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I. Introduction

In economic literature there’s
a growing concern about the
importance of the concept of
accessibility, not only in the
analysis of the transport
systems in a territory, but also
as part of the decision-making
process regarding the plan-
ning of infrastructures and the
assessment of their socio-
economic impact on the
territory (Thakuriah, 2001).
The need to integrate the
classical measurements of
infrastructural endowment by
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The concept of accessi-
bility is actually some-
what hard to handle. As
Gould (1969) brilliantly
suggests, accessibility is
“one of those common
terms which everyone
uses until faced with the
problem of defining and
measuring it”,

The first fundamental
question concerns the
fact that the focus can be
on the supply side or on
the demand one; we
have, therefore (Barada-

means of accessibility indica-
tors which take into account
also the level of service that a
transport system supplies is
made clear by the sheer term
‘transport’, in which two ele-
ments are combined: one
refers to the infrastructure of
fransport, and the other one to
the transportation service.
Let’s see the case, for exam-
ple, of two territories A and B,
in which the only transport
infrastructures are as many
airports; the airport A has two
runways and the B has three
of them. Measuring the acces-
sibility in merely physical
terms, one would state that the territory B is more accessible;
however, if a greater number of flights leave (and many more
destinations can be reached) from A, clearly a different
approach of measurement could yield a different result.

The modes of transport that enable a region or a metropolitan
area to gain the best middle-long run accessibility for

focussing on the rail mode and particularly on the high-speed
direct connections, the Railway Accessibility Indicator is
presented, applicable to transport nodes, based on variables
such as the frequency and the speed of the trains and on a
vector of weights obtained via a simple gravitational model.

2. Methodological approach to the measurement of accessibility
In shaping an accessibility indicator it is possibile to follow
different methodological approaches. Ob'viously, according to
the different layouts, the indicator yields results that can
widely differ from each other and even seem uncoeherent. It
is useful, therefore, to adopt and clarify some precise

methodological choices, so that the numbers deriving from
the survey and above all their comparison can be read |

transparently.

o

In this paper I present the Railway Accessibility Indicator (RAI), a
tool that can be used to support the analysis of competitiveness of
territorial systems. This indicator — based on a composite approach
— integrates the measurements of infrastructural endowments to
investigate also the service level provided by the transportation
systems. The indicator allows to compare the high-speed direct
railway accessibility of the selected nodes, assessing how close a
node gets to its own optimal service level, defined in terms of both
quantitative and qualitative criteria; therefore, the results do not

ran and Ramjerdi, 2001):

* process indicators, if
measured accessibility
is that supplied by the
system;

* outcome indicators,
when one measures
accessibility perceived
by individuals, which
is reflected in their
consumption behavi-

depend on the sheer dimensions of the concerned region. The  OUI.
application of the RAI to Barcelona, Lyon, Milan and Stuttgart
shows that the French node has the best accessibility, mainly by
virtue of the excellent speed of the TGV trains.

As we will see in detail
in the next chapter, the
RAI turns out to be a
process indicator; the
data that are used for the calculation, in fact, refer solely to
the supply side, so as to measure the potential accessibility
that characterizes a node or a region. The focus on the
supplied service rather than on the users’ behaviour derives
from the basic objective that we set, that is the elaboration of

. a tool supporting the analysis of the competitiveness of
passengers are the air mode and the rail mode. In this work. |

territorial systems; the question that we want to answer is
therefore: what are the possibilities for an individual (let us
say a business-man) who wants to reach the city or to reach
somewhere from the city?

The proposed indicator, besides, adopts a composite approach
which integrates elements of various methodologies such as
gravity and utiliy, as classified by Baradaran and Ramjerdi
(2001). The aspect of the RAI that is in common with gravity
approaches is that it includes a modelling of the interaction
between masses (specifically, the connected city pairs) in
terms of size and distance and opportunities between the two.
This last aspect is where the utility-approach side of the RAI
lies; in fact, to address the evaluation of the service supplied
by the system, the opportunities of connection are computed
in terms of utility brought to the users.

In order to further clarify the methodological approach
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adopted in the elaboration of the RAI, it is useful to go back
to the issue concerning the aim of the indicator.

As previously said, the RAI is intended to support the
analysis of territorial competitiveness through the
measurement of the accessibility that the railway systems
supply not only in terms of infrastructures but — more
specifically — in terms of service.

In order to do this, the quantity and quality of service |

‘produced’ by a node is not measured in absolute but in
relative terms, based on the needs/opportunities generated by

the concerned area. In other words, one could simply count ?

the daily connections leaving from Stuttgart and compare
them with those leaving from Barcelona; but the result would
be easily foreseen: the Stuttgart’s superiority would be
overwhelming, because the potential destinations for the
German city, located in the heart of Europe, are many more
than for the Spanish one, which overlooks the sea in a region
with a much lower dense urban density.

Therefore, a fundamental methodological choice is to
evaluate how close a node gets to its own optimal level of
service: if Barcelona’s potential destinations are as little as
10, but the node reaches all of them and does it ‘well’ (the
meaning of this term, that introduces in the measurement the
concept of the quality of service, will be clarified further on),

its accessibility indicator will be the maximum; if for | distance from the node.

Stuttgart the optimum is having efficient connections with 80

destinations, then the closer it will get to this optimal level,
the closer its indicator will be to the maximum.
Once clarified the methodological approach, the following
schematic stages of the measurement will be more easily
looked through, whereas in the next chapter the methodology
will be presented in detail.
* The relevant rail connections are defined (usually those
realized by Intercity or higher category trains).
* For each node, a basin of relevant destinations is defined.
* The destinations for each node are given a weight, based
on their importance for the city.
* For each node, the number of destinations reached by at
least one connection is computed (as an index of the

of the connections (as indexes of the quality of service); a

value is then associated to these data, representing the utility |
- concerned destination is, the more it should weigh (dw/ dp> 0

brought to the passenger.

* The utilities calculated according to the above procedure
are summed up for all destinations and weighed with the
vector of weights associated to them. The value thus
obtained represents the accessibility indicator for the node.

2.1 Methodology of the Railway Accessibility Indicator
The accessibility indicator A is defined as follows:

A.\:A(Wi"'i):.z‘;‘"rrf [1]

where x is the concerned node, w; is the importance of the
destination i, r; is its reachability and B is the basin of |

relevant destinations for x, defined as follows:

o

B:{i:pizﬁ,a'sd,-sa”} (2]

where p; is the population (inhabitants), and d; the distance
from the node (km).

As the importance of the destination increases, the
accessibility increases (dA/ dw > (), the same occurs as the
reachability increases (dA/ dr> ().

As regards the importance of the destination, w;, it depends,
as previously mentioned, on its distance and its demographic
size.

It’s worth pointing out that the weights wi vary between 0 and
1 as they derive from the normalization of the w'; to their
total:

; 13]

with W;':'—- W'(pi 3 di')
where p; is the demographic size of destination i, and d; its

In particular, the higher the weight of the destination i, the
closer to 1 the w; will be. Besides, we have:

i€B

Within gravity approaches, distance and size are generally
considered; when referring to the size of a metropolitan area,

- in this model, we choose to adopt the value of population,

because we assume it is the one which most significantly
affects the amount of passengers flows from/to a city, and it is
also a good proxy of another factor of passengers flows such
as the city’s Gdp.

| We can now specify the function that links the destination’s
quantity of service), together with the frequencies and times |

population and distance to the (non normalized) weight w}
and therefore to 0 < w; < 1.
The intuition is that, the bigger and the closer to the node the

and ow/ dd <0).

For example, for Milan, the connection to Turin should weigh
more than that to Dijon, because, even if both cities are part
of Milan’s basin as defined above, the Piedmont city is bigger
and closer to Milan than the French one.

- In order to achieve such an allocation of weights, we use, for

each node x, the following partition of the set B of relevant
destinations:

B, U wk 4]
k=1

The n subsets are disjoint and correspond to ‘categories’ of
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destinations that are considered homogeneous by importance.
The next step to define the function w' consists in relating the
category, which the destination belongs to, to the weight to be
attributed to the destination. Let us consider the following:

wi(p;,d;) = & when pi.di:i €W* [5]
The above function is such that the ratio between the weights
given to two subsequent subsets remains constant and equal
to &, whatever categories are considered. More generally, the
ratio between the weights of two destinations belonging to
two different subsets W* and W' is given by a*'.

The reachability of the destination, r;, is a value that expres-
ses the utility brought to the passenger by the quality of the
railway service: it depends on two components, the speed of
the connection and its frequency.

[6]

ri=r(s,u)=su;

where s, is the utility deriving from the average speed of the
connection to the destination ; and y i is the utility deriving
from the frequency of the connection to the destination .

The derivative of the function r for both components is
positive: as the speed and the frequency of the service incre-
ase, the reachability increases (drlds>0 e drldu>0).

In order to measure the utility deriving from the speed of the
connection one should take into account that the covered
routes can show great differences as for their altimetrical
features and are not, therefore, directly comparable with each
other. For example, the Milan-Zurich stretch, which passes
through the Alps, can not be compared to that between Lyon
and Paris, that covers a flat route.

This notwithstanding, in measuring the railway accessibility
of an area, the speed component of the service can’t be
ignored. In fact, whereas in the case of air transport the
differences between the cruise speeds are negligible, in the
case of trains they can remarkably vary, and consequently
play a decisive role in favour of or against the competitive-
ness of the connection.

Therefore, in order to incorporate the speed in the indicator
without losing objectivity, it is worth turning to a different
partition of the basin of a node; this partition is realised
basing on the kind of route that connects the node to the
destination.

B, U sk (7]
k=1

Each of the m subsets S* comprises all the destinations for
which the route from the concerned node can be considered
‘comparable’ as for its altimetrical features.

Having defined these subsets, it is possible to relate the speed
of the connection to a benchmark speed (g*), defined as
upper limit within the concerned subset, so as to obtain a
value of si between 0 and 1.
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Let g; be the speed of the connection to the destination i (or, if
the daily connections are multiple, the speed of the fastest
one); then:

§; = [iJ when i € Sk (8]
9k

The ratio between the speed of the connection and the
benchmark speed is squared in order to have a function s with
an increasing derivative; the underlying need is to represent
that as the speed increases, the deriving utility increases in a
more than proportional way.

Besides, si is equal to 1 when the speed of the connection
coincides with the subset’s benchmark and it is equal to 0
when the speed is null.

The following figure shows the utility function s, assuming
that the benchmark speed is 250 km/h.

=83
qispeed)

Figure 1 The utility function of speed

- The second component used to measure the reachability of a

destination is the utility deriving from the frequency of the
connection.
The utility function, in this case, is the following.

Vi when 0 <v;< B

u)={ v g
1 when v;>

[9]

where v; is the number of trains per day to the destination i,
and B is a parameter, whose value can be chosen depending
on the set of nodes.

Such a utility function corresponds to the following choices:

+ the utility is maximum (u;=1) with a number of daily trains
corresponding to the parameter B, which corresponds to the
optimal frequency chosen.

* the derivative is positive but decreasing: as the frequency
increases, the utility increases, but in a less than proportio-
nal way. For values higher than B, the derivative is null, me-
aning that the utility of such frequencies remains equal to 1.

The following figure shows the utility function u, assuming
that the parameter f is equal to 18.

o
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Figure 2 The utility function of frequency

The indicator thus obtained, therefore, results from the
summation of the product of w and r, for each destination
belonging to the basin of the concerned node.

A= A(w, 1) =Zwr,

O=r;=<1

and 0 <w; <1 with ng,-zl.
U=

we also have 0 <A, <1.

It is worth pointing out that, for an easier comparison of the
indicators A,, they can be related to the highest one among
them, letting this one assume the value of 100.

Finally, it is appropriate to highlight the importance of the
benchmark speed, g*. Depending on the way it is chosen, the
utility function of speed — and the indicator itself — assumes
different meanings.

When a single set of nodes is surveyed, the indicator values
of the different nodes can easily be compared, as the
benchmarks are common for all the nodes. On the contrary,
when carrying out comparisons between different sets of
nodes, one should always check whether the benchmarks in
the different sets vary or not. If they actually vary, a direct
comparison is likely to be misleading.

For example, let us assume that we calculate the RAI for two
sets, with two nodes each; and let the first set comprise
London and Milan, and the second one comprise Milan and
Lyon. Only if we adopt the same benchmark speeds? for both
sets, the values (those obtained before scaling to 100) can be
considered in absolute terms; so that the two results of Milan
will be identical, and that the indicators of London and Lyon
can be compared.

3. Application of the RAI to four European cities
In order to apply the methodology and obtain the indicators,
four steps are required:

1. definition of the set of nodes and of the relevant rail
connections;
2. specification of the parameters of the model:

[10] |

3. collection of the required data;
4. computation of the indicators.

3.1 Definition of the set of nodes and of the relevant
rail connections

The nodes chosen are the main cities of the regions referred
to as the “four motors of Europe”, that are Barcelona
(Catalunya — Spain), Lyon (Rhone Alpes — France), Milan
(Lombardy — Italy) and Stuttgart (Baden Wurttemberg —
Germany).

The rail connections which the survey will be based upon, as
previously mentioned, are those realized by Intercity or
higher category trains, which allow a medium-long distance
accessibility; in detail:

+ for Spain: Arco, Euromed, Talgo, EuroCity, InterCity;

* for France: TGV (Train a Grand Vitesse), EuroCity,
InterCity;

» for Italy: Eurostar, Cisalpino, EuroCity, InterCity;

* for Germany: ICE (InterCity Express), Regional Express,
EuroCity, InterCity.

3.2 Specification of the parameters

The definition of the basin of relevant destinations for each

node requires the following specifications:
* a minimum threshold of demographic size of 100 000
inhabitants, assumed as significant for the importance of a
destination;
* a minimum threshold of geographic distance from the
node, within which the realisation of a high-speed railway
service seems significant, of 30 km;
* a maximum threshold of geographic distance from the
node of 500 km; this threshold has been calculated on the
basis of the routes of the 160 main high-speed axes in
Europe.

Therefore, the basins for each node are defined as follows:

B = {f:p,.aloo.ooo,sosd,-ssoo} [11]

As regards the weights of the destinations, each basin B, is
divided into subsets W¥ with k=1,... »n and n=5.
The following table shows how the 5 categories are defined:

d (km) \ p > 1 mio 500 000 - 1 mio 100 000 - 500 000
(inhabitants)

_0-1%0 W w W
150-300 W W W
W50 W .

Table 1 Definition of the categories

of destinations by importance

Therefore, within the basin, a destination with a low
population (between 100 and 500 thousand inhabitants) and

()
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at a short distance (between 30 and 150 km) is considered as
important as one with a high population (above 1 million) but
more than 300 km distant. ‘
An appropriate value for the parameter «, in this case. is
defined equal to 1.5. Therefore, we have:

(1,5)'=15
(1.5)2=225
(1.5)3=3375
(1,5)*=50625
(1,5)5=7,5938

when p;d;: i
when p;d; i
when p;d; i
when p;d;: i
when p;d; : i

wi(p,d;)=

This values mean that, for example, for the node Milan, the
destination Verona, which belongs to the subset W3 of B,
weighs 1.5 times Basle which is comprised in W2,

Some further specifications are needed, regarding the wurility
Junction of speed. The definition of such function requires the

partition of the set B into m subsets Sk which correspond to

certain altimetrical features.

In this case, m is equal to 3, the subsets being defined as
follows:

* §' is the subsets of the destinations for which the route from
the node is “flat™:

* §%is the subsets of the destinations for which the route from
the node is “mixed”-

* §is the subsets of the destinations for which the route from |

the node is “alpine”.
The benchmark speeds considered — for each subset — are the
top ones among those surveyed for the four nodes:

qff = max q; [13]
jeSk

Finally, the definition of the wutility function of frequency

requires the specification of the parameter f3.

This parameter corresponds to the optimal daily frequency

and in this case is assumed to be equal to 18 (one train per

hour from 6 am to midnight), meaning that with 18 trains per

day the utility is maximum and with more trains no further

utility is brought to the passenger,

The following table summarizes all the parameters specified

in this paragraph.

Parameter Role Value

P Mnmum population, for a destination to ~ 100 000 inhabfants
- _ be included in the basin
d Minimum distance from the node, for a destination 1o 30km

o be included in the basin

d"  Maximum dstance from fhe node, for a destination to 500 km
Dbe included in the basin

~ Number of subsefs of the basin, for the definiion 5

between the weights of wo destngions 15
belonging to two subsequent subsets

M Number of subses of the basi, for the defnfion 3
o of the utility function of speed
B Optimal daiy frequency 18 -

Table 2 Specification of the parameters of the model

SICILIANO

3.3 Collection of the required data

The survey has been carried out on the basis of the data
collected from Thomas Cook, European Timetable,
March 2002 and has given rise to the creation of a wide
database, including 13 variables for each of some 1060
rail connections.

The following tables show some of these data, concerning the
destinations included in the four basins and the frequencies of
the corresponding high-speed connections.

—

d (km) \ p (inhabitants) > 1 mio 500 000 - 1 mio 100 000 - 500 000

30150

Perpignar
0 Castelon de la Pana 13
Valencia 13
Zaragoza

150-300 ~ Marselle

. S

San Sebastian 2
Pamplona 3
Montpelier 2
Logrono 2

Aix en Provence

Nimes 0

Toulouse

Table 3 Basin of Barcelona and daily frequencies
of the corresponding high-speed connections

> 1 mio 500 000 - 1 mio 100 000 - 500 000

d (km)\p (inhabitants)

T

Grenob\e

Geneva

Nimes
Aix en Provence
Besancon
Clermont-Ferrand
Montpelier
Lausanne
Bem

- Dijon

Marseile 18 Toulon

Genoa 0 Novara
Perpignan
Nice
Toulouse
Tours
Strasbourg
Mulhouse
Orleans
Limoges
Nancy
Metz 1
Reims 1

Zurich 0
Piacenza 0
Freiburg 0

Bergamo 0

Basle

= = I T )

 Pais 35
_ Mian 2

300-500

= N = oo wm g w N UW|(}J [

Table 4 Basin of Lyon and daily frequencies of the
corresponding high-speed connections
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d (km) \ p (inhabitants) > 1 mio 500 000 - 1 mio 100 000 - 500 000 d (km) \ p (inhabitants) > 1 mio 500 000 - 1 mio 100 000 - 500 000
) = o T AN _ 15 T S I Aannhoim —
30— 150 Tuin O P — 2 30-150 qurlrwhewl
= - Heidelberg
B Brescia 0 - Ulm
o o ) i D)
Parma 15 — U(lf/!*&‘lr_ﬂ 1 :
— - Karlsruhe P
16 — 0
: . 150 - 300 Munich 30 Frankiut 26 RE
- Novara 9 il e
- Bergam 0 - nnsbruck 2
150 - 300 Geneva 4 _— s -
Lausanne 4 T o 12
—_— E—— R b
o B Zurich 6 — =
B B Bologna 42 T Nancy 2
- Saarbrucken 1
= = Florence o7 - l?:fltf ucker |
B - - Basle 6 Freiburg 1
) - Bem 0
Padua 18 — Sl
— 0
Beme 2 - - Metz 0
- - ; Mulhouse 0
Vicenz: 9
—_— s 2] Regensburg 0
Venice 18 Wiesbaden 0
Wurzburg 0
loden: 14 — = = Ll & S
S — e 300 — 500 Kon 15 Dofmund 15  Gofingen 2
- - Innsbruck Dusseldorf 15 Dresden 0  Kasse 24
; Duisburg 15 Leipzig 0  Hidesheim 14
e lia 1 —_ "
—— Ogga Bk : Essen 15 Braunschweig 14
o Prato 6 - Mian 2 Hannover 9
) o Prague 1 Bonn 15
Forli 5 _— —
o 1 Bruxelles 0 Verona 1
- B La Spezia 4 Bolzano 1
o o Salishourt 5
Bolzano 2 _ i g
—_— Linz 1
o B Livomo 1 Osnabruck 1
. - Pilsen 1
Ni ‘ — o
—_— ce 2 Aachen 0
) Ferara 0 Bergamo 0
a o i ) N Besancon 0
— - - Grenoble 0 Bielefeld 0
o Ravenna 0 Brescia 0
n e e 2 - - - T Charleroi 0
300 - 500 Munich? Stutigat 2 Lyon 2 e e v
= — ’ Chemntiz 0
- - Marseille 0  Ancona 13 Dessau 0
" Dijon 0
13 . ~
— — Rirminl - Eindhoven 0
o Freiburg 2 i Erfurt 0
- o Gera 0
- Strasbourg 1 e — Goroits 0
- ) Mulhouse 1 - Halle 0
. ; - Jena 0
- o Udine 2 — - Liege 0
o Perugina 1 o Lausanne 0
Tecis 1 Maastricht 0
- —_— . Magdeburg 0
o Dijon 0 i Munster 0
o : ) S Namur
Aix en Provence 0 — — 9
——— Nijmegen 0
- B Augsburg 0 - Novara 0
T Paderbom
Besancon 0 - e 9
- —————— Reims 0
o Salishourg 0 - S 0
B B - Toulon 0 — 77 g
o o Uim 0 ) B ) 0
Desti 49, Connections: 388 D ;G a52

Table 5 Basin of Milan and daily frequencies

Table 6 Basin of Stuttgart and daily frequencies
of the corresponding high-speed connections

of the corresponding high-speed connections
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As the tables show, there is a wide gap between the size of the
Basin of Barcelona (15 destinations) or Lyon (34
destinationa) and those of Stuttgart (78) and Milan (49). For
the methodological approach of the RAI, the number of
destinations doesn’t directly affect the final result. The
indicator, in fact, is independent from the dimensions and
characteristics of the single region: every node is measured in
relation to its own theoretical maximum.

3.3 Computation of the indicators
The calculation procedure originates some partial indexes,
summarised in the following figure.

0,900 - — — - ——
0,800
0,700 4
0,600 -
0,500 4
0,400 ~
0,300 4
0,200 -
0,100 4
0,000

Weight of reached destinations
0,747
0.791
0,800
0.568

Average frequency
0,566
0473

Average speed
0,255
0,436
0,358
0411

0 BARCELONA
- LYON

O MILAN

o STUTTGART

Figure 3 Partial indexes of service

As regards the first of these partial indexes, i.e. the one
concerning the weight of the reached destinations, it
reflects the quantitative component of the service supplied in
each node. The value shown in the figure is given by the sum
of the weights of the destinations reached. Therefore, it would

sum up to 1 if all the destinations in a node’s basin were |

reached by at least one train per day, independently by its
speed and frequency. The extremes of Milan (0.800) and
Stuttgart (0.568) exemplify opposite situations; on one side,
the city is situated along relevant axes and can therefore reach

many destinations with one single train; on the other side. the |

city is situated outside such axes and, furthermore, in a
context of diffuse urbanization in the territory which deter-
mines a remarkable difficulty in covering the territory itself
(in an extreme case, it would take one journey to reach each
city).

The two following indexes concern the two qualitative com- |

ponents of the service: frequency and speed.

In the case of frequency, the value (which reflects the utility)
would be equal to 1 if, on average, the frequency of the
connection was of at least 18 trains per day. One can therefore
note that trains leaving from Stuttgart are the ones with the
highest average frequency (0.668) and those leaving from
Lyon show the lowest frequencies (0.473).

In the case of speed, the value would be maximum (equal to
1) if the speeds of all the connections leaving from the node
coincided with the benchmark speed for the concerned type
of route. The values shown in the figure are somewhat low
for all four nodes because the benchmark speeds are
remarkable cases of excellence (e.g. the 195 km/h on a mixed

SICILIAND

route for the Stuttgart-Mannheim leg); Lyon, however, mainly
because of the TGV trains, has on average the fastest
connections.

Going into further detail as for speeds, the following figures
show, for each of the three types of route previously defined,
the 5 fastest connections among the surveyed ones,
comparing them to the corresponding fastest trains leaving
from Milan (if not present in the top five).

Figure 4 The fastest trains on flat routes

On flat routes (which characterise 29 out of the 110 surveyed
connections), the French TGV’s are outstanding, with a top
speed of 223 km/h along the Lyon-Paris (426 km in 2 hours!).
The fastest train leaving from Milan, witnessing the large
difference between the French high-speed network and the
Italian one, is the Eurostar towards Bologna with 125 km/h.

M0 ) R o™
NS G 0 et
Al &t W
AP et W

Figure 5 The fastest trains on mixed routes

Among the 62 routes of mixed type, the excellence case is the
high-speed line between Stuttgart and Mannheim (that — in 40
minutes — covers the 130 km between the two cities, with a
commercial speed of 195 km/h), whereas also in this case the
Italian trains are not in the “top 5: the fastest one is the
Milan-Florence (110 km/h).

km/h

(@
&
&
S
Figure 6 The fastest trains on mixed routes

)
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In the routes characterised by the crossing of alpine passes
(19 out of the total 110), the fastest connections leave from
the Lombardy city itself: the Cisalpino Milan-Geneva covers
the 378 km of distance in 3 hrs 45 min (with an average speed
of 101 km/h).

One should note that in the three rankings no train leaving

from Barcelona appears. The Spanish city, as we will see
further on, heavily pays - as for the overall accessibility level
— the slowness of the service.

The final accessibility indicators give the following results:
Table 6 High-speed direct Railway Accessibility Indicators

Node RAI
Lyon - w00
gt 804
Mian - 746
Baroolon 58

Figure 7 High-speed direct Railway Accessibility Indicators

Therefore, Lyon turns out to be the most accessible node: it
benefits above all of the high average speed of the TGV
trains. The Lyon-Paris connection, with a commercial speed
of 223 km/h, is by far the fastest of all. Besides, as the figure
3 suggests, letting 1 be the total weight of the basin of Lyon,
the weight of the reached destinations is high (0.79),
witnessing a good covering of the territory. All of this widely
makes up for the not so good frequency of the trains leaving
from the French node.

The connection to Paris, indeed, turns out to be one the most |

efficient among the selected ones: the reachability of the
French capital city from Lyon sums up to 1 (i.e. maximum),
by virtue of the high frequency (35 trains per day) and of the

speed, which, as previously said, is the benchmark for flat :
routes. Only the Stuttgart-Mannheim connection, with 39 |

trains per day and a speed of 195 km/h which is the
benchmark for mixed routes, can boast a value of r equal to 1,
i.e. an optimal reachability.

As concerns Lyon, besides, the connection to Marseille,
realised by 18 daily trains and with a speed of 194 km/h,
turns out to be very efficient as well (r=0.76). Therefore,
Paris and Marseille are the most important destinations; this
notwithstanding, they seem to - let us say — draw in an almost
exclusive way Lyon’s ‘attentions’: considering the con-

nections other than those with these two cities, in fact, the
frequencies dramatically decline, in spite of the presence in
the basin of ‘heavy’ destinations like Turin, Milan, Grenoble
or Besancon. Had the French trains not been so fast —
providing a good reachability for almost every reached
destination (except the Lyon-Clermont Ferrand and the Lyon-
Limoges alone), the Rhone Alpes chief town would pay much
more remarkably this lack.

The high value of Stuttgart’s accessibility is justified mainly
by virtue of the very good frequencies of the connections:
from this point of view, the German city turns out be the first
of the four.

The most efficient connection leaving from Stuttgart, as
previously mentioned, is the ICE towards Mannheim, which
provides a top reachability for this city. Unlike the French
situation, a good 8 — out of the 38 Stuttgart’s destinations —
are reached with optimal frequencies: these destinations are,
besides Mannheim, Heidelberg, Frankfurt, Gottingen, Kassel,
Ulm, Munich and Augsburg. Furthermore, for 8 more
destinations the frequencies are almost optimal (15 trains per
day). Only in the connections to Heidelberg and Frankfurt,
however, the speeds are comparable to the French ones.

As concerns speeds, the connections towards the Czech cities
Prague and Pilsen turn out to be definitely inadequate (about
65 km/h for a ‘mixed’ route). These connections are damaged
both by the fact that they have to pass through the border and
therefore they have to undergo its waiting times, and by the
lower efficiency of the Czech rail network.

Stuttgart’s accessibility is strongly influenced by the scanty
covering of the basin: only 38 out of the 78 total destinations

. are reached, with a weight that sums up to just 57% of the

total (see figure 3).

On the contrary, Milan is situated at the centre of the Turin-
Venice axe and at one end of the Milan-Ancona, which
enables it to reach many cities with one single train: the
Lombardy chief city thus ensures a covering of the basin
summing up to a weight of 0.80 (37 out of the 49 destinations
are reached by at least one train per day).

Milan is lacking in the speed of trains, which on average is
quite low (compare the TGV Lyon-Paris speed with the 125
km/h of the Eurostar Milan-Bologna or the 103 km/h of the
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Milan-Venice stretch, in the same type of route), except for |

alpine routes, whose number however is definitely scanty in
relation to the total number of connections.

The overall reachability from Milan does not ever obtain
excellent values: considering both frequency and speed, the
most efficient connection is the Milan-Geneve: this
connection takes advantage of its speed which is the bench-
mark for alpine routes and, in spite of this, it has a r value as
low as 0.47. Excluding the alpine routes, the best reachability
from Milan is towards Bologna (by virtue of the 42 daily
trains), but it is anyway remarkably low (r=0.32).

Barcelona, finally, is situated, as well, along an important axe
(Costa Brava and Costa Dorada): this allows the Spanish city
to reach a good 10 out of the 14 destinations of its basin (with
a weight equal to 70% of the total).
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As it is shown in the figures, the Catalunya chief city pays,
above all, the slowness of the connections, but also their low
frequency (0.56): its best reachability is that of the Barcelona-
Castellon de la Plana connection (13 trains per day at 143
km/h in a flat route), which, with a r=0.35, is way far from
the French and German excellence cases.

As concerns the comparison between the Italian and Spanish
nodes, a further distinction is useful — and probably decisive.
Despite the methodological lay-out tries to exclude the
features of geo-demographic background (so that the index
assesses how close a node gets to its own optimal service
level), some distortions are inevitable; it is the case of the
Spanish cities, because the difference in the gauge between
the French and the Spanish network makes the possibilities of
connection to the French cities very difficult — and sometimes
excludes them at all. As a consequence, Barcelona pays for
an ‘handicap” which is not present for Milan: the weakness of

the Italian system, therefore, wholly resides in the qualitative |

components of the service, particularly in the slowness of the
trains, determined by the lack of a proper high-speed line.
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