply if the size of ship increases. Finally transhipment
centres can under certain circumstances exhibit declining average costs as scale
increases. This stems from lumpy capital equipment (cranes, loaders) that are working
at under capacity. Thus as demand increases the capital costs are shared between more
load units reducing average costs. Marginal costs in this case do not include the fixed
cost of the capital equipment. However this argument could be challenged on the
grounds that, just as an extra rail vehicle will eventually be required as demand
increases, so will an extra crane be required. Overall therefore we find that there are
only modest economies of scale in the movement of freight, and these are restricted to
special circumstances. Marginal costs may be slightly lower than average costs during
some changes to rail operations, and terminals may exhibit low marginal costs in the
short run as capital equipment is under capacity.
When it comes to the consideration of track infrastructure the existence of fixed costs in
the form of roads or rail track does lead to much lower marginal costs compared to
average costs (Section 3.4 examines this issue).

3.2

The General Structure of Costs

The cost comparison between intermodal and road freight transport is often
characterised in a simple diagram showing a breakeven point when the cost of rail falls
below that of road. The basic logic of the diagram is based on two assumptions – the
haul costs of rail are lower than road and intermodal suffers a significant element of
extra costs in moving consignments to, from and through terminals. The findings from
the three routes confirm this general pattern but paint a rather more complex picture. In
the case of haul costs the average advantage of rail is about 0.20 €/40’km but the range
on different segments varies from an advantage in the range 0 to 0.50 €/40’km. This
superiority of rail in moving consignments is eroded by the existence of the cost of
transhipments along the route, the need to haul to and from terminals and the fact that
the route distance by rail is invariably longer.
The route by intermodal transport in the three routes studied is between 12 and 20%
longer than by the road system. In practice this extra distance is likely to be even greater
in cases where the terminals are not conveniently located or where intermodal services
do not exist on the more direct route. The denser coverage of Europe by the road
network gives it an advantage over rail.
Examination of these cost elements also demonstrates great variation. Pre- and posthaul costs may be high if one of them requires a journey of over 100km to access the
rail system; or low in the case of sea containers that are available from a ship in an
intermodal terminal. Transhipment costs also show variation though the range is fairly
modest in the sample – between 0.27 and 0.49 €/movement in the case of road rail
movements.
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Figure 11 shows the total cost of moving a 40’ container over different distances.
Figure 11: Share and Scale of Rail Movements by Distance
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The graph shows two lines for road and intermodal based on average figures (road haul
€1.20/40’km, rail haul €0.9/40’km and fixed costs – pre and post haul plus
transshipment – €180). An apparent crossover point occurs at just over 500km. In
addition to the three main corridors, estimates for three more corridors are shown. These
represent distances where major freight flows are likely to be found; they are CoventryRennes, Milan-Munich and Turin-Bologna.
The points on the graph for the three main corridors show that the costs for road are
higher. The greater length of the intermodal journeys is also apparent for the same
origin-destination.
Whilst the points referring to their internal costs fall in the general area of the two lines
they do illustrate the important point that, for a given corridor distance, the cost
comparison can vary dramatically depending on circumstances. At a distance of 500km
the cost difference between road and intermodal will vary depending on:
-

the length of the pre- and post-hauls

-

the extra distance that hauling to and from terminals adds to overall
distance for intermodal

-

the existence of train-train transhipment

-

the actual cost of main rail haul.
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Simple conclusions about relative intermodal and road costs at different distances are
not possible. Average figures disguise the spatial complexity of intermodal routes that
require access to terminals and the variation to be found in unit costs.
The complexity found in the cost comparison between intermodal and all-road is
apparent when one examines the outcome of decisions based (at least partly) on the cost
comparison – the modal share of traffic attracted to rail (Figure 12).
The figure shows the trend for all rail movements; intermodal can be expected to show a
similar pattern. As expected the share of rail (total is rail plus road) increases (though
rather erratically), with an upper limit of a share of 50%. Thus rail’s advantage emerges
as distance increases but there is still a large share that road retains.
At these higher distances road still retains an advantage due to rail’s high cost (lack of
direct routes for instance) or road’s perceived advantage on other attributes to cost (such
as speed and reliability).
Figure 12: Rail Share
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3.3

Taxes and Subsidies in Internal Costs

The internal costs calculated for the three routes contain elements of taxes and
subsidies. Taxes in this context include fuel taxes, vehicle circulation taxes, vehicle
registration taxes and a small element of insurance taxes. In this context Value Added
Tax (VAT) is not included.
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Table 3.4: Taxes and Subsidies on the Three Corridors
20'
'B' Class

€/movement

Road
Genova-Manchester

237

Patras-Goteburg

481

729

Barcelona-Warsaw

237

226

Genova-Manchester

0.13

km
1912

40'
'A' class

404

€/km
0.21

3157

Patras-Goteburg

0.12

0.19

2735

Barcelona-Warsaw

0.09

0.08

€/movement

Intermodal
Genova-Manchester

142

284

Patras-Goteburg

70

140

Barcelona-Warsaw

33

km

66

€/km

2139

Genova-Manchester

0.07

3454

Patras-Goteburg

0.02

0.13
0.04

3127

Barcelona-Warsaw

0.01

0.02

The table shows that for all the movements net taxes (i.e. taxes minus subsidies) are
positive. Not surprisingly the road solution pays rather more taxes. The level of taxes on
a per container km basis shows considerable variation between the corridors. This
reflects the different taxation regimes found in the different countries along the routes.
In the intermodal solution the major part of the taxes is made up of those on pre- and
post haul road transport. To gain a clearer insight into the make up of taxes and
subsidies by the road and rail mode it is necessary to examine the taxes for the 16
countries studied.
Table 3.5: Taxes and Subsidies by Country Year 1998
Road

Rail

Fuel taxes
Vehicle taxes1 Subsidy Total Taxes Subsidy Total
€/40’
€/000l
€/veh.
€/40’ containerkm
€/40’ containerkm
containerkm
Austria
395
0.15
247
0.00
0.00
0.00
0.00
0.16
0.00
Croatia
0
0.00
0
0.00
0.00
0.00
0.00
0.00
0.00
Denmark
326
0.13
475
0.00
0.00
0.00
0.20
0.13
-0.20
France
496
0.19
976
0.01
0.00
0.00
0.17
0.20
-0.17
Germany
314
0.12
2997 0.03
0.00
0.16
0.00
0.15
0.16
Greece
234
0.09
382
0.00
0.00
0.00
0.00
0.09
0.00
Hungary
280
0.11
750
0.01
0.00
0.00
0.00
0.12
0.00
Italy
504
0.20
628
0.01
0.02
0.00
0.00
0.18
0.00
Netherlands
312
0.12
1575 0.02
0.03
0.00
0.06
0.11
-0.06
Poland
275
0.11
404
0.00
0.00
0.00
0.00
0.11
0.00
Slovakia
290
0.11
1200 0.01
0.00
0.00
0.00
0.12
0.00
Slovenia
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
Spain
265
0.10
150
0.00
0.00
0.00
0.00
0.10
0.00
Sweden
313
0.12
4000 0.04
0.00
0.00
0.00
0.16
0.00
Switzerland
349
0.14
1742 0.02
0.00
0.07
0.00
0.15
0.07
United Kingdom
653
0.26
4719 0.05
0.00
0.00
0.00
0.30
0.00
Weighted average2
409
0.16
1800 0.02
0.00
0.04
0.03
0.17
0.01
Weighted EU average 419
0.16
1856 0.02
0.00
0.04
0.03
0.18
0.01
1.Registration, circulation and insurance taxes, 2 Weighted by mode freight movement
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The tables below illustrate the substantial variation in fuel taxes found in the 16
countries examined. The average net taxation on road transport is equal to 0.17
€/40’containerkm if all 16 countries are included and 0.18€ if only the EU countries are
included in the weighting. The major proportion comes from fuel taxes. Vehicle taxes
and subsidies found in road transport contribute only a small proportion to the final
total. In the case of rail taxes paid in Germany and Switzerland are counterbalanced by
subsidies in Denmark and France which suggest a small net tax payment by rail.
However it should be noted that the difficulty of identifying all subsidy payments may
have led to a slight overestimate of net taxes paid by rail.

Figure 13:Circulation and Fuel Tax Rates in European Countries. Year 1998.
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Road and Rail Infrastructure – the Balance of Costs and Charges

From the perspective of understanding the marginal cost of movement by road, rail and
intermodal, it is important to identify the infrastructure costs imposed during a journey.
As the cost of interest is the marginal cost of a load unit, the calculation only refers to
the cost of maintenance and operations imposed by a vehicle movement. The capital
cost of the infrastructure is regarded as a fixed cost and is not included. The marginal
cost of road and rail infrastructure shown in Table 3.6 is not specific to the routes in the
corridor. Collected from a variety of sources (particularly useful was Link et al, 1999b),
it represents marginal costs in the countries specified, rather than specific lengths of
road or rail on the routes. There still remains considerable disagreement over the
method that should be used to calculate marginal infrastructure costs both in road and
rail (Link et al, 1999) and therefore substantial uncertainty is attached to the figures.
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Methodological disagreements remain over the allocation of costs between freight and
other road vehicles. In rail the method used can lead to estimates varying by a factor of
two (Booz Allen, 1999). Where figures are not available for a particular country,
average figures have been adopted. Figures rarely exist for the marginal costs of
particular type of road vehicle of interest (an articulated 2+3 axle vehicle) and therefore
average HGV figures have been factored.
The sum paid for the use of road and rail infrastructure on the six routes is available
from surveys and is used as the basis for the figures on tolls and track charges. These
figures therefore represent rather crude estimates of a country average and the
difference between costs and charges for a particular country cannot generally be
regarded as an accurate estimate of the situation over the whole network.
Table 3.6: Marginal Infrastructure Costs, Tolls and Track Charges
Road
Marginal
€/40’ containerkm
cost
Austria
0.19
Croatia
0.07
Denmark
0.17
France
0.06
Germany
0.10
Greece
0.08
Hungary
0.07
Italy
0.09
Netherlands
0.08
Poland
0.07
Slovakia
0.07
Slovenia
0.07
Spain
0.08
Sweden
0.06
Switzerland
0.37
United Kingdom
0.10
Weighted average
0.09
Weighted EU average 0.09

Tolls
0.51
0.00
0.00
0.12
0.00
0.00
0.10
0.09
0.00
0.03
0.05
0.05
0.00
0.07
0.00
0.00
0.04
0.04

Rail
Marginal Track
Difference
Difference
cost
charges
0.08
0.11
0.08
0.00
0.08
0.06
0.08
0.02
0.08
0.18
n.a.
n.a.
0.08
0.00
0.08
0.02
0.14
0.08
0.00
0.08
0.00
0.08
n.a.
0.08
0.00
0.08
0.03
0.08
0.08
0.11
0.07
0.05
0.08
0.06
0.02
0.04
0.08
0.08
0.00

The marginal cost of road infrastructure appears to be covered by tolls in the case of
Austria, Italy and France, but this should not be regarded as representative of the
general picture in these countries. It is possible to have more confidence in the findings
for Europe as a whole where due to a limited use of toll regimes in some countries, less
than half of marginal road infrastructure costs imposed by articulated vehicles carrying
load units are recovered in tolls. In the case of rail the recovery of the marginal costs of
moving load units is much higher and, based on the sample of routes studied, all the
costs are recovered in the EU.

3.5

Prices, Losses and Profits

The internal cost estimates described above were collected from a variety of sources.
The prime source was the individual road and rail operators serving the six routes. The
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question arises whether prices in the market reflect these costs. The amount of traffic
moving from one end of a route to the other in the three corridors during a year is very
small, and it was not possible to identify market prices actually charged for road and
intermodal movements for the six routes. Two alternatives to observing actual prices
charged are a) to ask market participants (such as forwarders) for the price they would
charge for a hypothetical consignment moved on a route and b) to collect and aggregate
prices quoted for segments of the route. Considerable difficulties are attached to both
approaches. Commercial operators have flexible pricing schemes in which the price
quoted varies as a function of the size of the movement (number of containers per
week), the timing of the movement and the nature of the shipper. Price estimates for the
whole route from market participants are likely to be based on limited previous
knowledge, whereas estimates of individual segments where there is substantial existing
movement (the ferry movements in the corridors for instance) should be more reliable.
However even these short segments are subject to a variety of pricing policies which
makes the identification of an accurate average price extremely elusive. Despite these
uncertainties surrounding the quality of the data a small sample of prices was collected
for each of the three study routes (Figure 14).

Figure 14: Internal Costs and Prices for the Three Routes – 40’container, ‘A’ Class
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The difference between estimates of internal costs and the prices quoted by market
participants is in many cases quite large. For intermodal transport the average difference
between the two figures is quite small at 3% with a maximum of 15% (PatrasGoteberg). However in the case of road transport the difference is more striking with
prices being nearly 30% lower than the reported estimates of internal costs. If the
figures for internal cost and price are correct, then such a difference is clearly not
sustainable as it implies substantial losses on road operations. The general assumption
about road operations is that, because of the intense competition found in the market,
profits on average are low. National sources based on large samples off operators exist
for a number of countries. (see for instance in the UK, Freight Transport Association,
‘The Managers’ Guide to Distribution Costs’, 2001). For a comparison on long distance
freight movement see PROGNOS (2001). Given the detailed nature of the data
collection process for the costs of road transport, their validation against national and
other sources the cost estimates are regarded as robust and certainly not subject to a
margin of error as large as 30%. The comparison quoted above from the PROGNOS
report do suggest that a small adjustment downwards might be warranted. On the other
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hand the level of confidence in the prices is, for the reasons given above, very low. Any
general conclusions, therefore, about the relative level of prices and costs and the
consequent profit levels accruing to operators on the three corridors, is impossible
without a much larger sample of prices. Ideally such a survey should be based on prices
paid.
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4 External costs
4.1

Introduction

The five categories of externalities examined in the 3 RECORDIT corridors are:
-Air pollution from vehicle use, electricity production and up/downstream processes
-Accidents
-Noise
-Global warming
-Delay to other travellers

4.2

Air pollution

4.2.1 The Pollution Process
Primary pollutants are generated by a combustion process and can be measured at the
tailpipe of road vehicles or at the chimney of power plants. Secondary pollutants on the
other hand are generated by chemical reactions in the atmosphere leading to for instance
ozone or secondary particles. These reactions are based on primary pollutants but need
also other components (for example ammonia) or physical parameters (such as
sunlight). In general these processes involve some reaction time, so these secondary
pollutants tend to be formed some distance (downwind) from the original source of the
primary pollutants. Whilst therefore the emission of primary pollutants from a
comparable road vehicle driven at the same speed and load in different locations in
Europe does not change significantly, the parameters for the chemical reactions in the
atmosphere and the final pollutant damage are different depending on the location in
Europe.
The existence of pollutants in the atmosphere itself does not lead to any damage as long
as there is no receptor to harm. Only the interplay of atmospheric pollutant
concentrations and the availability of receptors leads to damages and hence external
costs. The most important receptors are man-made materials, crops and ecosystems, and
above all human beings. As population is not distributed uniformly throughout Europe
damages vary on the regional level as well as on the local level. Damages from primary
pollutants near the source are high within or near a densely populated area and low in
rural areas, whereas damages from secondary pollutants can, due to their wide
dispersion, be considerable even for emissions in rural, low populated areas. Overall
therefore the final impact depends significantly on the meteorological conditions and
the geographical site within Europe. The Impact Pathway Approach used for the
calculation of air pollution damages takes all the important parameters into account and
thus calculates site-dependent external costs.
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4.2.2 Road transport
The main factors influencing the external costs of air pollution from road vehicles are:
-

Vehicle emission standard
Speed of driving (correlated to road types: urban/extra-urban/motorway drives)
Load of vehicle
Road gradient
Location of drive: urban / extra-urban
Location of drive within Europe

Vehicle Emission

The long distances covered in international road transport and the high yearly mileage
of articulated vehicles leads to a relatively modern vehicle fleet and a EURO II vehicle
is used for the analysis of emission calculations for main haul. Figure 15 shows the
various emissions and their levels. Local transport on the other hand with its relatively
low yearly mileage is represented by an older EURO I vehicle.

Figure 15: Emissions of different pollutants of a fully loaded 40t HGV – EUROII
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Speed of driving
The driving cycle i.e. the pattern of acceleration and breaking influences the magnitude
of pollutant emissions of the vehicle per kilometre. This varies by type of road.
Load of vehicle
The load of the vehicle also plays an important role in the emissions of several
pollutants. The weight and load factor varies slightly on the routes considered between
an average load and a maximum allowable load.
Location of drive: urban / extra-urban
The main cost driver of air pollution externalities at the present state of knowledge is
chronic mortality due to breathable small particles. Emitted by road goods transport at
ground level, these emissions have the highest concentration near the source and are
diluted by wind and turbulence with growing time and distance.
With a lifetime in the atmosphere of several days they can be transported hundreds of
kilometres downwind to cause damages far from the source, especially if the high
concentration meets a large population.
For areas with a very large population (e.g. large urban agglomerations such as Paris or
London) the externalities of particles are found to be up to 50 times higher compared to
a rural drive in a remote area in Europe (Friedrich and Bickel, 2001).
Table 4.1 shows the estimated external cost for air pollution for 35 road segments.
Motorways are to the greater part located outside built-up areas and can therefore be
considered as extra-urban. In the routes studied Basel and Gothenburg are exceptions;
here the motorway crosses the city and the segments are explicitly modelled. With a
total length of several thousand kilometres on a route, it is not possible to model all the
intersections of motorways and urban areas explicitly.
The average values derived for segments of route reflect the proportion of urban area
encountered along a segment of route.
The Lyon and the Milano segments labelled “GUA / motorway” refer to “greater urban
area” and means that the motorway crosses a densely populated area. “Extra–urban”
identifies a drive outside built-up and populated areas but not on a motorway. “Urban”
labels that part of the route which goes through built-up areas; in this case - Basel,
Brindisi, Barcelona and Hamburg.
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Table 4.1: External costs of air pollution - corridor results for all road haulage.
Location
within
Europe

Character

Vehicle

Load / weight

MIN

MAX

Weighted
average

€c/vkm

Main Haulage

Genova-Manchester
IT Genova-Chiasso

south

motorway

EURO II

max load

3.9

7.1

5.4

CH Chiasso-Basel

alpine

motorway

EURO II

max load

6.8

9.4

7.3

CH Basel

north

urban / motorway

EURO II

max load

DE Basel-Venlo

North

motorway

EURO II

max load

2

7

NL Venlo-Rotterdam port

North

motorway

EURO II

max load

4.6

6.3

5.4

UK Felixstowe-Preston

North

motorway

EURO II

max load

2.2

2.9

2.5

IT Brindisi

south

urban

EURO II

av load

IT Brindisi-Verona

South

motorway

EURO II

av load

3

6

3.9

2.8

3.3

3.1

9.3
4.6

Patras-Gothenborg

IT Verona-Brenner

Alpine

motorway

EURO II

av load

AT Brenner-Kufstein

Alpine

motorway

EURO II

av load

DE Kufstein-Padborg
north
Hamburg (inside KufsteinDE Padborg)
north

motorway

EURO II

av load

urban

EURO II

av load

DK Padborg-Malmo

North

motorway

EURO II

SE Malmo-Gothenborg

North

motorway

EURO II

9.7

4
3

7.2

4.2

av load

2.3

3.9

2.7

av load

1.5

3.2

1.8

8.1

Barcelona-Warsaw
ES Barcelona

south

urban

EURO II

av load

ES Barcelona-La Jonquera

South

motorway

EURO II

av load

FR La Jonquera-Lyon

South

motorway

EURO II

av load

FR Lyon

south

GUA / motorway

EURO II

av load

FR Lyon-Modane

south

motorway

EURO II

IT Modane-Milano

south

motorway

IT Milano

south

GUA / motorway

11.2
3.6
3.1

5.1

av load

3.7

5

EURO II

av load

3.1

7.2

EURO II

av load

3.8
7.3
4.2
5.6
10.5

IT Milano-Trieste

south

motorway

EURO II

av load

SI Slovenia

south

motorway

EURO II

av load

4.8

HR Croatia

east

extra-urban road

EURO II

av load

4.6

HU Hungary

south

motorway

EURO II

av load

5.5

SK Slovakia

east

extra-urban road

EURO II

av load

4.5

PL Poland

east

extra-urban road

EURO II

av load

10.5

6.8

3.4
€c/vkm

Pre-Post-Haulage

UK Trafford-Park - Preston

4.8

north

Genova-Manchester
extra-urban /
EURO I
motorway

av load

4.3

Patras-Gothenborg
south

extra-urban

EURO I

av load

5.1

IT Brindisi

south

EURO I

av load

22.9

SE Gothenburg

north

urban
extra-urban /
motorway

EURO I

av load

1.9

ES Barcelona

south

urban

EURO I

av load

27.9

ES Barcelona

south

extra-urban

EURO I

av load

5.4

GR Athens-Patras

Barcelona-Warsaw

The cost per vehicle km varies from a low of under two eurocents in rural Sweden to
over 20 eurocents in the urban areas of Brindisi and Barcelona.
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Location of drive within Europe
The location of the road segment within Europe plays a significant role in the estimate
of externalities in two respects. Firstly if the pollutant from the site of emission is
transported due to meteorological conditions mainly over unpopulated areas such as the
Mediterranean Sea, there is much less risk of harmful effects to human health. The
second reason concerns the formation of secondary pollutants, where for example, the
formation of nitrate particles depends on the availability of ammonia, which is mostly
emitted by livestock farming. Therefore, and for other reasons, the formation rate of
nitrates is subject to change throughout Europe.
4.2.3

Inland waterway shipping

An important difference of inland waterway shipping on rivers compared to road
transport is that emissions and thus externalities depend on the direction and the
different energy requirements for river up- and downstream journeys on the river Rhine.
The external costs are defined in units per 40’ container km and vary on the route from
Basel to Rotterdam between 4.8 and 7.0 eurocents.
Table 4.2: Specific emission factors used for the IWW Rhine transport

Upstream
Downstream

CO

SO2

129.9
38.16

76.2
22.4

NOX

PM2.5
g/vkm
1075.2
22.4
315.8
6.6

NMVOC

CO2

71.6
21.0

70560
20272

Table 4.3: External cost of air pollution – corridor results for inland waterway shipping
Segment

Down-stream

From
Basel (Kleinhüningen)

Up-stream

To

Average

€c/vkm

€c / 40’ containerkm

Straßburg

249

847

548

6.8

Straßburg

Speyer

208

709

459

5.8

Speyer

Koblenz

179

611

395

5.0

Koblenz

Düsseldorf

173

589

381

4.8

Düsseldorf

Border NL

176

600

388

4.8

Border NL

Gornichem

190

646

418

5.2

Gornichem

Rotterdam

253

862

558

7.0

221

751

486

6.0

Rotterdam Container port

Based on a class Europe ship with load capacity of 200 TEU and Loading factor of 80%.

4.2.4 Short sea shipping
Two segments are studied for short sea shipping:
- Container ship between Rotterdam and Felixstowe
- Ro/Ro passenger ferry between Brindisi and Patras
The air pollution costs of a road freight vehicle (or its trailer) on RoRo-ferries are
difficult to assess because the RoRo-ferry is shared with cars, buses and passengers. In
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the case of Brindisi-Patras the average load factor of the Ro/Ro ferry on this line is very
low and as a consequence leads to high external costs per trailer (and hence per
containerkm). The different impacts on the two routes can also be explained by the
specific emissions of the ships with their different speeds and technology. The
container ship is a modern ship built in 1993 whilst the RoRo-ferry was built in 1967.
Table 4.4: Specific emission factors used for the SSS
CO

SO2

NOX

PM2.5
g/vkm
2643
214
2538
92

Containership
249
1665
Ro-Ro
338
1266
Source: Engelund (2001a).

NMVOC

CO2

73.3
106

83498
127294

Table 4.5: External cost of air pollution – short sea shipping
Segment
From

Capacity
To

Containership Rotterdam Felixstowe
Brindisi
RoRo-ferry
Patras

Utilisation

TEU
500

75%

-

a

30

External costs
€c /
€ / vkm
(40’containerkm)
24

12.8

9

54.8

Yearly average number of road trailers per journey

The figure for Patras-Brindisi is high and exceeds most estimates for road transport.
Other commentators (see for instance COM(99)417, 1999) suggest that short sea
shipping is consistently lower than road though recognising Nitrogen Oxides (NOx) and
Sulphur Dioxide (SO2) are of concern.
4.2.5

Rail transport

The two main influences on the level of externalities are:
-

the external costs of electricity production (per kWh)
the electricity consumption per loading unit (kWh/km)

The external costs of electricity used by rail is driven by the underlying power plant mix
used for production. This can be a mixture of thermal, hydro and nuclear plants, where
thermal plants can consist of coal-, oil-, co-generation, gas- or waste-burning plants
with different stages of technology and air pollution abatement equipment. All of these
factors differ from country to country throughout Europe and by implication railway
operator. The magnitude of externalities from air pollution are again subject to the
specific location in Europe depending on the production technologies used. The electric
energy needed to move the loading unit along the route depends on the weight of the
loading unit, the average speed of the train, the frequency of stops, the gradient of the
tracks and the loading factor. Bringing together these various aspects of electricity
generation and electricity consumption, the external costs in the various countries
ranges from 0.2 to 2.6 €c/40’containerkm. The figures are shown in Table 4.6, and
where there is more than one route segment (in Italy for instance) the average is taken.
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Table 4.6: External emission costs of rail transport
Country

Electricity production

Air Pollution

Austria
Croatia
Denmark
France
Germany
Hungary
Italy
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

€c/kWh
0.2
1.3
0.7
0.8
1.4
4.3
1.7
4.4
4.5
3.8
2.2
0.3
0.4
1.8

€c/ 40’containerkm
0.2
0.8
0.5
0.5
1.0
1.9
1.0
2.6
2.6
2.3
1.6
0.2
0.2
0.6

The figures can be seen to depend critically on the mix of production used in the
different countries, with those relying on coal burning being the highest.
4.2.6

Transhipments

For transhipment processes the external costs are based on the electricity used per crane
movement and, as with the rail case, the external costs of electricity in the country (per
kWh). The electricity consumption was assumed to be the same for all transhipment
locations in Europe - more detailed information on technical equipment was not
available. The external costs vary from 1.4 to 19.8 €c per loading unit moved. Again the
highest figures are to be found in those countries which use heavy polluting methods of
electricity production.
Table 4.7: External costs of electricity generation for transhipment

Country

France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Spain
Sweden
Switzerland
United Kingdom

Electricity use per load
unit per crane
movement
kWh
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
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External costs
€c/ load unit moved
4.0
7.3
5.7
19.3
7.8
2.8
19.8
6.7
1.4
1.7
8.1
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4.2.7

Up- and downstream processes

Impacts from up- and downstream processes focus on externalities due to air pollutants.
Here, emissions from the manufacture of the vehicles and the supply of fuel are
assessed. In contrast to air pollution damages, where impacts are site-specific, emissions
from manufacture and maintenance are not treated as site-specific, as the origin
locations of these emissions, which come from a multitude of processes, cannot be
determined. Therefore and in agreement with state-of-the-art life cycle impact
assessment (LCIA) the impacts of manufacture, maintenance and disposal are calculated
as a European average. Results for the modes inland water shipping, short sea shipping,
rail, and road main and pre-/post haulage (Table 4.8) show that there is a striking
difference between the modes
Table 4.8:External costs due to up- and downstream processes
Mode

Haulage

road
pre-/post
road
main
inland water
main
short sea
main
rail
main
a: includes maintenance

4.3

Technology

Fuel production

EURO I
EURO II
average
average
average

0.7
0.7
0.1
0.1
-

Life cycle
€c / vkm
2.8
1.9
11.9
n.a.
1.4a

Total
3.5
2.5
12.0
0.1
1.4

Accidents

Externalities of accidents are calculated on a national level, because of the statistical
nature of accident risks and due to the reasons that accident statistics on a route or link
level are not available (or only at great cost). In addition to risk the valuation of impacts
is also country specific.
4.3.1 Road transport
The accident risk that originates from a road transport journey depends on a multitude
of factors. - the traffic composition (including the share of heavy goods vehicles), the
type of vehicles used, the road characteristics (including weather conditions) and above
all the behaviour of the drivers. All these factors lead to different accident rates and to
different severities of accidents within European countries.
Risk data for heavy goods vehicles was only available in the ideal level of detail
required (road category specific, separation of occupants and non-occupants, split into
fatalities, severe and light injuries) for three countries (Germany, Switzerland and the
United Kingdom). Therefore for other countries risk levels were based on the relative
number of persons killed per billion goods vehicle km (IRTAD, 2001). No such
information was available for Poland, Croatia, Slovenia, and Slovakia. For these
countries risk levels were based on persons killed per million road motor vehicles in the
respective country (ECMT, 2001). Table 4.9 shows the risk per billion vehicle km, by
fatality, serious injury and slight injury. The figures also distinguish by risk to goods
vehicle occupant (r) and non-occupant (r’) that is other vehicles and pedestrians.
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Table 4.9: Accident Risks by Severity

Cases/bn vkm
Austria
Croatia
Denmark
France
France
France
Germany
Germany
Germany
Greece
Hungary
Hungary
Hungary
Italy
Italy
Italy
Netherlands
Poland
Poland
Poland
Slovakia
Slovenia
Spain
Spain
Spain
Sweden
Sweden
Sweden
Switzerland 1)
Switzerland 1)
Switzerland 1)
United Kingdom 1)
United Kingdom 1)
United Kingdom 1)

fatality
road type
motorway
motorway
motorway
urban
extra-urban
motorway
urban
extra-urban
motorway
motorway
urban
extra-urban
motorway
urban
extra-urban
motorway
motorway
urban
extra-urban
motorway
motorway
motorway
urban
extra-urban
motorway
urban
extra-urban
motorway
urban
motorway
all roads
urban
extra-urban
motorway

r
8.3
17.4
3.7
7.1
6.3
5.4
5.3
4.8
4.1
9.0
20.9
18.8
16.1
17.4
15.6
13.4
3.2
26.4
23.7
20.3
18.8
9.9
41.2
36.9
31.7
3.4
3.0
2.6
1.3
3.0
2.9
0.9
2.2
2.1

r'
32.7
68.3
14.6
64.6
65.8
21.3
48.9
49.8
16.1
35.5
191.9
195.5
63.4
159.7
162.7
52.7
12.6
242.0
246.5
79.9
73.7
38.7
377.9
384.8
124.8
31.1
31.7
10.2
15.9
8.4
15.8
18.0
24.6
4.6

severe injury
slight injury
r
r'
r
r'
88.6 183.7 156.2
480.6
185.1 384.0 326.5
1004.7
39.5
81.9
69.6
214.3
56.4 431.3 172.8
1636.0
52.1 212.2 141.7
421.3
57.6 119.5 101.6
312.7
42.7 326.1 130.6
1237.0
39.4 160.5 107.1
318.6
43.7
90.8
77.2
237.4
96.3 199.8 169.9
522.7
167.5 1280.6 512.9
4857.3
154.8 630.1 420.6
1250.9
171.8 356.4 303.0
932.3
139.4 1065.9 426.9
4042.7
128.8 524.5 350.1
1041.1
143.0 296.6 252.2
776.0
34.1
70.8
60.2
185.3
211.2 1615.0 646.9
6125.7
195.2 794.7 530.4
1577.5
216.6 449.4 382.1
1175.8
199.9 414.6 352.5
1084.8
105.0 217.8 185.2
569.8
329.8 2521.5 1010.0
9563.7
304.8 1240.7 828.2
2462.9
338.2 701.7 596.6
1835.7
27.2 207.8
83.2
788.1
25.1 102.2
68.2
202.9
27.7
57.5
48.9
150.6
83.8 127.4 424.5
521.5
67.2
35.4 169.6
89.9
97.4
81.3 302.1
245.9
15.2 105.9 119.0
729.1
19.9
85.4 106.9
360.4
10.6
22.8
50.0
201.3

r = risk for occupants; r’ = risk for non-occupants; 1risk data for HGV in contrast to Articulated Lorries

The risk to non-occupants of the goods vehicle is generally much higher than that
experienced by the driver. The ratio varies from just under 4 (severe injury) to over 7
(fatality). These risk figures can be combined with the values of life and injury reported
in chapter 2 to derive the expected external cost per 1000 vehicle km.
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Table 4.10: External costs of road accidents

€ per 1000 vkm

Motorway

Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

146
63
63
83
73
94
112
190
57
114
130
104
405
43
46
20

Other extra-urban
roads
211
187
293
458
277
986
102
83

Urban roads
296
261
402
652
393
1,393
149
128
84

For motorway driving the external cost varies by a factor of 20 between the lowest (UK)
and the highest (Spain). The difference in external costs found is explained primarily by
the relative accident rates rather than the differences in the valuation of life and other
components of external costs.
Urban roads have an external cost 3-4 times that of motorways. If these figures are
translated into the per vehicle km then the accident costs for Spain vary from 40
eurocents per km to over one euro per km; the urban figure is equivalent to the total
internal costs per road vehicle km.
Comparing the RECORDIT estimates for heavy goods vehicle in motorways with other
studies, (e.g. TRL, 2001) it can be noted that where the required accident data are
available, i.e. road category specific, separation of occupants and non-occupants, split
into fatalities, as for Germany, Switzerland, UK, a same order of magnitude can be
observed (between 2.9 and 6.4 €c/vkm). On the other hand, in countries when the
required data have not been available, in particular for the East Europe countries and
Spain, the RECORDIT estimates lead to higher values.
4.3.2

Rail transport

External accident costs from rail freight transport is the sum of risks to rail passengers,
rail employees and, significantly, risks which are imposed on users of other modes
(mainly road users). These externalities for rail freight transport are based on fatality
risks due to goods trains in the European countries where data is available.
Using the same valuations of fatalities and injury as in the road case the minimum value
among the countries examined was derived for Sweden (€62/1000vkm) and a maximum
value for Slovakia (€631/1000vkm) with an average value of €388/1000vkm.
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Table 4.11: External costs of rail accidents
Country
Germany
Austria
Croatia
Denmark
France
Hungary
Italy
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

External accident costs
€/1000 train km
392
363
308
516
232
542
434
555
631
504
200
62
479
215

Translating the figures from per train km into euro per load unit leads to figures
between 0.2 and 1.5 €c/40’containerkm – considerably below that found on the road
system.

4.4

Noise

4.4.1

The Process

The perception of sound depends on the contents of the sound and thus on the sound
source. Whilst road and rail noise are discussed separately, they are treated with a
consistent method. The impacts considered are
-

Resource costs, i.e. medical costs paid by the health service
Opportunity costs, i.e. mainly the costs in terms of productivity loss
Disutility, i.e. including any restrictions on or reduced enjoyment of
desired leisure activities, discomfort or inconvenience (pain or suffering)

The first two components (sometimes referred to as the “Cost of Illness" - COI) can be
estimated using market prices. Added to this is a measure (estimated by Willingness-toPay principles) of the affected individual's loss of welfare.
4.4.2 Road transport
The noise assessment was carried out for a selected set of locations and the results
transferred to other countries and situations. The main parameters influencing marginal
external noise costs are:
-

Distribution and distance of dwellings from the road
Traffic scenario (vehicles per hour, vehicle mix, speed of vehicles)
Time of driving of the (last additional) HGV (in this case, all values are
for night drives )
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The values (Table 4.12) listed under column Motorway/Extra Urban are considered
representative for drives outside built-up areas, including a certain pattern of passing
villages and built-up areas. They are based on an average speed of 70-90 km/h with a
typical traffic pattern of a German motorway. In contrast the values listed under column
Urban are representative of movement inside built-up areas where houses stand within
2-25m besides the road. Valid average speeds are between 20 and 50 km/h. The
Motorway/Extra Urban figures are used to represent main haulage. Pre- post haulage is
considered to comprise a mixture of Motorway/Extra Urban and Urban, with the
specific weights depending on location.
Table 4.12: Marginal external noise costs of heavy goods vehicles
€c/vehkm
Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

Motorway/Extra
Urban
1.0
0.2
1.1
0.9
1.4
0.6
0.4
0.5
1.0
0.3
0.4
0.6
0.7
0.9
1.1
0.9

Urban
48.2
10.5
51.3
42.6
46.4
28.6
21.1
43.4
48.7
16.2
20.0
30.3
34.7
44.0
54.6
43.7

Whilst the values for Motorway/Extra Urban are almost insignificant the values for the
Urban context can be equivalent to 50% of the internal cost of operating an articulated
vehicle (on a per km basis). The major component of this external cost is the impact of
noise on long-term health.
4.4.3

Rail transport

Similar to road, the impact of rail noise along a route is equally variable depending on
the number of dwellings and inhabitants exposed to noise along the rail line. A detailed
GIS-based impact pathway approach is used detailing ‘receptor’-blocks (densely urban,
urban/suburban, rural thin, rural moderate and rural dense areas) under five detailed
traffic scenarios (route segments in Austria, Denmark, Germany, Switzerland and
United Kingdom). The remaining countries were covered by transfer of a central value
derived from the detailed studies.
The main parameters influencing marginal external noise costs of rail are:

-

Distribution and distance of dwellings from the rail line
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-

Traffic scenario (trains per hour, kind of trains, length of trains, speed
of trains)
Average net rent per person per year per country (factor costs) as the
main indicator for welfare losses.

Table 4.13: External noise costs per train km for different countries
Country
Austria
Croatia
Denmark
France
Germany
Hungary
Italy
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

€c / train km
14.5
3.7
13.2
14.9
31.3
7.4
15.1
5.6
7.0
10.6
12.1
15.3
13.2
16.7

Translated into per load unit terms, all of the figures represent less than 0.01
€c/40’containerkm – a negligible figure in the context of overall external cost
calculations.
Sound emissions of barges and marine ships are not calculated in detail as they are
considered as negligible – less than 0.01 €c/40’containerkm.

4.5

Global warming

4.5.1

The Approach

The assessment of externalities from global warming focuses on carbon dioxide
emissions. A value of 37 euro per tonne CO2 emitted is used which is based on an
“avoidance cost” approach to reach a specific target. The target applied is a 5.2%
reduction target equal to the OECD average agreed at the Kyoto process and is regarded
as a EU-wide reduction target. Cost-effectiveness analysis was applied in order to reach
the target in the optimal way. Global warming externalities are presented by mode.
Greenhouse gases are not only emitted on the site of transport, but also by up- and
downstream processes like manufacture, fuel production and electricity generation.
These are included in the description below.
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4.5.2 Road transport
Due to the European-wide valuation and the global impact range, the parameters
influencing global warming externalities are restricted to emission characteristics, in
particular:
-

Vehicle emission standard of vehicle
Speed of drive
Load of vehicle
Road gradient.

The influence of location is generally slight. Average speed of driving varies to a certain
degree between countries due to speed limits and traffic density, and road gradient plays
an important role in some countries (e.g. for Switzerland, some results suggest up to
40% increase in CO2 emissions). Differences in average speed lead to variations of up
to 5% in CO2 emissions. The effect of average load (ca. 75% of max. load) to
maximum load is about a 13% increase in CO2 emissions. No difference on emission
factors for CO2 between pre/post and main haulage is assumed. However fuel
consumption may be higher in urban conditions.
Table 4.14: Global Warming Costs
Country
Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

Electricity production

Road

Rail

€c/kWh
0.2
1.3
0.7
0.8
1.4

€c/ vkm
3.5
3.4
3.9
3.6
3.7
3.5
3.4
3.7
3.4
3.4
3.5
3.9
3.7
5.8
4.5

€c/ 40’containerkm
0.1
1.0
1.9
0.2
1.2
n.a.
0.7
1.0
2.0
0.8
0.8
2.1
0.1
0.0
0.5

4.3
1.7
4.4
4.5
3.8
2.2
0.3
0.4
1.8

The comparison of road with rail shows that its impact on Global Warming is between 3
and 4 eurocents per vehicle km. Translated into a common unit of per 40’ container km
it is (depending on country) much higher than rail’s contribution.
4.5.3

Rail transport

The external costs of rail are driven by the underlying power plant mix of electricity
generation. Here conventional thermal power plants have significant CO2 emissions.
The results show that the externalities of CO2 valued at 37 €/t CO2 range from 0.1 to 2.1
€c/40’containerkm km within the assessed countries. The minimum is found in Sweden
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due to the electricity mix of 47.1% hydro and 44.8% nuclear. The maximum costs are
found in Spain, where 83% of electricity is produced in thermal power plants of which
96% are burning coal and lignite with high specific CO2 emissions per kWh.
4.5.4

Inland waterway shipping

For up-stream journeys 1.63 €c/40’containerkm and for downstream 0.48
€c/40’containerkm are calculated for global warming damages with an average of 1.1
€c/40’containerkm.
4.5.5 Short sea shipping
The CO2 emissions of the Container ship assessed on the route between Rotterdam and
Felixstowe is calculated at 85 kg/ship km. With a capacity of 500 TEU and an average
annual load factor of 75%, the externalities for global warming amount to 1.6
€c/40’containerkm.
The RoRo-ferry from Patras to Brindisi emits 130 kg/ship km CO2, which gives a figure
of €4.8/ship km. Due to the average annual utilisation by cars, busses and trailers this
leads to 7.2 €c/40’containerkm.
4.5.6

Transhipments

The consequences of the use of electricity within transhipment can be identified using
the same approach that is used for rail transport. The power plant mix, the share of
renewables and the composition of the thermal power plant sector influence the CO2
emissions.
Table 4.15: Global warming external costs of electricity generation for transhipment
Country

France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Spain
Sweden
Switzerland
United Kingdom

Electricity use per LU per
crane movement

External costs

kWh
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

€c / movement
1.4
9.5
15.3
6.9
8.5
4.5
15.8
8.0
0.8
0.5
6.8
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4.5.7

Up- and downstream processes

All technical processes which involve energy conversion cause emissions of CO2. Even
if electricity from renewable energy sources are used, the building of the equipment (the
upstream processes) cause CO2 emissions. All the external costs from global warming
are presented separately to make their contribution visible.
Table 4.16: Global warming external costs due to up- and downstream processes
Mode

Haulage

Technology Fuel production

Road
Pre-/post
EURO I
0.24
Road
main
EURO II
0.24
Inland water
main
average
0.24
Short sea
main
average
0.24
Rail
main
average
-a
Fuel production for electric traction rail transport is subject of electricity
Function of load factor and train length.

4.6

Manufacture
€c / vkm
0.74
0.49
n.a.
n.a
-b

Total
0.98
0.73
0.24
0.24
-

Delay

The calculation of the delay that an additional vehicle km imposes – the marginal
external delay cost - revolves around the level of use of infrastructure capacity. The
impact of one additional heavy goods vehicle on all other users is assessed for a route
that covers inter-urban motorways and urban sections. Due to the reduced speed and the
additional time spent on the journey there are cost implications for operating and fuel
costs, environmental effects due to increase emissions and higher accident risks (and
therefore accident costs). These are not included, the focus is on the costs of time delay.
Time losses are quantified by the use of speed-flow curves, which provide an empirical
relationship between the flow of traffic, capacity and the speed of vehicles.
Available for different types of roads they can be applied to route segments in order to
understand the impact on other road users of an additional goods vehicle. The impact
varies by time (of day, of week) and the calculation refers to the average of a goods
vehicle weighted by the flow at different times. Heavy goods vehicles and passenger
cars drive at different speeds and have different acceleration characteristics. The
empirical speed flow relations describe the influence of the proportion of HGVs in the
traffic flow on the speed of HGVs themselves. Therefore, if an additional HGV enters
the traffic flow, both, the other passenger cars and the other HGVs experience a
marginal influence on speed, leading to delays for both categories depending on the
traffic flow and composition. These delays can be translated into money units by the use
of values of time (see Table 2.8 Chapter 2). The values vary by vehicle type and
between countries.
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Figure 16: Marginal delay costs for Bari - Goteburg
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Results for segments from Bari to Goteburg (Fig 16) show that the delay costs imposed
by an additional heavy goods vehicle vary substantially depending on the traffic flow,
with a maximum of about 8 €c/vehkm near Hamburg. Turning to the other corridors a
similar result is found. On the Barcelona to Warsaw route the costs are more modest
never rising above 5€c/vehkm.
On the route from Genova to Manchester the highest costs are to be found in the UK at
an average of just over €c2/vehkm. In Italy, Switzerland, Germany and the Netherlands
the average external cost of delay imposed clusters around €c1/vehkm.

4.7

Summarising the External Costs

This section presents a summary of the results of the corridor analysis of external costs
in intermodal transport. It provides a summary on a consistent basis (in terms of per
40’containerkm) and extends the results to all the countries found in the corridors.
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4.7.1

Road: pre- and post haulage

The number of case studies for pre- and post haulage within the corridors is limited to
five. This is rather small to allow a generalisation especially as the characteristics of
pre/post haulage can be very different. Whilst main haulage on the long distance is
mainly realised on motorways, pre-/post haulage segments can contain all kind of roads
and locations. This is confirmed by the summary in Table 4.17.

Table 4.17: External costs for pre- post-haulage in €/40’containerkm.

Segment

Air
pollution

Athens-Patras
Post-haulage – Goteburg
Trafford Park - Preston
Pre-haulage Barcelona
Post-haulage Warsaw

0.05
0.04
0.04
0.16
0.03

Noise Accidents Congestion

0.00
0.18
0.01
0.15
0.07

0.08
0.11
0.07
0.99
0.28

n.a.
n.a.
n.a.
n.a.
n.a.

Up- and
Global
downstream
warming
processes
0.04
0.04
0.04
0.04
0.04

0.03
0.03
0.03
0.03
0.03

Total

0.20
0.40
0.19
1.37
0.45

The variation of pre- post-haulage is a factor of seven. Especially on urban drives high
accident risks and high noise costs lead to high overall costs. If the drive is located
within urban agglomerations, it is increased further by air pollution costs (based on the
assumption that a EURO I is used).
4.7.2 Rail
External costs for rail freight transport in 14 European countries (Table 4.18) show a
range between 2 and 11 eurocents – Sweden and Poland respectively – with a mean of 5
€c/40’containerkm for countries within the EU. Note that the table is in € rather than €c.
The three major contributors to the total show differences:
-

Global warming costs vary significantly due to the electricity mix of the national
railway and to a lesser extent due to differences in electricity consumption (in turn a
function of speed and stops).
Accident costs differ significantly between countries (due to both different risks and
valuation).
External costs from electricity production depend heavily on the electricity mix of
the railway company and to a lesser extent on the electricity consumption in the
local situation.
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Table 4.18: External Costs Rail (€/40’containerkm)

Air
Pollution

Noise

Accidents

Global
Warming

0.00
0.01
0.01
0.01
0.01
0.02
0.01
0.03
0.03
0.03
0.02
0.00
0.00
0.01
0.02
0.01

0.01
0.00
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.01
0.01
0.01

0.02
0.02
0.02
0.01
0.01
0.04
0.02
0.04
0.04
0.03
0.00
0.00
0.03
0.01
0.02
0.01

0.01
0.02
0.03
0.01
0.02
0.02
0.02
0.03
0.02
0.02
0.03
0.01
0.00
0.01
0.02
0.02

Austria
Croatia
Denmark
France
Germany
Hungary
Italy
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom
Weighted average ALL
Weighted average EU

4.7.3

Manufacture
and
Maintenance
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.04
0.05
0.07
0.03
0.06
0.08
0.06
0.11
0.10
0.09
0.06
0.02
0.04
0.04
0.06
0.05

Inland Waterway Shipping

One of the most import inland waterways in Europe (the River Rhine) was the subject
of the analysis. External costs of inland waterway shipping will differ to some extent
when canals are used. Then there is no distinction between up- and downstream
journeys and, as the speed of ships is generally restricted on canals, lower air pollutant
emissions can be expected. Along the Rhine external costs vary due to changing air
pollution damages. Noise and accident impacts are assumed negligible.
Table 4.19: External costs of inland waterway transport ( €c/40’containerkm)

Country

Germany
Netherlands

Air pollution
min
2.4
2.6

max
3.4
3.5

Global
warming
1.2
1.2

Up- and
downstream
processes
0.1
0.1

Range of total
min
3.6
3.8

max
4.6
4.7

Note: Air pollution and global warming are given as averages from river up- and downstream journeys.

4.7.4

Short Sea Shipping

Two case-studies on short sea shipping show quite different external costs (Table 4.20).
The cost categories ‘air pollution’, global warming and up- and downstream processes
are quantified in Table 4.19. Besides the site-dependency of air pollution impacts, the
specific characteristics of the two ships (Container ship and RoRo ferry) make it
impossible to draw general conclusions from the two cases.
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Table 4.20: External costs of short sea shipping ( €c/40’containerkm)

From

To

Containership Rotterdam Felixstowe
RoRo-ferry
Patras
Brindisi

4.7.5

Up- and
Global
downstream
warming
processes

Air
pollution

Segment

-

-

€/ship km

24.00
9.00

3.10
5.40

0.12
3.20

Total
-

27.2
17.6

Total
€/40’container
km
0.14
0.53

Transhipment

Crane movements were identified as an important contributor to external costs. In other
specific cases, the transhipment may also be performed by large fork lift trucks, which
are not assessed. The magnitude of the external costs per movement of the is heavily
influenced by the national energy mix of the countries.
Table 4.21: External costs of transhipments (€/40’container)
Country
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Spain
Sweden
Switzerland
United Kingdom

Air pollution
0.04
0.07
0.06
0.19
0.08
0.03
0.20
0.07
0.01
0.02
0.08

Global warming
0.01
0.10
0.15
0.07
0.09
0.05
0.16
0.08
0.01
0.01
0.07

Total
0.05
0.17
0.21
0.26
0.16
0.07
0.36
0.15
0.02
0.02
0.15

4.7.6 Road: main haulage
A considerable number of road segments were studied for main haulage on the road,
providing estimates for 10 countries out of EU15 and six non-EU countries (Hungary,
Slovenia, Slovakia, Poland, Croatia and Switzerland). The total external costs varies
from 0.22 to 0.47 €/40’containerkm with an average of 0.35 €. The most important
component is accidents (0.16 €) making up nearly half the total. Air pollution, Global
warming and noise are fairly similar at about 0.05 € in terms of the European average.
Within countries the three components show quite strong variations.
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Table 4.22: Road External Costs - €c/40’containerkm

Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United
Kingdom
Weighted
ALL
Weighted EU

Air
Pollution

Noise

Accidents

Global
warming

Delay

Downstream

Total

0.05
0.06
0.03
0.05
0.03
0.06
0.07
0.07
0.08
0.04
0.05
0.06
0.05
0.02
0.09

0.06
0.01
0.06
0.05
0.06
0.03
0.02
0.05
0.06
0.02
0.02
0.04
0.04
0.05
0.07

0.22
0.09
0.09
0.12
0.11
0.14
0.17
0.26
0.08
0.16
0.19
0.15
0.28
0.06
0.07

0.04
0.04
0.05
0.04
0.05
0.05
0.04
0.05
0.06
0.04
0.04
0.04
0.04
0.04
0.07

0.00
0.00
0.02
0.02
0.02
0.00
0.00
0.02
0.02
0.00
0.00
0.00
0.02
0.00
0.02

0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

0.39
0.23
0.27
0.31
0.30
0.31
0.32
0.47
0.33
0.28
0.34
0.31
0.45
0.20
0.34

0.03

0.05

0.03

0.06

0.03

0.03

0.22

0.05

0.05

0.16

0.05

0.02

0.03

0.35

0.05

0.05

0.16

0.05

0.02

0.03

0.35

Examining the variation between countries there is a range from a low of near €0.20 for
Sweden and the United Kingdom (who both have good road safety records) to nearly
€0.50 for Italy and Spain (which have poor road safety records).
If all other external costs except accident costs are considered then the range is from
€0.12 for Poland to €0.21 for Italy with Switzerland being an exception at €0.27.
Switzerland’s high figure is partly explained by the high value placed on external
impacts compared to other countries.

4.7.7

Summary of corridor results

Turning to the specific routes examined in the study we find considerable variation
there also.
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Table 4.23: External Costs in the Corridors
Segment

Mode

40’container/’A’ Class Swapbody

External costs
€

€/km

Genova to Manchester
Genova Voltri - Basel SBB

Rail

Basel – Rotterdam

IWW

73

0.04

Rotterdam – Felixstowe

SSS

29

0.14

Rail

18

0.04

Post haulage by road

16

0.34

1

-

167

0.08

448

0.24

80

0.38

Intermodal Felixstowe – Trafford Park
Trafford Park - Preston
Transhipments
Total, intermodal
All-road

Genova Voltri - Preston

Road and SSS

30

0.06

Athens – Gothenburg

Intermodal

Athens – Patras

Pre haulage by road

Patras – Brindisi

SSS

293

0.59

Brindisi – Gothenburg

Rail

160

0.05

Gothenburg

Post haulage by road

39

0.78

13

-

586

0.15

1122

0.31

Transhipments
Total, intermodal
All-road

Athens – Gothenburg

Road and SSS

Barcelona - Warsaw
Barcelona

Pre haulage by road

135

2.70

Barcelona – Warsaw

Rail

205

0.06

43

0.86

1

-

384

0.11

917

0.34

Intermodal Warsaw
Transhipments

Post haulage by road
Crane movements

Total, intermodal
All-road

Barcelona – Warsaw

Road

The intermodal external costs are in the range 0.08-0.15 €/40’containerkm. This is
rather higher than the rail average (€0.06) because pre- and post-haulage legs can
contribute as much to the total as main haul rail on its own. The substantial figure for
Short Sea Shipping in the Athens-Gothenburg case comprises half the total external
costs and leads to the highest figure by a wide margin on the three routes (both
absolutely and on a per km basis).
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In the case of the all road solution the routes starting in Barcelona and Athens give a
figure slightly below the European average (Figures 17,18). The figure for GenovaPreston is 33% lower. This is explained almost entirely by the lower accident risk found
along the route especially in the UK.
The breakdown of total external costs shows a contrast between routes and between
modes.
Figure 17: External Costs – Patras to Goteburg.
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Figure 18:External Costs –Barcelona-Warsaw

Figure 19: External Costs - Genova-Manchester
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Comparison of results with other recent studies in Europe

The results on external costs can be compared with the findings from six other studies
viz;
1. INFRAS/IWW (2000), cited from Maibach et al. (2000)
2. EXTERNE (2000), cited from Friedrich and Bickel (2001)
3 CAPRI (1999), cited from Rennings et al. (1999)
4 PETS (1998), cited from Christensen et al. (1998)
5 QUITS (1998), cited from ISIS (1998)
6 TRENEN II STRAN (1998), cited from Proost (1999)
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All of these studies were concerned with passenger as well as freight movement. Where
freight figures are available they sometimes only refer to all freight vehicles rather than
articulated road vehicles. The comparison is complicated by the fact that RECORDIT
results are expressed at factor costs, which lead to estimates between 7% and 23% lower
costs when the average rate of indirect taxation on consumer expenditure on market
prices (mainly VAT) is subtracted. Furthermore the method used to derive country
specific costs is different; GDP/capita is used sometimes but without the Purchasing
Power Parity adjustment (Maibach et al., 2000).
4.8.1

Air pollution

For air pollution damages, all recent studies rely on the ECOSENSE model (also often
cited as the “EXTERNE model”) developed by IER within the EXTERNE series of
projects. Differences in results between the last EXTERNE project stem from updated
valuation and updated meteorological data. Different assumptions concerning particle
emissions (non-exhaust particle emissions are not included), use of “years of life lost”
(rather than “per case of fatality”) and site dependent differences across Europe
influence the comparison with the most authoritative study on air pollution - the
INFRAS/IWW study.
Table 4.24 :Marginal external costs of air pollution from INFRAS/IWW study and
RECORDIT
INFRAS/IWWa
RECORDITb
€ per 1000 vkm
Fleet average
EURO II / EURO I
Min
Max
Min
Max
HGV urban
408
489
81 / 188
112 / 279
HGV Interurban high
126
151
68 /
73 /
HGV Interurban low
31
37
18 /
40 / 60
HDV presented as fleet average, cited from (Maibach et al., 2000, Table 57)
Presented specific to EURO I and EURO II emission standards

For the interurban situation results from the all-road solution in RECORDIT are at the
lower end of the range reported in INFRAS/IWW. The urban case shows significantly
higher results than RECORDIT (even the €279/1000 vkm found in Barcelona). However
adjusting INFRAS/IWW for country-specific valuation (a 20% reduction of value) and
using factor costs for the valuation of chronic mortality (a reduction of 15%) bring the
two estimates a little closer.
4.8.2 Accidents
Externalities from accidents are discussed in all studies concerned about the subject of
externalities and transport pricing. PETS presents results for Sweden for heavy goods
vehicles between 50 and 59 ECU/1000vkm on interurban roads. RECORDIT
differentiates and gives comparable figures of €43/1000vkm for motorway and
€102/1000vkm for extra-urban roads in Sweden (expressed at factor costs). TRENEN II
STRAN presents a value of 47.6 ECU/1000vkm for Belgium interregional truck traffic
(Proost and Dender, 1999). QUITS presents route-specific external accident costs for
road goods transport for 2 corridors: Lille-London and Munich-Brindisi. Average
(rather than marginal) external costs are calculated, and a high value for a fatality is
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used (3.1 million ECU) compared to RECORDIT. Recent studies suggest a lower value
of €1.5 M per fatality in the context of road accidents. Despite these differences QUITS
reports results rather lower than RECORDIT (in the range 20-70 ECU/1000vkm compared
to €46-190 /1000vkm)
In comparison with INFRAS/IWW which presents marginal external accident costs for 6
countries RECORDIT shows higher figures for motorways but this difference is almost
entirely explained by the assumption that articulated vehicles have a risk factor twice as
high as all goods vehicles (INFRAS/IWW referred to the latter). In general therefore
RECORDIT presents higher accident costs than other studies
4.8.3

Noise

There is general agreement between INFRAS/IWW and RECORDIT about the range to be
found in rural and urban situations.
Table 4.25: External costs of road noise from INFRAS/IWW and RECORDIT
€ per 1000 vkm

INFRAS/IWW
Traffic: ‘thin’
Traffic: ‘dense’

RECORDIT

5.4
Rural, night
2.79
2.2 - 13.9a
40.3
Suburban, night
16.9
373
Urban, day/night average
176
105 - 546.3
range of values applied for motorway corridor analysis, incl. country-specific valuation

The comparison between QUITS and RECORDIT shows consistently much higher figures
for QUITS.
Table 4.26: External costs of road noise from QUITS and RECORDIT
QUITSa
RECORDIT
ECU/1000vkm
€/1000vkm
Frankfurt-Basel (D)
77.1
13.9
Basel-Como (CH)
34.9
11.3
Como-Milan (I)
136.4
8.9
Lille-Tunnel (F)
35.8
8.8
Tunnel-London (UK)
159.4
9
a. QUITS data recalculated to ECU/1000vkm with load factors.

Turning to rail noise there is broad agreement between RECORDIT and INFRAS/IWW
results. QUITS results are up to one order of magnitude higher than RECORDIT results,
which can be explained, at least partly, by the recent upgrade of noise valuation
methodologies (used in RECORDIT).
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4.8.4 Congestion
Information on actual marginal congestion costs of freight transport is rare. The
TRENEN II STRAN project, concerned with strategic modelling on transport pricing, does
include congestion calculations, however unfortunately no results for interregional
freight transport are given in the final report (Proost and Dender, 1999).
The only study presenting external congestion costs comparable to those provided in
RECORDIT are included in the INFRAS/IWW study (Table 4.27). The different definitions
make comparison difficut as INFRAS/IWW presents average values for three traffic
situations on motorways: relaxed, dense and congestion whereas RECORDIT uses annual
average daily traffic data on link level superimposed by an average daily time curve to
derive the hourly data needed. Corridor results of INFRAS/IWW which are better
comparable to RECORDIT show also much lower external congestion costs than the
average values presented. Part of the difference between INFRAS/IWW and RECORDIT is
to a large extent explained by values of time used. INFRAS/IWW used a time value of €14
per PCU-hour in general, while RECORDIT differentiates between travel purpose:
business, commuting/private, leisure and freight. Values are €20, 5, 4 per person-hour
and €45 /vehicle-hour respectively (EU15), which can be expressed as €24, 7, 8.4
/PCU-hour by applying the vehicle occupancy rates applied in RECORDIT.
Table 4.27: Marginal external delay costs from INFRAS/IWW and RECORDIT
INFRAS/IWW
€ per 1000 tkm

INFRAS/IWW
€ per 1000 vkm

RECORDIT
€ per 1000 vkm

HDV on motorway
Relaxed traffic
27a
Dense traffic
4944 a
Congestion
5080 a
Long distance average
2 – 22d
Peak values
40 – 80e
Corridor results
12.1c
Cologne - Milan
130.8b
b
11.0c
Rotterdam - Basel
118.5
Chiasso-Venlo
5.3f
Source: (Maibach et al., 2000), Table 70
Source: (Maibach et al., 2000), Table 73
Own calculation, load 10.8t (Source: (Maibach et al., 2000), Table 149)
Incl. Country-specific valuation
Peak values from corridor analysis for Modena, Munich, Hamburg
Average value from corridor analysis between Chiasso and Venlo, which includes parts of Cologne-Milan
and Rotterdam-Basel corridors.

4.8.5

Global warming

Compared to other impact categories, differences in external costs of global warming
are easier to track as the driving parameter is reduced to one single indicator: the cost
per tonne of CO2 emitted. There is little variation in the level of CO2 emissions per
vehicle km; it is the valuation where a wide range of assumptions is possible. Table 4.28
gives an overview of the values used in different studies and the method applied.
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Table 4.28: Estimates of Global Warming Avoidance and Damage Costs

Project

Approach

Value

RECORDIT

Avoidance costs (Kyoto target:
5.2% reduction EU-wide)
INFRAS / IWW
Avoidance costs (50% reduction
in 2030)
ExternE (2000)
Damage costsa
ExternE (2000, sensitivity) Avoidance costs (Kyoto target)

€/t CO2
37

Year of
Source
valuation
1998

135

2000

2.4
19

2000
2000

Damage costs

25.2

1999

QUITS
Damage costs
Central estimate
170 ECU per tonne Carbon, high estimate

45.9a

1995

TRENEN II STRAN
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5 Cost Reduction Opportunities and Barriers
5.1 Introduction
The function of this chapter is to identify opportunities for cost reduction in Intermodal
transport, and to identify the barriers to achieving them. The interest in doing this
derives from EU policy themes directed at sustainability and which are concerned to
reduce the resource costs of transport generally and environmental resource costs in
particular. Intermodal freight transport may have the potential to attract traffic from
long distance road haulage due to pricing the actual external costs of that sector
although the “intermodal” sector is only a relatively small part of even longer distance
road freight movements. Even allowing for some modal shift through that mechanism, it
is thought that intermodal transport could be more competitive through its own efforts
through measures to increase productivity and decrease costs.
The movement of a consignment between two locations using intermodal transport may
generate lower external costs than road haulage, but it is only to be preferred if the
overall resource cost to society is also lower than for road based movement. One target
of policy may be to correct any imbalance between the various modes by ensuring that
their price in the market reflects the total resource costs consumed. But the other
important element of policy must be to encourage the reduction of resource costs
involved in intermodal operations and the externalities deriving from these operations.
This improvement may derive from a number of actions such as improved technology
and better management of resources and assets. In the private sector there are usually
strong incentives to reduce operations costs through competition. In some situations it
may be necessary to open up a transport market in order to encourage the incumbent to
higher levels of productivity. Or it may be necessary to offer incentives to encourage the
uptake of new technology. In the case of external costs where there is no market
mechanism it may be necessary to resort to legislation or pricing incentives to reduce
the level of external costs caused by all freight transport vehicles.
Although the price of long distance freight transport has been shown to be the most
significant attribute from the customers’ point of view (Lobe, 2001), some attention also
needs to be given to service quality attributes. Many shippers, for instance those in socalled lean production systems, also consider flexibility, reliability, tracing and lead
time as important modal choice criteria. Journey time is also an important service
attribute that can be seen as a resource (hence the practice of referring to the value of
time). In some cases cost reduction will go hand in hand with changes in other attributes
– for instance increasing rail journey speeds through interoperability is also likely to
give better reliability and punctuality. A report by UIRR (UIRR, 2000) suggests that the
cost of non-quality (mainly unreliability) is €41M per year. They go on to argue that
“…if the goals of the European Commission are to be achieved, in strengthening CT
(Combined Transport) for the sake of both road traffic congestion relief and
environmental relief, the quality of CT must be addressed”. The report then lists a set of
commercial and operating issues that are identified as critical in improving quality.
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These include:
-

Improved planning procedures between UIRR members and the railway
operators, using service request templates and joint, phased planning
procedures

-

Clear and common booking rules and procedures to address timing norms,
overbooking and late acceptance issues

-

Enforcement of existing procedures in accepting late arrivals so as to avoid
late departure of trains and revised procedures to assure document integrity

-

Establishment of corridor quality teams and corridor service centres, using
best practice problem resolution approaches as demonstrated by the parties
themselves, particularly on the Brenner Pass, but also at Modane, at Port
Bou/Cerbere, and at Irun/Hendaye border crossings

-

Appointing a lead carrier as corridor manager on each corridor so as to
provide a clear and accountable interface to the UIRR members.
Development of back up and contingency operations plans, so as to be
prepared for inevitable service breakdowns

-

Redefinition of technical standards such as weights and rounding off rules
so as to avoid off-loadings and unnecessary disputes

-

Rebalancing workload across the system throughout the day to reduce peak
loads

In RECORDIT the results from the three corridor studies and their interpretation to
countries show that external costs for long distance road transport can be as high as 33%
of the total resource cost. In some situations, with a high urban content to the journey,
the proportion can rise even further. The ratio for intermodal transport is generally
found to be much less – only exceeding 10% in rare circumstances, and then usually
because the pre and post main haulage road legs are important components of total
costs. Whilst emphasis needs to be placed on initiatives aimed at reducing the external
costs of rail, inland waterways and short sea shipping it should not be forgotten that
reductions in the resources used in operations may yield substantial savings. The drive
for reductions in the operations costs of intermodal transport does not itself come for
free. Many of the initiatives carry capital investment costs, others have opportunity
costs of staff and organisational time. While benefits in reduction of internal and
external costs can be estimated using the RECORDIT Decision Support System (DSS),
a full appraisal of the cost reduction initiatives requires a consideration of the costs of
introducing these initiatives into the transport system. The barriers to different
interventions are not only the cost but take many other forms (as investigated in
PROMOTIQ, 2000) and are considered later.
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5.2 Cost drivers
From the results of Chapter 3 total internal cost can be broken down into a number of
fundamental components of which the most important are pre and post haulage, the
main haul leg (by different modes) and transhipment costs.

Figure 20: Breakdown of Total Internal Costs for the Three Routes
BarcelonaWarsaw

Management
Main haulage

GenovaManchester

PrePost haulage
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The figure shows that, whilst main haulage is the most important cost in all cases, the
share of movement and transhipment at terminals can increase to over 20%. The shares
will vary depending critically on the number of transhipments necessary along the
intermodal route, and the length of the pre- and posthaul legs. On very short routes the
pre and post haul costs can rise to near 50%. An analysis of the main components (see
Table 3.2 in Chapter 3) shows that there is considerable variation within the three routes
studied.
5.2.1 Terminals and transhipment
Intermodal transport requires the use of terminals at the interface between modes, and
sometimes between the same mode. In the case of rail to rail transfers, these exhibit the
lowest cost at an average €27 per movement of a 40’ container. Road-rail transfers are
rather higher at €36. In the case of inland waterways and short sea shipping even higher
figures are reported rising to around €60 with a figure of €166 quoted for the case of a
transfer between an inland water vessel and a ship. However, from the point of view of
total cost, it is also the number of transfers within a trip that is relevant. One of the casestudy routes involves some five intermediate transfers between origin and destination.
Just eliminating such interfaces could offer considerable reduction in costs.
The interaction of terminals with the rest of the transport elements in an intermodal trip
is quite subtle. The internal costs of a terminal are partly a function of its layout as well
as equipment. TERMINET (TERMINET, 2000) is a project that has investigated each
of the different types of terminal or transhipment facility. A considerable amount of the
benefit of investing in the new generation of terminal designs is likely to arise from the
more efficient utilisation of transport equipment itself through reducing the turn-round
time of trains or barges.
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5.2.2 Pre and post Haul
The issue of terminal numbers and locations is intimately linked to the pre and post haul
components of an intermodal trip. The more terminals there are the shorter the pre and
post haulage legs are likely to be, provided that they are located sensibly with respect to
potential intermodal shippers. Shippers (in the form of producers or receivers of goods)
may be more effectively served from intermodal terminals which are in the more nonurban areas.
The surveys in the corridors revealed that the unit cost of movement to and from
terminals was significantly higher at 1.23 - 3.78 €/km than the main haul segments. The
reasons for this are poor utilisation of vehicles often operating empty for up to 50% of
the time and often extensive periods of waiting at terminals. If there is no opportunity
due to the timing and location of destinations for a set of consignments to combine two
20’ containers on a truck the cost is the same as for a 40’ container and this is reflected
in rates quoted7.
This is an obvious target for cost reduction and methods to increase utilisation are
considered later. The possible range of associated issues includes also the attitude of
customers to collection/delivery windows, the location of customers and the design of
the terminals. Another relevant strategic issue concerns the number and location of
terminals within the wider rail network. Older terminals tend to be in traditional
locations near city centres. This results in pre and post haul trips in the worst of urban
congestion and with high external costs. The number, size and location of terminals is
clearly a strategic issue.
5.2.3 Rail
Turning to rail the range of unit internal cost figure is from 0.46 to 1.35
€/40’containerkm. The (unweighted) average of 0.90 €/km shows that hauling goods by
train is generally cheaper than by road.
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Figure 21: Variation in Rail Haul Costs

7

See for instance the published rates of P&O Nedlloyd at
http://www.ponl.com/topic/home_page/products_and_services/service_information/
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Examination of the reasons behind the differences suggests four factors:
-

A difference in unit costs of resources (vehicles, personnel, and fuel)
A difference in track use charges
Shorter segment lengths tend to be more costly due to the fixed costs incurred at
the ends of the segment waiting and preparing the trains
Differences in productivity of both vehicles and personnel.

The last item appears to be the major reason behind the large range of unit costs. This
suggests that there is great potential for reducing operating co
sts in some of the railway operations along the routes studied. Presumably these
opportunities are also to be found in railway operations as a whole.

5.3 Cost reduction opportunities identified in previous studies
In RECORDIT there are only a limited set of results for Short Sea Shipping (SSS) and
Inland Waterways (IW). The majority of main haul segments are by rail and they give a
useful cross section of countries and contexts. Although there are significant
developments in SSS (see for instance COM(99)317, 1999 where opportunities and
bottlenecks are discussed at length) and IW within both EU transport and intermodal
policy the following analyses and commentary in this chapter are more specifically
focused on rail as main haul.
The various studies on cost reduction show that strong internal efforts of direct cost
reduction are necessary. These are only likely to result from technological,
organisational and social progress in a complex and sometimes opaque system,
involving many actors whose short term interests are not always convergent. A key
question is why these, largely, private companies do not implement actions which the
proliferation of analysts see as beneficial. This is addressed in the later section on
barriers to cost reduction opportunities.
Whilst most of the studies concerned with intermodal transport focus on corridors
within the Trans European Network (TEN), the potential for new intermodal routes
through cost reduction should not be ignored. These potential routes are much more
spatially dispersed and occur at all distances (though generally at considerably shorter
distances than the RECORDIT case studies). Indeed it appears that improvements in a
large number of shorter rail segments would be helpful in reducing intermodal door to
door costs. With this in mind the DSS has also been applied to a set of shorter distance
door to door routes.
Plausible opportunities for cost reduction have been the subject of considerable research
and analysis as part of the European Commission’s programme of work and this
discussion draws heavily from this source. RECORDIT is the latest in a sequence of
projects focused specifically on Intermodal transport following IQ, LOGIQ and
PROMOTIQ which suggested new possible opportunities for intermodal transport
coming from:
-

Integrated systems approach to the production and distribution logistic chain
European approach for low cost rail slot pricing
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-

Co-operation agreements, joint ventures and mergers among intermodal
operators
Direct involvement of the biggest shippers in the transport operations
Dedicated specialised intermodal network in heavy traffic corridors

There are many related projects dealing with a wide range of relevant issues such is
integration, pricing, terminals, and transport mode performance (including reliability,
technology, organisation, logistical chains, regulation etc.). Many of these sources touch
upon elements of cost reduction, the focus of this chapter. A great deal of recent
relevant source material can be found through the EXTRA website. In addition to these
specific projects there are a number of Thematic Networks, Accompanying Measures
and policy supporting activities such as EXPEDITE and “Think-up” while engineering
and technical material can be found in the COST sequence of reports.
The UIRR has undertaken a couple of useful pieces of work recently although
contributions from other actors in intermodal transport industry are less evident.
Although the final customer is a company who needs to send goods to a destination
there is little evidence that they take a great deal of interest in the way their goods are
transported, an issue they largely entrust to forwarders and intermodal specialists.
A selected bibliography of some of the most relevant is given below. Some of these are
in themselves compendia or syntheses of many projects such as the very recent reviews
on intermodality and interoperability. Much of that material has been reviewed in order
to confirm that the target examples for cost reduction that RECORDIT has produced,
lay within that range of material. It is noticeable that many targets for change, as noted
in PROMOTIQ above, are to do with organisations and management rather than
technological or operational issues. These areas are not addressed in detail here, but it
should be noted that practical intervention from this perspective is much more difficult
and not as well supported, nor as easy to support, as engineering and pricing strategies.
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It is worth quoting a short extract from the 2001 White Paper here:
“The growing awareness on the part of the operators who recently engaged on a joint
definition of a common strategy for European rail research to create a single European
railway system by 2020, must be welcomed. In this document signed by the
International Union of Railways (UIR), the Community of European Railways (CER),
the International Union of Public Transport (IUPT) and the Union of European
Railway Industries (UNIFE), the rail stakeholders agree to achieve the following
objectives by 2020:

-

for rail to increase its market share of passenger traffic from 6% to 10% and of
goods traffic from 8% to 15%
a trebling of manpower productivity on the railways
a 50% gain in energy efficiency
a 50% reduction in emissions of pollutants
an increase in infrastructure capacity commensurate with traffic targets”

Other EU projects have also highlighted the issue of policy hierarchies. Some policies
can only be generated and delivered at the EU scale, others at a national scale and others
by the intermodal actors themselves. Policy instruments also vary from regulatory to
fiscal to technological and information. It therefore is worth remembering that all the
intermodal actors with the possible exception of infrastructure owners are in principle in
the private sector. It would be expected that some types of cost reduction would be
undertaken as part of normal business practice if companies could see an adequate
benefit in terms of increased revenue over costs i.e. profit effective cost reduction.

5.4 Cost Reduction Measures in the Corridors
The Decision Support Module (DSS) provides a tool that can be used to estimate the
cost changes arising from the effects of relevant cost reduction policies. The DSS also
calculates the change in external costs of intermodal activity arising from such
interventions. The interventions might better be described as scenario’s since they
comprise packages of changes in different blocks of the Intermodal journey. Three
examples are given below. Initiatives take time to come to fruition. We adopt a
convention of referring to short term (up to 5 years), medium term (up to 10 years) and
long term (up to 2020)
5.4.1 Shorter Routes
The routes used in RECORDIT are between 2000 and 3500 kilometres long. Although
they provide a good sample of different modes and terminals in different countries they
are somewhat longer than much of the land-based intermodal market and it is unlikely
that more than a few containers ever move from one end to another.
The Thematic Paper on Intermodality (2001) says:

“It is generally perceived that intermodal transport is efficient and cost-effective only
for distances above 500 km, in competition with road transport. However, some
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examples of cost-efficient rail and inland waterways transport operations show that
intermodal transport is viable over shorter distances in some circumstances. The
success factor for an intermodal transport operation is not only the distance but also
the volume and frequency of the service provided”.
And
“In another study focused on rail/ship connections, market research found that, in
contrast to a widely held opinion regarding critical distances, intermodal freight
transport by rail can be operated cost-effectively over distances shorter than 500 km if
the volumes and frequency are high enough. Private regional railway companies could
be successful over distances up to 100 km near major ports. A simulation tool was
developed to support freight operators in optimising rail-based services around ports.
For example, a new and efficient solution was identified for seaport-hinterland
connections, based on the following configuration of rail services:

-

Seaport container shuttles, bundling container transport flows from different
quay sites of one seaport in order to dispatch them towards a dry port
Long-distance trains between the dry port and a hub in the hinterland
Short-distance shuttles, providing rail feeder services to/from hinterland
destinations”

-

It is with these types of consideration in mind that the DSS has been used for some of
the analyses to calculate the costs of intermodal movement on examples of Origin
Destination pairs at the shorter end of the Intermodal range as well as the three original
routes. Although the cost elements and unit values are as for the three original corridors
these additional examples enable the combination of “segment” characteristics to be
widened. The additional shorter routes’ intermodal” characteristics are shown in Table
5.1 below:
Table 5.1: Shorter Intermodal Routes: characteristics
TURIN-BOLOGNA
(T-B)

km

Pre haulage

50

Main Haulage by train
Turin-Bologna

330

MILAN-MUNICH
(M-M)
Pre haulage
Main Haulage by train
Milan-Brenner
Main Haulage by train
Brenner-Kufstein
Main Haulage by train
Kufstein-Munich

km

COVENTRY-RENNES
(C-R)

km

50

Pre haulage

28

350
110

Main Haulage by train
DIRFT-Dollands
Main Haulage by train
Channel tunnel

823

97

Post haulage

50

Post haulage

50

Post haulage

Total

430

Total

657

Total
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4
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5.4.2 Cost Reduction Opportunity One - Terminal and Transhipment
The aim here is to explore the overall internal cost reduction when three different cost
reduction initiatives are applied to terminals and the transhipment process. These three
initiatives apply to operations, manpower management and infrastructure management.
1

Eliminate rail-rail transhipments. It is clear, particularly from the example of the
Barcelona-Warsaw route (6 vertical transhipments), that a significant cost
derives from an excessive number of transhipments between rail and rail. This is
the focus of some of the proposals on Interoperability. Some of these transfers
involve large marshalling yards and transfer from one train to another. The cost
reduction scenario assumes that all of this type of transfer are eliminated. Clearly
this represents a change only achievable in the medium to long term.

2

Improve manpower productivity. In the detailed work in RECORDIT on cost
formation there is some evidence that management of the labour force at some
terminals leads to lower productivity than desirable. It was identified in the
corridor studies and is the subject of a specific objective in the White Paper
(2001). Here it is assumed that increased manpower efficiency could lead to a
reduction of 15% in labour costs per load unit through all terminals (ports,
road/rail, road/barge etc.) This is a short to medium term change.

3

Reduced capital costs. There is some potential in the medium term for a
reduction in the fixed costs of terminals through the use of more efficient layout,
more appropriate equipment and more intensive use. (see TERMINET,2000).
An upper value of 33% fixed cost reduction per load unit has been used here for
a change that could occur in the medium to long term.

The effect of this scenario in the three longer RECORDIT corridors is an average
reduction in resource costs of around 6%. Applying just a simple labour cost reduction
to the three shorter corridors results in an average reduction in resource costs of just
over 1%. There is a very small gain from a reduction in external costs. The analysis of
the three study corridors, for which it is possible to apply a more complicated package
of actions, is shown below.
Figure 22: Effect of Terminal and Transhipment changes on Resource Costs per trip

€/40' container trip

Terminal package: changes in Resource Costs
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In the figure above the percentage changes to the three routes are respectively 8.9%,
7.4% and 3.7%. The DSS enables the disaggregation of the above changes in order to
identify the contribution of individual elements to overall resource cost reduction. There
is some degree of variability in the patterns that reinforces the view that intermodal
routes may have, at the detailed level, very different characteristics.
Figure 23: Disaggregation of reductions in Resource Costs
Contribution of cost elements

€/40' container trip
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This has implications for policy and policy instruments. What may be effective on one
route may be less so on another. Though the corridors analysed are notional routes the
segments and terminals within them are realistic segments for actual intermodal
operations.
5.4.3 Cost Reduction Opportunity Two - Pre- and post Haul
This section is in two parts. The first deals with the effect of changing the load factor on
pre and post haulage vehicles. It is also thought that older (Euro Class I) vehicles tend
to be used on this activity and thus more polluting, especially in the urban situation. The
second section undertakes a simple analysis of the scale of change in external costs if
newer technology (Euro Class II) vehicles are used.
Load Factor
The pre and post haul segment of an intermodal trip presents a difficult challenge. This
stage often requires the use of heavy road haulage in urban areas. The demands for
delivery to customers within certain delivery time windows and the lack of return loads
lead to poor utilisation and poor load factors
The Thematic Paper on Intermodality recommends the following policy initiatives,
based in part on the project IMPREND and its comments on improvement of pre-and
end-haulage:
-

Co-ordination of opening times at terminals and container depots;
Regular communication and meetings between terminal operators and other
actors in the transport chain to identify bottlenecks and efficiency savings at
terminals;
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-

Co-operation between shippers, hauliers and intermodal operators to improve
planning, data exchange and the organisation of return loads;
The provision of information infrastructure for data sharing.

The critical factor required to reduce costs is the improved co-ordination of vehicle
movements. This requires timely access to data about proposed consignments. This
could enable routes and pickup times to be designed more effectively and load factors to
be improved. The other element of co-ordination is between vehicles and terminals.
Once again timely access to data (via information technology) might allow better
planning of vehicle arrivals and departure thus ensuring that vehicles are waiting for
shorter periods. More effective planning of vehicle movements should not lead to any
adverse cost changes in the terminals. This is a short to medium term action largely in
the hands of intermodal actors themselves.
In the RECORDIT analysis the load factor for the road haulage collection and delivery
vehicles has been increased from around 60% to the 90% (typical also of long distance
road haulage). In effect this reduces the pre or post haul vehicle kilometres per 40’
container kilometre from 1.67 to 1.11 with associated reductions in resource costs. This
is consistent with the view that a cost reduction in pre and post haul of 25% might be
achievable. The effect on the resource costs is shown in Fig 24 below.
Figure 24: Changing pre and post haul load factor from 0.6 to 0.9
Effect of change in pre and post haul load factor

Total Resource cost €/LU
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In terms of the absolute cost per 40’ container trip door to door, the effect of this change
has only a limited effect. This is partly because the pre and post haul distances in the
long RECORDIT corridors are generally quite short compared to the overall trip length.
However it is also partly due to the large proportion of the haulage vehicle costs which
are assumed as “fixed” in the DSS model of road haulage. It proved difficult to further
disaggregate fixed costs to variable costs (time or distance dependent) in the three study
corridors. Further, more precise and focused, data is needed to obviate this limitation
since it is probable that this analysis is underestimating the cost reduction available.
The overall effect in the three original corridors is an unweighted average of 2.2%
reduction in resource costs door to door per 40’ container trip and in the three shorter
examples 4.1%. The reduction in taxes and charges associated with road haulage is in
very similar proportions. Bearing in mind the lengthy corridors and using the most
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detailed of the available data, an average reduction of 4.5% per 40’ kilometre has been
used to generalise to EU wide effects.
Although the effect of load factor on resource costs is somewhat limited there are also
benefits from the reduction in external costs as shown in Fig 22 below. These vary
from 3% for Genoa – Manchester route to 27.7% for Turin – Bologna with heavily
urban and longer pre and post haul.
Figure 25: Percentage changes in Resource and External costs
Change in pre and post haul load factor: % change in costs
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External costs are typically between 10 and 15% of the resource costs so that the
absolute value is not large but is indicative of the environmental impact of pre and
posthaul freight vehicles, especially in urban areas.
The data also shows the relatively larger effects on costs at shorter distances. The
implication is that policies or actions need to be sensitive to origin-destination distance
as well as to the other factors that differentiate routes.
Type of truck technology

As noted earlier the pre and post haulage segment is not only a significant cost within
the intermodal trip but also takes place largely in urban areas. The vehicles used are
therefore operating under the most difficult operating conditions and potentially at their
most polluting.
In this analysis a simple substitution is made for current Euro I class trucks by Euro II
class trucks in order to identify the reduction in External costs. The environmental effect
is largely through a reduction in particulates in the exhaust and classified in the DSS
under Air Pollution. The figure below shows the change in costs, in the range of €1 – 5
per trip.
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Figure 26:Change in Air Pollution Cost Per 40’ Container Trip
Change in Air Pollution Cost
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It should be remembered that other activities in the intermodal transport change also
contribute to air pollution costs and that air pollution is only one of the external costs
(typically and fairly consistently around 20%). The figure below shows the proportional
changes in Air Pollution and overall External costs.
Figure 27: Percentage Change in Air Pollution and External Costs
Change in Air Pollution and External Cost
% Change in Air Pollution Cost
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Again the pattern between routes shows a marked difference between the shorter routes
(T-B, M-M, C-R) and longer routes (G-M, B-W, P-G) as is expected. The pre and post
haulage activity is a higher proportion of shorter journeys so that the shorter end of the
intermodal market shows relatively bigger benefits from the new technology.
5.4.4 Cost Reduction Opportunity Three - Rail Haul Improvements
The 2001 White Paper calls for a 50% gain in overall energy efficiency on railways by
2020. Most, but not all, services use electric locomotives. Translating this into possible
actions at the technical and operational level gives the following package.
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1

Increasing the number of wagons per train to 40 wagons. The range in
RECORDIT rail segments is from 12 to 40 with load factors of 75 – 85%. An
increase to 40 would reduce the energy consumed per load unit kilometre though
it would require substantial changes to layout of track in places. It would also
provide more capacity per track slot. This is a medium to long term prospect
involving marketing, and service design to increase demand and clever
operational organisation.

2

Reduce starting and stopping. There is a very significant energy input into
starting a heavy freight train yet they are currently subject to many stops and
starts for traffic reasons. Increased dual track provision and prioritisation could
reduce them ideally to zero. A long term prospect partly involving capital
expenditure but also organisational effort locally and, more widely, some
prioritisation of freight trains.

3

Increase the load factor. This assumes that the proportion of wagons loaded with
revenue earning containers could increase to 95%. Since load factors are already
75-85% this also depends on stimulating demand and clever scheduling. There
are some underlying issues, not least that of the costs and price of returning
empty containers where flows are unbalanced, which require further
examination. It is a medium to long term prospect given that operators appear to
be able to make profits at the current load factors.

4

Energy efficiency of locomotives. A reduction in kWh/train km through
technical means (locomotive design, power distribution etc). This is across the
range of time scales since some actions are already in hand and other medium to
long term sequence are the subject of considerable EU and industry activity.

These three effects together lead to an average 16% reduction in resource costs. The
analysis has been undertaken for the two of the three corridors that have a reasonably
straightforward rail activity. (The third route – Genoa to Manchester - is Tri-modal).
The wide range of actions involved in this package enables the scope of the DSS to be
demonstrated and in the figure below the opportunity has been taken to display the
change in all costs in disaggregate format.
As can be seen the scale of change in intermodal costs is much larger than for other
proposed actions. Again the relative changes between the two routes reflect the different
nature of intermodal routes as well as the different lengths of trip.
km
4128
3270

Route
Patras-Gothenburg
Barcelona-Warsaw

The magnitude of the resource cost savings (with the taxes and changes) is the source of
potential price reductions.
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Figure 28:Changes in type of cost by Route
Changes in costs
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The data can be re-arranged to show the proportional change in the different costs. In
the figure below resource costs are the smallest proportional change, in the same order
as for other actions on cost reduction. The changes in taxes and changes are
proportionally higher and reflect the more efficient use of infrastructure as well as the
reduction in such elements as diesel fuel tax. and use of transhipment facilities on the
route. This latter is particularly relevant to the Patras – Gothenburg route.
Figure 29: Proportional change in main cost types between routes
Percentage change in costs
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Total External Cost
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Even further detail can be shown in the changes in costs. The grouping of costs with
respect to the main components are shown in the table below.
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Table 5.2: Breakdown of main cost components
Resource cosrs
Depreciation
Maintenance costs
Insurances
Energy consumption
Personnel
Third party services
Overhead costs

Total Taxes, charges,
Total External Cost
subsidies
Taxes
External Cost - Air Pollution
Charges
External Cost - Global Warming
Subsidies
External Cost - Accidents
External Cost - Up & Down Stream
External Cost - Noise
External Cost - Infrastructure

Figure 30 shows each of the cost elements generated at a further level of disaggregation.
Behind this data are some 800 individual costs as described in Chapter 2.
Figure 30: Detailed breakdown of change in costs by cost elements
Change in costs
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200.00
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100.00
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Depreciation

0.00
Bologna-Warsaw

Patras Gothenburg

Routes

For some elements there are no changes and they will not be visible on the chart. There
are sizeable contributions to resource cost reduction from Depreciation, Maintenance,
Energy and Personnel costs as would be expected given the actions simulated.
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5.5 EU wide effect of interventions
One of the tasks of RECORDIT is to interpret the outcomes of studies based on
Corridors into the EU context. To do this the savings found on the three six corridors
are extended to all other intermodal movements, taking account of the distribution of
journey lengths like to be found in intermodal transport (see Chapter 3). In addition to
the resource savings an estimate of the impact on the demand for intermodal movement
is made assuming the cost reductions are passed on to the consumer in terms of lower
prices. This stage requires an estimate of the cross modal elasticity. A detailed
discussion is available in Chapter 6 about the sources of such elasticities and the values
used.
Table 5.3: Cost Reduction Scenarios – Benefits to EU Transport
Cost Reduction Opportunity

One

Two

Three

Reduction in Internal Costs
Increase in demand btkm
Internal cost savings € mil
Resource savings € mil

6%
3.3
270
82

16%
8.5
712
173

4.5%
2.4
196
59

Figure 31: Cost Reduction Scenarios – Benefits and Modal change
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It can be seen that the most impressive returns are from the improvement to main haul
rail operations which yields a return to the EU of nearly $700 million a year. In terms of
increased movement by intermodal the increase is about 8 Mtkm. It is worth noting that,
whilst this may appear a modest change, it is only based on three possible initiatives.
The actions evaluated are derived from the largest cost drivers but there are,
nonetheless, further actions that can be evaluated.
With the exception of pre and post haulage the actions to achieve this level of change
depend on actors for whom intermodal freight is only one user. The possibility of such
cost reductions for intermodal transport are very much intertwined with the needs of
other types of freight movement and facility users and, in the case of rail, with the needs
of the passenger railways.
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5.6 Barriers to Introduction of Cost Reduction Opportunities in Corridors
5.6.1 Introduction
The discussion of barriers to changes leading to cost reductions is in two parts. In this
section the issues surrounding the three specific corridors are raised using the style of
the projects LOGIQ and PROMOTIQ. In the next section issues of a more generic
nature are considered in an attempt to link these specific cost reduction options to the
wider economic and policy context.
The two projects noted above developed and used the classification of barriers on the
identification of new generations of intermodal services and operators: Similar
classifications occur in a number of other projects notably TENASSESS. In the context
of RECORDIT two further types of barriers are worthy of mention. The first is the
Knowledge barrier. This is distinct from Information provision. Many of the attempts to
overcome barriers in intermodal transport and logistics appeal to Information
Technology. While this may have a role in certain circumstances it is much more
common for organisations to lack the knowledge of how to use that information. This
tension between Knowledge and Information is now well understood in Knowledge
Management circles and in many types of organisation. Since technology can also be
articulated as knowledge, some of the barriers can be better seen in terms of difficulties
in technology transfer. Universities such as Chalmers (Sweden), Kiel (Germany),
Cranfield (UK) amongst a number of others, have been investigating such issues in
practical ways for more than fifteen years.
Related to this Knowledge barrier is that of Receptivity to innovation (also known as
absorptive capacity). Many proposed changes are seen by organisations as innovations
even when they are have been applied by other organisations. Indeed, the DGXII
Climate Change Programme has involved projects that have investigated the receptivity
of various actors and agencies to different policy instruments in response to the impact
of climate change. The capacity of organisations to respond to innovation depends at
least on cultural attributes, organisational structures and processes, leadership and
history. Many organisations, especially those that were formerly publicly owned, have
to evolve organisationally before they can hope to exploit innovatory opportunities. In
summary headings relevant to barriers can be listed as
Institutional
Commercial
Technical & operational
Knowledge management

Infrastructural
Economic
Social
Receptivity to innovation

5.6.2 Barriers to Cost Reduction: Terminals and transhipments
Within this cost reduction scenario concerned with the transhipment process, it is also
pertinent to include the change of locomotives at border stations. These can be
considered as transhipments of wagon train-sets between two locomotives and/or two
railway systems.
The first barrier to intermodal services that require no transhipments en route can be
regarded as economic. With low levels of demand the efficient design of intermodal
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services requires consolidation points and transfers between different train services. It is
only when demand on a route is sufficient to activate a regular intermodal service from
terminal to terminal (using either a shuttle train provided by MTOs serving different
forwarders, or complete trains directly purchased to the traction provider).
As far as technical barriers are concerned these revolve around the improvement of
interoperability between national railway networks. In particular overcoming the
necessity for locomotive shifts at border stations would bring savings in costs.
The barriers to lower costs in terminals stem partly from economics. Smaller terminals
tend to have higher costs (partly due to the fixed cost element of some handling
equipment) and this factor inhibits the opening of more terminals which could improve
the accessibilty (and lower the cost) of intermodal services. This barrier can be regarded
as a technical barrier in the sense that existing technology fails to provide a means of
transferring load units without the use of large fixed cost investment. Innovative
developments may provide a resolution to this problem possibly with the use of simple
horizontal transfer mechanisms. The RECORDIT case studies witness a large number
of terminals having less than fully exploited capacity, for which the effort in increasing
the throughput could be significant in reducing costs.
The opportunity to reduce labour cost in terminals is strictly related to the possibility to
decrease the number of all employees including administrative and organisational
manpower. The barriers to achieve this are mainly social and cultural. There could be
transitional loss of quality due to organisational or technical innovation and increased
working stress, as well as passive or active forms of resistance by the labour force
because of the threat of unemployment and deterioration of working conditions.
5.6.3 Barriers to Cost Reduction: Pre- and post Haul
Load Factor
The reasons behind the high unit cost of pre and post haulage compared with main
haulage by road are well understood. The means of improving vehicle load factors and
reducing waiting times have been extensively explored in the IMPREND project. Basic
economic conditions help to explain the high cost resulting from low load factors. The
opportunity for return loads and carrying a full vehicle load depends on the density of
demand in time and space. Where demand is low and widely dispersed those
opportunities are limited. But if demand is high and concentrated around the terminal
then load factors are likely to be much higher.
Economic barriers therefore restrict the load factor that might be achieved. In the market
for services to and from terminals full information is not always available to all parties
about potential movements. This can, and almost certainly does, lead to the loss of
opportunities for consolidating loads. If technology is a barrier to the collection of
widely dispersed information here then recent advances may be able to help to correct
this. Commercial considerations about sharing information and the power that such
information systems provide could lead to this being a barrier, but the design of such
systems to ensure fair competition might prevent this being a serious constraint.
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Waiting time at terminals causes higher costs for road operators. This may be due to
poor information or poor organisation by the terminal operators. Information technology
provides the key to breaking through this barrier. Information could be provided about
precise times of availability of load units for removal by operators and receipt of
shipments can be subject to the same provision of information to operators.
It should be mentioned for completeness that the high cost of pre and post haul is the
product of high unit cost and long journey lengths. The latter can only be reduced
through the provision of more terminals – a point which was alluded to above. The
barriers to this are economic (low level of demand), technological(lack of low cost
solutions for small terminals) and, in some cases, social where the location is sensitive.
Vehicle Technology
It is less clear what the barriers are to the use of newer technology trucks generating
lower polluting. Large fleet operators tend to keep up with new technology vehicles,
partly because of additional performance or better fuel consumption or reliability.
However in terms of the market as a whole this does not necessarily see the
disappearance of older trucks (such as those at EUROI standard). They merely pass to
other operators. The final removal of these vehicles from the fleet will not take place
until their economic life ends. This might be referred to as an economic barrier to the
adoption of new trucks.
The derogation for 44 tonne trucks is also a factor in pre and post haul operations, given
the distances and function of the activity. Their use will depend on whether the fleet
owner has sufficient demand for their specialist use. Where smaller fleets or owneroperators are involved the age of vehicles will tend to be older (such owners often do
some maintenance themselves) and the ability to access and repay capital is traded off
against their own time.
5.6.4 Barriers to Cost Reduction: Rail Haul Improvements
Train capacity may be low due to economic considerations related to low demand. In
addition there are still constraints defined by the infrastructure on larger trains.
Specifically in the RECORDIT routes there are limitations due to:
-

Maximum length of trains (due to track limitations) mainly in Italy (550m) and
Eastern European countries. However, the maximum length allowed is very
seldom reached before intermodal trains reach their maximum weight limitation.
Weight (maximum weight per wagon axle and per train), mainly in Alpine and
Pyranean regions, where grades are steep. Train weights are limited by
locomotive power, gradients and minimum speed limits.
Gabarit limitations (the gauge in terms of height and width), due to the need to
use restricted Alpine tunnels. The main example is Modane tunnel, which cannot
accept C40 profile trains to pass through. Elsewhere, for instance in the UK, a
number of desirable routes are of insufficient height or width clearance for the
largest containers.

On the issue of reducing the number of times a train stops this is partly related to the
lack of interconnection and interoperability at a technical/operational level at border
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crossings. Moreover, three supplementary stops to couple/uncouple the double traction
locomotive are required on certain corridors. The other aspect of stopping is concerned
with the scheduling of freight trains. Where passenger trains are given priority this often
means frequent stops for freight trains, implying extra fuel consumption and higher
costs (manpower and assets). Solutions to this problem are either changes in the
scheduling rules or new infrastructure (such as freight only lines). The barrier to the first
is commercial with track authorities determining the priorities on the costs or revenue it
earns from freight operations. Barriers to new infrastructure are of course cost and,
where new lines are required, there may be social implications that restrict new
developments.
The load factor of trains is determined by capacity decisions of providers balancing the
anticipated demand. In some cases poor load factors may be due to imbalance of flows
in the two directions, seasonal patterns and strong day-to-day fluctuations. These may
impose underlying economic barriers to improving load factors. Reducing capacity in
line with average demand in order to improve load factors can lead to delays in moving
shipments – commercial considerations may prevent this reduction in service.

5.7 Underlying Barriers to Improving Intermodal Freight Transport
5.7.1 Introduction
Much of the current thinking about policy towards intermodal freight transport makes
reference to the notion of “Sustainability”. The reason is an underlying view that long
distance road transport is in a “sustainable” sense inferior to the other modes of moving
freight. Other parts of this report have shown the extent to which it is possible to
account for Externalities form road and intermodal transport and, if appropriate, the
relative amount that road haulage would have to pay for imposing those externalities. It
may be that, even after the imposition of marginal cost pricing of road haulage,
intermodal transport still only captures a limited share of only some markets. There is a
view that even if road’s externalities were more highly priced, intermodal transport
would still not erode the demand base for road haulage by a significant amount. The
resulting question is about why intermodal transport is not sufficiently effective to not
only stop the growth in road transport but to reverses it. If it is assumed that it should
operate as a competitive industry (and most of the intermodal actors are already in the
private sector) then there are a number of possible reasons that may inhibit its
development.
There has been a tendency for analysis to de-couple intermodal transport from the wider
logistical context from which it originally developed. Many of the earlier studies funded
by the EU (such as FREIA) focused on logistical trade-offs and value added activity
during the process of moving materials from one place to another. The more recent
trend, and RECORDIT is a part of this, has been to analyse the situation in primarily
transport terms. Some potential cost saving activities, for instance increasing the load
factor on pre and post haulage are inhibited by, for instance, the delivery time windows
of customers. But customers are not just being awkward – they themselves have a set of
logistical trade-offs in manufacturing or wholesale. and retail delivery, which make
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certain windows more effective for them. It has also been well established that service
quality attributes play an important part in modal choice in this sector of goods
movement. In primarily seeking cost reduction opportunities RECORDIT has been
unable to produce, at the same bottom-up level of analysis, observations about the value
of quality improvement. Reliability and punctuality would be the key attributes for more
extended investigations.
Given the opportunities for cost reduction there is a cost associated with these changes.
It is difficult to calculate just what intermodal transport might achieve by way of modal
shift without government intervention, but most cost reduction options involve
expenditure and other effort. If expenditure is worthwhile in terms of increased revenue
(i.e. profitable) then sensible actors will normally, sooner or later, take this action. Why
this might not be the case is discussed further below. The issue is whether adoption of
opportunities could and should be accelerated and that depends on whether there are
market failures (and in which market).
There is a strong possibility that intermodal transport may not be operating in a well
developed market. In part this is apparent from the performance of some railways, as
evidenced by the considerable differences in unit costs per km for intermodal segments
in different countries. In principle, actions taken by the EU should help improve new
operators’ access to infrastructure. Another possibility is some of the organisations
involved are ignorant of both market opportunities and of operational methods by which
to deliver services. Some of these problems of operational ignorance have been
addressed by other projects (IQ, LOGIQ).
The issue of market opportunities is itself complicated. Is the market to be won from
other (or potential) intermodal and logistics operators or is it the wider freight transport
market that is relevant? Somewhat different strategies might be invoked for these two
situations. So who is competing with whom for what needs to be understood better
before policy and policy instruments are aimed at particular types of barriers.
In order to help to link the RECORDIT findings to existing and future policies towards
intermodal transport and logistics, further consideration is offered below of three main
aspects – cost of implementing actions, competition and “contestability and the nature
of competition within the EU.
5.7.2 Cost of Implementing Actions
Almost all change requires effort and the use of resources whether staff, equipment or
capital. Expenditure on cost reduction is itself a barrier unless it is clear that benefits
will outweigh that expenditure. Almost all of the policy relevant material reviewed fails
to identify the cost of implementation of a policy or intervention, nor the expenditure
required from the policy recipients in responding or complying. RECORDIT provides
some of the more robust bottom-up estimates of internal costs (and the DSS can
manipulate those) but cannot supply all the information required for expenditure-benefit
analysis. It does, however provide a relationship between a notional cost reduction
action and total EU benefits. What is not clear is whether the target cost reductions and
implied expenditure are themselves sensible.
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Already in hand is substantial EU support for projects and policies that impinge on
intermodal freight transport but the evidence for the impact of these in terms of overall
benefits, net costs and benefits to organisations and their customers is not so readily
available. Any reasonable sized organisation should be able to estimate their investment
costs and benefits. It might be expected that some of these cost reduction initiatives
would have been taken by organisations and companies already, if the benefit cost ratio
was commercially promising. In practice, as seen from the variations between countries
and route segments some actors have taken action while others appear not to have done
so.
This same variability suggests that dissemination of “best practice” is a useful way of
overcoming knowledge barriers. An alternative way of forming cost reduction
objectives might be to aim for all similar activities or segments to be the same cost as
the current lowest. By examining what the circumstances are surrounding this lowest
cost example and comparing those with similar more costly activities, transition
pathways for other actors can be identified. The importance of dissemination is referred
to in the Marco Polo programme. (2001)

“ In general, the key to ensure a consistent improvement in business
practices and co-operative performance is as old as markets themselves:
emulation of good ideas. One answer to impediments to the free circulation
and easy replication of good ideas can be the Government-sponsored
dissemination of results”
5.7.3 Competition and Contestability
One of the canons of market economics is that competition is necessary in order to
ensure efficient pricing. At the same time there is a concern that the lack of competition
can lead firms to be inefficient and not pursue vigorously cost reduction opportunities.
Traditional economic theory distinguishes between perfect competition, oligopoly and
monopoly. The former is characterised by the existence of many competitors in the
market, the second by a few competitors and the last by only one. This framework was
recognised to be inadequate in analysing certain situations (particularly prevalent in
transport) where the nature of the cost functions favours only one, or a small number of
players, in a market. This led to the emergence of the concept of contestability. What is
important, it is argued, is not the existence of many players in a market but the existence
of many players competing for the market. Thus, for instance, whilst there might be
only one player serving a transport route, there may be other players willing to enter the
market if the incumbent starts to become inefficient, or charge high prices. These other
players ensure that the benefits of perfect competition – absence of abnormal profits and
efficient operation – can be achieved without the appearance of many players in the
market. In some situations therefore competition may appear not in the market but
rather for the market. This competition for the market may be formalised by
government intervention in the form of a tendering process.
One criterion that determines the degree of competition or contestability is the cost of
accessing the market. Where there are entry barriers (high sunk costs of entry,
administrative restrictions for instance) this means that contestability is likely to be low.
The existence of various regulatory, technical and financial barriers is seen as a serious
barrier to competition (see PROMOTIQ, 2000). One of requirements for contestability
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in the context of intermodal services is access for intermodal operators to the
infrastructure. Recognising this a number of policy initiatives have responded to the
problem, such as Directive 440/91, COM 97/242. Article 10 directs each EU Member
State to grant:
Access and transit rights to international groupings of railway undertakings
in the Member States
Transit rights to such international groupings in other Member States for
international services between countries in which members of the
international grouping are established
Access rights for railway undertakings engaged in international combined
transport of goods
Rail freight freeways offer an example of an attempt to provide open markets by
overcoming the barriers to entry and provide a more competitive, liberal environment
on the rail network. The European Commission in 1997 (COM 97/242) set out the
framework and technical requirements for the implementation of Trans-European Rail
Freight Freeways.
Another difficulty in analysing the strength of competition and whether intervention is
necessary concerns the definition of the market. It is possible to talk about the “market
for intermodal transport” in a corridor as competition between intermodal players.
However in setting prices players also take account of potential competition outside the
specific intermodal corridor, such as alternative routes or, more importantly, on the
parallel road network. Thus the competitors for movement between two areas include
all those providing freight movement by whatever mode and by whatever route.
In the transport arena competition has a strong spatial aspect. Terminals (both within
and between modes) are located at a specific location. Competition does not (and
generally cannot) take place at that location. But at the same time it is possible to say
that ports or other terminals compete in some way and that their pricing is influenced by
the proximity of a competitor. In the case of terminals the degree of competition is also
influenced by the connectivity of the network; poor connectivity means that one
terminal can resist competitive pressures because alternative routes to other terminals do
not exist, or are of poor quality.
5.7.4 Competition in the EU
Road transport provides strong background competition to rail, inland and inland
waterway transport. Its service offer is ubiquitous throughout Europe – from anywhere
to anywhere. It is usually regarded as highly competitive itself (SOFTICE, 1999) with
many active and potential participants. At distances up to 400km it provides strong
competition that influences the price considerations of any intermodal operator. At
longer distances (where intermodal transport is likley to have a distinct cost advantage
over road haulage) there is more flexibility in price setting by the intermodal operator.
The extent to which this flexibility is used depends on the extent of competition
(contestability) from other intermodal operators.
The national railway companies are extensive competitors in the European rail market.
Their intermodal services are often provided by their subsidiaries and restricted to the
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national level (CNC Transfracht, etc). ICF also offers services throughout Europe,
though its prime area of interest is maritime containers..
Combined transport co-operatives formed by trucking and forwarding companies
(Kombiverkehr, CTL, Novatrans, Trailstar,), with a European association UIRR,
provide competition for the national rail companies in a wide range of markets by
offering door to door services. Focusing mainly on swap body, trailer and Rolling
Highway movements between terminals, they tend to leave the arrangement of pre-/end
haul together with shipper contact to forwarders and hauliers. Most UIRR-companies
restrict their activities to their national borders and co-operate with their UIRR
neighbour.
New intermodal operators mainly from the maritime and harbour sector have
demonstrated their ability to compete successfully in certain parts of the rail network.
Following the opening of opportunities from partial deregulation in Europe, shipping
lines and port companies have begun to compete in a number of markets. US transport
companies and port organisations including HHLA in Hamburg and ECT in Rotterdam
are co-operating with railway companies. The latter are almost exclusively concerned
with container movement to/from ports. These new operators therefore offer
competition to the major players. ICF is particularly affected by new competition for
container movements into and out of the ports.
Independent rail operators are generally small players, which only compete in small
niche markets. Using their own assets i.e. terminals and transport equipment, they tend
to specialise in the provision of logistic services for large shippers such as Transfesa or
shipping lines (e.g. Sogemar). Some independent operators argue that the close
relationship between ICF (and some UIRR companies) and national railway companies
restricts competition by blocking the vast majority of attractive train slots.
Inland waterways give the appearance of a competitive market with numerous
operators. The main activity is the movement of maritime containers on the Rhine and
links connecting Rotterdam and Antwerp with their hinterlands. The number of
operators in the Rotterdam-Antwerp shuttle market is six. Twelve operators dominate
the Rhine container traffic. They compete on the marketing level but three co-operation
agreements (Penta, Fahrgemeinschaft Niederrhein, Oberrhein Fahrgemeinschaft) exist
at the operational level. This enables extensive slot-sharing i.e. joint use of barge load
capacities.
Short sea-shipping operators focus on RoRo links (accompanied or unaccompanied
trailers), feeder services for maritime containers between the major and small ports and
container movement between European ports as one leg in an intermodal chain. These
different markets demonstrate a wide variety of different numbers of operators on
different routes. Barriers of entry to routes are regarded as low, and the feeder market is
regarded as very competitive with rates under constant pressure (LOGIQ, WP2 1999).
Fierce competition and low profit rates could be seen in the bankruptcy of one of the
major European SSS lines, - Bell Lines - in 1997.
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5.8 Policy instruments – Best Practice
Marginal social cost pricing of long distance road freight may provide a windfall in
terms of competitive advantage to intermodal transport. None the less, however the
intermodal sector is considered, as part of logistical chains or as a competitive freight
haulage system, it is in a sense embryonic and it is sensible to facilitate improvements.
The discussion in Section 5.7 suggest that it operates in a varied and complicated
market place but that it should operate under free market conditions as indicated by
current EU policy imperatives. The observations from a range of projects suggest that it
is not operating particularly effectively and that this market failure consists of two main
groups of factors, institutional and knowledge.. Policies directed at institutional factors
and liberalisation are already in hand.
The other main groups of barriers to higher productivity are concerned with limited
knowledge and variabilities in operation and performance. It is here that there is a
strong case for the development of best-practice and knowledge transfer activities. The
term is used in its methodological rather than procedural sense i.e. as a diagnostic tool
that identifies the reasons for differences. Such efforts have been made in a piecemeal
fashion (for intermodal transport) by the EU and other key actors (UIRR), although
without the ability to estimate the EU wide impacts of take-up. The proposition made
here is for a more systemic series of investigations based on a range of origindestination pairs with existing flows or with strong potential for intermodal operations.
The aim of RECORDIT throughout has been to provide an analytic and quantitative
underpinning for intermodal transport policy and it can provide immediately some of
that data and information. For instance the variability of costs for much of the
intermodal activity sequence has been quantified. Coupled with the working data and
information from completed EU funded and other projects, best-practice information, in
terms of either cost or quality can begin to be structured in an organised way. This
would result in a more specific understanding of why some actors do not function as
well as others but, more importantly, offer quantitative information about potential
benefits to all actors. In addition where higher levels of contestability are desirable
public domain information would help potential entrants form views and plans about
offering new services. So, if organisations lack the ability to adapt and change others
can move in.
The second action connected with the above is to develop a much clearer picture of the
long distance freight market, and what elements of that are amenable to intermodal
operations. In other words a more sensitive model of the freight market is needed for
intermodal operators. There is also a need to link the quantitative and strategic approach
of RECORDIT to the wider logistical activities in which some intermodal transport
takes place. Neither of these two activities are likely to be within the means of
individual companies, particularly potential entrants and in any event are needed if
policy is to be tuned to diverse opportunities in the widening EU.

104

RECORDIT – Final Report

6 Pricing Externalities
6.1 The argument for pricing
The case for marginal cost pricing referred to in the 2001 White Paper (Euopean
Commission, 2001) has been described in chapter 2. In order to identify the level of
charges that would be necessary to meet the principle of user pays or marginal social
cost, it is necessary to identify in detail the structure of internal and external costs for
the particular situation of interest. In RECORDIT we have identified the structure of
costs in three corridors. These results have been extended to provide a general picture of
the internal and external costs of moving unitised loads throughout Europe by road or
intermodal transport. The focus is therefore only on one section of the freight transport
market. The projection from route level to national level needs to be treated with
caution. Where the original route figures are based on national statistics (in the case of
taxes, marginal infrastructure costs and accident rates for instance) then the country
figures can be regarded as an accurate representation of the country average. Where,
however, there is only a short section of route in a country the figure may not be
representative of the country as a whole. The prime example here is payments for
infrastructure use (tolls and track charges).

6.2 The situation on the routes
The discussion in chapter 2 identified the elements that need to be considered if price in
the market is to reflect true marginal resource (social) costs. They are contained in the
relationship:
Additional charge =
Marginal External Costs – Taxes
+ Marginal Infrastructure Costs – Infrastructure Charges (Payments)
+ Marginal Operating Costs - Average Operating Costs
- Operators’ Profit.

In what follows the last two lines are not included in the derivation of a possible
additional charge. The findings of the corridor studies revealed that in road transport
there was no evidence of significant economies of scale and hence a serious divergence
between marginal and average costs. In the case of the other modes the evidence
suggests that there may be some modest economies of scale through the use of larger
vehicles when demand is higher. Transhipment centres may also show a marginal cost
lower than average especially where demand is very low and lumpy capital equipment
is in use. It should also be mentioned that pre and post haulage may exhibit economies
of scale if load factors increase when demand grows. The difference between marginal
and average cost appears small in these cases compared to the other factors in the
equation. They are also difficult to quantify precisely.
The specific evidence that was collected concerning prices and costs and hence possible
profits in the three corridors was inconclusive. Much more evidence is required to
challenge the assumption that profits in the haulage industry are, through the forces of
competition, near to zero. Firm conclusions on the other modes also require further
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evidence. This evidence is not easy to gather – information about prices is diverse and
often jealously guarded.
The equation for additional charge that is used does not take account of two other
factors that are relevant to the evaluation of policy initiatives based on marginal social
cost pricing. The first is the possible effect of extra taxation on incentives and
productivity.
“…..we attribute an extra weight (called MCPF, marginal cost of public funds) to net
increases in tax revenue…………..”(TRENEN, 1999)
This effect awaits firm evidence and is not considered here. If the extra taxes in the
transport sector are balanced by reductions in taxation either elsewhere in transport or
other sectors in economy then this will mean the net effect is minimal. The second
factor is concerned with balancing budgets. Marginal cost pricing under some
circumstances may accompanied by a requirement to match total revenues with total
costs. Here the obvious example is the case of road and rail infrastructure where there
may be institutional reasons why the two objectives of a balanced budget and marginal
cost pricing need to be reconciled. If this is the case then consideration needs to be
given to various forms of pricing regimes - Ramsey pricing is one option.
The Charge required can therefore defined as
External Costs – Taxes

– Net Infrastructure Payments.

Figure 32 brings together the results for internal costs, taxes (including subsidies), net
payments for marginal infrastructure costs and external costs. From these it is possible
to assess to what extent marginal social costs are covered by taxes.
Figure 32: Charge required for Road
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The three routes display different characteristics. The estimate of external cost always
exceeds taxes paid. In the Genova-Manchester and Athens-Goteburg the external costs
are approximately covered by Taxes and Net Infrastructure Payments. It is only in the
Barcelona-Warsaw corridor where there the charge necessary to cover external costs is
large (equivalent to 0.16 €/40’containerkm). In two of these three corridors it is
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noticeable that the net infrastructure payments (charges minus marginal infrastructure
costs) are positive, thus reducing the charge necessary to achieve equality of price with
marginal social cost.
Table 6.1: Charge required as a Function of External costs, Taxes and Net Infrastructure Payments

40’container/A’ class Swapbody

€

€/km

Internal costs

2315

1.08

Taxes

284

0.13

Intermodal Net Infrastructure Payments

-26

-0.01

External Costs

167

0.08

Charge required

-91

-0.04

Internal costs

2836

1.48

Taxes

404

0.21

Net Infrastructure Payments

14

0.01

External Costs

448

0.24

Charge required

30

0.02

Internal costs

3970

0.96

Taxes

140

0.03

Intermodal Net Infrastructure Payments
External Costs

183
586

0.04
0.14

Charge required

263

0.06

Internal costs

4894

1.36

Taxes
Net Infrastructure Payments

729
460

0.20
0.13

External Costs

1122

0.31

-67

-0.02

3350

1.02

66

0.02

Intermodal Net Infrastructure Payments

-48

-0.01

External Costs

384

0.11

Charge required

366

0.11

Internal costs

3448

1.26

Taxes

226

0.08

Net Infrastructure Payments

250

0.09

External Costs

917

0.34

Charge required

441

0.16

Genova to Manchester

Road

Athens - Gothenburg

Road

Charge required
Barcelona - Warsaw
Internal costs
Taxes

Road

In the case of Athens-Goteburg the intermodal solution fails to cover the external costs
(the major part of which is caused by the pre- and post-haul legs by road). The road
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solution shows an approximate balance external costs and taxes paid; infrastructure
payments and costs are also in approximate balance.
On the Barcelona-Warsaw route the charge required to cover marginal social costs on
the road system is €0.16/40’container. The difference from the other corridors is that
external costs are higher (again a large part of the explanation is different accident
costs) and most critically that taxes paid are very low. The use of trucks from Croatia to
carry the goods for a large part of the journey means that fuel and circulation taxes are
very low for these segments. At the same time, however, the charge required for
intermodal to cover its external costs is also substantial (at €0.11/40’containerkm).
All these three routes demonstrate idiosyncrasies. The next section uses the results from
the three routes to derive an average picture for Europe using countries as the main
focus.
6.2.1

A simulation at 2001 for main haulage by road

In order to assess the variability of the required charges aiming at internalising external
costs, a simulation exercise has been carried out at more disaggregate level i.e., the
national segments of the RECORDIT corridors.
It has to be mentioned that this simulation concerns only the main freight haulage by
road (a 40t and 5 axles (2+3) EURO 2 truck), without considering external costs arising
from pre-and post haulage. Data on external costs and taxes and charges have been
updated to year 2001 (Jan) and allocated to the hauler at national corridor segment level
according to the following assumptions (related to taxes and charges):
Circulation tax : data available at country level per year, have been allocated per
vehicle kilometre at segment level on the basis of the truck average mileage
(140,000 km per year );
Registration tax: data available at country level have been allocated per vehicle
kilometre on the basis of the truck average life mileage (4 years, 560,000
kilometres);
Fuel tax and fuel charge: data available at country level in €/litres, have been
allocated per vehicle kilometre on the basis of the truck average fuel consumption
(0.42 litres/kilometre);
Road tolls : data are available at corridor level directly in €/kilometre from
motorway company. The toll for each national segment, in the case of a stretch not
tolled, has been obtained through an allocation of the entire toll on the whole
segment. Bridges and tunnels tolls have been considered;
Road charges (Eurovignette) : time-based charges (the Eurovignette) are currently
applied in Germany, Belgium, Netherlands, Luxembourg, Sweden and Denmark.
The allocation on a per kilometre basis assumes the kilometre travelled in
RECORDIT corridors by country applying a day charge of €8 (the Eurovignette day
rate);
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Subsidies: due to the extreme scarcity of reliable data, subsidies are not included in
the analysis of corridors.
Concerning the external costs, the update to year 2001(Jan) has been obtained on the
basis of the 1998 external costs, increased by the national average yearly inflation rates
for the years 1999 and 2000.
Wear and tear external costs for the UK have been updated through own calculations
based on the study of Sanson et al. (2001); the figures for United Kingdom, Hungary,
Slovakia and Poland are calculated as weighted average between motorway and all
network context.
Accident external costs of Italy are updated with data about the risk based on own
calculation (data from ANPA - Italian environmentantal protection agency and ISTAT
– National statistics institute).
The results are shown in the table below, distinguished by type of loading unit, i.e. a
Forty foot equivalent (FEU or 40’) containers, a swap-body (Class ‘A’) on the PatrasGothenborg and Barcelona-Warsaw corridors, and a Twenty foot equivalent (TEU or
20’) container on the Genova-Manchester.
Looking at the 18 national segments for which figures are provided, 10 appear to be
currently undercharged (total of taxes and charges is lower than total of external costs),
6 overcharged, while for the segments of Slovenia and Croatia, some elements are
missing, and we cannot reach a definite conclusion.
The 10 segments undercharged are prevailingly located on the Genova-Manchester (all
segments) and on the Barcelona-Warsaw (four segments) corridors. It can be observed
that on the Genova-Manchester corridor the high infrastructure wear and tear (€c
19.5/vkm) on the segment Chiasso-Basel contributes decisively to the higher required
charge (€c 19.7/vkm). On the other hand, on the Barcelona-Warsaw corridor higher
required charges are mainly caused by high accident external costs, i.e. €c 77.7/vkm on
the Barcelona-La Jonquera and €c 16.9 on the Chyzne-Warsaw segment.
The six overcharged national stretch (mainly locate on the Patras-Gothenborg corridor)
would show a different result if pass tolls for crossing bridges and tunnels was not taken
in consideration (case of national haulage): the Scandinavian and Austrian segments
would be undercharged and the other ones close to the balance.
Overall, the comparison between total taxes and charges (TTC) on the one hand and
total external costs (TEC) on the other suffers from the fact that, while the latter are
strictly bottom-up, corridor dependent, the former incorporate cost components
estimated with a top-down approach.
Furthermore, subsidies are not included in these figures. Their possible inclusion would
obviously decrease the TTC and modify most situations in the direction of undercharging.
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External costs (€c/vkm)
Infrastru
Air
cture
pollutio
wear and
n
tear

Noise

Accidents

Taxes & Charges (€c/vkm)

Up- and
Global
Congestion
warming downstream

Total

Registration.
+ circulation
tax

Fuel tax
+ Fuel
charge

Toll

Total
Road
external charge + Total
taxes &
Vignette
charges

LOADING UNIT Swap body
Patras - Gothenborg
IT

BrindisiBrennero

4.7

4.1

1.3

9.7

0.6

5.0

2.8 28.2

0.5

18.0

18.6

0.0

37.1

-8.9

AT

BrennerKufstein

8.8

4.8

1.2

17.6

0.3

5.1

3.1 40.9

1.8

16.9

30.9

3.7

53.3

-12.4

2.3

5.0

1.2

8.8

0.7

5.1

3.1 26.2

2.1

13.5

0.0

0.5

16.1

10.1

12.6

3.4

1.3

7.8

0.2

5.7

3.2 34.0

0.3

14.0

44.9

0.5

59.8

-25.7

3.1

2.1

1.1

5.2

0.2

5.2

3.0 20.0

3.0

13.4

14.4

0.5

31.3

-11.3

5.1

3.2 101.7

0.1

9.8

8.4

0.0

18.3

83.4

Kufstein-

DE Padborg

DK Padborg-Malmo
SE

MalmoGothenborg

Barcelona - Warsaw

ES

Barcelona-La
Jonquera

4.3

5.6

5.9

77.7 -

FR

La JonqueraModane

3.7

5.0

1.1

10.0

0.0

5.2

3.1 28.1

0.7

17.8

19.6

0.0

38.1

-10.0

IT

Mondane-Villa
Opicina

4.7

7.6

1.1

9.7

0.4

4.9

3.1 31.5

0.5

18.0

30.8

0.0

49.3

-17.8

SI

Villa OpicinaOrmoz

7.6
7.3

6.5
5.9

0.8
0.4

14.1 8.3

0.0

5.8
5.3

3.5 38.4
3.3 30.5

n.a.
n.a.

n.a.
n.a.

3.7
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

5.8

7.8

0.6

15.9

0.0

6.1

3.6 39.9

0.5

12.0

5.4

0.0

17.9

22.0

HR Ormoz-Letenye
Letenye-

HU Parassapuszta
SK

ParassapusztaChyzne

7.9

6.7

0.6

19.6

0.0

6.2

3.9 45.0

0.9

12.4

0.0

0.2

13.5

31.5

PL

ChyzneWarsaw

7.5

4.8

1.0

16.9

0.0

5.8

3.6 39.6

0.3

11.8

0.1

0.0

12.2

27.4
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External costs (€c/vkm)
Infrastru
Air
cture
pollutio Noise
wear and
n
tear

Accidents

Taxes & Charges (€c/vkm)

Global
Up- and
Congestion
warming downstream

Total

Registration.
+ circulation
tax

Fuel tax
+ Fuel
charge

Toll

Total
Road
external charge + Total
taxes &
Vignette
charges

LOADING UNIT 20’
Genova - Manchester
GenovaChiasso

4.7

6.6

1.1

9.7

0.8

4.3

4.0

31.1

0.5

18.0

11.9

0.0

30.4

0.7

ChiassoCH Basel

19.5

8.9

1.4

5.5

0.8

7.1

4.0

47.1

1.2

23.2

0.0

3.0

27.4

19.7

2.4

5.6

1.1

8.8

0.6

4.9

3.9

27.2

2.1

13.5

0.0

1.0

16.6

10.6

4.2

6.6

1.2

7.0

2.3

5.0

4.0

30.3

1.1

14.2

0.0

1.0

16.4

13.9

13.5

3.0

1.1

2.7

2.7

5.4

3.9

32.2

3.4

28.0

0.0

0.0

31.4

0.8

IT

DE Basel-Venlo
NL

VenloRotterdam

FelixstoweUK Preston

111

RECORDIT – Final Report

7 IMPLICATIONS FOR PRICING POLICY
7.1

Extended Study

7.1.1 From Corridors to Countries
Previous chapters have described the derivation of taxation, external costs,
infrastructure costs and payments in the various countries that the corridors pass
through. The purpose of this chapter is to use the results from the corridors to provide
estimates for average costs in the different countries. This move from the corridor
studies to national figures allows one to examine the impact of policies designed to
charge users for the costs that they impose on society. In order to make the extension to
country averages, additional data, mostly more disaggregate, has been sought and
anomalies identified during the corridor studies have been addressed. The results
developed for this chapter are thus not directly comparable to that used in the previous
chapters. Partly this is because of the clarification and disaggregation noted above, but
also because the opportunity has been taken to unify the data in terms of 2001 values
and to present results in terms of cost per vehicle kilometre (vkm).
Major differences also arise because external costs on the individual country segment of
a corridor are not representative of the external costs on the road system in the country
as a whole.
For instance, the simulation at corridor level in 2001 shows six overcharged segments,
that is six segments in which the paid taxes and charges are higher than external costs,
while the average projections at national level show no overcharged situations (see the
above table). The reason is that the analysis at corridor level entails the attribution of all
taxes and charges over the distance travelled in specific corridors. A specific example is
the high toll imposed on bridges and tunnel pass at the borders, which have to be
allocated to the specific segments, as for the Brenner-Kufstein, the Padborg-Malmo and
the Malmo-Gothenburg. This results in relatively high taxes and charges paid per vkm.
At national level such tolls will be imposed on a very small proportion of vehicle km
travelled.
The corridor studies focussed on one type of freight vehicle – an articulated truck with a
weight limit of 40t. However, any pricing policy initiatives will necessarily impact on a
wider set of freight vehicles. For this reason two vehicle types are examined here – an
average articulated vehicle (represented by a 2+3 axle vehicle with a weight limit of
40t) and an average rigid vehicle (represented by a 2 axle vehicle with a weight limit of
18t). Estimates of external costs in the corridor studies are based on specific routes. In
this section average costs are estimated for a vehicle (€/vkm) assuming that the vehicle
has an average mix of kilometres on different types of road. Critical here is the
proportion of kilometres travelled in urban as opposed to suburban or rural areas, and
the proportion travelled on different road types such as motorways. In the countries
examined statistics (where they are available) show that of the total kilometres of
articulated vehicles between 3 and 7% are in urban areas, whereas the figure for rigid
vehicles is 14-29%. The greater level of activity of rigid vehicles in urban areas has a
strong influence on their average external costs. Use of motorways also shows a wide
disparity. The proportion for articulated vehicles is 7-69% and for rigid 3-41%; these
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external costs are also heavily influenced by the extent of the motorway system in the
particular country.
Cost calculations are time specific. The corridor studies refer to 1998 and the costs are
calculated at prices prevailing in the countries in that year. Costs may change over time
for many reasons. Improvements in technology or safer driving habits, for instance, may
lead to a reduction in external costs. Inflation changes the measuring rod that is used to
value costs. The figures that follow are updated to 2001 and are in terms of 2001 prices.
An important source of comparison for this chapter are the estimates made in a recent
report collated by TRL (A study on the cost of transport in the European Union in order
to estimate and assess the marginal costs of the use of transport, 2001), although that
only provides 1998 values.
7.2.2 Taxation
Taxation costs include registration, circulation and fuel taxes. For Switzerland the HVF
tax based on kilometres driven and introduced in 2001 is included.
Table 7.1 Taxation in 2001
€c/vkm
Austria
Belgium
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovenia
Slovakia
Spain
Sweden
Switzerland
United Kingdom
Weighted average

Artic
13.5
11.7
9.4
13.9
13.3
17.3
10.9
9.0
15.2
14.2
12.1
12.1
12.1
9.5
15.9
34.2
31.3
15.2

Rigid
7.9
7.3
5.8
8.5
8.4
9.8
6.6
7.6
9.3
8.9
7.6
7.6
7.6
6.1
9.1
21.1
9.8
7.9

7.1.3 Infrastructure costs and payments
Infrastructure costs refer to those additional or marginal costs that a vehicle imposes on
a particular road type. For a particular country they are derived from estimates of
maintenance costs for different road types (typically motorways, major roads and minor
roads). Within these maintenance costs those costs that are a function of vehicle
kilometres are identified and a suitable relationship adopted. The critical relationship for
freight vehicles is the so-called ‘4th power law’ which assumes damage to the
carriageway rises with the 4th power of the axle weight. Estimates for some countries
are not available. Where this is the case their figure is assumed to be the same as a
country with a similar standard of living (based on Purchasing Power Parity).
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Payments for infrastructure are based on the average motorway tolls (per km) existing
in different countries. This figure is combined with the percentage of motorways tolled
in the country and the percentage of kilometres driven on motorways to derive an
average payment per km driven for an articulated and rigid vehicle. France and Italy
reveal the highest figures reflecting their high proportion of tolled motorways. Some
countries pay no tolls.

Table 7.2 Infrastructure Payments and Marginal infrastructure Costs in 2001 (2001 prices)

€c/vkm
Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom
Weighted average

Marginal
Infrastructure Cost
Artic
Rigid
15.0
11.4
6.3
3.9
9.6
5.9
4.9
2.7
4.6
4.3
7.5
3.5
6.3
3.9
6.5
4.8
8.1
6.3
6.3
6.3
1.5
4.6
14.9
18.1
6.8

5.4
3.9
3.9
3.9
1.1
0.9
11.4
9.4
4.3

Payments
Artic
2.2
0.7
0.1
4.5
0.0
0.8
0.6
5.4

Rigid
1.3
0.2
0.0
2.6
0.0
0.3
0.2
3.1

0.0
0.0
0.0
0.9
1.1
0.5
0.0
0.0
1.9

0.0
0.0
0.0
0.3
1.1
0.1
0.0
0.0
1.2

7.1.4 Air pollution
The corridor studies provide a large sample of external cost estimates of air pollution.
These results show a marked divergence between rural and urban observations. On
average air pollution damage is found to be approximately three times higher per km in
urban areas (stemming partly from higher fuel consumption but mainly due to the
higher concentration of individuals in the vicinity of the vehicle). Air pollution costs
also depend critically on the technology of the vehicle. Rigid vehicles on a motorway
cause slightly more than half the pollution damage of an articulated vehicle The table
below shows estimates for a vehicle meeting EURO II and EURO III standards. The
latter shows a decrease of just over 30%. The greater use of rigid vehicles in urban areas
combined with their lower fuel consumption means that their average external cost is
about 25% less than that of an average articulated vehicle.
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Table 7.3 The External Air Pollution Cost of a Road Freight Vehicle in 2001 (2001 prices)

Country
Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom
Weighted average

EURO II €c/vkm
Artic
Rigid
4.4
3.4
5.2
4.2
3.0
2.3
4.4
3.0
4.3
3.1
4.1
3.4
6.0
4.7
5.1
3.6
5.2
4.0
3.8
3.1
5.1
4.1
5.3
4.1
4.4
4.0
2.0
1.5
6.8
5.0
2.4
1.9
4.2

3.2

EURO III €c/vkm
Artic
Rigid
2.9
2.2
3.4
2.8
2.0
1.5
2.9
2.0
2.9
2.1
2.7
2.3
4.0
3.1
3.4
2.3
3.4
2.6
2.5
2.0
3.3
2.7
3.5
2.7
2.9
2.7
1.3
1.0
4.5
3.3
1.6
1.2
2.8

2.1

Table 7.4 shows the air pollution cost estimates from the recent TRL report that brings
together findings concerning external costs. The RECORDIT estimates fall within the
lower part of this range.
Table 7.4 Range of marginal air pollution costs (road)
Location

Vehicle size

Urban

HDV (3.5-7.5t)

21.8-26.2

HDV (32-40t)

43.4-52.0

HDV (3.5-7.5t)

2.4 - 8.3

HDV (32-40t)

3.2 - 16.1

Rural

€c 1998/vkm

7.1.5 Noise
The noise impact of a truck over a kilometre of travel depends on the vehicle, its
technological sophistication and the density of population surrounding the route that a
truck follows. Its external cost depends on the impact and the value that the population
affected place on that impact. Examination of the figures found from the corridors show
that there is a striking difference in the cost of noise as found in rural and urban areas,
and the ratio can be between 30 and 80 depending on specific circumstances (mainly
population density). A distinct difference is also found in valuation between East and
West European countries reflecting their relative per capita incomes. Although an
average Rigid vehicle produces perhaps half the noise impact of an Articulated vehicle
at a given location, the fact that it operates more in urban areas (14-29% of total annual
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mileage in different countries compared to 4-7% for the average articulated vehicle)
means that its average external cost is actually higher.
Table 7.5 The External Noise Cost of a Road Freight Vehicle in 2001 (2001 prices)
Country
Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

Artic
€c/vkm
4.3
0.9
4.7
2.5
4.1
2.8
1.7
2.2
4.3
1.3
1.7
2.6
2.8
4.0
4.5
3.8

Rigid
€c/vkm
7.5
1.5
8.3
4.0
6.6
5.0
3.0
4.0
7.5
2.3
3.0
4.5
4.8
7.1
7.9
6.8

Weighted average

2.9

5.1

Table 7.6 shows the range of external cost estimates for noise pollution emanating from
freight vehicles (TRL, 2001). The high values in each case refer to thin traffic and night
time. The RECORDIT estimates are at the high end of the range described below.
Table 7.6 Marginal air pollution costs - €c 1998/vkm
Location

Vehicle type

€c 1998/vkm

Rural

HDV (>3.5t)

0.1 - 1.7

Suburban

HDV (>3.5t)

0.8 - 4.3

Urban

HDV (>3.5t)

9.5 - 55.6

7.1.6 Accidents
Detailed accident figures exist for the United Kingdom and Germany that distinguish
between
articulated and rigid vehicles
fatalities, severe injuries and light injuries
injuries to occupants and non-occupants
km travelled on motorways, other rural and other urban roads.
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This data can be combined with the values and methods described in Chapter 4 to
provide an average accident cost for different vehicle types. Overall the average
accident cost for rigid vehicles is higher due to their greater operation in urban areas
(where accident rates are much higher than for motorways and rural roads). The figures
for other countries are derived from reported figures on average accident rates on
motorways and “all roads” (IRTAD, 2001). The final figures for countries also
incorporate an element for PPP (in the unit cost of fatalities and injuries), but in
countries with low incomes this is often counterbalanced by the higher accident rates
that they experience.
Table 7.7 The External Accident Cost of a Road Freight Vehicle in 2001 (2001 prices)
Country
Austria
Croatia
Denmark

Artic €c/vkm
18.0
11.8
16.1

Rigid €c/vkm
18.8
12.2
16.8

France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

14.8
12.4
25.1
18.8
13.4
9.1
15.1
23.8
37.2
16.4
9.3
12.8
14.0

15.5
15.5
26.2
19.2
13.6
11.6
15.6
24.6
38.6
16.5
11.3
17.5
18.0

Weighted Average

14.1

15.7

Table 7.8 shows the range of previous external cost estimates for accident risks of
freight vehicles (TRL, 2001). The RECORDIT estimates are higher.
Table 7.8 External costs of accidents for trucks - €c 1998/vkm
Road Type

€c 1998/vkm

Interurban roads

2.9 - 6.4

Urban roads

3.7 - 9.5

7.1.7 Delay
Marginal delay costs of an average vehicle are a function of the proportion of time spent
by that vehicle in different traffic conditions. The degree of congestion varies by type of
road and by time of day. The marginal cost of delay will vary by country due to the
different traffic intensities in those countries and the value attached to time delays. The
corridor studies only provide limited evidence of delay costs and detailed estimates of
marginal delay costs are only available for sections of motorway. In order to
supplement the figures found for non-urban areas a figure of 6.9 €c/vkm for Heavy
Duty Vehicles (HDV) urban operations is adopted from a study reported in 2000
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(INFRAS/IWW). Rigid vehicles in the same traffic conditions impose lower delay costs
than articulated vehicles, but overall their impact (due to greater urban operations) is
higher.
Table 7.9 Delay Costs imposed by a Road Freight Vehicle in 2001 (2001 prices)
Country
Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

Artic €c/vkm
1.3
0.3
0.7
1.0
1.8
0.9
0.6
1.1
3.0
0.5
0.6
0.9
1.2
0.7
1.1
6.7

Rigid €c/vkm
2.1
0.5
1.9
1.3
2.3
1.4
0.9
1.5
3.1
0.7
0.9
1.3
1.7
1.7
2.3
5.0

Weighted Average

2.0

2.2

Table 7.10 shows the range of marginal delay costs reported (TRL, 2001). The
RECORDIT estimates are at the lowest end of this range.
Table 7.10 Marginal congestion costs - Road sector - €c 1998/vkm
Relaxed traffic

Congested traffic

€c 1998/vkm

€c 1998/vkm

Motorway

2.9

540.1

Suburban rural

9.9

518.6

Urban

<1

823.0

HDV (Heavy duty
vehicle >3.5t)

7.2

Derivation of Charges

The various figures for external costs and taxation are brought together in the Table
7.11 and Table 7.12 below. The data for road vehicles has been derived from the
extended study in order to estimate the costs of average freight vehicles rather than
those on intermodal trips alone. The corridor study focused on intermodal trips which
naturally results in rich data on rail operations. Unless there are very big differences in
infrastructure payments, external costs and taxes between intermodal and other freight
operations on the railway the values from the corridor studies can be considered valid
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for average rail freight movements. The data for rail in Table 7.12 below is adjusted to
2001 values.
The logic of marginal cost pricing requires that the price perceived by the mode choice
decision maker is equal to the marginal total resource costs, where resource costs refer
to those of operation, infrastructure and externalities. Three elements need to be
considered:
- Fuel and circulation taxes. In the case of road the average over all countries is

equivalent to €0.15 /vkm for an articulated truck. For an equivalent slot on rail it
is only €0.01.
- Infrastructure charges are in general lower than marginal infrastructure costs. In
the case of road the average over all countries is equivalent to €0.05 /vkm for an
articulated vehicle but the figure by rail is less at €0.04 for a slot equivalent to an
articulated vehicle.
- External costs. For road the average figure is €0.32/articulated vkm and €0.31
/rigid vkm whereas for rail it is only €0.07.
Table 7.11 The Derivation of Charges – Road (2001)

Taxes

Infrastructure
Net Payment1

External Cost

Extra Charge

Taxes

Infrastructure
Net Payment1

External Cost

Extra Charge

ROAD Rigid €/vkm

Country

ROAD Artic €/vkm

Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

0.14
0.12
0.09
0.14
0.13
0.17
0.11
0.09
0.15
0.14
0.12
0.12
0.12
0.09
0.16
0.34

-0.13
-0.06
-0.09
0.00
-0.05
-0.07
-0.06
-0.01
-0.08
-0.06
-0.06
-0.05
0.00
-0.04
-0.15
-0.18

0.36
0.26
0.33
0.31
0.30
0.40
0.35
0.30
0.29
0.28
0.39
0.54
0.33
0.24
0.36
0.36

0.35
0.19
0.33
0.17
0.22
0.30
0.29
0.22
0.22
0.20
0.33
0.47
0.21
0.19
0.35
0.20

0.08
0.07
0.06
0.09
0.08
0.10
0.07
0.08
0.09
0.09
0.08
0.08
0.08
0.06
0.09
0.21

-0.10
-0.04
-0.06
0.00
-0.04
-0.03
-0.04
-0.02
-0.05
-0.04
-0.04
-0.04
0.00
-0.01
-0.11
-0.09

0.37
0.23
0.34
0.29
0.32
0.41
0.32
0.28
0.31
0.26
0.37
0.53
0.32
0.26
0.39
0.37

0.39
0.19
0.34
0.20
0.28
0.34
0.30
0.22
0.27
0.21
0.34
0.49
0.24
0.21
0.41
0.25

Weighted
average

0.15

-0.05

0.32

0.21

0.10

-0.03

0.31

0.25

1
Marginal Infrastructure Payments minus Costs.
Some rows may not add due to rounding.

In order therefore that prices equate to marginal resource costs the sum of taxes should
cover the external costs and any shortfall in infrastructure payments. This conclusion
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assumes that resource costs of operation are exactly reflected in prices charged and that
prices are correctly perceived in the marketplace. In all of the countries studied the
external cost of both an articulated and rigid truck exceeds the charges currently paid.
From the tables it can be seen that this average shortfall is (for EU countries) about
€0.21/vkm (articulated vehicle) and €0.09 for rail equivalent. Strict application of
marginal cost pricing principles would therefore require taxes to be raised on average by
these two figures on the two modes.
Table 7.12 The Derivation of Charges – Rail (2001)
RAIL €/km
Country

Taxes

Infrastructure
Net Payment

External
Cost

Extra
Charge

Austria
Croatia
Denmark
France
Germany
Greece
Hungary
Italy
Netherlands
Poland
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

0
0
-0.24
-0.2
0.19
n.a
0
0
n.a
0
0
0
0
0
0.08
0

0.04
-0.09
-0.02
-0.07
0.12
n.a.
-0.09
-0.07
n.a.
-0.09
-0.09
-0.09
-0.09
-0.06
0
-0.05

0.05
0.06
0.08
0.04
0.07
n.a
0.09
0.07
n.a
0.13
0.12
0.11
0.07
0.02
0.05
0.05

0.01
0.16
0.33
0.31
-0.24
n.a
0.2
0.14
n.a
0.22
0.21
0.2
0.16
0.09
-0.05
0.08

Weighted average

0.01

-0.04

0.07

0.09

Marginal Infrastructure Payments minus Costs.
Some rows may not add due to rounding

The graph below shows that the average figures mask some quite large variations
between countries. In Germany the taxes and infrastructure charges paid on the rail
system suggest that these exceed the external costs by a large margin. In the United
Kingdom the high rates of tax on road (compared to other countries) are only slightly
below the external cost estimates. However, there is a larger shortfall on infrastructure
payments than for all other countries which suggests prices need to rise by about
€0.20/artic vkm, close to the average
Given these findings about the relative level of taxes and resource costs, and the general
impression that taxes on the road system are too low, there are two critical decisions in
the choice of taxes
1.

Whether to aim to for a level that ensures the correct relative level of prices between road
and rail, or to also ensure that prices on these two modes have the correct relationship with
other goods and services in the economy. The logic of the second requires taxes to be
raised by €0.21 per artic vkm, €0.25 per rigid /vkm and €0.09 per artic equivalent railkm.

120

RECORDIT – Final Report
On the other hand in order to only maintain the correct balance between the two modes a
tax equivalent to €0.12vkm (articulated) and €0.16/vkm(rigid) would close the gap between
the two modes.

2. The amount of differentiation in the taxes used. The White Paper states that taxes
should vary in line with marginal social cost ‘according to category of infrastructure
used, time of day, distance, size and weight of vehicle, and any other factor that affects
congestion and damages the infrastructure or the environment’. Fuel taxes by their very
nature cannot meet all these requirements. More sophisticated charging by the roadside
or devices located on the vehicle can but at rather greater expense. The decision is
therefore likely to depend on a trade-off between the extra costs of such methods against
the extra benefits that they bring.
Figure 33 Extra Charges – Articulated, Rigid and Rail (artic equivalent)
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In order to explore the impact of different charging policies it is necessary to make
some assumption about the impact of price changes on the use of the two modes as
summarized in the elasticity of demand.

7.3

Elasticity and benefits

The benefits of marginal cost pricing from an efficiency perspective depend critically on
the response of mode decision makers to any change in prices. If the response to tax
increases is limited in terms of modal transfer and reducing overall movement then the
benefit will be small. The benefit, therefore, depends on the elasticity of demand.
If it is assumed that the price of road freight transport increases with other prices
remaining unchanged (due to a fuel tax increase for instance) then there are two distinct
impacts. In the first place the demand for movement by competing modes should
increase. And secondly the total demand for freight (measured in tonne-km) should fall.
This latter effect might be expected to take rather longer to materialise. The main source
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of any reduction in total movement can be expected to stem from a fall in length of
average haul. This is likely to be far more important than changes in tonnes lifted
(which is intimately connected to the level of output in the economy) or better
utilisation of vehicles (this has been remarkably stable over a long period without any
apparent change due to previous changes in real costs). One estimate (Baum, 1990) of
the elasticity of road freight with respect to price suggests a range between -0.2 and -0.7
for different commodities with a mean near to -0.6. These figures are based on analysis
using time series and refer to trips greater than 50km. Following this study there has
been only limited work undertaken to refine these estimates.
Turning to the second impact – a transfer to other modes – this was also examined in the
same report. Cross elasticities (the percentage change in rail demand with respect to the
price of road) revealed a wide range for commodities from 0.2 to 1.9. The (unweighted)
mean was near to 1.0. A number of studies carried out in Europe over the last 10 years
have developed more complex modal split models of the freight market. Rather than
time series analysis of freight demand, they have concentrated on cross section analysis
usually focussing on a set of specific routes. The major developments have included:
- The use of the logit model which because of its form has a cross
elasticity which is a function of a mode’s share (and by implication the
level of prices and distance in a route)
- The incorporation of more attributes than price in the utility function
With studies based on a limited set of routes there has to great care in extrapolating
results to areas different to those used as a basis for parameter estimation.
In the last ten years a number of studies have started to reveal the parameters of a
detailed modal split model. The consulting firm NEA (NEA, 1999) examining flows
within Europe found that for modelling demand segmentation of the transport markets
is desirable. Within each segment they find that the modal split is dependent on the
transport time and the cost of transport of each mode in relation to other modes. The
coefficients for the elasticities of time and cost in the model are significant but differ
between the segments. In addition constant elasticity models appear to be superior to
multinomial logit models.
The project STEMM used two freight models incorporating mode (and route choice).
One model was been applied to assess policy effects on Trans-Alpine and crossChannel freight transport, while the commercially available STAN model was
implemented for Nordic case studies of Scan-Link Corridor and Nordic/North Sea
freight movements.
The study offering the greatest insight into the intermodal (rather than the rail) market in
Europe was carried out by STRATEC (Lobé, P, 2001) in 1999-2000. Examining 12
routes in Europe the study found that although there are many factors influencing
demand, price is still critical. Their use of the logit model to explain modal split means
that the derivation of an elasticity is complex. It varies for different routes due to the
different distances and different modal shares. Any assumption about an average
elasticity for intermodal transport in Europe is therefore disguising a wide variation on
different routes. Using the output from STRATEC’s report it is possible to deduce that
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an average cross elasticity (intermodal demand with respect to road price) might be of
the order of 1.7. Elasticity estimates for Inland Water and Short Sea Shipping based on
the same study are 1.2 and 0.5, though the small sample size means the estimates are
subject to a wide margin of error.
Some support for the intermodal cross elasticity is found in a recent report (Beuthe,
2001). This suggests that the relevant cross elasticity for rail (rather than intermodal) is
around 2. There seems no reason to believe that the intermodal component of rail
transport would not experience these elasticities also. This model, along with the others,
also assumes that an increase in the price of road movement will only lead to a transfer
to existing intermodal services. In practice it is possible that the intermodal industry will
respond to the opportunities offered by higher road charges by introducing new services
thus attracting extra demand. Taking account of these various studies for the
calculations that follow a cross elasticity of 1.7 and an own elasticity of –0.3 in response
to a change in the price of road freight are adopted.

7.4

The Benefits

The first set of calculations are made under the assumption that the policy is to charge
for external costs on road operations only and consider its effect on intermodal
transport. The optimal increase in charges under this assumption is to increase the
average cost of road (per articvkm) by €0.12 (€0.21-0.09), which ensures that the
relative cost of road and rail are in balance. In this situation both modes are failing to
meet their full external costs to the extent of €0.09vkm. Any such increase will increase
both the cost of road and intermodal solutions (due to the share of pre and post haul in
the latter). Assuming that the base prices in the market are represented by internal costs
(€1.05/vkm for road) then the increase in demand for intermodal transport would be
about 16%. Using the 1997 figure of 57.8 billion tonkm by rail intermodal this
represents nearly 10 Btkm extra. This can be compared with the total figure of 60 Btkm
of freight that the White Paper projects will be transferred to rail as a result of policy
initiatives (European Commission, 2001).
The benefit of the transfer of freight from road to intermodal rail is a net saving in
resource costs. Consignments are transferred from road with its high external costs to
intermodal with its lower external costs, but this is to some extent at the expense of
increased operating (resource) costs as freight is transferred from road to intermodal,
including the additional time costs which are considered to be internalised in the
operators choices. The welfare benefit (resource cost reduction) to members of the EU
of the modal transfer can be calculated as about €44M per year in 2001 (the calculation
is based on the sum of environmental and operating costs for intermodal and road
transport.).
If instead of merely correcting the imbalance between charges for road and rail a charge
is imposed on road (€0.21/vkm for articulated vehicles) that represents the current
underpayment for external costs, then the welfare benefits of the modal transfer fall
below €20M per annum. The reason for this is that the higher charges (over the
optimum of €0.12) lead to a transfer of traffic that is costing more on intermodal than
road (more in terms of the sum of environmental and operating costs).
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Benefits from the transfer from road to intermodal rail are only part of the story.
Significant benefits also flow from any transfer to the short sea shipping and inland
waterways sector. The non-intermodal element of rail would also experience an increase
in demand. Even using low cross elasticities (less than 0.5) these modes could
potentially offer a similar level of benefit as intermodal rail.
Modal transfer yields benefits but an even greater potential source of benefits is that
stemming from the overall reduction in freight movement on the road (an effect which
is seen mainly through a reduction in the average haul). The optimal increase in road
charges in this context to take account of external and infrastructure costs is €0.21 for
articulated and €0.25 for rigid vehicles. This increase in charges creates the correct price
(marginal cost) comparison with ‘other goods and services’ though not rail (unless
charges are also imposed on this mode). Using the weighted price increase in articulated
and rigid vehicles and the elasticity of -0.3 yields benefits as high as €600-700M per
annum. All these benefits it should be emphasised are sensitive to the price elasticities
(cross and own) adopted, and, depending on the speed of response from actors, take
time to emerge

7.5

Accounting for Variability

The figures derived for the change in the demand for intermodal freight transport and
the benefits in money terms associated with the modal transfer are based on a simple
increase in taxation throughout Europe. On average this brings taxes in line with
external costs, but as the route studies and the national analysis show, there is a wide
variation in both taxes and external costs throughout Europe. This implies that large
gaps between prices and marginal social cost will remain for many movements
(implying a loss of welfare – higher resource costs in total). In addition to betweencountry variation in external costs there can also be a wide variation for trips withincountry. If this is the case then truly efficient taxes should reflect these between and
within country variations.
Such price differentiation brings benefits but it also brings the extra costs of a taxation
system that has to monitor in some way the location of individual vehicles. This might
be achieved by on-board or roadside monitoring devices.
It is possible to estimate the benefits that a fully differentiated tax system could bring by
using the variation found between countries reported above and making an assumption
about the within country variation. In the latter case the most important cause of
variation in the external cost of road transport is the proportion of a journey in an urban
area. As the external cost figures show the cost of air pollution, noise and accidents rise
dramatically in urban areas.
The ratio between urban and non-urban for air pollution and accidents can be as high as
four, and in the case of noise 20-40 times higher per vehicle km. For illustration it is
assumed that the urban share for a typical journey by an articulated varies from zero to
twice the average for that vehicle type in the particular country. Using these
assumptions, figure below shows the distribution of external costs that can be expected
for an articulated vehicle. The distribution refers to typical journeys by an articulated
vehicle not to the variation to be found within journeys.
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Figure 34 External cost variation in Europe - €/artic vkm
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The range of unit external costs for a journey varies between 0.2 and 0.5 around the
mean of 0.32 €/vkm. The impact of a differentiated tax system responsive to such a
distribution of external costs (i.e. with higher taxes in urban areas) would be a
movement of traffic towards intermodal transport where external costs of road are high
and towards road transport where its external costs are low. The impact on the demand
for intermodal transport in Europe as a whole will be small – with average tax rates
staying the same increases in demand in some areas will balance decreases elsewhere.
In terms of efficient use of resources, however, the benefit from intermodal rail transfer
would increase from €38M to €60M per year.
These benefits refer only to the transfer from road to intermodal rail. A similar
proportionate increase in benefits could also be expected from the transfer of traffic to
other modes. The other great source of variability in the freight market is between
vehicle types. The division into an average articulated and an average rigid vehicle as
used above only provides limited clues as to the variation in optimal charging to be
found over the whole range of freight vehicles. The benefits from the overall reduction
in freight movement by road (€600-700M per annum) would also be higher if a
charging policy sensitive to the variations in external costs (and infrastructure costs)
within countries and between vehicle types is used

7.6

Concluding Comments

The chapter demonstrates a method to identify the benefits of marginal cost pricing
policies in the context of freight movement and intermodal transport options in
particular. It shows the crucial line of argument that is needed if estimates of the effect
of policy (in this case pricing) are to be calculated. The reasoning and justification of
different interventions in EU policy papers is rarely accompanied by quantitative
estimates of the benefits to be derived from policy interventions. The results here
suggest that different types of intervention could have quite different outcomes which
should be compared with the costs of implementation.
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The method developed depends in essence on dividing the population of road freight
vehicles into classes, each with very different operating characteristics as regards the
generation of external costs. The simple division into two classes used here is clearly
capable of being extended into a wider range of classes. A discrimination in charging
policies based on quite narrower classes is essential on two grounds. The first is that of
efficiency. Crude average charging methods (such as fuel taxes) lead to the use of
certain types of vehicles being below or above the optimal level. A secondary effect is
that operators may, because of the distortion from true social costs, choose a nonoptimal vehicle type leading to further loss of efficiency. The second issue is equity.
Poor differentiation between vehicle types may lead to unfair charges being imposed on
some operators.
There are a number of uncertainties in the results presented above. One of the
difficulties in doing this is the availability by country of the basic road use by different
types of road freight vehicle in different conditions(urban/rural, type of road/traffic etc.)
and related data on traffic flows, accident rates etc. It has also become clear during these
investigations that major uncertainties exist in the estimates of external costs for
accidents and congestion costs. For accident data the problem is partly an absence of
good data and also conceptual. The latter includes concern about the assignment of
cause from figures on involvement, and the elasticity of accident rates due to the
presence of a marginal vehicle. In the case of congestion costs the uncertainty stems
mainly from the limited data collection exercises undertaken. In addition to these two
major areas there are also significant methodological issues to be overcome for
infrastructure costs. The experiences of seeking data in this project suggest that some
action needs to be taken to secure the co-operation of member states in collecting
appropriate policy relevant data.
Perhaps the major source of uncertainty in the final results arises from the limited
information available on the relevant elasticities used above. New lower elasticity
estimates might halve the figures for benefits. Although there have been a number of
studies on freight elasticity (noted above) they have not been geared to this type of
analysis. In practice a different elasticity (and cross-elasticity) ought to be available for
each class of vehicle to reflect the characteristically different trip patterns they have.
Similarly different types of intermodal trip might be expected to have different price
elasticities.
Despite these uncertainties the calculations in this chapter do give some indication of
the scale of benefits that would accrue from charging initiatives based on marginal cost
principles. The results provide justification for such policies but most importantly
emphasise that the scale of benefits depends crucially on the ability to differentiate
circumstances – location and vehicle type - under which external costs vary.
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8 Future knowledge needs
8.1

Achievements so far.

RECORDIT represents the first major attempt to establish a comprehensive accounting
framework for door-to-door intermodal transport, where both internal and external costs
are analysed in detail, and a bottom-up approach is adopted - whenever possible - to
produce disaggregated but consistent estimations of unit cost values.

•

From the methodological viewpoint, it is therefore significantly innovative.
Moreover, the transcription of the accounting framework into an operational,
computer-based tool (the RECORDIT DSS) further strengthens the innovative
value of the project.

•

On the other hand, the direct application of the RECORDIT accounting
methodology to three major European routes has allowed not only a validation of
the methodology itself, as originally planned, but, most importantly, to credibly
document the detailed mechanisms of cost and price formation in the current
European intermodal marketplace.
This achievement has an immediate policy value, geared in the first place to the
value of cost information itself: at a time where the promotion of intermodal
solutions for freight transport is at the top of the policy agenda of both the EU and
individual Member States. A solid base of knowledge that sheds light on the actual
degree of economic competitivity of intermodal transport services is a fundamental
prerequisite for any policy formulation in this area.

•

Furthermore, RECORDIT concretely supports policy formulation through the
development of the DSS: among other features, the DSS allows a user to build and
analyse all kinds of scenarios whereby specific policy and business actions, and
packages thereof, can be assessed and compared in terms of their impact on the full
costs of both intermodal and all-road freight services.
Ultimately, the effects of such policies and actions on the relative competitivity of
the various options can therefore be appraised, feeding directly into the
identification of policy priorities.

While the original brief of the project has therefore been fulfilled, and the results
obtained are already proving of immediate use to policy makers, much remains to be
done to improve, enhance and add value to the achievements accrued so far.
Future efforts should concentrate in three main directions.
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8.2

The research perspective.

8.2.1 Methodology
Consolidating the accounting framework.
Although a number of precautions have been taken to ensure the maximum degree of
consistency between the theoretical accounting framework designed in the early stages
of the project on one hand, and the implementation of both the corridor studies and the
DSS tool on the other, a variety of adjustments and simplifications turned out to be
inevitable when stepping from theory to practice.
Such adjustments were made necessary either by the insufficient capability of data
sources to provide the required information in the originally designed format, level of
detail, etc., or by the difficulty encountered in adapting the highly variable management
and accounting practice currently adopted by the various operators involved, to a
unique, standardised accounting model such as it was necessary to establish for the
RECORDIT exercise.
This calls for further refinement and validation of the RECORDIT accounting
framework, primarily based on a systematic and more widespread involvement of users
(mainly the transport operators in this case), in order to assess the adequacy of the
current RECORDIT methodology, and its capability to capture the wide range of
constraints, accounting system peculiarities, etc., while providing a realistic (i.e.
feasible) template for cost assessment at the required level of disaggregation.
A typical example is the handling of profits and mark-ups throughout the cost formation
sequence: owing to the high number of operators involved in a complex customer/client
relationship, it is extremely difficult to establish a satisfactory (i.e. faithful, transparent
and standardised) rule to avoid double counting while ensuring the required
completeness of information.
Reducing current uncertainties
As previously highlighted, cost estimation is affected by the uncertainty associated to
most of the valuation methodologies currently available. While research is proceeding
steadily to reduce such uncertainties, and other research projects (e.g. UNITE, the
EXTERNE sequels, etc.) will undoubtedly allow to enhance the intrinsic credibility of
valuation methodologies (particularly for what concerns external costs), it is essential
that the current level of uncertainty be at least assessed and documented, so as to
provide a credibility frame to the cost estimations produced at this time.
This could be carried out through extended sensitivity analyses, and subsequent
statistical elaborations.
Concerning external costs, uncertainties arise from three sources:
1. from the scale of the production unit (emissions from vehicles, accident
rates)
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2. from the model of the physical impact (on a population’s health and
damage to crops for instance)
3. from the final translation into monetary terms (the value attached to
better health for instance).
The final figure that is used to estimate external costs (measured in terms of €/vehicle
km) is the product of these three individual components, and therefore the uncertainty
surrounding this final impact value contains all the uncertainties of the individual
components.
Figure 35: Sources of Uncertainty in external Cost Estimates

Production
unit
g/truck km

Model
of
impact

Physical
X
Impact

Value per
unit €

Impact value
€ /truck km

The uncertainty in the external cost estimate can be visualised as a distribution around
the current best estimate. This distribution has a minimum and maximum value. Rather
than use this we refer to the range that includes 95% of the distribution. This can also be
interpreted as ‘there is only a 5% chance that the true estimate lies outside this range.
Our assessment of the current uncertainty in the external cost estimates is shown in
Figure 36. Thus, for instance, it is estimated that the figure used for air emissions from
vehicles (the production unit) has an uncertainty range of about G 5%, whereas the
estimates of accident rates have an uncertainty range of about G 20%. In the case of the
models used to estimate the physical impacts the uncertainty associated with noise
emissions is around G 10% and for air emissions it is rather higher. Uncertainty
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surrounding the unit valuations of the impact of accidents and delays is regarded as low
compared to emissions and global warming.

Figure 36: The Degree of Uncertainty in Cost Estimates
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8.2.2 Data
The need for additional bottom-up studies.
RECORDIT has established a reference data set of internal and external costs, based on
the information collected on three trans-European corridors. While this represents a
valuable starting point for a detailed assessment of intermodal costs at the European
level, it is by no means sufficient in the perspective a full-fledged generalisation such as
envisaged in the framework of European policy setting. The variability analyses carried
out by RECORDIT and documented in previous sections of this report show that
individual cost items can vary considerably from one corridor to another (at times by
orders of magnitude). While this might partially reflect the methodological uncertainties
highlighted above, it is widely agreed that these variations are mainly mirroring the
actual difference in real costs, due e.g. to varying technological inputs, management and
regulatory practices, etc., as well as (for external costs) to varying geographical,
meteorological, land-use contexts, varying patterns of electricity production mixes, etc.
This calls for a wider data collection campaign, in the form of additional bottom-up
corridor studies, to enhance the current database and increase the meaningfulness of the
variability analyses, as basic prerequisites for more reliable transferability and
generalisation exercises.
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Balancing external costs through taxes, charges and subsidies.
A particular case in point refers to subsidy data. The RECORDIT case studies have
shown how difficult it is to identify and document the wide and ill-defined range of
subsidies currently characterising the freight market. While the overall value of
subsidies awarded to large sections of the transport market are at times available, it is
very seldom that such values can be allocated to the movement of goods on specific
corridors in a reliable manner. Also, it appears that a variety of “hidden”, or indirect
subsidies are currently in place, which it is extremely difficult to pinpoint and evaluate.
A dedicated effort in this area would certainly contribute to fill this important
knowledge gap, and lend increased reliability to specific conclusions such as e.g. on the
extent to which the current system of taxes and charges covers external costs.

8.2.3 Modelling.
Despite its complexity, which mainly reflects the highly disaggregated level of
representation of the cost formation mechanism, the DSS is basically a cost accounting
tool, and as such it does not feature modelling capabilities such as normally offered by
transport models. In particular, demand is considered exogenous in RECORDIT,
implying that policies are assessed in terms of their impact on costs, but not on the
resulting demand variation.
While demand impacts could in fact be estimated, in a fairly gross manner, through the
simple application of elasticity coefficients, it would seem that the integration (or
linkage) of the RECORDIT framework to more traditional transport models could allow
the simulation of the full chain of impacts from policy formulation to overall demand
shifts, and subsequently to the corresponding changes in network utilisation, bottlenecks
reduction etc.
This challenging objective would require a major dedicated research effort, especially
when considering the need to ensure compatibility between the highly detailed
accounting framework developed in RECORDIT and the specific data requirements of
traditional transport models (which, incidentally, only seldom allow for a complete
representation of door-to-door intermodal transport services).

8.3

Policy analysis.

Most of the research supplements advocated above have an immediate impact on the
effectiveness and accuracy of future policy analysis. Specific issues are highlighted
below.

8.3.1 Evaluating current policies.
Current policy formulation does not happen in a vacuum. A wide range of policies,
actions, regulations, and business strategies are already in place, some originating many
years ago, other more recent, both at the European and at the national level. Such
policies are producing, and will produce in the future a variety of impacts on the costs
and prices of freight transport services, on the availability of infrastructure, on the
relative competitivity of alternative modes. Prior to formulating further measures and
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actions (e.g. on the promotion of intermodal transport), and as a basic input thereto, the
expected impacts of current policies should be assessed. In a scenario-analysis context,
this amounts to the definition and evaluation of the so-called reference - or baseline scenario, to serve as the necessary yardstick in the subsequent assessment of additional
policy impacts.
The RECORDIT DSS can be seen as a basic building block to carry out such
assessments, but a detailed and systematic investigation into the cost-relevant
characteristics of current policies should be carried out to ensure that the baseline
scenario could be established in the most comprehensive and credible manner.

8.3.2 Simulating (future) policy packages.
In its later stages, RECORDIT has carried out a limited number of simulations in order
to assess the main impacts of selected, possible measures and policy packages (e.g. a
50% reduction of electricity consumption in rail, an increased level of interoperability
of rail networks, a rationalisation of load factors in road haulage). The quantitative
results obtained are illustrated in a previous section of this report, and provide useful,
though fairly gross insights on the potential effectiveness and efficiency of such
measures. The latter however represent only a first, limited sample of possible policy
packages targeting a switch of freight transport from (currently prevailing) road to
alternative, less road-intensive solutions.
A systematic review, formulation and assessment of a wider range of policy packages
would allow one to considerably improve and refine the policy formulation process,
through the comparative, quantitative analysis of alternatives.

8.3.3 Developing a policy-modelling framework.
In its current state, the RECORDIT DSS simulates policy impacts based on the
identification of the cost drivers that are affected by the policy in question. For example
trebling the manpower productivity of rail operations, as advocated by the White Paper,
amounts to reducing the overall manpower intensity by two thirds, but this may be
achieved in many different ways, each of those corresponding to a different set of
assumptions concerning various individual cost items. The formal link between policies
and cost drivers is currently exogenous, in the sense that each policy must be analysed
and interpreted by the DSS user in order to identify which cost drivers are actually
affected and how.
As a natural development of the modelling effort advocated in previous section 7.2.3, it
would be extremely useful to supplement the modelling framework with a policy
characterisation module, allowing the policymaker-user to “automatically” translate
policy formulation into a list of cost drivers that are likely to be affected by each policy.
The ATOM project has produced a rough prototype of such a possible module. Further,
dedicated developments in this direction should be encouraged.
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8.4

Dissemination of results and practice.

8.4.1 Involving operators and policymakers.
Throughout the project lifetime, RECORDIT has strived to establish frequent and
factual communication with the various categories of players potentially involved in the
exploitation of its findings. To this effect, a RECORDIT Users Group was established,
which met several times and provided valuable inputs to the project development
process. The scope of this exercise was however in many respects limited owing both to
the limited resources available and, more importantly, to the experimental nature of the
work being carried out, it was not easy to attract more than a few, highly motivated
operators. The results achieved at the end of the project, particularly the quantitative
estimation of costs and the availability of the DSS, now represent a major opportunity to
reinforce and extend the preliminary communication links previously established. The
ultimate goal is to create consensus - across the community of involved players - on the
basic rules of further discussions and negotiation, both within this community and
between operators and public policy makers. The existence of a common accounting
framework, and of an agreed reference methodology to assess the state of the market
could be a major breakthrough in a context (i.e. the intermodal transport market) where
fragmentation, multiplicity of roles and players, and a highly competitive market
situation make it currently extremely difficult to design and agree upon market
transformation strategies and perspectives.
The above could be achieved for example through the creation of a permanent “forum”
gathering operators and policymakers, which could also play an important role in future
negotiations between the Public and the Private sector (voluntary agreements, etc.).

8.4.2 Links with other projects.
As previously mentioned, research is proceeding within a number of projects (both EU
funded, such as UNITE, MC-ICAM, IMPRINT, etc., and at the national level) that are
clearly synergic with RECORDIT. Such projects also include non-pricing oriented
efforts, such as the BEACON Thematic Network on Strategic Environmental
Assessment of Transport Infrastructure, to be launched within 2003. Direct links have
already been established during the project lifetime with a number of those projects, and
it would be obviously advisable to pursue and consolidate the cooperation, e.g. within
the relevant EC Thematic Networks, and/or through the establishment of original
collaboration frameworks.
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ANNEX I: LIST OF PROJECT DELIVERABLES

Accounting Framework
Methodology for the analysis of mechanisms of
the cost and price formation at corridor level
Resource cost calculation for selected corridors
External costs calculation for selected corridors
Identification and calculation of taxes, charges
and subsidies
Imbalances and inefficiencies of current pricing
system
Development of a decision support module
Cost reduction options
Actions to Promote Intermodal Transport
(Final Report)
The publications associated with these are available in electronic format from the
website: www.recordit.org
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