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Abstract
The European Union expects to contribute to reducing the socio-economic disparities between its regions by the development of the trans-European transport
networks (TEN). However, although the infrastructure networks are one of the most
ambitious initiatives of the European Community, the TEN programme is not undisputed. In this paper work done by the authors for two projects of the ESPON 2006
Programme (European Spatial Planning Observation Network) is summarised in
which the current European transport system was analysed from a spatial point of
view and in which the impacts of transport infrastructure investments and other transport policies on socio-economic activities and developments in Europe were forecast
with special attention to the spatial and temporal distribution of impacts.
Keywords: Trans-European Transport Networks, Regional Development, Cohesion.
JEL-classification codes: R12; R15.
Accessibilità e sviluppo spaziale in Europa. L’Unione Europea si aspetta di
ridurre le disuguaglianze socio-economiche fra le proprie regioni sviluppando le reti
di trasporto trans-europee (TEN). Tuttavia, nonostante le reti infrastrutturali siano una
delle iniziative più ambiziose della Comunità Europea, il programma TEN non è
immune alle critiche. È pertanto diventato di grande rilevanza politica prevedere correttamente e valutare in modo chiaro i possibili impatti economici dei principali
investimenti in infrastrutture di trasporto. Questo lavoro riassume il lavoro svolto
dagli autori per due progetti del Programma ESPON 2006 (European Spatial
Planning Observation Network): l’attuale sistema dei trasporti europeo viene analizzato da un punto di vista spaziale e gli impatti degli investimenti in infrastrutture e di
altre politiche dei trasporti sulle attività socio-economiche in Europa vengono previsti
con particolare attenzione alla distribuzione spaziale e temporale degli impatti.

1. Spiekermann & Wegener, Lindemannstrasse 10, D-44137 Dortmund, Germany, e-mail
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1. Introduction
The relationship between transport infrastructure and economic development has become more complex than ever. There are successful regions in the
European core confirming the theoretical expectation that location matters.
However, there are also centrally located regions suffering from industrial
decline and high unemployment. On the other side of the spectrum the poorest regions, as theory would predict, are at the periphery, but there are also
prosperous peripheral regions such as the Scandinavian countries. To make
things even more difficult, some of the economically fastest growing regions
are among the most peripheral ones.
In this situation, the European Union expects to contribute to reducing the
socio-economic disparities between its regions by the development of the
trans-European transport networks (TEN) in the old member states and the
so-called Transport Infrastructure Needs Assessment (TINA) networks in the
new member states. However, although the TEN and TINA networks are one
of the most ambitious initiatives of the European Community, the TEN programme is not undisputed. Critics argue that many of the new connections do
not link peripheral countries to the core but strengthen the ties between central countries and so reinforce their accessibility advantage. Some analysts
argue that regional development policies based on the creation of infrastructure in lagging regions have not succeeded in reducing regional disparities in
Europe, whereas others point out that it has yet to be ascertained that the
reduction of barriers between regions has disadvantaged peripheral regions.
From a theoretical point of view, both effects can occur. A new motorway or
high-speed rail connection between a peripheral and a central region, for
instance, makes it easier for producers in the peripheral region to market their
products in large cities; however, it may also expose the region to the competition of more advanced products from the centre and so endanger formerly
secure regional monopolies. These issues have received new attention through
the enlargement of the European Union by ten countries in eastern and southern Europe in 2004.
The consistent prediction and the rational and transparent evaluation of
likely socioeconomic impacts of major transport infrastructure investments
has therefore become of great political importance. In several EU-funded
research projects models for forecasting the economic and spatial impacts of
large transport investments in Europe were developed. One of them was the
project “Socio-Economic and Spatial Impacts of Transport Infrastructure
Investments and Transport System Improvements” (SASI) conducted in the
4th Framework Programme for Research and Technological Development
(Wegener and Bökemann, 1998; Fürst et al., 2000). The SASI model was further developed in the project “Integrated Assessment of Spatial Economic and
Network Effects of Transport Investments and Policies” (IASON) in the 5th
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Framework Programme (Bröcker et al., 2002a; 2002b; 2004).
In this paper work done by the authors for two projects of the ESPON
2006 Programme (European Spatial Planning Observation Network) is summarised. The main objective of ESPON Project 1.2.1 “Transport Services and
Networks: Territorial Trends and Basic Supply of Transport Infrastructure for
Territorial Cohesion” was to analyse the current European transport system
from a spatial point of view (Mathis et al., 2005). The main objectives of
ESPON Project 2.1.1 “Territorial Impact of EU Transport and TEN Policies”
were to develop methods for the assessment of territorial impacts of EU transport and telecommunications policies and to show the influence of such policies on spatial development and territorial cohesion in Europe (Bröcker et al.,
2005). The main goal of the application of the SASI model in ESPON 2.1.1
was to forecast the impacts of transport infrastructure investments and other
transport policies on socio-economic activities and developments in Europe
with special attention to the spatial and temporal distribution of impacts. The
SASI model was applied to a number of different scenarios of implementation of the TEN and TINA networks and of additional transport policies. In
ESPON 2.1.1, the set of scenarios was also tested with the CGEurope model
of the University of Kiel; the results are presented in a separate paper (see
Bröcker and Schneekloth in this issue).
The paper commences with an analysis of the current spatial distribution
of accessibility indicators across Europe and the relationship between such
location factors and indicators of economic performance. Then the SASI
model which is based on this relationship is introduced. Finally, the spatial
impacts of a set of transport policy scenarios as forecast by the SASI model
are presented.

2. Accessibility and Regional Development
In the context of spatial development, the quality of transport infrastructure in terms of capacity, connectivity, travel speeds etc. determines the quality of locations relative to other locations, i.e. the competitive advantage of
locations usually measured as accessibility. Investment in transport infrastructure leads to changing location qualities and may induce changes in spatial
development patterns.
There are numerous definitions and concepts of accessibility. A general
definition is that “accessibility indicators describe the location of an area with
respect to opportunities, activities or assets existing in other areas and in the
area itself, where ‘area’ may be a region, a city or a corridor” (Wegener et al.,
2002). Accessibility indicators can differ in complexity. More complex accessibility indicators take account of the connectivity of transport networks by
distinguishing between the networks themselves and the activities or opportu17
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nities that can be reached by it. These indicators always include in their formulation a spatial impedance term that describes the ease of reaching other
destinations of interest. Impedance can be measured in terms of travel time,
cost or inconvenience, or an aggregate of this called generalised costs.
In more general terms, accessibility is a construct of two functions, one
representing the activities or opportunities to be reached and one representing
the effort, time, distance or cost needed to reach them:
Ai = Â

g (W j ) f (cij )
j

Ai is the accessibility of area i, Wj is the activity W to be reached in area j,
and cij is the generalised cost of reaching area j from area i. The functions
g(Wj) and f(cij) are called activity functions and impedance functions, respectively. They are associated multiplicatively, i.e. are weights to each other.
Both are necessary elements of accessibility. Ai is the total of the activities
reachable at j weighted by the ease of getting from i to j.
Accessibility indictors can be classified by their specification of the destination and the impedance functions (Schürmann et al., 1997, Wegener et al.,
2002):
- Travel cost indicators measure the accumulated or average travel cost to a
pre-defined set of destinations: for instance, the average travel time to all
cities of more than 500,000 inhabitants.
- Daily accessibility is based on the notion of a fixed budget for travel in
which a destination has to be reached to be of interest. The indicator is
derived from the example of a business traveller who wishes to travel to a
certain place in order to conduct business there and wants to be back home
in the evening (Törnqvist, 1970). Maximum travel times of between three
and five hours one-way are commonly used for this indicator type.
- Potential accessibility is based on the assumption that the attraction of a
destination increases with size, and declines with distance, travel time or
cost. Destination size is usually represented by population or economic
indicators such as GDP or income. Accessibility to population is seen as
an indicator for the size of market areas for suppliers of goods and services; accessibility to GDP an indicator of the size of market areas for suppliers of high-level business services.
Each of the different accessibility types has its own advantages and disadvantages. Travel time indicators and daily accessibility indicators are easy to
understand and to communicate though they generally lack a theoretical foundation. Potential accessibility is founded on sound behavioural principles but
contain parameters that need to be calibrated and their values cannot be
expressed in familiar units. From the three basic accessibility indicators, an
almost unlimited variety of derivative indicators can be developed (cf.
18
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Ruppert, 1975), the most important ones being multimodal, intermodal and
interoperable accessibility.
In ESPON 1.2.1, for each of the different accessibility types indicators
have been calculated and presented for the European territory (Mathis et al.,
2005). In this section, examples of potential accessibility indicators are presented. For potential accessibility the activity and impedance functions are
combined multiplicatively, i.e. are weights to each other and both are necessary elements of accessibility:

Ai = Â

W ja exp(- b cij )
j

where Ai is the accessibility of area i, Wj is the activity W to be reached in
area j, and cij is the generalised cost of reaching area j from area i. Ai is the
total of the activities reachable at j weighted by the ease of getting from i to j.
The interpretation is that the greater the number of attractive destinations in
areas j and the more accessible areas j from area i, the greater the accessibility
of area i. Occasionally the attraction term Wj is weighted by an exponent a
greater than one to take account of agglomeration effects. The impedance
function is nonlinear. Generally a negative exponential function is used in
which a large parameter b indicates that nearby destinations are given greater
weight than remote ones.
The accessibility model (based on Spiekermann and Wegener, 1996) uses
centroids of NUTS 3 regions as origins and destinations. The accessibility
model calculates the minimum paths for the road network, i.e. minimum travel times between the centroids of the NUTS-3 regions. For each NUTS-3
region the value of the potential accessibility indicator is calculated by summing up the population in all other regions including those outside the
ESPON space weighted by the travel time to go there. Because the accessibility indicators are in non-familiar units, accessibility is standardised to the
average accessibility of the ESPON space. Potential accessibility is calculated
for the road, rail and air modes as well as multimodal accessibility:
- Accessibility by road is characterised by a clear distinction of centre and
periphery. Accessibility by road is the only modal accessibility indicator
that reproduces the ‘Blue Banana’, the central area now called the
European pentagon. All other accessibility indicators provide different
results.
- Potential accessibility by rail also shows a core-periphery pattern in
Europe (Figure 1). However, there are two important distinctions from
accessibility by road. The first is that the highest accessibility is much
more concentrated in the central areas and primarily in the cities serving
as main nodes in the high-speed rail networks and along the major rail corridors. Second, investments in high-speed rail links and networks can
enlarge the corridors of higher potential accessibility by rail. This is
19
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Figure 1 – Potential accessibility by rail, 2001
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mainly visible in France where the TGV lines towards the Mediterranean
and the Atlantic lead to corridors with clearly above European average
accessibilities.
- The areas of highest potential accessibility by air are strongly concentrated
around major airports and these are dispersed across Europe. Nevertheless,
airport regions in the central EU areas have higher values than airport
regions in other parts. The hinterland of the airports is very limited witnessed by a steep decline in accessibility moving away from the airport.
Potential accessibility by air yields a completely different picture than the
accessibilities based on surface transport. The map of Europe is converted
into a patchwork of regions with high accessibility surrounded by regions
with low accessibility. Low accessibility is therefore no longer a concern
of regions in the traditional European periphery, but now also of regions in
the European core.
- If the three modes are combined to multimodal potential accessibility
(Figure 2), regions with above average accessibility are mainly located in
an arc stretching from Liverpool and London via Paris, Lyon, and the
Benelux regions, along the Rhine in Germany to Northern Italy. However
some agglomerations in more remote areas such as Madrid, Barcelona,
Dublin, Glasgow, Copenhagen, Malmö, Göteborg, Oslo, Rome, Naples,
Thessalonica and Athens are also classified as central or at least intermediate because their international airports improve their accessibility. The
European periphery begins in regions usually considered as being central.
Several regions in Germany, Austria and France have below average accessibility values, some of them are even extremely peripheral. Many regions
in Portugal, Spain, Ireland, Scotland, Wales, Norway, Sweden, Finland,
southern Italy and Greece have very low accessibility values. Those
regions do not have good access to international flight services. Nearly all
regions of the new member states of the European Union and of Romania
and Bulgaria have below average accessibilities. The only exceptions are
the capital cities and partly their surrounding regions because of international airports and important rail connections. For all other regions the combined effect of low quality surface transport and lack of air accessibility
leads to the low accessibility. In general, the enlargement of the European
Union has lead to a decrease in average accessibility within the union.
A more sophisticated way of classifying regions by accessibility is to take
also their economic performance into account. Economic theory suggests that
regions that have better access to raw materials, suppliers and markets are,
ceteris paribus, economically more successful than regions in remote, peripheral locations. As transport infrastructure is an important policy instrument to
promote regional economic development, it is highly policy-relevant to know
which regions have been able to take advantage of their location and which
regions have not.
21
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Figure 2 – Multimodal potential accessibility, 2001
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Figure 3 – Accessibility and GDP per capita in NUTS-3 regions

In order to explore this classification, the NUTS-3 regions in EU-27 plus
Norway and Switzerland are plotted in Figure 3 by GDP per capita for the
year 2000 and multimodal (road/rail/air) potential accessibility for the year
2001 as presented in Figure 2. Both indicators are standardised with respect
to the average of the former European Union with 15 member states. Each dot
represents one region. The dots are grey-shaded to indicate regions in the core
of Europe, regions in the Nordic countries, Mediterranean regions, regions in
Ireland and the UK and regions in the accession countries.
The diagram confirms that in general the more accessible regions are economically more successful. The most affluent and productive regions, such as
Munich, Frankfurt, Paris and Düsseldorf are also most central, i.e. most
accessible, and the most peripheral regions with poor accessibility are among
the poorest regions. However, it is not surprising that at the highly disaggre23
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gate level of NUTS-3 regions also other factors, such as the distinction
between urban and rural regions, play a role, with the effect that there is a significant dispersion of dots around the main diagonal.. However, it has to be
acknowledged that in countries with small NUTS-3 territories such as
Germany the GDP per capita figures in agglomerations consisting of several
NUTS-3 regions are not reflecting the income transfer from the centre to the
suburban regions via commuting.
The dispersion suggests a typology of regions based on their position in the
diagram of Figure 3. Actually, two different types of typologies were constructed from the diagram. The first looks at the position of the region in the diagram
and classifies the regions into five groups: successful central regions, successful
peripheral regions, lagging central regions, lagging peripheral regions and intermediate regions. The second typology based on Figure 3 looks more closely at
the relationship between accessibility and GDP, i.e. it is analysed whether the
level of GDP can be explained by the level of accessibility or whether there are
deviations from this. The typology is constructed by subtracting for each region
the accessibility index from the GDP index. Regions with positive values are
labelled as regions overperforming related to their location, regions with negative values are labelled as underperforming related to their location. Figure 4
shows the spatial distributions of these residuals of accessibility and GDP.
Regions indicated in light grey are those in which the GDP index is much
higher than the accessibility index, i.e., these are regions which have a better
or even much better economic performance than their location would suggest.
Regions with clear and strong overperformance are primarily located in the
four Nordic countries. Apparently, the regional economies in the North are
based on other assets than location, such as skilled labour and technology orientation. Many regions in the Alps and also in Ireland and Scotland are also
in a much better economic position than their location would suggest. A number of urban NUTS-3 regions in Germany belong also to this high-performing
type; however, this might be an artefact of the small NUTS-3 regions in that
country. More rural regions in France and Spain have an economic performance somewhat better than their location.
Regions indicated in dark grey are those in which the GDP index is below
the accessibility index. Those regions are not able to utilise the economic
potential their location in Europe offers. Nearly all regions of the accession
countries belong to this type. However, also some old-industrialised regions
in Germany and Belgium belong to this group. Some regions in southern
Europe are underperforming as well.
It becomes apparent from the diagram in Figure 3 and the spatial distribution of the typology in Figure 4 that the relationship between the transport
system and regional economic performance is much more complex, i.e. that
several other factors play a role. This more complex system of relationships
and feedbacks has been taken into account in the SASI model which is
described in the next section.
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Figure 4 – Accessibility and GDP per capita in NUTS-3 regions
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3. The SASI Model
The SASI model is a recursive simulation model of socio-economic development of regions in Europe subject to exogenous assumptions about the economic and demographic development of the ESPON Space as a whole and
transport infrastructure investments and transport system improvements, in
particular of the trans-European transport networks (TEN-T) and TINA networks. For each region the model forecasts the development of accessibility
and GDP per capita. In addition cohesion indicators expressing the impact of
transport infrastructure investments and transport system improvements on
the convergence (or divergence) of socio-economic development in the
regions and polycentricity indicators expressing the impact of transport infrastructure investments on the polycentricity of national urban systems are calculated.
The main concept of the SASI model is to explain locational structures
and locational change in Europe in time-series/cross-section regressions, with
accessibility indicators being a subset of a range of explanatory variables.
Accessibility is measured by spatially disaggregate accessibility indicators.
The focus of the regression approach is on long-term spatial distributional
effects of transport policies. Factors of production including labour, capital
and knowledge are considered as mobile in the long run, and the model incorporates determinants of the redistribution of factor stocks and population. The
model is therefore suitable to check whether long-run tendencies in spatial
development coincide with spatial development objectives of the European
Union.
The SASI model differs from other approaches to model the impacts of
transport on regional development by modelling not only production (the
demand side of regional labour markets) but also population (the supply side
of regional labour markets) and so is able to model unemployment. A second
distinct feature is its dynamic network database based on a ‘strategic’ subset of
highly detailed pan-European road, rail and air networks including major historical network changes as far back as 1981 and forecasting expected network
changes according to the most recent TEN-T and TINA planning documents.
The SASI model has six forecasting submodels: European Developments,
Regional Accessibility, Regional GDP, Regional Employment, Regional
Population and Regional Labour Force. A seventh submodel calculates SocioEconomic Indicators with respect to efficiency and equity. Figure 5 visualises
the interactions between these submodels.
The spatial dimension of the model is established by the subdivision of the
European Union plus Bulgaria, Romania, Norway and Switzerland in 1,321
regions and by connecting these regions by road, rail and air networks. For each
region the model forecasts the development of accessibility, GDP per capita,
employment, population and migration. The temporal dimension of the model
26
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Figure 5 – The SASI model

is established by dividing time into periods of one year duration. In each simulation year the seven submodels of the SASI model are processed in a recursive
way, i.e. sequentially one after another. This implies that within one simulation
period no equilibrium between model variables is established; in other words,
all endogenous effects in the model are lagged by one or more years.
The mathematical specification of the original SASI model was presented
in EUNET/SASI Deliverable 8 (Wegener and Bökemann, 1998). The extended version of the SASI model used in the IASON project was described in
IASON Deliverable D2 (Bröcker et al., 2002a). The IASON Common Spatial
Database used for the model in IASON was presented in IASON Deliverable
D3 (Bröcker et al., 2002b). The results of the policy simulations for IASON
were presented in IASON Deliverable D6 (Bröcker et al., 2004). The specification of model variables and parameters of the seven submodels of the SASI
model is presented in the ESPON 2.1.1 Final Report (Bröcker et al., 2005).
The SASI results of the policy simulations for ESPON 2.1.1 are summarised
in the next section.
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Figure 6 – SASI model: Scenario B1 (Priority projects): GDP per capita difference (%) to
Reference Scenario 00 in 2021
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Figure 7 – SASI model: Scenario B2 (all TEN/TINA projects): GDP per capita difference (%)
to Reference Scenario 00 in 2021
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Figure 8 – SASI model: Scenario B5 (TEN/TINA only in Objective 1 regions): GDP per capita
difference (%) to Reference Scenario 00 in 2021
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4. Spatial Impacts of Transport Policy Scenarios
In ESPON 2.1.1 a set of transport policy scenarios was defined and tested
with two different models: the CGEurope model of the University of Kiel (see
Bröcker and Schneekloth in this issue) and the SASI model the results of
which are described below.

4.1. Transport policy scenarios
Two basic types of scenarios were investigated: retrospective scenarios
covering the decade between 1991 and 2001 and prospective scenarios covering the period between 2001 and 2021 (Table 1).
The first group of scenarios (A scenarios) looks backwards. The question
is to what degree transport infrastructure development during the last decade
of the 20th century has contributed to economic development and its regional
distribution in Europe. First, the Reference Scenario A0 was defined which
assumes that no transport infrastructure development occurred between 1991
and 2001, i.e. the transport infrastructure of 2001 is that of 1991. In this scenario (like in the policy scenarios) only the reduction of border waiting times
and the reduction of other barriers to spatial interaction like political and
social barriers took place during that decade. Three policy scenarios were
developed and compared with the reference case for the year 2001: Scenario
A1 shows the isolated impacts of rail infrastructure development on the
regional economies, Scenario A2 those of road infrastructure development
and Scenario A3 allows an assessment of the effects of all transport infrastructure developments on regional economic development.
The prospective scenarios consider possible transport policies and their
impacts in the period 2001 to 2021. They comprise three groups of policies:
infrastructure policies, pricing policies and combinations of both. All scenarios are compared with the Reference Scenario 00 in which the transport infrastructure of the year 2001 is frozen for future years. In this scenario (like in
all policy scenarios) only the reduction of border waiting times and the reduction of other barriers to spatial interaction like political and social barriers
take place.
The first group of prospective scenarios deals with different hypothetical
options concerning future transport infrastructure development (B scenarios).
The infrastructure scenarios are mainly concerned with the trans-European
network policy of the European Union, but also contain some national infrastructure projects, in particular in Switzerland and Norway. Scenario B1 gives
insight into the impacts of the current political priorities in transport infrastructure development. Scenario B2 predicts the regional economic impacts
of a full realisation of the trans-European network programme plus corre31
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Table 1 – Transport policy scenarios modelled
Time horizon

Policy type

Scenario characteristics

Retrospective
1991-2001

Reference
Infrastructure

Prospective
2001-2021

Reference
Infrastructure

A0
A1
A2
A3
00
B1
B2
B3
B4
B5
C1
C2
C3
D1
D2

Pricing

Combination

Do-nothing
Only rail projects
Only road projects
Rail and road projects
Do-nothing
Priority projects (new list)
TEN/TINA projects
TEN/TINA projects except cross-border corridors
TEN/TINA cross-border corridor projects only
TEN/TINA projects only in Objective 1 regions
Reduction of the price of rail transport
Increase of the price of road transport
Social marginal cost pricing of all modes
Priority projects plus SMCP (B1+C3)
TEN/TINA projects plus SMCP (B2+C3)

sponding infrastructure in Norway and Switzerland. Scenario B3 addresses
the regional impacts of a purely nationally oriented transport infrastructure
policy. Scenario B4 shows the added value in regional economic development
when concentrating purely on international projects. Scenario B5 answers the
question what would happen if European transport infrastructure policy
would focus solely on the least favoured areas in Europe.
Pricing policies are a different option to influence mobility behaviour of
persons and firms which will eventually lead to changes in the location
behaviour of firms and thus changes in regional economic development.
Three pricing scenarios were defined to capture different ideas on transport
pricing at a broad European level (C scenarios). All pricing scenarios are
based on Reference Scenario 00, i.e. to isolate the impact of pricing no infrastructure development is assumed. Scenario C1 assumes a ten percent reduction of rail charges to achieve a better modal balance by subsidising environment-friendly alternatives to road transport. Scenario C2 reflects policies used
by member states for political reasons instead of applying the optimum level
of road charging of social marginal costs. Scenario C3 assumes that all modes
can be charged at their marginal social costs.
Finally, two scenarios integrate these policies into policy packages combining infrastructure developments and social marginal cost pricing of all
modes (D scenarios).
The transport infrastructure scenarios were implemented using the detailed
GIS-based pan-European road, rail, waterway and air network database devel32
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oped at the Institute of Spatial Planning at the University of Dortmund
(IRPUD, 2003; RRG, 2005) The strategic networks used for the modelling are
subsets of this database comprising the TEN and TINA networks plus a substantial number of additional links to guarantee connectivity of NUTS-3
regions in the European Union and of the regions in non-EU member countries.
All transport policy scenarios are introduced into the SASI model as
changes of transport costs between regions over time and between scenarios.
These changes are transferred into changes of regional accessibility. For that
the historical and possible future developments of the networks are required as
input. The evolution of networks over time is established in the database in
five-year intervals; the network database for rail and road contains information
for the years 1981 to 2021. Parameters for transforming network information
into cost estimates are taken from the SCENES project (ME&P et al., 2000).

4.2. Socio-economic and cohesion impacts
In this sub-section the results of the thirteen policy scenarios are presented. The presentation always compares accessibility and GDP per capita in the
policy scenarios with the corresponding values in the corresponding reference
scenario in the years 2001 for scenarios A1 to A3 and 2021 for scenarios B1
to D2. The presentation starts with the results of the SASI model for accessibility and then presents the results for GDP per capita and finally the results
for cohesion.

Accessibility
Table 2 and Table 3 show percent differences in accessibility compared
with the corresponding reference scenarios for the present European Union
(EU15), Norway and Switzerland (CH+NO), the twelve accession countries
(AC12) and the whole ESPON space (EU27+2) in two different versions.
Table 2 shows differences in multimodal accessibility by rail, road and air
for travel. All infrastructure scenarios show improvements of accessibility,
whereas all pricing scenarios except Scenario C1, in which travel costs are
reduced, show a decline in accessibility. In Table 3 the accessibility indicators
are standardised to the average of the whole ESPON Space (EU27+2=100) in
order to show also the relative winners and losers as if the whole system were
a zero-sum game.
The results of the accessibility forecasts are as expected. Unstandardised
accessibility is improved in all A and B scenarios, as these assume infrastructure improvements compared with their respective reference scenarios (Table
33

34
–0.35
–0.10
–0.41
–1.31
–1.43
–1.16
–0.83
–2.01
+0.14
+0.03
–0.68
–1.88
–1.94

+0.76
+0.27
+0.96
–0.29
+4.88
+1.86
+3.27
+5.07
–0.70
+0.35
+1.76
+1.50
+6.81

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

–0.16
–0.06
–0.20
+0.10
–1.00
-0.36
–0.68
–1.03
+0.15
-0.08
–0.36
–0.26
–1.40

Only rail projects 1991-2001
Only road projects 1991-2001
Rail and road projects 1991-2001
Priority projects
All TEN/TINA projects
TEN/TINA except cross-border corridors
TEN/TINA only cross-border corridors
TEN/TINA only in Objective 1 regions
Reduction of price of rail transport
Increase of price of road transport
SMCP of all modes
B1+C3
B2+C3

A1
A2
A3
B1
B2
B3
B4
B5
C1
C2
C3
D1
D2

+3.19
+1.48
+4.49
+7.93
+14.18
+12.25
+3.85
+3.29
+2.02
–1.61
–5.68
+1.78
+7.84

Accessibility difference between policy scenario and Reference Scenario (%)
EU15
CH+NO
AC12
EU27+2

+3.98
+1.76
+5.50
+7.62
+19.75
+14.34
+7.25
+8.53
+1.31
–1.27
–4.00
+3.31
+15.18

Scenario

Table 3 – Relative changes of accessibility rail/road/air, travel (EU27+2=100)

+2.84
+1.38
+4.06
+6.51
+12.55
+10.95
+2.99
+1.22
+2.17
–1.58
–6.32
–0.14
+5.75

+3.03
+1.42
+4.29
+8.04
+13.04
+11.84
+3.15
+2.23
+2.17
–1.68
–6.02
+1.51
+6.33

A1
A2
A3
B1
B2
B3
B4
B5
C1
C2
C3
D1
D2

Only rail projects 1991-2001
Only road projects 1991-2001
Rail and road projects 1991-2001
Priority projects
All TEN/TINA projects
TEN/TINA except cross-border corridors
TEN/TINA only cross-border corridors
TEN/TINA only in Objective 1 regions
Reduction of price of rail transport
Increase of price of road transport
SMCP of all modes
B1+C3
B2+C3

Accessibility difference between policy scenario and Reference Scenario (%)
EU15
CH+NO
AC12
EU27+2

Scenario

Table 2 – Changes of accessibility rail/road/air, travel
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2). The effects in the retrospective A scenarios are small, which is not surprising because the backcasting period is only ten years long, and the effects are
rather equally distributed over the groups of countries distinguished. The
effects are much stronger in the prospective B scenarios and, not surprisingly,
they are the stronger the more infrastructure projects are assumed to be built.
Now the accession countries gain significantly more in accessibility because
of the increased emphasis of the most recent revisions of the TEN and TINA
programmes on projects in the new EU member states.
The situation is more complex in the pricing scenarios C1 to C3. Scenario
C1, in which rail transport fares are reduced, results in an increase in accessibility, whereas Scenarios C2 and C3, in which transport prices are increased,
result in a reduction of accessibility.
Scenarios D1 and D2 are combinations of infrastructure scenarios B1 and
B2, respectively, and social marginal cost pricing scenario C3. Accordingly
its net changes in accessibility are somewhere between their gains in accessibility through the infrastructure scenarios and their losses in Scenario C3. In
Scenario D1 the net result is positive in the old member states and negative in
the accession countries, but as the gains in Scenario B2 are much larger, in
Scenario D2 the net result is positive everywhere. It is important to note that
these effects are not changes over time but relative differences between the
policy scenario and the corresponding reference scenario in the target year
2001 or 2021; over time all regions gain in accessibility.
Table 3 shows the relative winners and losers. In the retrospective A scenarios the accession countries gained slightly more, although EU transport
policy in the past concentrated on western Europe. This is because they started from a lower base; in absolute terms the gained less than the old member
states. The current list of priority projects (Scenario B1) favours the old member states. The new member states become the relative winner only if all
TINA projects (Scenario B2) or parts of them (Scenarios B3 to B5) are
included. Of the pricing scenarios, only the most rigorous Scenario C3 is
good for the accession countries, because the countries in the highly congested European core suffer more from social marginal cost pricing.

GDP per capita
Tables 4 and 5 show differences in GDP per capita compared with the corresponding reference scenarios for the old European Union (EU15), Norway
and Switzerland (CH+NO), the twelve accession countries (AC12) and the
whole ESPON Space (EU27+2). Again, as in Tables 2 and 3, two different
versions are presented, one unstandardised and one standardised to the
European average.
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–0.05
0.00
–0.04
–0.34
–0.23
–0.26
–0.14
–0.25
+0.03
+0.02
–0.33
–0.64
–0.51

–0.01
+0.01
0.00
–0.43
+0.43
–0.17
+0.51
+0.73
–0.22
+0.06
+0.42
0.00
+0.88

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
+0.04
–0.01
+0.02
–0.02
–0.02
+0.01
0.00
0.00
+0.04
–0.01

Only rail projects 1991-2001
Only road projects 1991-2001
Rail and road projects 1991-2001
Priority projects
All TEN/TINA projects
TEN/TINA except cross-border corridors
TEN/TINA only cross-border corridors
TEN/TINA only in Objective 1 regions
Reduction of price of rail transport
Increase of price of road transport
SMCP of all modes
B1+C3
B2+C3

A1
A2
A3
B1
B2
B3
B4
B5
C1
C2
C3
D1
D2

+0.45
+0.21
+0.63
+1.60
+2.62
+2.36
+0.65
+0.46
+0.50
–0.41
–1.42
+0.14
+1.16

GDP per capita difference between policy scenario and Reference Scenario (%)
EU15
CH+NO
AC12
EU27+2

+0.44
+0.21
+0.63
+1.17
+3.06
+2.19
+1.16
+1.19
+0.28
–0.35
–1.01
+0.14
+2.05

Scenario

Table 5 – SASI model: GDP per capita without generative effects (EU27+2=100)

+0.40
+0.21
+0.59
+1.26
+2.39
+2.09
+0.51
+0.21
+0.53
–0.39
–1.75
–0.50
+0.64

+0.45
+0.21
+0.63
+1.65
+2.62
+2.38
+0.63
+0.44
+0.51
–0.42
–1.42
+0.18
+1.14

A1
A2
A3
B1
B2
B3
B4
B5
C1
C2
C3
D1
D2

Only rail projects 1991-2001
Only road projects 1991-2001
Rail and road projects 1991-2001
Priority projects
All TEN/TINA projects
TEN/TINA except cross-border corridors
TEN/TINA only cross-border corridors
TEN/TINA only in Objective 1 regions
Reduction of price of rail transport
Increase of price of road transport
SMCP of all modes
B1+C3
B2+C3

GDP per capita difference between policy scenario and Reference Scenario (%)
EU15
CH+NO
AC12
EU27+2

Scenario

Table 4 – SASI model: GDP per capita with generative effects
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Table 4 shows differences in unstandardised GDP per capita. In Table 5
GDP per capita is standardised to the average of the whole ESPON Space in
order to show also the relative winners and losers as if the whole system were
a zero-sum game. In other words, Table 4 shows GDP effects with generative
effects and Table 5 without generative effects, i.e. only distributional effects.
Figures 6 to 8 show, as examples, the spatial distribution of differences in
standardised GDP per capita for selected transport infrastructure scenarios.
The first thing to note is that the relatively large differences in accessibility
(Tables 2 and 3) translate into only very small differences in GDP per capita
(Tables 4 and 5). No region gains more than a few percent in GDP per capita.
The huge investments for the trans-European transport networks in the past
have not brought much overall economic growth to the member states of the
old European Union (EU15) in the past (Scenarios A1-A3), nor are they likely to do so in the future (Scenarios B1-D2). The effects for Switzerland and
Norway (CH+NO) and for the accession countries (AC12) are much larger
and will be even larger in the future because of the implementation of the
TINA projects. The overall effects for the whole ESPON Space (EU27+2)
are, of course, the weighted average of the effects for the three groups of
countries. The very small differences have to be seen in relation to the overall
growth in GDP per capita, which between 1991 and 2021 is assumed to more
than double.
However, the spatial pattern of effects is similar. In the retrospective A
scenarios, the contribution of transport infrastructure to regional economic
development in the last decade of the 20th century has been rather equally
distributed across Europe. The TEN priority projects (Scenario B1) mostly
benefit the old EU member states; only if all TINA projects in eastern Europe
are included, the effects shift towards the new member states. The largest
overall effects are connected with Scenario B2, in which all TEN and TINA
projects are implemented.
Scenarios B3 to B5, in which only a subset of the projects of Scenario B2
in selected areas are implemented, have smaller overall effects. In Scenario
B3 (TEN/TINA projects except cross-border corridors) the effects are almost
as large as in Scenario B2, but the effects of projects in cross-border corridors
(Scenario B4) or Objective 1 regions (Scenario B5) are much smaller.
However, Scenarios B4 and B5 benefit the accession countries more than the
old member states.
The pricing scenarios C1 to C3 are partly positive and partly negative for
the regional economies depending on their direction. A reduction of rail fares
(Scenario C1) has a small positive effect in the old member states and an even
smaller one in the new member states. Road pricing (Scenario C2) and social
marginal cost pricing of all modes of transport (Scenario C3) have a negative
economic effect because they make transport and mobility more expensive.
The effects of Scenario C3 are stronger and more pronounced in the old EU
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member states because the richer regions spend more on transport. However,
these results might be different if the subsidies needed for Scenario C1 and
the revenues achieved in Scenarios C2 and C3 were taken into account.
Scenarios D1 and D2 combining infrastructure (Scenarios B1 and B2) and
pricing policies (Scenario C3) have positive overall effects, but different
effects on the different groups of countries. If only the TEN priority projects
are implemented, the effects are small and negative for the affluent countries
Norway and Switzerland. If all TEN and TINA projects are implemented the
effects are much larger and positive everywhere.
If only distributional effects are looked at, as in Table 5, the retrospective
A scenarios suggest that the distributional effects of transport infrastructure in
the past have been minimal. As noted, the current TEN priority projects
(Scenario B1) mostly benefit the old member states, whereas the new member
states are the winners if all TEN and TINA projects are implemented (Scenario B2). This shift would be even stronger in the unlikely case that only
projects in cross-border corridors (Scenario B4) or Objective 1 regions
(Scenario B5) were implemented. The strongest redistribution effect from the
old to the new member states would occur in combination scenario D2, in
which all TEN and TINA projects are implemented and the countries in the
European core carry the bulk of social marginal cost pricing of all modes.

Cohesion Effects
Tables 6 to 9 summarise the cohesion indicators calculated by the SASI
model for the thirteen scenarios examined. Each pair of tables shows the
effects of the thirteen scenarios on cohesion with respect to accessibility and
GDP per capita. The information is simplified: a plus sign indicates a procohesion effect or convergence, i.e. spatial disparities in accessibility or GDP
per capita decrease. A minus sign indicates an anti-cohesion effect or divergence; i.e. spatial disparities in accessibility or GDP per capita increase. The
tables refer to the whole ESPON Space (EU27+2) and the twelve accession
countries (AC12).
Tables 6 and 7 show that, if the whole ESPON Space is considered, all
scenarios contribute to cohesion in terms of accessibility, except the two pricing scenarios C2 and C3 in which transport costs are increased – if one
applies one of the first four indicators, coefficient of variation, Gini coefficient, geometric/arithmetic mean or relative correlation. However, if one consults the fifth indicator, absolute correlation, the sign of the indicator is
reversed, i.e. the rich regions are gaining more.
Tables 8 and 9, which look at cohesion in the accession countries only,
show that only infrastructure scenarios which strengthen the corridors
between eastern and western Europe improve accessibility in all accession
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Rail and road projects 1991-2001

Priority projects

All TEN/TINA projects

TEN/TINA except cross-border corridors

TEN/TINA only cross-border corridors

TEN/TINA only in Objective 1 regions

Reduction of price of rail transport

Increase of price of road transport

SMCP of all modes

B1+C3

B2+C3

A3

B1

B2

B3

B4

B5

C1

C2

C3

D1

D2

Weak/strong cohesion effect: disparities reduced
Weak/strong anti-cohesion effect: disparities increased
Little or no cohesion effect

Only road projects 1991-2001

A2

+/++
–/––
.

Only rail projects 1991-2001

A1

Scenario

Table 6 – SASI model: accessibility cohesion effects in EU27+2
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Only rail projects 1991-2001

Only road projects 1991-2001

Rail and road projects 1991-2001

Priority projects

All TEN/TINA projects

TEN/TINA except cross-border corridors

TEN/TINA only cross-border corridors

TEN/TINA only in Objective 1 regions

Reduction of price of rail transport

Increase of price of road transport

SMCP of all modes

B1+C3

B2+C3

Weak/strong cohesion effect: disparities reduced
Weak/strong anti-cohesion effect: disparities increased
Little or no cohesion effect

A1

A2

A3

B1

B2

B3

B4

B5

C1

C2

C3

D1

D2

+/++
–/––
.

Scenario

Table 7 – SASI model: GDP/capita cohesion effects in EU27+2
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Rail and road projects 1991-2001

Priority projects

All TEN/TINA projects

TEN/TINA except cross-border corridors

TEN/TINA only cross-border corridors

TEN/TINA only in Objective 1 regions

Reduction of price of rail transport

Increase of price of road transport

SMCP of all modes

B1+C3

B2+C3

A3

B1

B2

B3

B4

B5

C1

C2

C3

D1

D2

Weak/strong cohesion effect: disparities reduced
Weak/strong anti-cohesion effect: disparities increased
Little or no cohesion effect

Only road projects 1991-2001

A2

+/++
–/––
.

Only rail projects 1991-2001

A1

Scenario

Table 8 – SASI model: accessibility cohesion effects in AC12.
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Only rail projects 1991-2001

Only road projects 1991-2001

Rail and road projects 1991-2001

Priority projects

All TEN/TINA projects

TEN/TINA except cross-border corridors

TEN/TINA only cross-border corridors

TEN/TINA only in Objective 1 regions

Reduction of price of rail transport

Increase of price of road transport

SMCP of all modes

B1+C3

B2+C3

Weak/strong cohesion effect: disparities reduced
Weak/strong anti-cohesion effect: disparities increased
Little or no cohesion effect

A1

A2

A3

B1

B2

B3

B4

B5

C1

C2

C3

D1

D2

+/++
–/––
.

Scenario

Table 9 – SASI model: GDP/capita cohesion effects in AC12
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countries; all other infrastructure projects widen the gap between the capital
cities and rural regions in these countries. In terms of GDP per capita, more
scenarios are pro-cohesion in relative terms, but in absolute terms the general
pattern is divergence as in the whole ESPON Space except for the pricing
scenarios which make transport more expensive.
It is also remarkable that there are more plus signs at the European level
than if only the accession countries are considered. This indicates that scenarios which reduce the disparities between the old and new member states may
do so at the expense of larger disparities within the accession countries. This
would probably be even more pronounced if the analysis were conducted at
the level of individual countries, because in many accession countries the
infrastructure improvements are primarily directed at the capital cities.
Several methods and indicators to measure the contribution of a policy or
policy combination to the cohesion objective were applied. However, these
methods and indicators give partly contradictory results. In particular the
most frequently applied indicators of cohesion tend to signal convergence
where in many cases in fact divergence occurs.
The coefficient of variation, the Gini coefficient and the ratio between
geometric and arithmetic mean measure relative differences between regions
and classify a policy as pro-cohesion if economically lagging regions grow
faster (in relative terms) than economically more advanced, i.e. more affluent
regions. However, one percent growth in a poor region in absolute terms is
much less than one percent growth in a rich region. Even if poor regions grow
faster than rich regions (in relative terms), in most cases the income gap
between rich and poor regions (in absolute terms) is widening. Which of the
two concepts of cohesion (or convergence or divergence) is used, is a matter
of definition.

5. Conclusions
The paper has addressed the issue of accessibility and spatial development
by reporting the results of accessibility and simulation models used in
ESPON. The following conclusions can be drawn from the results.
The analysis of the spatial distribution of accessibility showed that the traditional core-periphery pattern with highest accessibility in the centre and lowest
accessibility in remote regions is no longer valid without further qualification. It
could be demonstrated that there are distinct accessibility patterns for the different transport modes. Only accessibility by road shows the traditional pattern
with highest accessibility in the Benelux countries and western Germany. The
analysis of accessibility by rail shows that transport infrastructure investments
in form of high-speed rail development can alter this picture. Accessibility by
air shows a very distinct spatial pattern with accessibility peaks around the
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international airports including those in more remote countries and with peripheral locations also in areas traditionally considered as central.
Also the relationship between accessibility and regional economic performance is not straightforward. In general, regions with higher accessibility
have a better economic position than regions in peripheral areas. However,
there are counter-examples. There are regions which do not utilise their economic potential as suggested by accessibility and regions the economic performance of which is clearly higher than their location would suggest. This
complex relationship has been reflected in the development of the SASI
model which takes also other factors for regional economic development such
as labour force, educational attainment and quality of life into account.
The main general conclusion from the scenario simulations is that the
overall effects of transport infrastructure investments and other transport policies are small compared with those of socio-economic and technical macro
trends, such as globalisation, increasing competition between cities and
regions, ageing of the population, shifting labour force participation and
increases in labour productivity. These trends have a much stronger impact on
regional socio-economic development than transport policies. If one considers
that under normal economic circumstances the long-term growth of regional
economies is in the range between two and three percent per year, additional
regional economic growth of less than one or two percent over twenty years is
almost negligible.
The second main conclusion from the scenario simulations is that even
large increases in regional accessibility translate into only very small increases in regional economic activity. However, this statement needs to be qualified, as the magnitude of the effect seems to depend strongly on the already
existing level of accessibility:
- For regions in the European core with all the benefits of a central geographical location plus an already highly developed transport and telecommunications infrastructure, additional gains in accessibility through even
larger airports or even more motorways or high-speed rail lines may will
bring only little additional incentives for economic growth.
- For regions at the European periphery or in the accession countries, however, which suffer from the remote geographical location plus an underdeveloped transport infrastructure, a gain in accessibility through a new
motorway or rail line may bring significant progress in economic development. But also the opposite may happen if the new connection opens a formerly isolated region to the competition of more efficient or cheaper suppliers in other regions.
- The retrospective scenarios show that the impacts of European transport
policy on regional economic development have been small and their distributional effects minimal. The prospective scenarios suggest that the socioeconomic impacts of transport policy may be larger if the ambitious plans
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of the TEN and TINA programmes will be actually implemented – however, the experience of the recent past has shown that large delays in implementation are not unlikely.
If the different types of policies are compared, the results can be summarised as follows:
- Infrastructure policies have larger effects than pricing policies, and the
magnitude of the effect is related to the number and size of projects.
- Significant positive economic effects for the new EU member states can
only be expected if the TINA projects linking the new member states to the
major centres of economic activity in western Europe are implemented.
- The effect of pricing scenarios depends on their direction: scenarios which
make transport less expensive have a positive, scenarios which make transport more expensive, a negative economic effect. However this result
might need to be qualified if the subsidies or revenues associated with the
policies were taken into account.
- Negative effects of pricing policies can be mitigated by their combination
with network scenarios with positive economic effects, although the net
effect depends on the magnitude of the two components.
The impacts of the thirteen transport scenarios on cohesion can be
summarised as follows:
- If the whole ESPON Space is considered, all scenarios contribute to convergence in relative terms in both accessibility and GDP per capita, except
pricing scenarios which make transport more expensive. However, in absolute terms the opposite holds: All scenarios increase the gap between in
accessibility and GDP per capita between the rich regions in the European
core and the poorer regions at the European periphery.
- If only the accession countries are considered, only infrastructure scenarios which strengthen the corridors between eastern and western Europe
improve accessibility in all accession countries; all other projects widen
the gap between capital cities and rural regions. For GDP per capita, the
general pattern is absolute divergence as in the whole ESPON Space
except for the pricing scenarios which make transport more expensive.
- Scenarios which reduce the disparities between the old and new member
states may do so at the expense of larger disparities within the accession
countries.
The analysis of cohesion effects confirms that different cohesion indicators give different results and that in particular the distinction between relative
and absolute convergence or divergence is important. The analysis also shows
that the spatial level at which cohesion is measured matters. It is therefore of
great importance to clearly state which type of cohesion indicator at which
spatial level is used.
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