
2 - TRANSPORT

2.1 - Road transport

2.1.1 Implementation of a traffic simulation
system

2.1.1.1 Traffic surveys
Traffic surveys were made in 52 different key locations, as
shown in the following figure, for a whole day, from 0.00
a.m. to 12.00 p.m.. The vehicles were divided into four
different categories: cars, commercial vehicles with a
weight <35 q (light vehicles), commercial vehicles with a
weight >35 q (heavy vehicles) and buses.

2.1.1.2 Origin and Destination surveys 
of passengers and goods

Origin and Destination (O/D) surveys regarded both
freight forwarding and passenger transport and covered
the 14 locations shown in blue in the figure below and
listed in the following table.
Data were collected on working days only, covering the
time span from 7.00 a.m. to 7.00 p.m. At least 200 inter-
views were carried out for each location and for each

direction of travel, of which 30% at least pertain to
either freight forwarding or to passenger transport areas.
For each location and for each direction of travel, mobility
was first analysed with reference to the following criteria:
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Figure 38. Positioning of traffic data collection locations

Source: CSST’s elaborations

Table 5. Positioning of the O/D data collection locations

Source: CSST’s elaborations
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• Origin and destination;
• Type of vehicle used for transport;
• Type of goods transported;
• Frequency;
• Type of freight treatment, if any;
• Links to ports and/or railway stations, if required.

A similar procedure was adopted for the results where
passenger O/D is concerned; mobility was analysed with
reference to the following criteria:

• Origin and destination;
• Type of vehicle used for transport; (car, camper, car

+caravan);
• Number of passengers per vehicle;
• Reason for travelling;
• Frequency.

2.1.1.3  The traffic model
The data base obtained from the surveys are the main
input for M.T. Model, a CSST traffic modelling software.
It is an integrated system of mathematical models with
a graphic interface showing the simulation results of the
interaction between traffic demand and infrastructural
supply.
M.T. Model simulates the road network performances,
in particular traffic flows and criticality (= flow / road
capacity): it helps to define short/medium term inter-
ventions for the optimization of the use of the road
infrastructures.
The AlpenCorS model is formed of a road supply model,
a demand model (journeys) and an assignment model,
which represents the reciprocal interaction of the former
two in the h 8.00-9.00 scenario of an average working
day.

All the infrastructural characteristics needed to define the
supply model (number of lanes, road capacity, direction of
travel, average travelling speed in the absence of vehicle
loads…) of the entire AlpenCorS network were measured
during specific surveys carried out within the project.
Using the graphic interface of the M.T. Model system it is
possible to view and assess all the results of the allocation.

Figure 40. Zoom of the road network on the Milan area

Source: CSST’s elaborations

Figure 39. The Corridor V road supply network: in blue highways, in red main roads

Source: CSST’s elaborations (color blu = highways, color red = main roads)

Table 6. Main characteristics of the Corridor V road network

Source: CSST’s elaborations
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As classical graphic representation – and often, at least
qualitatively exhaustive – of the result of the allocation
of the estimated matrix, a crossed representation is
used:

• For the vehicle flows, through a thickness scale in
which the quantity is represented as a rectangle pro-
portionate in size with the value it represents;

• For the levels of criticality of the single arcs, through
a colour scale which varies between grey (less criti-
cal arcs) to yellow (highly critical arcs).

The criticality index is a particularly suitable indicator for
assessment of the degree of congestion of a road net-
work and of the arcs that are part of it. It is represented
by the ratio between the flow in transit on the road and
the capacity of the road itself, in relation to a determi-
nate reference time period (for example an hour). A crit-
icality index greater than one indicates that the road is
no longer able to cope with the flow of vehicles present
and is tending towards congestion conditions.
The simulation of the traffic scenario concerning an
average working day at the morning peak hour of 8.00-

9.00 has revealed that the Corridor road network has
overall critical levels that are generally below the maxi-
mum threshold (criticality = 1).
The analysis of the present day status shows that the
main corridor bottlenecks are not in the alpine passes
but in the crossing of the main urban areas and in the
eastern Europe areas, where the highway network is not
complete yet.
The northernmost areas, such as the Alpine areas of
Piemonte, Lombardia, Veneto, Friuli Venezia Giulia, Valle
d’Aosta, Trentino Alto Adige, Switzerland and Austria,
are concerned by low traffic volumes which only occa-
sionally generate high levels of criticality (yellow arcs),
which are located in limited stretches of road.
The more critical areas are noted in the major urban
crossings, such as Turin, Milan, Padua, Mestre, Genova,
München and Vienna and along roads of strategic
importance, such as the A4 motorway Turin-Milan-
Venice-Trieste and the A8 München-Salzburg.
However, not to be neglected are the connections along
the motorways A21 Turin-Brescia, A1 Milan-Bologna,
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Figure 41. Roads mostly involved in the central part of the Corridor

Source: CSST’s elaborations
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Figure 42. Critical points in the road network at Turin

Source: CSST’s elaborations

Figure 43. Critical points in the road network at Milan

Source: CSST’s elaborations
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Figure 44. Critical points in the road network at Mestre

Source: CSST’s elaborations

Figure 45. Critical points in the road network at Vienna

Source: CSST’s elaborations

A22 of the Brenner pass and A13 Bologna-Padua, char-
acterised by heavy traffic volumes, but still below the
maximum threshold.
As it is possible to understand by the following figures, the
congested roads are generally the ones crossing the main
urban areas, where in the peak hour the flows are general-

ly higher than the road capacity, with the consequence of
having heavy criticalities (shown by the yellow links).
In other cases, like in the Munich-Salzburg motorway, a
situation of congestion exists in the whole link, and not
only near the urban areas. The situation worsens where
the road has not three lanes per direction. The third typi-
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cal situation refers to the areas where the motorway net-
work is not complete yet, having some cases of criticality

in the sections not doubled yet: in these cases the con-
gestion is due to a temporary infrastructural reason and

Figure 46. Critical points in the road network at Munich

Source: CSST’s elaborations

Figure 47. Critical points in the eastern side of the road network

Source: CSST’s elaborations
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not for heavy traffic flows. It’s the situation of the axis
Graz-Tarvisio, Zagreb-Vienna and Budapest-Zagreb but
also of the still incomplete Budapest ring road.

2.1.2 Analysis of road flows on alpine passes

2.1.2.1  The dimension of alpine road traffic

2.1.2.1.1  Transits through passes 
The analysis of traffic flows through the alpine passes
highlights important diversities both in terms of the total
number of transits through each of them and in terms of
the vehicle composition of the flows. If we observe the
table below, which indicates data related to traffic counts,
we can see that cars make up the majority of traffic in
most of the passes. Only Gorizia (61%) and Monte Bianco
(55%) present a much more balanced distribution of
flows. However, in the Frejus pass, the majority of daily
traffic is by commercial vehicles, approximately 2 vehicles
out of 3, and almost 60% of these are Heavy Goods
Vehicles (HGV).
In absolute terms, the pass with the largest number of
transits is Trieste with more than 45,000 passages in both
directions, followed immediately by Chiasso; the other
alpine borders register much lower values. If we concen-
trate on the traffic of HGV, the classification remains
unchanged with almost 7,000 passages for Trieste and

approximately 5,700 for Chiasso. Shortly behind we find
Brenner with almost 5,500 passages and further on
Gorizia with approximately 4,300 transits and Frejus with
almost 4,000 heavy vehicles every day.
Looking at the percentage distribution of transits through
each pass according to the type of vehicle and direction.
And keeping in mind that the survey was carried out in
just one day, the majority of flows move towards Italy
(53%) with a similar trend if we separate the information
according to the type of vehicle. Light Goods Vehicles
(LGV) are an exception, as flows directed abroad prevail.
If we analyse the figures of each individual pass, distribu-
tion changes substantially. In reality we can see that with
regards to Brenner, Tarvisio and Gran San Bernardo,
inward flows are much higher than the outward ones. In
the case of Tarvisio this phenomenon can be mainly attrib-
uted to the fact that the survey was carried out at the
beginning of the holiday period of tourists from Austria
and Germany (end of May – beginning of June) and it is
extremely clear in the distribution flows of cars. In the
case of Brenner, however, the distribution was influenced
by HGV flows of heavy vehicles.

2.1.2.1.2 Traffic potentially transferable 
to intermodal transport

In this section, analyses are aimed at the quantification of
traffic of HGV that may potentially be transferred to inter-
modal transport. For this objective, the following table
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Figure 48. Critical points in the road network in Hungary

Source: CSST’s elaborations
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divides daily transits into passes and into the total distance
covered (more or less than 400 km).
The choice of the 400 km threshold depends on the fact
that it could be considered the minimum distance below
which intermodal transport becomes economically disad-
vantageous. As we can see, the number of vehicles that
cover at least 400 km’s is very high for the majority of
passes, on average approximately 77% and is rather low,
however, in the case of Gran San Bernardo, Gorizia and
Trieste. This phenomenon is also confirmed by the illus-
tration which indicates, in greater detail, the distribution
of trips by distance classes for each pass, where the blue
area represents the amount of trips that exceed 400 km’s.
In absolute terms, if little less than 24,000 heavy goods

vehicles cross daily alpine borders, more than 18,000 of
them cover more than 400 km’s and almost 10,000,
equivalent to approximately 40% of the total amount,
cover at least 1,000 km’s.
Looking at the difference among the alpine passes, the
greatest concentration of this traffic is located in the
North-Brenner and Chiasso have a percentage of 41%
and a number of daily vehicles that exceeds 7,500 - and
in the West - with a value of approximately 35% and
almost 6,500 vehicles. Eastern passes count approximate-
ly 4,000 vehicles that cover at least 400 km’s.

Table 7. Daily transits in both directions of the passes per vehicle type, 2003

Source: Sistemi Operativi’s elaborations

Table 8. Distribution of daily transits through passes according to directions, 2003

Source: Sistemi Operativi’s elaborations
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Table 9. Daily transits of HGV by pass and by distance travelled, 2003

Source: Sistemi Operativi’s elaborations

Figure 49. HGV by distance classes for each pass, 2003

Source: Sistemi Operativi’s elaborations
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2.1.2.2 Spatial characteristcs of alpine road flows

2.1.2.2.1  Traffic directions
Looking at the Origin-Destination (OD) data collected
with the survey carried on in May 2003, it is possible to
roughly estimate the road traffic going through Cor-
ridor V.
The following table indicates the flows of HGV (in gen-
eral and divided up into classes of distances covered) sep-
arated according to traffic directions.
We can see that traffic that effectively belongs to
Corridor V, taken from the total of the first three items in
the table, is equivalent to almost 12,000 daily vehicles in

both directions, which reduces to approximately 7,200 if
we only consider distances that exceed 400 km’s. The
most important section is the Northern Italy–Western
Europe direction, especially when considering traffic
potentially transferable to intermodal transport with
more than 60% of “corridor” trips. The Eastern
Europe–Western Europe sections are less than 5% of
general flows related to Corridor V and less than 8% of
those that exceed 400 km’s.
By and large, if we sum up all traffic generated by rela-
tions within Corridor V space (i.e. the first three rows) it
can easily seen that East-West road traffic flow exceeding
400 km’s is as high as that registered along the North-

Figure 50. Distribution of daily transits of HGV that cover more than 400 km’s per pass, 2003

Source: Sistemi Operativi’s elaborations

Table 10.  Traffic directions for transits of HGV through alpine passes, 2003

Source: Sistemi Operativi’s elaborations

< 400 km's > 400 km's TOTAL

East Europe - West Europe -               563           563      

East Europe - North Italy 2.726         2.146         4.872   

West Europe - North Italy 1.837         4.514         6.351   

East/West Europe - Centre/South Italy 26             2.708         2.733   

East/West Europe - North Europe -               735           735      

CROSSING FOR CORRIDOR V Italy - North Europe 753           7.227         7.980   

123           299           422      

5.464       18.192     23.656 

TRAFFIC DIRECTION

TOTAL

TRAVELLED DISTANCE

CORRIDOR V

RELEVANT FOR CORRIDOR V

OTHER
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South direction (i.e. the sixth row in the table), both con-
sidering short-medium distances and long ones.
Moreover, it is worthwhile noticing that about 15% of
traffic passing alpine borders and travelling more than
400 km’s, ascribable to the directions East/West Europe-
Centre/South Italy, does a relevant part of its own jour-
ney using transport infrastructure located within
AlpenCorS space.

2.1.2.2.2  Spatial dimension of traffic flows
Besides the overall consistency of flows of HGV that
transit through the alpine passes, in order to achieve a
rough indication of the share that can be potentially
transferred to intermodal transport, the observation of
territorial dispersion of this traffic becomes relevant. In
fact, the more concentrated the origins and the destina-
tions of transits are, the higher the probability of success
of intermodal services is considering the greater ease in
achieving sufficient volumes to guarantee competitive-
ness for this kind of transport (i.e. to exploit its scale
economies).
Important information on the spatial structure of road
transport flows that cross the alpine passes may be
deducted by analysing the so called “desire lines”. This
analysis technique provides both a visual representation

of the geographic dispersion of flows and also of the
intensity of each OD relation.
The following figures illustrate the “desire lines” of
movements between the areas of origin and destination
and the alpine passes (the Pass – Area relations are indi-
cated in blue, while the opposite ones are coloured in
green) that are aggregated as follow:

• West, including Ventimiglia, Frejus, Monte Bianco
and Gran San Bernardo;

• North, with Chiasso and Brenner;
• East, with Tarvisio, Gorizia and Trieste.

From a careful examination of cartographies we can
state that:

• The passes located to the West are used mainly by
the traffic going to/from regions of Northern Italy,
but also to from areas of Central Italy, from/to the
North of France (i.e. areas around Paris) and, in a
smaller proportion, from/to the Iberian peninsula;

• The passes to the North, Chiasso and Brenner, repre-
sent the doors for commercial relationships between
Italy (mainly the North but also Central and Southern
Italy) and the Northern-Central area of Europe, in par-
ticular with Germany along the route to “northern
range” Ports, even in the presence of important con-
nections between these areas and some regions of
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Figure 51. Desire lines for HGV > 400km’s
WESTERN PASSES, 2003

Source: Sistemi Operativi’s elaborations
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Figure 53. Desire lines for HGV > 400km’s 
EASTERN PASSES, 2003

Source: Sistemi Operativi’s elaborations

Figure 52. Desire lines for HGV > 400km’s 
NORTHEN PASSES, 2003

Source: Sistemi Operativi’s elaborations
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the South of France and the North of Spain (credibly
they are either connections with regions close to pass-
es or connections that are organised around a trian-
gle that sees Italy as the intermediate point);

• The passes to the East are mainly used for Corridor
V connections that connect Northern Italy, but also
Tuscany, to areas of Eastern Europe and the Balkans. 

2.1.3  Scenarios simulation

2.1.3.1  The preliminary activities
With the help of the M.T. Model, already used for the
analysis the “present status” of the road network of the
AlpenCorS area, two future scenarios have been simulat-
ed which aim at photographing the traffic situation asso-
ciated with the evolution of mobility and the infrastruc-
ture investments foreseen on the reference road network
at the two time horizons of 2010 and 2015.
For the demand scenarios two O/D matrixes were used
referring to the 2010 and 2015 time horizons provided by
the Economics Department of the University of Venice.
Concerning the supply, the scenarios have been imple-
mented with reference to the database supplied by the
Polytechnic of Milan in relation to Italy, France, Austria,
Switzerland, Croatia and Slovenia, for the integration of
which CSST has conducted specific researches to com-
plete the picture of the future works with the new road
infrastructures foreseen in southern Germany and in
Hungary.

Of course, the study comprises all and only the infrastruc-
tures that are consistently inserted in the road graph, i.e.
in line with the level of detail chosen for modelling the
present status, and for which all the minimum indispen-
sable information has been gathered for a correct trans-
port assessment (route, extension, junctions, number of
lanes).

2.1.3.2  Main results
Overall, both studied scenarios depict a road network at
a medium-high criticality level.
The northernmost areas, such as the Alpine areas of
Piemonte, Lombardia, Veneto, Friuli Venice Giulia, Val
d’Aosta, Trentino Alto Adige, Switzerland and Austria,
are concerned by low traffic volumes which only occa-
sionally generate high levels of criticality (yellow arcs),
above all located in stretches of road with a limited
extension.
The heaviest vehicle loads are noted along the road net-
work of the Po Valley, with particular reference to the A4
Turin-Trieste motorway and the A1 Milan-Bologna
motorway, and in correspondence with the München-
Salzburg-Linz-Vienna transalpine link.
Not to be overlooked however, are the links of the
motorway networks, A21 Turin-Brescia, A1 Milan-
Bologna, A22 Brenner Pass and A13 Bologna-Padua,
characterised by heavy traffic volumes, which in some
cases involve queues and heavy slowdowns, both at
2010 and 2015.

Figure 54. The road network improvement in the Corridor

Source: CSST’s elaborations • 1-lane roads (blue); highways (green); 2010 interventions (red); 2015 interventions (yellow)
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The highest levels of criticality are noted in correspon-
dence with the major urban crossings, such as Turin,
Milan, Padua, Mestre, Genoa, Munich and Vienna and
along the links of strategic importance, such as the
motorway A4 Turin-Milan-Venice-Trieste and the A8
Munich-Salzburg.
In the following figures, for each area, the road conges-
tion level is graphically shown in the three scenarios
taken in account (present day, 2010 and 2015).
The criticalities shown in the Fréjus tunnel are especially
due to the security measures, that oblige to fix a maxi-
mum quota of entering vehicles.
The main improvements to the level of congestion in the
eastern part of the Corridor are referable to the open-
ing to the traffic of some missing sections of incomplete
motorways.

Figure 55. The Fréjus tunnel

Source: CSST’s elaborations
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Figure 56. The central section of the A4 highway

Source: CSST’s elaborations

Figure 57. The eastern section of the A4 highway

Source: CSST’s elaborations
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Figure 58. The Italian-Slovenian border

Source: CSST’s elaborations

Figure 59. The transalpine link Munich-Salzburg-Linz-Vienna

Source: CSST’s elaborations
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Figure 60. Budapest and Western Hungary

Source: CSST’s elaborations

Figure 61. Slovenia and northern Croatia

Source: CSST’s elaborations
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2.1.4  Conclusions

The simulation of the two future scenarios has clearly
shed light on how the infrastructure investments fore-
seen at 2010 and 2015, though normally involving solu-
tions to congested flow and heavily slowed down situa-
tions, are not generally sufficient to radically solve the
circulation problems noted in the present situation,
which is aggravated by the increased mobility estimated
for the two time horizons.
The construction of alternative routes or partial road
adjustment works foreseen at the two time horizons
certainly generates a series of improvements not to be
overlooked in the road network service levels, with also
heavy reduction of some of the circulation problems
inherent in the present situation.
It has however been clearly revealed how the local
nature of the improvements recorded involves decidedly
low positive effects on a broader scale, if not wholly
lacking and how, on the other hand, the re-distribution
of the vehicle flows, together with the growing demand
for mobility, generates new critical situations several
times.
The first following histogram shows, for each of the sce-
narios in question (including the present situation), the
percentage subdivisions of the network arcs per road
criticality class (the same classes used for the graphic
representation of the results of the model simulations).
Compared to the present situation, both the future sce-
narios involve a percentage increase of both the arcs
nearing saturation ( ]0.8-1.0] ), and of those with maxi-
mum criticality (above 1), an increase which, in the lat-

ter case, touches the peak of 15% at 2010 and then
records a minimum inflexion at 2015 (14.5%).
The improvements that the 2015 scenario offers com-
pared to the 2010 scenario are, however, associated
with a decidedly low number of arcs which, from analy-
sis of the kilometric extension of the network with max-
imum criticality also reveal a generally low length.
Even if with decidedly low variations, the overall picture
of the infrastructures foreseen at 2015 is in any case
more suited to the corresponding increases in demand,
moreover higher than those expected for 2010. On the
overall balance of the network economy, the worsening
recorded for both future scenarios weigh unfortunately

Figure 62. % subdivision of the arcs per road criticality class

Source: CSST’s elaborations

Figure 63. Kilometres of roads with criticality index
above 1

Source: CSST’s elaborations
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more than the improvements, though these, at least at
local level, constitute an important result.
The increase in vehicle flows will, therefore, necessarily
have to be absorbed by a more efficient transport net-
work, in terms of infrastructures and services, capable of
ensuring the minimisation of the negative effects, at envi-
ronmental and functional level, that are going to occur.
The road traffic congestion situation, the consequent
high negative external effects (atmospheric pollution
and accident rate) and the inadequacy of the competi-
tive systems – first and foremost the railway – are the
reasons which should lead administrations to work
towards a boosting of the overall transport system,
which should be decisive for a concrete and stable
recovery of the competitiveness of the railway system
and the intermodal one, firstly for freight traffic.

2.2 - Railway transport

2.2.1 The railway system in the AlpenCorS area

2.2.1.1  General view of the European network
The railway system at European level has over time seen
a gradual and significant reduction of its share in the
modal distribution for both passenger and goods trans-
port.
Foreseeing the growth of the overall demand for mobil-
ity and for modal re-balancing, we have analysed the
railway system to highlight its main bottlenecks,
whether they be of an infrastructural, organisational,
operational or functional nature.
In particular for the countries of the Alpine area, an effi-
cient transport system would, besides clearly acting as a
hub for the economy, play a strategic part in claiming a
barycentric position within a continent extending
towards the east.
The historical transport demand and supply data reveal
the crisis of the railway mode and the need, supported
by the European community, for decided modal re-bal-
ancing.
Analysis of the current status has revealed how, besides
infrastructural criticalities mostly due to the lack of
adaptation of the supply to the growing demand, the
poor integration of national networks have a heavy
adverse effect on the effectiveness and efficiency of the
system; as critical items not to be neglected analysis
included the physical bottlenecks represented by border
tunnels and passes and inter-operability in relation to
the characteristics of national networks and in particular
of signalling and supply systems.

2.2.1.2  The characteristics of the system
Analysis of the data aggregated at national level makes it

possible to highlight how the rail mode, in both the pas-
senger and freight sector, heavily suffers the competition
of the other modes of transport, particularly that made by
the road sector.
The following tables, developed on the basis of official EU
data, show the detail for every countries. As far as freight
is concerned, the railway, in terms of t-km, develops a
particularly large modal split in Slovenia, whereas the sit-
uation is particularly critical in Italy.

Moving the analysis from the transport demand data to
those of the supply, the picture remains substantially
unchanged. The study of the European Commission
“Panorama of Transport 2003” reveals how the European
railway network (in the first 15 EEC countries) has been
reduced in size by 8 percentage points in the thirty years
between 1970-2000 while, on parallel, road infrastruc-
ture has more than tripled (+225%).
In relation to the development prospects of passenger
and freight traffic, studies and researches processed by
various sources make available a series of estimates with
a medium-long term time horizon.
Analysing the railway traffic development forecasts it may
be seen that the foreseen growth rate is in any case below
that of the GDP, in a more accentuated manner for the
passenger sector than for freight.
However, the railway modal split, at least in the passenger
sector, will substantially remain unchanged.
In a scenario that is not optimistic, it is reasonable to fore-
see that, without substantial changes in the economic
picture and in political directives, it could be possible to
witness a struggle between companies to split the market
among one another, without succeeding in attracting
new traffic shares to the disadvantage of the other modes
of transport.
The passenger sector is also paying the increasingly
pressing competition of air services, also on medium
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Table 11. Freight traffic, Modal split – t•km in % - CH,
HU, Sl data year 2000 – D, F, I, A data year
2001 (DG VII Energy and Transport)

Source: CSST’s elaborations
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Table 12.  Traffic per railway company 2002 data (UIC)

Source: CSST’s elaborations

Figure 64. Modal split at 2030 (DG VII EU-25 Energy and Transport)

Source: CSST’s elaborations

Figure 65. Types of traffic in crossing the Alps between
Italy and the bordering countries - million t.

Source: CSST’s elaborations on Cofetra data

distances, owing to the enormous development of the
low-cost sector, which is able to offer ever-more com-
petitive fares.
Crossing the Alpine range is clearly critical in relation to
the railway transport development prospects in the
studied area, especially in view of the congested situa-
tion near the major traffic nodes and of the critical dif-
ferences in altitude present on the network.
Against a significant overall growth in freight volumes,
especially in the period up to the end of 1997-1998,
analysing the data of the single passes highlights the
different dynamics with more accentuated growth at
the Brenner and Lötschberg passes, with the substantial
stability of Mont Cenis.
On the basis of the data associated with freight traffic
across the Alps, a comparison between the types of rail-
way traffic (Unaccompanied, Rolling Highway and
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Wagon Load) has been developed in the links between
Italy and bordering countries Austria, Switzerland and
France.

2.2.1.3  The railway network graph
A network analysis in terms of the demand and supply
of railway transport required the modelling of the sys-
tem with a 400 two-way arcs graph and a total of
approximately 80 lines, for approximately 11.550 km.
On the basis of the main international and national lines
it was possible to identify the lines involved by traffic
relations of significant scale for the study. Therefore, the

railways used for strictly local purposes were overlooked.
In general all the arcs considered, regardless of their
infrastructure and functional characteristics, are involved
with trains of international and national importance.
Characterisation of the arcs concerned the linear devel-
opment, the number of tracks, the type of traction and
of electrification, the services allowed and the potential.
On the East-West line it is possible to identify a long cor-
ridor, all with double track, from Zagreb as far as Lyon,
crossing the Po valley and thus exploiting the favourable
lie of the land due to the altimetry of the route. Further
north, the Budapest-Vienna-Salzburg-Munich line

Table 13.  Forecasts on passenger and freight traffic to 2030 (DG VII EU-25 Energy and Transport)

Source: CSST’s elaborations

Table 14.  Evolution of freight traffic in the main railway Alpine passes – million t (DG VII Energy and Transport)

Source: CSST’s elaborations
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branches off towards Stuttgart or through the Swiss
Alps in the direction of Zurich and Lausanne.
Examination of the distribution per nation clearly reveals
the lack of balance existing, in particular between the
countries of the East and the others. For example, it may
be seen how only on the Croatian and Hungarian net-
works single track sections prevail over double tracks.
Analysing the main types of electrification adopted by
the individual countries reveals the lack of overall homo-
geneity with a large variety of systems in use also with-
in the same country, as in the case of France and
Croatia.

Figure 66. Type of track of the railway lines (2003)

Source: CSST’s elaborations

Table 15. Percentage distribution of the extension of
the network of the graph per country (2003)

Source: CSST’s elaborations on Thomas Cook Timetable

Figure 67. Distribution of the type of track in the railway network of the graph (2003)

Source: CSST’s elaborations
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2.2.1.4  The potential of railway lines
The potential of a railway network, that is the maximum
number of trains that can circulate in the operating peri-
od, not only depends on the characteristics possessed by
the infrastructure, which determine the maximum per-
missible speeds, and on the technological equipment,
like the signalling system, but also on the choices made
by the operator of the infrastructure in defining the

routes to be made available to the railway companies.
It was considered appropriate to identify 3 levels of sat-
uration referring to the whole day, calculated as per-
centage degree of exploitation of the potential. In addi-
tion, a node saturation index was inserted for the sta-
tions on which several railway lines converge and that
can determine a criticality that affects the remaining
potential of the lines that cross it. The line saturation
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Figure 68. Type of traction and voltage (2003)

Source: CSST’s elaborations

Figure 69. Saturation indexes and critical nodes (2003)

Source: CSST’s elaborations

ALPENCORS ENG C2 trasp  6-10-2005  11:15  Pagina 71



72

AlpenCorS - Part C - Main results of AlpenCorS

rates are the following:
• 1 (> 75%)
• 2 (> 50% and < 75%)
• 3 (< 50%).

The analysis reveals a rather high level of occupation of
the railway lines in the whole area and particular satura-
tion in the vicinity of the main urban centres. About a
dozen critical nodes are revealed, distributed fairly
homogeneously on the territory.
Concerning the main critical items, above all the follow-
ing should be pointed out:

• The triangle of the Po valley in Italy delineated by
Milan, Verona and Bologna continuing with a high
level of criticality in the end section linking with
Venice-Mestre;

• The entire section north of the Alps in the Vienna,
Munich, Karlsruhe link;

• The terminal part of the links west of the Alps in the
vicinity of the main urban areas of France (Lyon in
particular).

The analysis of the remaining capacities of the network
very much depends on the type of additional services
wanted to be established and on the time bands in
which to put them into service.
The less critical lines for establishing integrative services
for the demand for passenger and freight traffic could
be:

• Budapest-Venice-Mestre link via Zagreb, crossing
through Villa Opicina and entry on the Italian
Eurostar lines. The major critical points are on the
Venice node and on the Slovenian and Hungarian
side of the link, also due to the existing railway line;

• The Brenner line for connections between Austria,
Germany and Italy. The major critical points are
south of Verona and at the entrance to Munich;

• The Gotthard line for connections between Italy and
Germany in the direction of Frankfurt via Zurich. The
major critical points are on the nodes of Milan,
Zurich and Karlsruhe;

• The Turin-Lyon connection. The main critical points
are at the access to the two urban nodes;

• The connection between Genoa-Ventimiglia-
Marseille and to the French High Speed network.
The critical points are the node of Genoa, the com-
pletion of the second track in Italy and the degree of
saturation of the line in the French section;

• The connection between Switzerland, Austria and
Hungary via Zurich, Innsbruck, Vienna and
Budapest. The main critical points are a lack of fast
connections and thus the need to adapt the railway
line.

2.2.2  Future scenarios

2.2.2.1 Evolution of the demand for passenger 
and freight traffic

The development scenarios are heavily conditioned by
the more or less incisive impact that the modal re-bal-
ancing strategies, currently in progress, will have and on
the success met by the liberalisation policies for passing
from a monopoly situation, at national level, to a com-
petitive market of railway services.
At overall level, the ongoing growth of the mobility of
persons and freight is expected. Over the past 20 years,
the mobility of freight and passengers in Europe has
grown by 55%, with a higher growth rate for road traf-
fic. At European level, railway transport has seen a grad-
ual and significant lowering of its competitiveness.
With regard to freight transport in particular, over recent
years the service has increasingly been aimed at reduc-
ing packaged and wagon cargo in favour of the “com-
plete train” and combined transport. The latter, follow-
ing an improvement in reliability and travel times, could
present considerable development. In this sector, the so-
called unaccompanied combined transport could prove
to be even more determinant, which involves the trans-
port of swap bodies and containers by rail, while local
distribution takes place by road. In fact, optimum
rearrangement of the terminals could be followed by a
growth of this traffic and a reduction of road traffic to a
considerable extent.
The trend of railway freight traffic will be affected by the
trend of freight flows at world level: currently, those
from and to Europe mostly pass through the port of
Rotterdam with the consequence that approximately
5% of freight movements that cross the Alps probably
lead from the container traffic from and to the ports of
the Mediterranean and of the North Sea. The most like-
ly scenario is characterised by increasingly higher use of
the Italian ports and increasingly less that of Rotterdam.
Therefore, in the field of the railway, on one hand a
slight reduction of the freight traffic across the Alps
directed to Italy is expected and on the other, a consid-
erable increase of the traffic directed towards other
countries as a result of the transfer of part of the traffic
on the Italian ports. An efficient connection with these
port facilities is one of the cardinal points for the devel-
opment of combined transport by rail.
More complex is the situation concerning the future of
international passenger transport. Against a substantial
unchanged accessibility and supply of railway services,
air transport has recorded very considerable changes
with the opening to passenger traffic of many small and
medium-sized airports, with the introduction of new
international routes among them.
In general, according to the projection of historical data,
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the growth trends hypothesised tend to confirm the
trend of the past. However, in its White Paper the
European Union has formulated a series of forecasts,
according to which in European territory, at 2010 freight
mobility compared with 1998 ought to grow by 38%,
while passenger traffic should increase by 24%.
For railway passenger traffic between 2000 and 2020 a
20% increase is estimated in the 15 member countries
of the European Community and 21% in the new mem-
ber countries with a much lower growth than that fore-
cast for the other modes of transport (source “Scenarios

Traffic Forecast and Analysis of Corridors of the Trans-
European Transport Network” TEN STAC).
With regard to long distance passenger transport, the
modal split may certainly be changed compared with
the present situation, owing to the introduction of the
new High Speed lines.
With regard to freight traffic, the growth rates are of
87% for the 15 member countries and 53% for the new
members, which are atoning the obsoleteness of the
railway system and its management model (source TEN
STAC).
Specifically within the Alpine range, in the 2000-2015
period the current estimates given in the Alpine Transit
Action Plan indicate a growth in freight traffic that can
approximately be quantified as up to 70%.
As far as freight traffic is concerned, the study area is
located in a particularly privileged position, being able to
count on the presence of some of the major ports of the
Mediterranean (Genoa, La Spezia, Trieste), and other
minor ports, but with high potential (Marseille, Koper,
Monfalcone), and therefore capable of acting as for-
warding point of traffic directed to the inland of the
European continent.
In order to be able to fully exploit the potential of the
port system, boosting the railway connections with the
inland terminals and rationalising the railway layout in
the ports, are fundamental targets.

2.2.2.2  Saturation levels in the future scenarios
In the following analysis, two scenarios are established
respectively at the year 2010 and 2015. These time hori-
zons are relatively close considering the times required
for the development of major infrastructure works, so as

73

Figure 70. Rail passenger traffic forecasts 2010, 2015

Source: EU data European Energy and Transport Trends to 2030

Figure 71. Graph of the network by classes of remaining potential – Year 2010

Source: CSST’s elaborations
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to identify in substance the structure of the network
once the works already deliberated and under develop-
ment are operating normally (year 2010) and those cur-
rently being programmed (it should however be noted
how often the scheduled times deviate from those of
actual development).
The configuration of the railway network in the study
area, at the reference time horizon of 2015, will be
altered considerably compared with the present situa-
tion. A series of infrastructure works, consisting in the
construction of new HS and conventional lines and in
the adjustment/boosting of existing lines will warrant
the possibility of operating with a series of rail transport
services suited to mobility requirements.
In indicatively estimating the traffic, account was taken
of the network operating strategic address with the
reduction as far as possible of promiscuity in use of the
lines among different categories of trains.
As shown clearly in the two figures, a considerable sim-
ilarity exists at criticality level between the two different
scenarios, as some of the major works in project and/or
under development require very long completion times,
so they will not be complete even in 2015.
On the whole, the 2010 reference scenario reveals
remaining capacity values on the different sections of
the Alpine network similar to the present ones, while in
the longest term, with the development of considerable
rises in quantity and quality of the railway supply, reduc-
tions of the critical conditions should be noted. The
increase of the transport demand, for freight in particu-
lar, will therefore find an adequate response on the sup-
ply side.

The major criticalities are noted, in both reference sce-
narios, on some of the main sections crossing the Alps
in the north-south direction. In particular, the consider-
able increase foreseen for freight traffic will involve the
presence of critical conditions on the St. Gotthard,
Brenner and Tarvisio lines, where improvements are not
foreseen or where they will end only after 2015. A wors-
ening compared with the present is also noted on certain
lines that penetrate and cross the countries in the eastern
band of the study area (Italy–Slovenia–Croatia–Hungary)
as the traffic growth foreseen in the future will only be
partly offset by an increase of the supply, with some con-
nections still not very competitive in terms of potential
and commercial speed.
In Italy, the completion of the high-speed network on
the main north-south and east-west lines will make it
possible to preserve a certain margin of remaining
capacity on most of the internal sections. The situation
is similar in Switzerland where the considerable commit-
ment in the field of infrastructure should allow a gener-
al elimination at both 2010 and in 2015, of the critical
conditions on the network and ought to make it possi-
ble to increase the services supplied, particularly on the
north-south sections. The development of considerable
boosting and remaking works of the infrastructures on
the southern Germany–Austria line will make it possible
to support important growths in both passenger and
freight traffic with no particular criticality. A particular
situation is noted on the French network comprised in
the study area, where also at 2015 the works for boost-
ing the connections between France and Italy and
Switzerland should not be finished, thereby involving

Figure 72. Graph of the network by classes of remaining potential – Year 2015

Source: CSST’s elaborations
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the presence of low capacity margins on certain sections
(Nice–Ventimiglia–Genoa in particular). Conversely, the
situation on the internal sections is different, revealing a
considerable remaining capacity, in some cases over 50%.

2.2.2.3 Possible lines of development 
for the supply of railway services

On general lines, in the countries where an High Speed
network does not exist at present, the different infra-
structure works will allow a more rational use of the
conventional lines, on which the capacity shares cur-
rently engaged by long-distance quality traffic will be
made available. Therefore, the potential of these lines
will benefit of an increase partly due to technological
and structural improvement and partly to a reduction of
the difference in speeds.
The different operators will therefore have the task of
exploiting the opportunities offered by these changes
through the activation of passenger and freight railway
services capable of absorbing the foreseen increase in
demand and of attracting traffic shares from the other
modes of transport.
Concerning passenger transport, the railway mode
will be able to express its potential if the services are able
to exploit the competitive advantage of the presence of
stations around the urban areas, especially in the large
conglomerations.
This peculiarity, together with the evolution of the
demand, should make it economically advantageous to
boost conventional services on the national relations
among the medium and large urban centres charac-
terised by distances that do not place the railway carrier
in direct competition with air travel.
Short-distance services, particularly on connections
among the large urban centres and their hinterland, will
be able to benefit by the possibility, offered by the
boosting of the railway network, to specialise certain
lines according to type of traffic.
With regard to international services, the estimates on
the evolution of the demand in the study area, though
characterised by a rather high level of uncertainty typi-
cal of a long-term horizon, make it possible to identify
certain relations on which to concentrate productive
efforts, namely:

• On the east-west axis: Milan-Turin-Lyon, Verona-
Venice-Trieste-Vienna, Munich-Vienna-Budapest
and Genoa-Marseille-Lyon.

• On the north-south axis: Munich-Verona-Bologna,
Milan-Zurich and Milan-Genève.

With regard to the freight sector, in the study area at
the reference time horizon, the series of foreseen works
will make available to railway companies a mesh of lin-
ear and accurate infrastructures on which to organise
transport services on an international scale, for which

the market should be completely open at the reference
horizon, integrated within an increasingly extensive
logistic chain.
In particular, the possibility to exploit the routes freed by
the transfer of high quality passenger services to the
new dedicated lines and the increase of the overall
capacity of the system should be turned to account by
introducing rail services capable of effectively meeting
demand requirements.
The analysis of the demographic and economic charac-
teristics of the study area clearly reveals the considerable
importance of freight connections on international rela-
tions.
On the east-west line:

• France–Italy, relation that will enjoy huge benefits
from the new Lyon-Turin railway link;

• France–Italy–Slovenia–Hungary. On this corridor
exchanges of raw materials and finished products
between the south-west and south-east of the
European continent will be concentrated;

• Germany–Austria–Hungary, on which exchanges
should be concentrated between the German eco-
nomic system and the countries of south-eastern
Europe, with which a growing process of integration
is being seen.

On the north-south line:
• Germany–Italy, with the crossing of Switzerland and

Austria; on this relation the organisations of services
will be possible with the port systems of the Upper
Tyrrhenian (for relations with Germany and
Switzerland) and of the Upper Adriatic (for relations
with Germany and Austria), being the Po valley and
the Bavaria production areas as poles of reference.

Concerning the different types of railway freight traffic,
two segments that should be characterised by particu-
larly high growth rates can be identified: combined
transport and rolling motorway.
Being able to exploit the growing trend to unitised sea
and land cargos, the combined transport represents one
of the strong points of rail transport compared with road
alone, also for relatively short distances (in the region of
500 km) and for types of goods that do not traditional-
ly use it.
At present the rolling motorway is the type of transport
that allows vehicle traffic crossing Switzerland and
Austria to overcome the ecological constraints imposed
by both countries. In the future perspective this trans-
port system should grow in importance in the field of
railway services in consideration of the following:

• Development of the Lyon-Turin link, studied and
sized for heavy gauge railway motorway services,
capable of eliminating the constraints of the limits in
height for road vehicles or the need to use ultra low
wagons;
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• Boosting of the Verona-Munich link and the Italy-
Switzerland links on which a heavy traffic share
already lies;

• Tightening up restrictions of the different countries
on environment protection issues.

On the grounds of the matters mentioned, it is possible
to classify the different types of railway service, relating
the service categories with distances on the different
traffic relations, and identifying the development
prospects of each of them. The result of this analysis is
shown in the following table, in which the number of
“+“ symbols is proportionate with the prospect of
growth.

Table 16. Development prospects of the railway services in the study area (2003)

Source: CSST’s elaborations
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