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Introduction 2

Preface

This report originated in the project "Socio-Econorind Spatial Impacts of Transport Infra-
structure Investments and Transport System Impremsih (SASI) commissioned by the

General Directorate VIl (Transport) of the Europ€ommission as part of the 4th Framework
Programme of Research and Technology Development.

The SASI project aims at the development of a cemgnsive and transferable methodology
for forecasting the socio-economic and spatial ictgaf large transport investments in Europe,
in particular of different scenarios of the devetgnt of the trans-European transport networks
(TETN) planned by the European Commission. Witlpees to the cohesion objective of the
European Union the model is to answer the questiunh regions of the European Union are
likely to benefit from the TETN and which region dikely to be disadvantaged.

To achieve this objective the project focuses oreliping a comprehensive, consistent and
transferable methodology for the prediction of iimpacts of transport infrastructure invest-

ments and transport system improvements (roadamdilair) on socio-economic activities and
development, including spatial and temporal distitn of impacts; designing an interactive,

transparent modelling system for forecasting ofice@conomic impacts of transport invest-

ment decisions and policies and demonstrating Hability of the modelling system by ap-

plying it to a number of relevant case studieheftamework of various scenarios of political,

social and economic developments.

The SASI project is associated with the EUNET prbgm-ordinated by Marcial Echenique &

Partners Ltd., Cambridge, UK. SASI is carried oithwwo partners, the Institute of Urban and
Regional Research of the Technical University adriria (SRF) and the Department of Town
and Regional Planning of the University of ShetfiéTRP), with SRF acting as the project
co-ordinator

This report, which is the fifth deliverable D5 bt EUNET project and the second deliverable
of SASI, defines, discusses and testsessibilityindicators. Accessibility is the main ‘product’
of a transport system. It determines the locati@msantage of a region relative to all other
regions and so is a major factor of its social andnomic development. At the same time
accessibility has a value by itself as an elemémjuality of life. The report identifies basic
types of accessibility, proposes new disaggrega@sores of accessibility, demonstrates their
application with pan-European data and examinds toatribution to the explanation of re-
gional socio-economic development.

The authors thank the following individuals for itheo-operation: Meinhard Lemke who su-
pervised the generation of the regional and netwdatabases on which the calculation of
accessibility indicators was based, and Brigittedslich and Annerose Rummel-Kajewski who
were responsible for most of the initial digitigati Special thanks go to Yoshitsugu Hayashi
who during his stay as a visiting professor at IRRWovided invaluable ideas and suggestions
for the implementation and interpretation of acitebty indicators.
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1. Summary

The Trans-European Transportation Networks (TETigmmme is one of the most ambi-
tious initiatives of the European Union since itgiridation. However, the impacts of this
programme on the social and economic developmethiecEuropean regions are uncertain. In
the face of conflicting policy goals of the Europednion, the consistent prediction and
transparent evaluation of likely socio-economic &g of major infrastructure investments
will therefore become of great political importarfoe European decision-makers.

The relationship between transport infrastructure @conomic development has become more
complex than ever. There are successful regiotiei&uropean core confirming the theoretical
expectation that location matters. However, theeeadso centrally located regions suffering
from industrial decline and high unemployment. @a other side of the spectrum the poorest
regions, as theory would predict, are at the peryphbut there are also prosperous peripheral
regions such as the Scandinavian countries. To rniakgs even more difficult, some of the
economically fastest growing regions are amongnibst peripheral ones.

The central task of the SASI project is therefaredentify the way transport infrastructure
contributes to regional economic development ifed#nt regional contexts. The main goal of
the project is to design an interactive and traresgamodelling system for forecasting the
impacts of transport infrastructure investments &radsport system improvements, in par-
ticular of the TETN, on socio-economic activitiegdadevelopments in Europe. For that pur-
pose the impacts have to be measured by meandio&iars that can be related to the policy
goals of the European Union.

This report, which is the fifth deliverable of tB&JNET project and the second of the SASI
sub-project, defines, discusses and tastessibilityindicators to be generated in the model.
Accessibility is the main 'product’ of a transpgystem. It determines the locational advantage
of a region relative to all other regions and sa isvajor factor for its social and economic
development. At the same time accessibility haalaevby itself as an element of quality of life.
Accessibility indicators therefore are a centrab-guoup of the socio-economic indicators
discussed in Deliverable D4 of SASI (Bbkemann gtl&97).

This report identifies basic types of accessibit@gppearing in the literature. Based on their
weaknesses, new disaggregate measures of acagssital proposed and demonstrated with
pan-European data. For these accessibility indisatlso ‘cohesion’ indicators measuring the
distribution of accessibility across regions aredaleped. However, accessibility indicators

also represents transport investments and transpstem improvements in the SASI model.

The suitability of accessibility indicators for SABerefore also depends on their contribution
to the explanation of regional socio-economic depelent.

The preliminary empirical findings presented in tieport indicate that the trans-European
networks, in particular the European high-speednetworks, are likely to stabililise if not
increase the differences in accessibility betweentral and peripheral regions in Europe,
however, also that accessibility is no longer thestrimportant factor determining location
choice of firms but rather one of many transpod ann-transport location factors. It seems
appropriate to see accessibility as an enablingliton necessary to facility economic de-
velopment but which, if present, does not guaratitaedevelopment will occur.
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2. Introduction
2.1. Problem Statement

Article 2 of the Maastricht Treaty states as thalgof the European Union the promotion of
harmonious and balanced economic development,estabin-inflationary and sustainable

growth, convergence of economic performance, hegbls of employment and social security,
improvement of the quality of life and economic aatial coherence and solidarity between
the Member States. A prominent role for the achesmt of these goals play the envisaged
trans-European networks in the fields of transpmtnmunications and energy (TEN). Article

129b of the Treaty links the trans-European netatwokhe objectives of Article 7a (free traffic

of goods, persons, services and capital in thel&iggropean Market) and Article 130a

(promotion of economic and social cohesion). Irtipalar, the trans-European transport net-
works (TETN) are to link landlocked and peripheaeas with the central areas of the Com-
munity.

More recently the Decision No. 1692/96/CE of thedpean Parliament and of the Council

(European Parliament, 1996) states that "the eskabé&nt and development of TEN contribute
to important objectives of the Community such asdbod functioning of the internal market

and the strengthening of the economic and sock@sion.” and underlines that TETN have "to
ensure a sustainable mobility for persons and gandke best social, environment and safety
conditions, and to integrate all transport modes".

In physical and monetary terms the trans-Europeamsport networks are one of the most
ambitious initiatives of the European Communitycsiits foundation. The masterplans for rail,
road, waterways, ports and airports together requuiblic and private investment of 220 bil-
lion ECU until the end of the century, of which tieion is prepared to finance about 20 billion
ECU per year.

However, the programme is not undisputed. Critigsi@ that many of the new connections do
not link peripheral countries to the core but tvemttal countries and so reinforce their acces-
sibility advantage. Only forty percent of the newtorways in the road masterplan are in
peripheral countries, whereas sixty percent amoimtries with an already highly developed
road infrastructure. Some analysts argue that negidevelopment policies based on the crea-
tion of infrastructure in lagging regions have sotceeded in reducing regional disparities in
Europe, whereas others point out that it has ybetascertained that the reduction of barriers
between regions has disadvantaged peripheral regtwaom a theoretical point of view, both
effects can occur. A new motorway or high-speeldo@inection between a peripheral and a
central region, for instance, makes it easier fodpcers in the peripheral region to market their
products in the large cities, however, it may agpose the region to the competition of more
advanced products from the centre and so endaogeefly secure regional monopolies.

In addition there are environmental concerns. Higbed rail corridors or multi-lane motor-
ways consume environmentally valuable open spabgimdensity metropolitan areas and cut
through ecologically sensitive habitats and natuvegions outside of cities and in addition
contribute to the general trend of inducing moreé higher-speed travel and goods transport.
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In the face of these conflicting goals the consisprediction and the rational and transparent
evaluation of likely socio-economic impacts of mrajeansport infrastructure investments
become of great political importance both for thedpean Union and for its Member States.
This is also underlined by the most rec@uhesion Repor(European Commission, 1997)
which emphasises that "regions should ensure thatysuccess is measurable, that results are
regularly monitored, and that the public and poditiauthorities are regularly informed of
progress.”

2.2. Objectives of the SASI Project

The SASI project aims at the development of a cemgnsive and transferable methodology
for forecasting the socio-economic and spatial ictgaf large transport investments in Europe,
in particular of different scenarios of the devetgmt of the trans-European transport networks
(TETN) planned by the European Commission. Witlpees to the cohesion objective of the
European Union the model is to answer the questtanh regions of the European Union are
likely to benefit from the TETN and which regione dikely to be disadvantaged.

To achieve this objective the project focuses on

- developing a comprehensive, consistent and teaaisie methodology for the prediction of
the impacts of transport infrastructure investmanis transport system improvements (road,
rail and air) on socioeconomic activities and depetent, including spatial and temporal
distribution of impacts;

- designing an interactive, transparent modelliggtesn for forecasting of socio-economic
impacts of transport investment decisions and @sijc

- demonstrating the usability of the modelling systby applying it to a number of relevant
case studies in the framework of various scenarigmlitical, social and economic devel-
opments.

The proposed methodology and modelling systemnievative in that it is based on measur-

able indicators derived from advanced location-thexpproaches to explain and predict the

locational behaviour of investment capital and nfacturing and service activities and popu-

lation. It is pragmatic and feasible in that it do®t require massive and repeated collection of
data on socio-economic distributions or trade flamsl travel patterns. It is designed to fa-

cilitate political discussion and negotiation byrigetransparent, understandable and open for
new indicators and issues that may become relenahe future.

At the end of the project a combined report willgseduced from the output of SASI and the
EUNET and ECOPAC consortia working for the Comnussh the same area.
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2.3. The Position of D5 within SASI

The previous Deliverable D4 of SASI (Bokemann etl@B7) linked the policy objectives of
the European Union, in particular of its CommonriBgort Policy, to the model to be devel-
oped in SASI. For this purpose first the main pwditt goals of the European Union were sys-
tematically structured. Then a set of socio-ecorandicators was derived taking account of (i)
the state of the art in social indicator reseafichthe indicators most frequently used in other
studies and their strengths and weaknesses, H@i) televance for the policy goals of the
European Union, (iv) their ability to express see@mnomic impacts of transport policies and
(v) their interpretability by decision makers, aslhas technical constraints such as (vi) their
computability by the model to be developed ang (¢ availability of data. Finally, empirical
illustrations of selected indicators were presentedhe conclusions limitations of the pro-
posed methodology were discussed.

This report, Deliverable D5 of the EUNET projectdate second deliverable of the SASI
sub-project, defines, discusses and tests acddgsiuicators to be generated and used in the
SASI model. Accessibility is the main 'product'aofransport system. It determines the loca-
tional advantage of a region relative to all otfeggions and so is a major factor for the social
and economic development of a region. At the same accessibility has a value by itself as an
element of quality of life. Accessibility indicaitherefore are a central sub-group of the
socio-economic indicators discussed in D4.

There is a great variety of approaches to measawegssibility. This report identifies basic

types of accessibility indicator reappearing in literature in various forms. Based on their

weaknesses, a range of new disaggregate measuaeseassibility is proposed and demon-
strated with pan-European data. Just as for ther atlkdicators discussed in D4, also for these
accessibility indicators 'cohesion’ indicators nueiag the distribution of accessibility across

regions can be developed.

However, unlike the other indicators of D4, acdaisy is not only output of but also input to
the model; in fact it is the only way transportestments and transport system improvements
are represented in it. The suitability of accedigyindicators for SASI therefore also depends
on their contribution to the explanation of regibsacio-economic development. From a sub-
stantive point of view non-transport factors anansport factors of regional development
interact and cannot be separated (see Linneke7)188vertheless it is useful to examine how
much accessibility alone contributes to regionaie@conomic development. Therefore the
accessibility indicators implemented are — in adewve bivariate analysis — correlated with
indicators of regional economic performance ancetigyment.

This report D5 has a similar structure as D4. Tioeegtopics that have been dealt with in depth
in D4 such as the discussion of policy goals offheopean Union, are not repeated. However
the tentative structure of the SASI model underetitgument is repeated in the subsequent
section for easier reference. Section 3 summatisssretical concepts related to measuring
accessibility, and Section 4 presents the mostaaldmplementations of accessibility used in
other studies. In Section 5 selected accessilildicators that might be applied in the SASI
model are calculated and visualised for the systemodel regions used. In Section 6 they are
correlated with indicators of regional economicfpanance and development. The final Sec-
tion 7 draws conclusions for further work in thejerct.
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2.4. The SASI Model

This section contains a first outline of the stanetof the SASI model under development. It is
still tentative and reflects the discussion in 3#SI project team to date. It is presented here to
enable the reader to understand the selectiona&fsaibility indicators proposed in the sub-
sequent sections.

2.4.1. Design Principles

The model to be developed is to consistently f@esacio-economic and spatial impacts of
transport infrastructure investment and transpgstesn improvements in Europe. From this
purpose the following requirements can be derived:

- The model must be responsive to changes in Earop@nsport policy, in particular to
different scenarios and time schedules of expanaityimproving the trans-European rail
and road networks.

- The model must produce regional indicators ois@conomic development and cohesion
that are relevant from the point of view of polimyjectives of the European Union.

The first of these two requirements is addressechbyulating regional accessibility indicators
expressing the location of each region within tlrategic European rail and road networks
defined for SASI. Changes in the trans-Europeaworsss affect the distribution of accessi-
bility and the economic advantage across regiomsvener, regional socio-economic devel-
opment cannot be explained by transport changeg alderefore other (non-transport) factors
determining regional socio-economic developmentimckided in the model. These factors
include assumptions about European developmenigekhsas factors expressing the endow-
ment, or suitability and capacity for economic ates, of regions. When comparing different
scenarios of transport network development, thetremmsport factors have to be kept constant.

The second requirement determines the output anceheecessary submodels of the model.
As indicated in Section 2.1 and SASI Deliverable i goals of the European Union are the
promotion of harmonious and balanced economic dgweént, stable, non-inflationary and
sustainable growth, convergence of economic pedao®, high levels of employment and
social security, improvement of the quality of lé&d economic and social coherence and
solidarity between the Member States. Since sutdity objectives are (for the time being)
excluded from SASI, efficiency and equity objeciwemain as the relevant goals. As it was
argued in Deliverable D4, despite their acknowledgeaknesses the most commonly used
indicators of regional economic efficiency are ogwil output and employment or, in opera-
tional terms, gross domestic product (GDP) pertaagid rate of unemployment. This implies
that not only economic output and employment bs @lopulation and labour force have to be
modelled. Equity or cohesion indicators finally esgs the distribution of GDP per capita and
unemployment across regions (see Deliverable D4).
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Based on the above considerations, the SASI modehave six forecasting submodels:
European DevelopmentRegional AccessibilityRegional GDP Regional EmploymenRe-
gional PopulatiorandRegional Labour ForceA seventh submodel calculatgscio-economic
Indicatorswith respect to efficiency and equity.

This defines the minimum scope of the SASI modedrd/submodels can be added later if so
desired. However, to achieve the objectives of SASloutlined in Section 2.2, the above
submodels are necessary.

2.4.2. Submodes

In this section the seven submodels of the SASlehanad the interrelationships between them
are briefly described. Figure 1 is an attempt sualise the interactions between the submodels.

European Developments

Here assumptions about European developments teedrihat are processed by the subse-
guent submodels. European developments includengguns about the future performance of
the European economy as a whole and the level afignation and outmigration across
Europe's borders. They serve as constraints taemisat the regional forecasts for economic
development and population remain consistent witereal developments not modelled.
Given the expected rapid population growth and kafokconomic opportunity in many origin
countries, total European immigration by origin ooy will be largely a function of policy
decisions by the European Union or national govemmsi Another relevant European policy
field are transfer payments by the European Uniarthe Structural Funds to assist specific
regions, which, because of their concentratioraggihg regions, are responsible for a sizeable
part of their economic growth. The last group afuasptions are those about policy decisions
with respect to the trans-European networks. Asdlare of focal interest in SASI, they are
modelled with considerable detail. They can incltidee-sequenced investment programmes
for expansion or upgrading of the road and ralvoeks, for the closure of missing links or for
improvements of the operation of networks with eggpo intermodality and interoperability.

Regional Accessibility

This submodel calculates regional accessibilityicaibrs expressing the relative locational
advantage of each region with respect to relevestimations in the region and in other regions
as a function of travel time or travel cost (orthab reach these destinations by the strategic
road and rail networks. The interregional acceksibndicators calculated in the model are
discussed in the following sections of this replraddition, intraregional accessibility may be
expressed by endowment indicators measuring deositgnnectivity of the networks within
the region.

Regional GDP

This is the core submodel of the SASI model. Itektes a forecast of gross domestic product
(GDP) generated in each region as a function obentent indicators and accessibility. En-
dowment indicators are indicators measuring thability of the region for economic activity.
Endowment indicators may include traditional looatfactors such as availability of skilled
labour and business services, capital stock (icalyzction facilities) and intraregional transport
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infrastructure as well as 'soft’ location factousls as institutions of higher education, good
housing and a pleasant climate and environmentegsibility indicators are derived from the
accessibility submodel. In addition to endowment atcessibility indicators, monetary
transfers to regions by the European Union sucasastance from the Structural Funds are
considered, as these may account for a sizeabjwgian of the economic development of
peripheral regions. The results of the regional G@Bcasts are adjusted such that the total of
all regional forecasts meets the exogenous fore¢astonomic development (GDP) of Europe
as a whole by the European Developments submodel.

Regional Employment

Regional employment is derived from regional GDPelternal forecasts of regional labour

productivity (GDP per worker per year). Employméntdisaggregated by economic sector
(agriculture, manufacturing, services). This regsiiexogenous forecasts of economic struc-
tural change, i.e. the changing shares of the thgetrs in total employment.

Regional Population

The population side of the SASI model is neededegaresent the demand side of the
socio-economic indicators to be generated. Regipojalilation changes due to natural change
(fertility, mortality) and migration. In order toadel fertility and mortality by a cohort-survival
model, population must be disaggregated by agesardAge-specific fertility and mortality
rates have to be provided as exogenous forecastaéb region and simulation period. Inter-
regional migration will be modelled using a grauigpe migration model in which origins and
destinations are represented by population andnteeaction term by a function of distance
and the difference in wage level (GDP per capital) jab opportunities (unemployment). The
results of this model are adjusted to comply watialt European immigration and outmigration
by country of origin/destination forecast by ther@pean Developments submodel and the
limits on immigration set by individual countries.

Regional Labour Force
Regional labour force is derived from regional G&dfél exogenous forecasts of regional labour
force participation rates.

Socio-economic Indicators

Total GDP and employment represent only the sugidly of socio-economic development. To
derive policy-relevant indicators, they have tardlated to the demand side, i.e. to population
and labour force. This is done in the final submdbgecalculating regional GDP per capita and
regional unemployment. From the socio-economiccadirs so derived, equity or cohesion
indicators describing their distribution acrossioeg are calculated.

2.4.3. Spaceand Time

The SASI model forecasts socioeconomic developmehe 201 regions at the NUTS-2 level
defined for SASI for the fifteen EU countries ($8gure 2 and Annex Table Al). These are the
‘internal’ regions of the model. The 27 regionsrakf for the rest of Europe are the ‘external’
regions which are used only as additional destnativhen calculating accessibility indicators.
The four regions representing the rest of the war&not used.
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The spatial dimension of the system of regionsiatdished by their connection via networks.
In SASI road, rail and air networks are considefidgk 'strategic' road and rail networks used in
SASI are subsets of the pan-European road andetaviorks developed by IRPUD and recently
adopted for the GISCO spatial reference databakeiristat. The 'strategic' road and rail
networks contain all TETN links laid down in DeasiNo. 1692/96/CE of the European Par-
liament and the Council (European Parliament, 189@l)the east European road and rail cor-
ridors identified by the Second Pan-European Tramnsponference in Crete in 1994 as well as
additional links selected for connectivity reas(ee Figures 3 and 4).

The SASI system of regions and the strategic ndisvased in SASI are also used in the
concurrent DGVII projects STREAMS, EUNET and STEMM.

The temporal dimension of the model is establighedividing time into discrete time intervals

or periods of one or two years. By modelling refaly short time periods both short- and
long-term lagged impacts can be taken into accolrg.base year of the simulations will be
1980 in order to demonstrate that the model is @bleeproduce the main trends of spatial
development in Europe over a significant time pebiod the past with satisfactory accuracy.
The forecasting horizon of the model will be 2012620.
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Figure 2. The SASI system of regions
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3. Theoretical Foundations

3.1. Why Accessibility?

The important role of transport infrastructure fegional development is one of the funda-
mental principles of regional economics. In its bresplified form it implies that regions with
better access to the locations of input materiats markets will,ceteris paribus be more
productive, more competitive and hence more sutddban more remote and isolated regions
(see Linneker, 1997).

However, the impact of transport infrastructureregional development has been difficult to
verify empirically. There seems to be a clear pasitorrelation between transport infra-
structure endowment or the location in interregioreiworks and théevelsof economic in-
dicators such as GDP per capita (e.g. Biehl, 19861; Keeble et al., 1982, 1988). However,
this correlation may merely reflect historical aggkration processes rather than causal rela-
tionships effective today (cf. Brécker and Pescli®i38). Attempts to explaishangesin
economic indicators, i.e. economic growth and aegliby transport investment have been
much less successful. The reason for this failuag be that in countries with an already highly
developed transport infrastructure further transpetwork improvements bring only marginal
benefits. The conclusion is that transport improgets have strong impacts on regional de-
velopment only where they result in removingadtleneckBlum, 1982; Biehl, 1986; 1991).

While there is uncertainty about the magnitudehaf impact of transport infrastructure on
regional development, there is even less agreemerts direction. It is debated whether
transport infrastructure contributes to regiondbpeation or decentralisation. Some analysts
argue that regional development policies basedhencteation of infrastructure in lagging
regions have not succeeded in reducing regiongladiges in Europe (Vickerman, 1991a),
whereas others point out that it has yet to bertsned that the reduction of barriers between
regions has disadvantaged peripheral regions (Bréekd Peschel, 1988). From a theoretical
point of view, both effects can occur. A new motaywor high-speed rail connection between a
peripheral and a central region, for instance, makeasier for producers in the peripheral
region to market their products in the large cjtlesvever, it may also expose the region to the
competition of more advanced products from thereeahd so endanger formerly secure re-
gional monopolies (Vickerman, 1991b).

While these two effects may partly cancel eachrobike, one factor unambiguously increases
existing differences in transport infrastructurevw\trransport infrastructure tends to be built not
between core and periphery but within and betweea regions, because this is where trans-
port demand is highest (Vickerman, 1991a). It caerdfore be assumed that the

trans-European networks will largely benefit theecegions of Europe.

These developments have to be seen in the ligthariges in the field of transport and com-
munications which will fundamentally change the wansport infrastructure influences spa-
tial development (see Masser et al., 1992). Setenadls combine to reinforce the tendency to
diminish the impacts of transport infrastructureregional development:
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- An increased proportion of international freiglimprises high-value goods for which
transport cost is much less than for low-value hui&ducts. For modern industries the
guality of transport services has replaced transpastas the most important factor.

- Transport infrastructure improvements which regthe variability of travel times, increase
travel speeds or allow flexibility in schedulingedvecoming more important for improving
the competitiveness of service and manufacturidgstries and are therefore valued more
highly in locational decisions than changes resglonly in cost reductions.

- Telecommunications have reduced the need for sgmoels transports and person trips,
however, they may also increase transport by #iwlity to create new markets.

- With the shift from heavy-industry manufacturiteghigh-tech industries and services other
less tangible location factors have come to the &ord have at least partly displaced tradi-
tional ones. These new location factors includéofacrelated to leisure, culture, image and
environment, i.e. quality of life, and factors teldto access to information and specialised
high-level services and to the institutional anditjgal environment.

On the other hand, there are also tendencies rihegase the importance of transport infra-
structure:

- The introduction of totally new, superior levelstransport such as the high-speed rail sys-
tem may create new locational advantages, butdidsalvantages for regions not served by
the new networks.

- Another factor adding to the importance of trass the general increase in the volume of
goods movements (due to changes in logistics ssifins&in-time delivery) and travel (due
to growing affluence and leisure time).

Both above tendencies are being accelerated bytheasing integration of national econo-
mies by the Single European Market, the ongoinggss of normalisation between western
and eastern Europe and the globalisation of thédvemonomy.

The conclusion is that the relationship betweengjpart infrastructure and economic devel-
opment has become more complex than ever. Theseiacessful regions in the European core
confirming the theoretical expectation that locatroatters. However, there are also centrally
located regions suffering from industrial declimeldigh unemployment. On the other side of
the spectrum the poorest regions, as theory waeldigt, are at the periphery, but there are also
prosperous peripheral regions such as the Scandmaguntries. To make things even more
difficult, some of the economically fastest grownegjions are among the most peripheral ones.

The central task of SASI is therefore to identiig tvay transport infrastructure contributes to
regional economic development in different regioc@htexts. This means to develop indica-
tors measuring not infrastructure investments ab fwt the benefit they bring to firms and
households in the regions by more capacity, higpeeds, better quality and more reliable
transport. These indicators are caldedessibility
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3.2. Basic Accessibility Indicators

Accessibility is the main 'product’ of a transpgystem. It determines the locational advantage
of a region relative to all regions (including ifselndicators of accessibility measure the
benefits households and firms in a region enjoynfitbhe existence and use of the transport
infrastructure relevant for their region.

Accessibility indicators can be defined to refleoth within-region transport infrastructure and
infrastructure outside the region which affect tbgion.

Simple accessibility indicators consider only inégional transport infrastructure expressed by
such measures as total length of motorways, nuoflvailway stations (e.g. Biehl, 1986; 1991)
or travel time to the nearest nodes of interrediaetworks (e.g. Lutter et al., 1993). While this
kind of indicator may contain valuable informatianout the region itself, they fail to recognise
the network character of transport infrastructurkihg parts of the region with each other and
the region with other regions.

More complex accessibility indicators take accafrihe connectivity of transport networks by

distinguishing between the network itself, i.e.ntsdes and links, and the activities or oppor-
tunities that can be reached by it (cf. Bokema®82). In general terms, accessibility then is a
construct of two functions, one representing thievities or opportunities to be reached and
one representing the effort, time, distance or nestded to reach them:

A=Y oW)1(c) (1)

whereA is the accessibility of regionVy is the activityW to be reached in regignandc; is
the generalised cost of reaching regifnom regioni. The functions g{;) and f¢;;) are called
activity functionsandimpedance functionsespectively. They are associated multiplicativel
I.e. are weights to each other. That is, both aeessary elements of accessibilgy.s the
accumulated total of the activities reachablpvegighted by the ease of getting froto j.

It is easily seen that this is a general form déptal, a concept dating back to Newton's law of
gravitation and introduced into regional scienceStgwart (1947). According to the law of
gravitation the attraction of a distant body is&da its mass weighted by a decreasing function
of its distance. Here the attractors are the assior opportunities in regiorjs(including
regioni itself), and the distance term is the impedace

The interpretation here is that the greater theberrof attractive destinations in regigns and
the more accessible regionare from region, the greater is the accessibility of regiofhis
definition of accessibility is referred to as deation-oriented accessibility. In a similar way an
origin-oriented accessibility can be defined: Therenpeople live in regionsand the easier
they can visit regiom, the greater is the accessibility of regioBecause of the symmetry of
most transport connections, destination-oriented! @igin-oriented accessibility tend to be
highly correlated.
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Different types of accessibility indicators candmmstructed by specifying different forms of

functions g\M) and f¢;). Table 1 shows the three most frequently apml@dbinations of g)
and fC;):

Table 1. Typology of accessibility indices

- Activity function Impedance function
Type of accessibility
g (W) f(cq)

1 Travel cost W, | 1 if W, 2W,,,

Accumulated travel cost , C

to a set of activities 0 if W, <Wy,
2 Daily accessibility 1if ¢ <c,

Accumulated activities W, Y

in a given travel time 0 if ¢; >Cpyy
3 Potential

Accumulated activities a _

weighted by a function Wi exp( B Cii)

of travel cost

whereWn,in andcnax are constants amdandg parameters. The different forms of functions used
for g(W) and f¢;) are shown in graphical form in Figure 5. It canseen that the three types of
accessibility indicators are derived from differem@mbinations ofrectangular linear and
nonlinear(power or exponential) functions:
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Figure 5. Activity and impedance functions useddoessibility indicators.
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Travel cost

This indicator is based on the assumption thabhgiossible destinations are relevant for the
accessibility of a region but only a specified 3étis set may, for instance, consist of all cities
over a specified size or level of attractidf,,. The indicator measures the accumulated gen-
eralised travel costs to the set of destinatiomshé simplest case no distinction is made be-
tween larger and smaller destinations, i.e. altidasons in the set get equal weight irrespec-
tive of their size and all other destinations ardghted zero (the activity function is rectan-
gular). In many applications, however, destinatiaresweighted by size (the activity function
is linear). The impedance function is always linea. does not take into account that more
distant destinations are visited less frequently.

W, |1 if W, 2W,,

A =Zj‘,9(W,-) c;  with g(Wi) = { (2)

0 if W, <W,,

To make the index easier to compare, the accuntutpeeralised cost so generated is fre-

quently divided by the number of destinations erttbtal of attractions §Y), respectively. The
indicator then represents the average travel odsbiet set of destinations:

) Zj:g(\N,—)Cij " (\N) (w, |1 if W, =W, 3
A ——(VT)—ZQ j with g\w, ) = 0 if W, <w,, 3
]

In both cases the indicator expresseéissatility, i.e. the lower its value the higher the accessi-
bility.

Travel cost indicators are popular because theyasg to interpret, in particular if they are
expressed in familiar units such as average trewsi or travel time. Their common disad-
vantage is that they lack a behavioural foundatiecause they ignore that more distant des-
tinations are visited less frequently and thatefere their values depend heavily on the se-
lected set of destination, i.e. the arbitrary ciippoint of theW included.

Daily accessibility

This indicator is based on the notion of a fixedlidpet for travel, generally in terms of a
maximum time interval in which a destination ha¢oreached to be of interest. The rationale
of this accessibility indicator is derived from thase of a business traveller who wishes to
travel to a certain city, conduct business therkraturn home in the evening (Térnqvist, 1970).
Maximum travel times of between three and five Boome-way are used. Because of its as-
sociation with a one-day business trip this typaadfessibility is often called 'daily accessi-
bility".
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1if ¢ SCppy

A=W (C’u') with f (Cii) = { (4)

O If Clj >Cmax

wherecnayx is the travel time limit. The daily accessibilitydicator is equivalent to a potential
accessibility (see below) with a linear activityh@ition and a rectangular impedance function,
I.e. within the selected travel time limit destioas are weighted only by size, whereas beyond
that limit no destinations are considered at all.

Daily accessibility indicators, like the travel @nmdicators above, have the advantage of being
expressed in easy to understand terms, e.g. théeruof people one can reach in a given

number of hours. However, they also share theadiiantage that they heavily depend on the
arbitrarily selected maximum travel time beyond ethilestinations are no more considered.

Potential accessibility

This indicator is based on the assumption thatttinecion of a destination increases with size
and declines with distance or travel time or cost. Efiae both size and distance of destina-
tions are taken into account. The size of the datstin is usually represented by regional
population or some economic indicator such as tegional GDP or total regional income.
The activity function may be linear or nonlinear.c@sionally the attraction terd is
weighted by an exponentgreater than one to take account of agglomeratifatts, i.e. the
fact that larger facilities may be disproportiogathore attractive than smaller ones. One ex-
ample is the attractiveness of large shopping esntthich attract more customers than several
smaller ones that together match the large centseze. The impedance function is nonlinear.
Generally a negative exponential function is used/ich a large parametfrindicates that
nearby destinations are given greater weight tearote ones.

A = ZWJ'” expl- 3 Cj ) (5)

Earlier versions of the potential accessibilitydis@ inverse power function reminiscent of
Newton's gravity model:

W.
A = Zc—a’ (6)

This form was proposed by Hansen as early as 1889satherefore called 'Hansen' accessi-
bility. Later improvements led to the empiricallyndar but behaviourally derived negative
exponential function used above (Wilson, 1967).
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Potential accessibility indicators are superiotréwvel time accessibility indicators and daily
accessibility indicators in that they are foundedsound behavioural principles of stochastic
utility maximisation. Their disadvantage is tha¢yhcontain parameters that need to be cali-
brated and that their values cannot be easilypnééed in familiar units such as travel time or
number of people. Therefore potential indicatoesfegquently expressed in percent of average
accessibility of all regions or, if changes of a&ssbility are studied, in percent of average
accessibility of all regions in the base year ef tbomparison.

3.3. Refinements

From the above three basic accessibility indicatanrsalmost unlimited variety of derivate
indicators can be developed (cf. Ruppert, 1975 fhlest important ones are discussed here.

Multimodal accessibility

All three types of accessibility indicator can lzdcclated for any mode. On a European scale,
accessibility indicators for road, rail and air anest frequently calculated. In most studies
accessibility indicators were calculated for pageerravel only; only few studies calculating
freight accessibility indicators are known.

Differences between modes are usually expressadibyg different 'generalised’ cost functions.
A frequently used generalised cost function is:

Ciy =V, ti +C, dijm +uU, kijm (7)

ijm m “ijm

wheretjm, djm andk;m are travel time, travel distance and convenieri¢eavel from location

to destinationg by modem, respectively, and,, ¢, andun, are value of time, cost per kilometre
and disutility of inconvenience of mode respectively. In addition, there may be a fixed ¢l
cost component as well as cost components takiomuat of network access at either end of a
trip, waiting and transfer times at stations, wajttimes at borders or congestion in metro-
politan areas.

Modal accessibility indicators may be presentecsaply in order to demonstrate differences
in accessibility between modes. Or they may begnatted into one indicator expressing the
combined effect of alternative modes for a locatibhere are essentially two ways of inte-
gration. One is to select the fastest mode to daskination, which in general will be air for
distant destinations and road or rail for shortrmmdium-distance destinations, and to ignore
the remaining modes. Another way is to calculateaggregate accessibility measure com-
bining the information contained in the three moaetessibility indicators by replacing the
generalised cog; in (5) by the ‘composite’ generalised cogst

C, = —% In Zexp(—/l cijm) (8)
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whereciy, is the generalised cost of travel by moabetween andj of (7) andi is a parameter
indicating the sensitivity to travel cost (Williaps977). This formulation of composite travel
cost is superior to average travel cost becausaltes sure that the removal of a mode with
higher cost (i.e. closure of a rail line) does mesult in a - false - reduction in aggregate travel
cost. This way of agg regating travel costs acroedes is theoretically consistent only for
potential accessibility. No consistent ways of alting multimodal accessibility indicators
for travel cost and daily accessibility exist.

Intermodal accessibility

A further refinement is to calculatetermodalaccessibility. Intermodal accessibility indicators
take account of intermodal trips involving two oora modes. Intermodal accessibility indi-
cators are potentially most relevant for logisti@ainis in freight traffic such as rail freight with
feeder transport by lorry at either end. Intermaatadessibility indicators in passenger travel
involve mode combinations such as rail-and-fly @ar rentals at railway stations and airports.

The calculation of intermodal accessibility indmat requires, of course, the capability of
minimum path search in a multimodal network. Theeimodal generalised cost function
consequently contains further additional componentake account of intermodal waiting and
transfer times, cost and inconvenience.

Intraregional accessibility

Intermodality is also an issue when calculaiimgaregional accessibility. Most accessibility

studies so far have concentrated on the accesgibflicities, i.e. network nodes which are
assumed to represent the whole metropolitan areagawyn. This presents two problems. Ac-
cessibility indicators calculated for network noaedy ignore that accessibility is continuous
in space. The decline of accessibility from thet@mode (centroid) of a region to smaller
towns and less urbanised parts of the region icansidered. Also the quality of the inter-
connections between the high-speed interregiondlthe low-speed intraregional transport
networks cannot be taken account of. Yet the ebgetting from home or office to the nearest
station of the high-speed rail network or the riatgrnational airport may be more important
for a location than the speed of the long-distaza@nection from there. In addition the esti-
mation of access times from locations within thgioe to the regional centroid as well as of
travel times between activities within the regitseif ('self-potential’), which greatly influence
the accessibility of a region, increase in difftgulith spatial aggregation.

However, calculating intraregional accessibilitdizators is not straightforward as it requires
high-resolution data on the spatial distributioraofivities in the region. If also the quality of
the intraregional transport network and its conoectvith the long-distance interregional
networks are to be assessed, detailed informatidgheintraregional road and public transport
networks and the transfer possibilities at railwtgtions and airports are required.
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Activities and actors

Accessibility indicators are also to be used in &sSexplanatory variables contributing to the
prediction of location decisions by households &nds. However, there are a variety of
households and firms with different requirementthwespect to their location and with dif-
ferent sensitivity with respect to travel time vieacost or other trip characteristics. It would
therefore be surprising if one single accessibihtyicator would be sufficient to explain say
the migration decision by a worker household arditlrestment decision by a company.

Because of this, it may be necessary to develdprdiit accessibility indicators for different
activities and types of actors. In the EUNET projssociated with SASI 20 ‘'trip purposes’
were proposed for which accessibility indicatorgmibe calculated (INRETS, 1997):

- daily consumption

- visits to relatives (day return, short periodhydgeriod, emigration)

- entertainment (day return, short period, longqubr

- access to input (labour, low value, high valustribution)

- access to markets (consumer goods, consumer, salsnediate low value goods, inter-
mediate to high value goods, intermediate busitrgss services)

- tourists (short period, long period)

It was proposed to classify households by soca&lstand age, car ownership, revenues and
specific characteristics, individuals as busineaseilers or service personnel and freight by
value per ton, system of storage, hazardous oshmsle goods, type of conditioning, size of
the load and type of trade.

The problems associated with this kind of disaggtieg are clearly lack of data and difficulty
of calibration. Moreover, it is likely that many tife accessibility indicators so generated will
be highly correlated with each other.
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3.4. Accessibility Indicators Used in Other Studies

There is a large variety of approaches to measaaicgssibility in the geographic and eco-
nomic literature. However, as indicated in SecBdh there are only few attempts to empiri-
cally demonstrate that accessibility, as econoh®oty suggests, has had significant influence
on regional economic development. Most of the stsideported have proposed and demon-
strated a specific approach to measuring differecehanges in accessibility in a particular
spatial context or year and thgppeculatedn the their possible or likely effects on regiona
economic development.

Travel cost

Total or average travel time to a specified setasdtinations has received increasing recogni-
tion as accessibility indicator in recent studiesduse of its straightforward interpretability.

In 1993 the Bundesforschungsanstalt fir LandeskunddRaumordnung (BfLR) (Lutter et al.,
1993) in a study for DG XVI of the European Comnuascalculated accessibility of NUTS-3
regions in the formerly twelve member countrieshef European Community (EUR12) as
average travel time by fastest mode (road, rail,tail94 economic centres. The selection of
centres was based on RECLUS (1989) and ZumkelteHamry (1992). The results with and
without planned infrastructure investments are sansed by country in Figure 6. Similar
accessibility indicators were developed for thenread Germany by Eckey and Horn (1992)
and Lutter et al. (1992).

40

b F I NL B/L UK IRL DK GR E P EUR12

Road B Road planned # Rail B Rail planned ] Road/rail E Road/rail planned

Figure 6. Average travel time to 194 economic aenf{Source: Lutter et al., 1993).
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Gutiérrez (1995) and Gutiérrez and Urbano (199&utated average travel time by road and
rail from about 4,000 nodes of a multimodal Eurapansport network to 94 agglomerations
with a population of more than 300,000 with ancheitt planned infrastructure improvements.
Road travel times included road and car ferry travees modified by a link-type specific
coefficient and a penalty for crossing nodes represg congested population centres
(maximum 30 minutes for Paris). Rail travel timaslided time-table travel time plus road
access time and penalties for changes betweenarmhdail (60 minutes), rail and ferry (180
minutes) and change of rail gauge between SpairFaamce (30 minutes). The map of road
accessibility in Figure 7 shows the highest actdggiconcentrated around Paris.
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Figure 7. Accessibility to 94 economic centres (8euGutiérrez and Urbano, 1996).

A road freight accessibility index expressing totadd transport cost to a market of size M is
the FreR(M) index used in the UTS study (Chatehg @lied, 1995). The indicator accumu-
lates road transport cost to NUTS-2 regions in EBRILs Norway and Switzerland multiplied
with regional population. Road transport cost idelicost of the driver's time, cost per kilo-
metre and a fixed cost component.

Average travel time to selected destinations wss ptoposed as accessibility indicator for the
EUNET study associated with SASI (INRETS, 1997).
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Daily accessibility

As indicated above, the concept of daily accessibd due to Térngvist who as early as 1970
developed the notion of ‘contact networks' hypa#iieg that the number of interactions with
other cities by visits such as business trips wbel@é good indicator of the position of a city in
the urban hierarchy.

Figure 8 illustrates the results of a more rec@piieation of this method to cities in Europe
(Cederlund et al., 1991). The size of the circlesh@ map corresponds to the number of people
that can be reached from each city by a returrduiing a work day with four hours minimum
stay.

Figure 8. Daily accessibility of European citieo(ce: Cederlund et al., 1991).

In the accessibility study of the BfLR for DG XVlantioned above (Lutter et al., 1993) daily
accessibility was calculated in terms of the nundsgreople that can be reached in three hours
by the fastest mode. Modes considered included, n@dldand air with and without planned
infrastructure investments (new motorways, highespeail lines and more frequent flight
connections). Figure 9 summarises the resultingssiiility indicators by country highlighting
the central location and population density of Bemelux countries.
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Figure 9. Population reached within three hoursy®e: Lutter et al., 1993).

Also three hours was the time limit set for the QDNaccessibility indicator used in the UTS
study (Chatelus and Ulied, 1995). The indicatouaunglated population of NUTS-2 regions of
EUR15 plus Norway and Switzerland reachable withiee hours by any combination of car,
rail and air with transfers times between modedieidy considered. In the same study the
FreR(T) index, a freight accessibility indicatorpeassing the size of the market that can be
reached in T days was developed. The indicatormaatates the population that can be reached
in one, two or three days by the fastest conneaiging road, rail or combined traffic with
driving time restrictions observed.

Spiekermann and Wegener at IRPUD developed threertiional surfaces of daily rail ac-
cessibility for pan-Europe using raster-based @&hnology (Spiekermann and Wegener,
1994; 1996; Vickerman et al., 1997). The methodiwgd be explained in Section 4.

Potential accessibility

The most popular type of accessibility indicatarrid in the literature continues to be potential
accessibility.

Keeble et al. (1982; 1988) analysed the centrafigconomic centres in Europe using a gravity
potential with regional GDP as destination activibye resulting centrality contours are shown
in Figure 10. The figure clearly shows two centiedas of high accessibility in Europe: one
between London and northern Italy and one betweeis Bnd Berlin.
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Figure 10. Economic potential in Europe (SourceeKle et al., 1986).

Bruinsma and Rietveld (1992) calculated potentiakasibility of European cities with respect

to population. The resulting map, in which the z¢he circles indicates not population but

accessibility of cities, is shown in Figure 11. Natprisingly, it closely resembles the contour
map by Keeble et al. of Figure 10 and so demorsithe spatial correlation between economic
and population centres.

In a study of rail accessibility in Italy Caping€ti996) used population weighted by per-capita
income as destination activity. The study usedtaligimetable information of the Italian
railways to calculate average travel times of tivee fastest train connections between each
pair of cities in ltaly arriving not later than DD. h including access, waiting, in-vehicle,
transfer and egress times.

Potential accessibility indicators were calculatedthe planned high-speed rail network in
Germany by Steinbach and Zumkeller (1992).

Spiekermann and Wegener at IRPUD developed thraerdiional surfaces of potential rail
accessibility for pan-Europe using raster-based @&t&nology (Spiekermann and Wegener,
1994; 1996; Vickerman et al., 1997). The methodiwgd be explained in Section 4.
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Figure 11. Population potential of European cit{&ource: Bruinsma and Rietveld, 1992).

Comparative studies of accessibility

Bruinsma and Rietveld (1996) reviewed the statthefart in developing indicators of acces-
sibility and compared indicators of accessibilityHurope calculated in recent studies.

In the theoretical part of their study they liseddven types of accessibility indicators:
- accl access to network

- acc2 distance to the nearest network node

- acc3 number of direct connections

- acc4 number of lines arriving at node

- acch travel cost to one other node

- acc6 average travel cost to all nodes

- acc’ expected value of utility of visit to allaes

- acc8 potential accessibility

- acc9 number of people reachable with a certawetrcost

- accl0 inverse of balancing factor in spatialriatéon model
- accll accessibility assessed by expert judgment

It is obvious that indicators acc6, acc9 and aceBespond to the travel cost accessibility, daily
accessibility and potential accessibility discusseithis paper, respectively.
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In the empirical part of their study Bruinsma aniétReld compared accessibility indicators
calculated by seven groups of authors:

Erlandsson and Linde([1993): daily accessibility (acc9) by fastest madan Figure 8.
Bruinsma and Rietvell993): potential accessibility (acc8) by fastestde as in Figure 11.
Spiekermann and Wegen@®©94): daily accessibility (acc9) and potentiaessibility (acc8)
by rail based on raster cells (see Section 4).

Gutiérrez(1995): travel cost accessibility (acc6) by railia Figure 7.

Cattan(1992): travel cost accessibility (acc6) of raibair traffic.

RECLUS(1989): distance to nearest airport or port (acc2)

Healey & Baker(1994): expert judgment (accll).

The result of their analysis was that within a giteavel mode the correlation between the
accessibility indicators examined is rather higbpite significant differences in implementa-
tion. They concluded therefore that if one is mainterested in the rank order of cities with
respect to accessibility, the choice of indicasords to be of less importance than the choice of
mode(s) considered. However, if one is interestedequalities between cities or regions, the
way the indicators are implemented appears to hawech larger impact.

3.5. Accessibility Indicators and Cohesion

Accessibility differs from other socioeconomic iodiors discussed in SASI Deliverable D4
(Bbkemann et al., 1997) in that it is not only amput of the SASI model but also a key input to
the model because it represents the linkage betwaesport and economic development,
which is after all the main focus of the model. Hwar, accessibility is also itself an important
factor of quality of life. It is therefore an essiahelement of the 'cohesion' objective of the
European Union to provide a fair distribution otessibility to all its regions and to reduce
existing disparities in accessibility between regio

So as for other socioeconomic indicators, alsatmessibility indicators 'cohesion’ indicators
measuring the distribution of accessibility acrosgions can be developed. Cohesion indica-
tors are macroanalytical indicators combining tbeeasibility values of individual regions into
one single measure of spatial concentration oredsspn of accessibility. Changes in the co-
hesion indicators predicted by the model for futimamsport infrastructure investments reveal
whether these policies are likely to reduce oraase existing disparities in accessibility be-
tween the regions.

SASI Deliverable D4 in Section 3.2.3 provided a poamensive list of possible cohesion
indicators, which are also applicable here:

- Statistical measures such as maximum, mean, mminstandard deviation of regional
accessibility values and ratios between the highedtlowest (or the five, ten or twenty
highest and lowest) regional accessibility valur® gn impression of the distribution of
accessibility values between regions.

- The graphical representation of a rank-size ibistion of regions sorted by decreasing or
increasing order of accessibility visualises thgrde of inequality between regions. If two
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rank-size distributions of different years or modes compared, decreasing or increasing
inequality in accessibility or differences in thistdbution of accessibility by mode can be
detected.

- The rank correlation coefficient by Spearman carap two rank orders of regions by de-
creasing or increasing accessibility. If two ramélers of two different years are compared,
the coefficient informs about the degree of stabihf the rank positions of the regions. A
Spearman correlation coefficient of one indicabed there has been no change in the rank
order of regions, a coefficient of minus one intesathat the rank order has been reversed. In
the context of transport infrastructure policy ghhrank correlation between the situation
without and with policy implementation is desirabibe equity reasons (see Deliverable D4,
Bokemann et al., 1997).

- The Lorenz curve compares a rank-ordered cumelatcessibility distribution of regions
with a distribution in which all regions have trege accessibility. This is done graphically
by sorting regions by increasing accessibility amdwing their cumulative distribution
against a cumulative equal distribution (an upwsoging line). The area between the two
cumulative distributions indicates the degree dapsation of the accessibility distribution
of regions.

- The GINI coefficient calculates the ratio betwdieat area and the triangle under the upward
sloping line of the equal distribution. The equatior the GINI coefficient is

G=1+1n-2/n?+A) YiA ©)

where the are accessibility of regions sorteddecreasingrder. The equation is used here to
measure the inequality in accessibility betweemoreyy withA; being accessibility of regian
Athe average accessibility of all regions, aritie number of regions. A GINI coefficient of
zero indicates that the distribution is equal-vdluee. that all regions have the same accessi-
bility. A GINI coefficient close to one indicatelsat the distribution of accessibility is highly
polarised, i.e. few regions have a very high adbgg and all other regions are relatively
isolated. The GINI coefficient will be used in SASIcompare the inequality in accessibility
between regions for two different years. A grow@ig\| coefficient indicates that inequality in
accessibility between regions has increased, anitegicoefficient indicates that disparities in
accessibility have been reduced. It is possibtake account of the different size of regions by
treating each region as a collection of individuasing the same accessibility.

In addition, disparities between regions can beualised by choropleth maps or
three-dimensional diagrams (see Section 5).

The cohesion indicators discussed so farmaagero indicators expressing the distribution of
accessibility across regions. However, the disagagee method of calculating accessibility
applied in SASI permits to calculate also microgti@indicators ofntraregionaldispersion in
accessibility (see Section 5). These microanalgtiecators can be used to analyse whether a
particular infrastructure investment largely betsatthe central nodes or whether its impacts are
evenly distributed across all parts of the regions.



Implementation of Accessibility Indicators 33

4. Implementation of Accessibility Indicators

As it has been demonstrated in the previous sedtiene exist three principal kinds of acces-
sibility indicators differing in theoretical fountian and interpretability. It was also shown that
there is a wide range of possible refinements wépect to multimodality, intermodality,
intraregional connectivity and activities and astdrhis variety makes the selection of appro-
priate indicators for SASI a difficult task.

A second conclusion of Section 3 was that virtuallyaccessibility indicators used so far have
concentrated on network nodes or centroids reptiegecities or regions and so have ignored
the internal spatial organisation within regions.

To overcome this problem, Spiekermann and WegenBRRUD developed spatially disag-
gregate accessibility indicators using raster-b&i&itechnology (Spiekermann and Wegener,
1994; 1996, Vickerman et al., 1997). By this methmelraster structure is applied to represent
a quasi-continuous activity surface of Europe. Asraster data for Europe are available,
synthetic raster data are generated using micrdatron in combination with a raster-based
GIS. For that purpose the European territory iagtisegated into some 70,000 raster cells of 10
kilometres width. Accessibility is calculated byings each raster cell both as origin and des-
tination, i.e. by generating a 70,000 by 70,00@iordestination matrix. The results are ac-
cessibility values for all raster cells, which #inen aggregated to regions. In this respect the
method follows the suggestion by Newman and Viclkaerr{ll993) that accessibility models
should be more disaggregate in spatial resoludoanomic activities and transport modes.

This section presents the disaggregate accesgimititlel that will be used in the SASI model
(see Section 2.4). First the input data basetheegeneration of disaggregate spatial distribu-
tions of activities and travel times, are explaingecond the accessibility indicators calculated
are defined. Third the accessibility model is pnésd.

4.1 Generation of Input Data Base

For the presentation of the method in this reporg sets of input data were prepared, the
disaggregate spatial distribution of activities grast, current and future travel times for dif-
ferent modes in Europe. For the destination tertiénaccessibility equation both population
and economic production in terms of gross domgstduct (GDP) are used.

Population

For the disaggregate representation of populatienBuropean territory was subdivided into
about 70,000 raster cells each representing ancéréd by 10 km. Each raster cell contains
information on which region it belongs to. Regiavere selected according to the availability
of population data, i.e. 1,025 NUTS-3 regions fa European Union and 341 regions for the
other European countries ranging in size betweem 3 and NUTS-3 regions.
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Population data for 1995 were extracted from Eato§i996) and statistics on European
countries by the German Federal Statistical Off&tatistisches Bundesamt, several years). In
order to generate intraregional distributions gbydation density a second population data set
containing the location and population of 1,690esitin Europe with more than 50,000 in-

habitants was prepared (Source: Rand McNally Westen, 1994).

Raster-based population data were generated lpatihg the population of each region to the
raster cells belonging to the region (Figure 12). &ach region first the population of large
cities was allocated to cells at and close to theagraphical location. The number of cells for
each city and the number of population allocatedatch cell was determined as a function of
total population of the city using the model of ambdensity gradients by Clark (1951). After
the distribution of the population of large cititise remaining population of each region was
evenly distributed across the rest of the regian,a homogenous density of the population
living in smaller settlements was assumed. The atetpplied will be described in detail in
Deliverable D8.

The method developed leads to a plausible intranagjidistribution of population taking ac-

count of population centres and meeting the comstthat the sum of the population of all

raster cells is equal to the regional populatiaaltorhe result is a data file with estimated
population for each of the about 70,000 rasterscefll Europe. Figure 13 shows a map of
population density generated from the populatidia ase so generated.

Economic production

As an alternative to population, economic produrciio terms of GDP in Purchasing Power
Standard (PPS) units may be used for the destmtgion of the accessibility model. GDP was
allocated to raster cells by multiplying the popualia of each raster cell with the GDP per
capita recorded for the region to which it belongse underlying assumption is that economic
production is distributed like the regional popidat

GDP data were available for NUTS-2 regions forEueopean Union from Eurostat's regional
database and were extracted for other Europeantressifrom UN data (UN/ECE, 1997).
Missing regional GDP data, e.g. for the new Gericé@amder for 1981, had to be estimated. A
more thorough discussion of the data problems erteced will be presented in SASI Deliv-
erable D7.

Figure 14 presents the disaggregate spatial lolisiton of economic production (GDP) in
pan-Europe so generated.
Travel times

In this report only two transport modes, road aail] are considered. For the SASI model air
travel will be added later; the development ofdirenetwork is in progress.
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Figure 12. Disaggregation of population
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For road and rail travel times the networks preseim Figures 3 and 4 were used and loaded
with appropriate travel times:

- Road travel times were compiled for the years61&3d 2010. Travel times were associated
with links as a function of link type. Assumed aage speeds are 100 km/h for motorways,
80 km/h for dual carriageway national roads, 60tkfof other national roads and 40 km/h
for other roads. For 2010 road travel times algoltBN outline plan of the European Union
as specified in Decision 1692/96/EC of the Europ@ariament and of the Council was
taken as reference.

- Rail travel times were compiled for the years 1,9B996 and 2010. Past and current travel
times were extracted from Thomas Cook (1981; 1geBppean rail time tables for all of the
2,250 rail links. For 2010 rail travel times theN'Butline plan of the European Union as
above was taken as reference. Future travel tinege estimated by using average travel
speeds for new or upgraded links and assuming eeleaation of ten percent for links
without physical change.

The networks were coded as vectors between nodiesndtworks were linked to the raster
representation of activities by associating eadtenwith a raster cell as reference. The travel
time between two raster cells consists of five péee Figure 15): intra-cell travel time of 15
minutes each at start and end of the trip, acamesftom the origin cell to the nearest network
node, minimum-path travel time on the network agietss time to the destination cell from the
nearest node. If direct air-line travel between tstls was shorter than travel over the network,
the direct travel time was used. For off-networkvemaent within and between raster cells an
air-line travel speed of 30 km/h was assumed.
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Figure 15. Travel time components between two.cells
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4.2 Accessibility Indicators M odelled

This section examines which types of accessihititycator might be most suitable for being
included in the SASI model. Here three, possiblyflicting, objectives are relevant. First, the
indicators used should contribute as much as pessilexplaining regional economic devel-
opment. At this stage of the analysis it is assuthatlaccessibility indicators that show a high
correlation with economic indicators such as GDPcpeita are likely to be most useful even if
other non-transport factors are included in thelysma Second, the accessibility indicators
should be meaningful also by itself as indicatdnegional quality of life. Third, the indicators
should be consistent with theories and empiricaledge about human spatial perception and
behaviour.

In the light of these objectives, the three priatifypes of accessibility indicator identified in
Section 3.2 were tested:

Travel cost

This indicator measures average travel cost tedgfined set of destinations (see Section 3.2).
Two sets of destinations were used: 192 cities wiflopulation of more than 250,000 and 29
cities with a population of more than 1,000,000e@mdicator was implemented by accumu-
lating for each of the 70,000 origin cellgavel timescs;) to the centre cell of each destination
city j and dividing by the numbei(C) of cities inC, whereC is the set of cities with population
P; greater or equal By, of 250,000 or 1,000,000.

_ v Ssti) DA
A=Y 9 withc={j,p =P, ] (10)

joc
Another indicator was implemented as average trawe weighted by populatiof;:

Pc..
A=Y-10  wihc={jP=>P,] (11)
Z ZP] J
]

joc

Daily accessibility

This indicator counts the number of people thatlmaneached from a location by a return trip
during a work day with a minimum stay of a certiime (see Section 3.2). Here five hours
one-way travel time was assumed to be the maxinoumltowing five hours of activities at the

destination. The indicator was implemented by aadatmg for each of the about 70,000
origin cells population or GDP as destination astiWVs of all destination cells that can be
reached within five hours (or 300 minutes):

1 if ¢, <300

=YWk,  withk, = . 12
A Z s7e s {o if ¢, >300 12)
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Potential accessibility

The potential model assumes that the attracti@ndafstination increases with size and declines
with distance or travel time or cost (see Secti@). he potential accessibility indicator used
here was implemented by calculating the negatiymeantial of Equation 5 for each of the
70,000 origin cells. Destination activiti®% are population or GDP in all 70,000 destination
cells, and the impedance functiggis travel time between origin and destination cells

A => W exp(-Bc,) (13)

Whereas the parameters of the previous accesgibitiicators can be derived from theoretical
or plausibility considerations, the parameters atieptial accessibility have to be calibrated.
This was done by experimentally changingdrendp of the activity and impedance functions
and correlating the results with economic actiyi®pP).

Figure 16 shows the consequences of changstgpwise from 0.0002 to 0.025. The resulting
impedance curves are scaled in such a way thaicttessibility of the origin cell counts as 1.0.
With these values d¢f rail accessibility was calculated for 1981 and 1,998l the results were
correlated with GDP levels of 1981 and 1991. Theesponding? are presented in Table 2. It
can be seen that the higher thihe lower the correlation with GDP. However, by Amear
transformation of accessibility the differencesnesn tha? are reduced. This is shown in the
last column of Figure 16 indicating the best acai®er?. Based on this result, a Ighmight be
most suitable for the SASI model as it seems tdagx@ larger part of the variation of GDP.
However, lows make potential accessibility more similar to daitcessibility with a very high
Cmax This leads to almost identical accessibility evdrgve. Moreover, a ‘flat' impedance
function such as Curve 6 in Figure 16 postulatireg & destination 20 hours away is visited one
tenth as many times as the origin itself is higiyestionable. Therefore a more plausible im-
pedance function with &of 0.01 was tentatively selected for the subseqempirical analysis
despite the loss in explanatory power.

In a similar way also the activity function wasibekted. The parameterwas stepwise in-
creased from 1.0 to 2.0 in order to take accouaggfomeration effects as discussed in Section
3.2. However, increasing the parameter led to deang correlation with GDP, i.ea = 1
resulted in the best fit. Decreasingtepwise towards zero, i.e. assuming agglomeratign
utilities, also reducetf. Therefore, am of 1 was retained for the subsequent analysis.

With these parametessandf the final accessibility function is

A =Y W exp(- 001c,) (14)



Implementation of Accessibility Indicators

41

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

20 hours

Figure 16. Calibration of; for potential accessibility.

Table 2. Calibration off for potential accessibility.

Correlation (r?)

Curve
Fig(usreeel 6) B Acc(eBSDsli:t))Ttgy81981 Acc(eBSDsli:t))Ttgy81981 Non-linear co_rrelation
(best fit)
1 0.0002 0.58 0.54 0.56
2 0.0004 0.59 0.57 0.59
3 0.0006 0.61 0.57 0.61
4 0.0008 0.61 0.56 0.61
5 0.0010 0.62 0.56 0.62
6 0.0020 0.61 0.52 0.62
7 0.0030 0.58 0.47 0.61
8 0.0040 0.55 0.43 0.60
9 0.0050 0.52 0.40 0.58
10 0.0060 0.49 0.37 0.56
11 0.0070 0.46 0.34 0.54
12 0.0100 0.40 0.29 0.49
13 0.0150 0.34 0.23 0.43
14 0.0200 0.31 0.19 0.41
15 0.0250 0.29 0.12 0.39
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Figure 17 summarises the three accessibility indisaentatively implemented for the SASI
model. Each indicator is used in two versions:daity and potential accessibility the destina-
tion activity is either population or GDP; for th@avel cost indicator two sets of destinations
depending on the size of cities are employed.

Average travel time to cities Daily accessibility Potential accessibility

f(c .,) fles) | f(ci)

Figure 17. Accessibility impedance functions im@etad.

These six accessibility indicators were calculaach for two modes (road and rail) and two or
three years (see Table 3):

Table 3. Accessibility indicators calculated.

V\Q_thﬁm Road Rail
Accessibility indicator IeI?/eI-

network 1996 2010 1981 1996 2010
Average travel time to cities
> 250,000 population X X X X X
Average travel time to cities
> 1,000,000 population X X X X X
Weighted average travel time to
cities > 250,000 population X X X X X
Weighted average travel time to
cities > 1,000,000 population X X X X X
Daily acpessmlllty X X X X X X
(population)
Daily accessibility
(GDP in PPS) X X X
Potentla] accessibility X X X X X X
(population)
Potential accessibility
(GDP in PPS) X X X
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In addition, a third network alternative was intwedd. In the 'without high-level network'’
alternative, it is assumed that no interregionévpek exists, i.e. that all trips are made on local
or regional networks. This was achieved by calodgtravel times between cells similar to the
calculation of access travel times based on agrdilstances with an average speed of 30 km/h.
Accessibility based on these travel times can lea s&s local potential and might be used to
estimate the effect of geographical location alcopared with network effects.

All indicators were calculated for each of the T @aster cells taking account of the travel
time to all 70,000 cells and, for potential andiyaiccessibility, of population or GDP in all
70,000 cells.

4.3 Accessibility Model

The above indicators were calculated using avession of the accessibility model to be used
in the SASI model. The accessibility model compidata inputs, the accessibility model itself
and output options (see Figure 18):

- The input consists of two elements. The genemnatioactivities provides the disaggregate
distribution of destination activities for the assibility model. These inputs are exogenous
at present and will later be derived from forecadtthe SASI model (see Figure 1). The
network part provides link travel times by moderagted from railway time tables or cal-
culated from average speeds by link type. Air nekwaata and travel times are under
preparation.

- The accessibility model calculates access timmem fraster cells to the networks and
minimum paths, i.e. minimum travel times betwedmadtles of the networks. Based on this
it calculates for each raster cell the values efabcessibility indicators for different modes
and years.

- The output of the model can be of three kinds fiist output option provides accessibility
indicator for raster cells in graphical form. Thecend output option presents aggregated
regional accessibility indicators. Regional acdabty is expressed in three ways: as
maximum value in the region, as average value @gitac and as average value per cell. For
averages also standard deviations are presenteditate intraregional disparities in ac-
cessibility. The third output option provides 'celod’ indicators of disparities in accessi-
bility between regions (see Section 3.4).

The next section will present and discuss acceésgibidicators specified in the preceding
sections and calculated with the SASI accessihiiodel.
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Figure 18. Accessibility model.
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5. Accessibility Indicators: Sample Output and Comparison

In this section selected results of the accessibifiodel are presented and discussed. The
purpose is to demonstrate the different outputomgtiin spatial resolution and graphical
presentation and to compare the accessibility atdrs implemented. The discussion is to help
to assess the suitability of the indicators for 341 model.

5.1 Disaggr egate Accessibility

Based on the disaggregate input data the accégsibddel calculates accessibility values for
some 70,000 raster cells each representing aroddgakm x 10 km. In this way accessibility
can be displayed and analysed quasi continuousy gpace. This chapter presents the three
accessibility indicators implemented by differeyyids of graphical output.

Average travel times to large cities

Figure 19 shows average rail travel times to lariies in the years 1996 (top) and 2010
(bottom). 192 cities with a population of more 250,000 serve as destinations. In 1996 the
European average of all average travel times waste&2D hours. The shortest average travel
times can be found in areas located in Austria@ednany. Not surprisingly regions at the
periphery of the European Union and in the southeadhnorthern parts of eastern Europe have
the longest average travel times. The increasedrage travel times from the core to the edge
is smooth. There are no great differences betwe&gghbouring regions because the large
number of destinations and their even distribuéioross the continent have an equalising effect
on average travel times.

In 2010, the European average of regional aver@tjgavel times decreased to 22 hours as can
be seen from the growth of the green areas. Thiakpigstribution of shortest and longest
average travel times has not changed, i.e. thendlasties between different locations in
Europe remain more or less the same. The shoxtesige travel times are about 12 hours, the
longest ones are nearly 50 hours.

Daily accessibility

Daily accessibility was implemented by assuming #ilh destinations that can be reached
within five hours contribute equally to the accbkggy of the origin region.

One effective way of representing accessibility icatbrs is to display them as
three-dimensional accessibility surfaces. The elen@f the surface at each point indicates the
magnitude of accessibility at that point. To allcemparisons between different surfaces,
surfaces to be compared are drawn to the same&alestiale. Accessibility surfaces are pre-
sented here for daily accessibility by rail to plapion and to GDP

Figure 20 (top) shows daily accessibility withoughilevel networks. As indicated above, in
this case an average speed for air-line distanic88 km/h is assumed. This means that in the
maximum travel time of five hours destinations with radius of 150 km are included.
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Figure 19. Average travel time by rail to citieghva population of more than 250,000 in 1996
(top) and in 2010 (bottom).
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The no-network alternative can be consideretbeal or regional potential which has to be
distinguished fromself-potential The destination activity is population. Consedlyen
high-density regions, e.g. regions in south-eagjldd, Belgium and the Netherlands, the
western parts of Germany and the northern part&lyf have the highest local potential. Re-
markably not London or Paris but Belgium and thenB{Ruhr region seem to have the highest
daily accessibility. But also the local potentiafsspatially isolated but large agglomerations
such as Madrid, St. Peterburg or Moscow and theteHands seem to be substantial.

Figure 20 (bottom) presents daily accessibilityréy for 1996. Now the combined effects of
high density and interregional infrastructure beeorsible. Significant disparities in accessi-
bility appear. The highest daily accessibility \@duare found in France, southern England,
Belgium and the Netherlands, Germany, Switzerlakagstria and northern Italy. Again not
London or Paris but Belgium and north-western Geyreeem to have the highest daily ac-
cessibility. There is a sharp decline from theseaartowards Scandinavia, eastern and
south-eastern Europe, southern lItaly, the Iberamnsula and Ireland. However, even in the
high-accessibility regions there are large diffeein daily accessibility between city centres
(expressed as 'peaks' in the accessibility surkaod}heir hinterlands (expressed as 'valleys') as
accessibility decreases from the nodes in the Bpged rail network to the more remote loca-
tions at the fringe of their catchment areas.

Figure 21 shows daily accessibility in which popiga is replaced by GDP as destination
activity, without high-level network (top) and bgilrin 1996 (bottom). The surfaces seem to be
similar to those of Figure 20, but disparities atdl accessibility have now become more
pronounced. Because economic production is higbhcentrated in north-west Europe (see
Figure 14), the 'mountains’, i.e. the locationgwhiigh accessibility appear even higher than in
Figure 20. With a little imagination the 'Blue Baag the European megalopolis stretching
from south-east England along the Rhine to northiglg, can be recognised. The most ap-
parent difference between the two accessibilityagas is the much sharper decline in acces
sibility to GDP towards eastern Europe, where G®§till much lower.

The distribution of daily accessibility is even raaroncentrated if interregional networks are
included (Figure 21, bottom). Now the rich regiam&rance, England, the Benelux countries,
Germany, Austria and northern Italy form a 'centnaissif' of high accessibility in stark con-
trast to the rest of Europe. In particular in easend south-eastern Europe the accessibility
surface is nearly flat indicating the isolation sad by the combined effect of low GDP and
poor rail connections. However, within the high-egsibility area there are the same 'peaks' and
'valleys' as in Figure 20 (bottom) indicating treckhe in accessibility from the nodes of the
networks to their hinterlands.

The next two figures enable a comparison of dailyeasibility over time. Figure 22 shows
daily accessibility by rail to population in 1996 ia Figure 20 (bottom), but now as a
two-dimensional map. The map reproduces the 'dentasif' of daily accessibility of Figure
20 (bottom). It also confirms that the chain of muead-sized cities along the Rhine corridor
from Frankfurt to the Ruhr, and not London or Pdrave the highest daily accessibility. Figure
23 presents daily accessibility by rail to GDP @1@ drawn to the same colour scale. The map
shows that the 'central massif' increases in hdaghtioes not spread out very much, i.e. it
supports the hypothesis advanced earlier that $pgled rail predominantly benefits the central
regions.
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Figure 20. Daily accessibility to population, witltichigh-level network (top), and by rail in

1996 (bottom).
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Figure 21. Daily accessibility to GDP, without hidgwvel network (top), and by rail in 1996
(bottom).
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Figure 22. Daily accessibility by rail to population 1996.
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Figure 23. Daily accessibility by rail to population 2010.
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Potential accessibility

Potential accessibility is presented and discussgd for population as destination activity.
Figure 24 (top) displays the surface of poteraessibility without high-level networks. This
surface is a smoothed reproduction of the distioioubf population in Europe (see Figure 13).
Major agglomerations appear as peaks, whereasesmies disappear.

Figure 24 (bottom) shows the surface of accessilily rail in 1981. Compared to the local
potential, more peaks of higher potential emerge.fgx daily accessibility, significant dis-
parities in accessibility become visible. Urbanioeg have the highest and rural areas the
lowest accessibility. Accessibility decreases fraity centres to rural areas and central loca-
tions have higher accessibility than peripheraiaes)

Figure 25 (top) shows the surface of potential ssibdity by rail in 1996. This surface can be
compared with the one of daily accessibility indg 20 (bottom). It can be seen that potential
accessibility has smoother transitions. The 'vall&etween the ‘peaks’ (the differences be-
tween urban centres and their hinterlands) andeliegpotential of large isolated cities such as
Moscow are less pronounced. The surface of poteat@essibility by rail in 1996 does not
differ much from the surface of 1981 but a cleavgh in accessibility has occurred until 2010
(Figure 25, bottom). Because it is assumed thatrdres-European rail networks will be in
operation, rail travel times decrease with the aftéat accessibility increases everywhere.
Also the impact of the Crete corridors in easteuroge can be seen by the growth of the nodes
along these corridors. However, the ‘'valleys' betwthe '‘peaks' in the high-accessibility re-
gions have become deeper, i.e. the disparitiesaassibility between urban centres and their
rural hinterlands have increased, whereas the riligsbetween central and peripheral regions
and between the European Union and eastern Euey@eremained constant.

This analysis is underlined by Figure 26 whichvesiabsolute changes between local potential
and potential accessibility by rail in 1981 (tomdaabsolute changes between 1996 and 2010
(bottom). Both the network effect in the top diagrand the development of the rail network
between 1996 and 2010 in the bottom diagram prlynlaginefit the already advantaged regions
and within the regions the nodes of the networkswvéler there are also regions that do not
benefit at all: Greece, Ireland and Scandinaviat@weremote from the population and eco-
nomic centres of Europe that even high-speed aailocsignificantly improve their situation.

The next two figures enable a comparison betweetesian the future. Figure 27 shows po-
tential accessibility to population in 2010 by r@k in Figure 25, bottom) in map form and
Figure 28 potential accessibility in 2010 by rokdyure 27 is comparable to the map of daily
accessibility by rail to population in Figure 23ltlough the two colour scales are not com-
parable, it can be seen that potential accesyilditess concentrated and more evenly dis-
tributed also across eastern Europe. The compabistoveen Figure 27 and Figure 28 (both of
which are drawn to the same colour scale) shows #fer the completion of the
trans-European high-speed rail network rail willtbe far superior mode of travel in Europe.
Whereas the two highest categories of accessitiltyail in Figure 27 cover most of the
high-speed corridors in France, England, Beneluwern@ny and Italy, the same level of ac-
cessibility by road in Figure 28 covers only a dmegion from south-east England through the
Benelux countries into western Germany.
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Figure 24. Potential accessibility to populatiortiigut high-level network (top), and by rail in

1981 (bottom).
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no-high-level network and 1981 (top) and absolitange between 1996 and 2010 (bottom).
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Figure 27. Potential accessibility to population fayl in 2010.
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5.2 Accessibility of Regions

The SASI model is designed to forecast socio-ecanmanpacts of transport infrastructure for

a system of 201 regions of the European Union §xtion 2.4). Therefore the regional ac-
cessibility indicators have to be aggregated frastar cells to regions. Regional accessibility
is expressed in three ways: as maximum value inehi@n, as average value per capita and as
average value per cell. For averages also starm#aidtions are presented to indicate intrare-
gional disparities in accessibility. Regional aciledity indicators are the output of the acces-
sibility model fed into the other modules of the SAnodel.

By taking potential accessibility by road to pogigda as an example, Figure 29 demonstrates
the impact of the aggregation procedure from pixep) to regions (bottom). It can be seen
that the aggregation leads to a loss of informatiith respect to spatial detail but that the
overall distribution of accessibility over the Epean territory remains the same. One excep-
tion is eastern Europe. There the aggregation leadsmore pronounced loss of information
because of the size of the regions, which are hewexternal regions of the SASI model.

This section gives an overview oegional accessibility for the three types of accessibility
implemented. It starts by comparing the change®gibnal accessibility between years and
modes. Then the three accessibility indicatorcamepared with each other in order to identify
differences and similarities. In all analyses a$ thection regional accessibility is defined as
average accessibility per cell, i.e. as the avea&gessibility of all cells belonging to a region.
All comparisons are performed for all 201 regiohghe European Union.

5.2.1 Comparison between Yearsand Modes

The first part of the analysis looks at the develept of regional accessibility between two
years or compares regional accessibility by difiemodes. Only selected comparisons are
discussed. Tables A2 to A5 of the Annex show catia@h coefficients between all possible
combinations of indicators.

Average travel times to large cities

Figure 30 presents correlation diagrams of redianarage travel times and weighted average
travel times. All indicators are standardised teirtteuropean mean, i.e. overall growth or
decline of accessibility has been eliminated. Beeaihe travel cost indicator represents a
disutility, the higher the travel costs the lowee taccessibility. In each diagram two accessi-
bility indicators differing by year, mode, minimurity size or way of aggregation (unweighted
V. weighted) are compared:

- Diagrama compares average travel times by road to citiéls avipopulation of more than
250,000 in 1996 and in 2010. Not surprisingly irthogears the highest travel times are
found in remote regions such as the Mediterranglands or in northern Finland. Belgian,
German, Dutch and Austrian regions have the loaestage travel times. Future motorway
construction leads to a significant reduction oérage travel time (which cannot be seen
because of the standardisation of indicators),tbhetrelative position of regions remains
about the same.
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Figure 29. Potential accessibility by road to pogtidn: disaggregate representation (top) and
aggregation by region (bottom).
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- Diagramb shows that the effect of changing the minimum sizéhe destination cities is
small. Only remote regions have different averageel times. This is so because the larger
cities are distributed less evenly over the Eurogegitory.

- Diagramc compares road and rail travel times relative ® Buropean mean. The only
differences visible are associated with remoteoreg)i Greek regions have shorter travel
times by road, whereas regions in northern Finland the Mediterranean islands have
shorter travel times by rail.

- Diagramd compares weighted average travel times by rdalloi@6 and 2010. Again differ-
ences are found only in remote regions.

- Diagrame confirms that also for weighted average traveksmshanging the minimum size
of the destination cities does not significantligathe results.

- Diagramf demonstrates that is does not matter whether gwemaweighted average travel
times are used.

To summarise, average travel times are not vergithamto changes in the transport network
nor to changing the minimum destination activitytoe way of aggregation. Not even the
dramatic changes of the rail network expected énftiture result in significant changes in the
relative position of the regions.

Daily accessibility

Figure 31 presents correlation diagrams for dadgessibility. All indicator values are stan-
dardised to the European mean as in Figure 30. &tmessibility represents a utility, i.e. the
higher the indicator value the better the acce#sibi

- Diagrama compares daily accessibility without high-levelwerks with accessibility by
rail in 1981. As in Figure 20, the highest dailg@ssibility is found in regions of Belgium
and north-west Germany. The rail network resultsigmificant differences compared to the
no-network situation. Peripheral regions lose wagmost central regions gain.

- Diagramb shows that the development of the rail networkveen 1981 and 1996 results in
only small changes in the relative position of o&gi. Exceptions from this are some regions
in Germany which benefit from the German ICE araluhification of Germany. A similar
impact of the French TGV cannot be identified.

- Diagramc shows that the expected future development afdihaetwork will lead to further
polarisation in accessibility between regions. Regiwith already high accessibility benefit
most. Some regions in central and northern parteetUnited Kingdom lose because rail
development in the United Kingdom besides the Cabahannel Rail Link is assumed to be
minimal.

- Diagramd suggests that the future development of the reaaork will not result in sig-
nificant changes of the relative position of regiofihe regions with the highest accessibility
are found again in north-western Europe.
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Figure 31. Daily accessibility to population: colation between different years and modes.
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- Diagrame displays that there are large differences betwead and rail accessibility for
many regions in 1996. In general large agglomenatitave better daily accessibility by rail
than by road, and rural regions between the laggéoaeration have higher accessibility by
road.

- As seen in Diagrarf) the differences in accessibility by road and &y remain relatively
constant despite large changes in the networks.

To summarise, daily accessibility is rather semsito changes of the transport system. Also
differences between central and peripheral regao@snuch greater than for average travel cost.
This is so mainly because some of the remote regiane accessibilities of less than 25 per-
cent of the European average. The developmenieafi¢hworks does not significantly change
the distribution of daily accessibility in Europe.

Potential accessibility

Figure 32 presents a comparable set of correldi@grams for potential accessibility. As the
diagrams are more or less identical to those fdy @&cessibility, no detailed discussion is
necessary. However it can be observed that therdiftes in potential accessibility between
the alternatives are somewhat smaller than thodaiip accessibility.

5.2.2 Correlation Between Accessibility Indicators

The previous discussion presented differences legtveecessibility indicators by year and
mode and by size of destination city (only for ghgost accessibility). This subsection ex-
amines differences between types of indicator ataiden destination activities.

Daily and potential accessibility v. travel cost

In Figure

33 daily @) and potentiallf) accessibility are compared with weighted averageel time.
Both diagrams are similar. Regions with high daitypotential accessibility in general have
short travel times, and regions with low daily atgntial accessibility in general have long
travel times.

However, the relationship is highly nonlinear. Besm of its strict cut-off criterion, weighted
average travel time does not differentiate betwegions with good or very good accessibility
in the European core; they all have very similarage travel times of about 75 percent of the
European average, whereas their daily and poteatc@ssibility range between 75 and 300 of
the mean. Only the more remote regions show andistelationship between daily or potential
accessibility and average travel time. This nomiitg leads to the relatively low correlation
coefficientsr? of 0.52 for both cases.

Other correlations between daily and potential ssibdity and travel costs are in the same
range (see Annex Tables A2 to A5). It seems threstdlindicators measure something different.
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Figure 32. Potential accessibility to populatiorareelation between different years and
modes.
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Figure 33. Correlation between daily (a) and potahtb) accessibility and weighted average
travel time by rail.

Daily v. potential accessibility

Figure 34 presents correlation diagrams of daiy potential accessibility for different years
and modes. Generally the correlation between todrdicators is rather high expressed by
between 0.94 and 0.97.

Diagramsa to f are very similar with respect to the position efjions. In particular for the
below-average regions there are no significanedsfices between the two indicators. How-
ever for the above-average regions a pattern emekgege agglomerations have higher po-
tential than daily accessibility. More rural regsom the high-accessibility area have higher
daily accessibility. One explanation for this midpet that the local potential of large agglom-
erations (as reflected in the no-network alterrgtoontributes to their potential accessibility,
whereas for daily accessibility every agglomerattonnts the same for itself as for its hin-
terland region because of the rectangular impedamaion.

Accessibility to population v. accessibility to GDP

Finally accessibility to population is comparedwéccessibility to GDP. Because daily and
potential accessibility are similar, only potentcessibility to population and GDP is pre-
sented in Figure

35 for rail @) and roadly). It can be seen that changing the destinatiamigctioes not make

a great difference: the correlations are very igh r? of 0.98 and 0.97. The obvious reason is
that population and economic activity are very &nhy distributed in space, although the
distribution of GDP is more peaked because of higsieP per capita in the more central re-
gions (see Figure 14).
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Figure 35. Correlation between potential accessiptio population and to GDP, road 1996
(a), rail 1996 (b).

Nevertheless, some differences appear. For the peorgal regions accessibility to GDP is
slightly higher than to population, whereas for there remote regions the opposite is true.
This means that GDP as destination activity in@sdlse disparities in accessibility because of
the uneven distribution of GDP per capita in thedpean Union. The New German Lander
play a specific role. Whereas they have above-geeexcessibility to population, they fall
behind in accessibility to GDP because of theirenireconomic problems and their vicinity to
the poorer regions in eastern Europe.

5.3 Accessibility and Cohesion

The third output option of the accessibility modedvides macro indicators of accessibility, i.e.
assesses the model results in terms of cohesioae Tnoups of cohesion indicator are applied
here (see Section 3.5): statistical measures ssichaximum, mean, minimum, standard de-
viation and ratios between 'best’ and 'worst' mgigank-size distributions of regions and
Lorenz distributions and GINI coefficients.

Statistical measures

Statistical measures such as maximum, mean, minjnstendard deviation of regional ac-
cessibility values and ratios between the highedtlawest (or the five, ten or twenty highest

and lowest) regional accessibility values giverapriession of the distribution of accessibility
values between regions

Table 4 presents basic statistical measures fora@kssibility indicators implemented:
maximum, mean and minimum, standard deviation amdral ratios between the regions with
the highest and lowest accessibility.
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Table 4. Statistical measures of accessibilityaathrs
Maxi- Mean Minimum [Standard |Ratio Ratio Ratio Ratio
mum deviation |best/ best5/ |best10/ |best20/
wor_st wor_st 5 wor_st 10 wor_st 20
regions regions regions regions
Average Road 1996 | 189.1 100 73.1 25.3 2.6 2.4 2.0 2.1
gi?i‘éi'fme 10 ‘Road 2010 199.3 100 69.7 26.7 2.9 2.6 2.2 2.2
250,000 Rail 1981 181.3 100 72.8 25.7 2.5 2.4 2.0 2.1
Rail 1996 182.0 100 72.9 25.0 2.5 2.3 2.0 2.1
Rail 2010 214.1 100 70.4 28.7 3.0 2.7 2.3 2.3
Average Road 1996 | 189.4 100 68.2 25.3 2.8 2.5 2.1 2.1
tcrif;‘i‘éz'fme 10 'Road 2010 188.2 100 64.2 26.7 2.9 2.6 2.2 2.2
1,000,000 iRail 1981 182.7 100 66.5 24.9 2.7 2.4 2.1 2.1
Rail 1996 175.0 100 67.0 23.9 2.6 2.4 2.0 2.0
Rail 2010 196.5 100 64.3 27.0 3.1 2.6 2.2 2.2
Weighted ~ :Road 1996 |  183.0 100 73.4 24.4 2.5 2.3 2.0 2.0
?r‘;f/reﬁﬁn o o ROAd 2010 191.6 100 69.8 25.9 2.7 2.5 2.1 2.1
cities > Rail 1981 174.9 100 72.0 24.4 2.4 2.3 2.0 2.0
250,000 :Rail 1996 174.2 100 71.9 23.7 2.4 2.3 1.9 2.0
Rail 2010 206.1 100 69.0 275 3.0 2.6 2.2 2.2
Weighted  :Road 1996 |  175.2 100 71.4 23.2 2.5 2.2 1.9 2.0
?r‘;f/reﬁﬁn o o | ROAd 2010 180.1 100 67.3 24.9 2.7 2.5 2.1 2.1
cities > Rail 1981 175.9 100 70.0 23.1 2.5 2.3 1.9 2.0
1,000,000 R4l 1996 171.1 100 70.1 22.2 2.4 2.2 1.9 1.9
Rail 2010 194.6 100 67.1 25.8 2.9 2.5 2.1 2.1
Daily No network | 302.9 100 1.6 739  186.9 85.1 a4.7 24.9
ﬁ)ccessmi”ty Road 1996 |  280.0 100 07 827,  390.1  190.2 96.1i  46.2
population iRoad 2010 |  268.1 100 0.7 791,  390.7; 1913 96.0 39.9
Rail 1981 286.7 100 0.8 796, 34280  170.1 81.8 40.8
Rail 1996 261.3 100 0.8 778, 337.9. 1778 79.3 425
Rail 2010 282.3 100 0.5 774, 57541 2734, 1190 63.0
Daily No network |  323.4 100 1.6 81.0, 203.2i 113.2 62.4 375
f‘oc‘éfgﬂb”“y Road 1096 | 294.1 100 07 873 4354, 2571 1359  73.4
Rail 1996 285.1 100 0.7 82.3. 3836 2416 1237 72.3
Potential  |No network | 328.8 100 1.6 734,  203.7 73.2 38.6 22.7
ﬁ)ccessmi”ty Road 1996 | 314.1 100 08 8111 4157 1548 805  44.0
population {Road 2010 |  300.6 100 0.7 781 4159 1545 81.3 385
Rail 1981 302.6 100 0.9 78.1 3504  124.4 62.5 36.3
Rail 1996 285.5 100 0.8 7600 351.3i  119.0 60.4 37.0
Rail 2010 305.4 100 0.5 736, 559.2i  172.0 83.7 49.9
Potential  :No network | 378.1 100 1.6 805, 2359 106.8 55.0 34.2
f‘oc‘éfgﬂb”“y Road 1096 |  330.2 100 07 855 4548 2168 1129  66.7
Rail 1996 292.7 100 0.8 80.3.  348.2i 1786 96.8 60.6
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Looking first at the average and weighted averageet time indicators, the hypothesis de-
veloped in the previous sections is confirmed thase indicators are not sensitive to changes
in infrastructure. There is not much change instia¢istical measures between years and modes.
In particular the ratio between the 20 'best' addarst' regions remains more or less stable
regardless of mode and network development.

The spread of daily and potential accessibilitynisch wider. Accordingly the ratios between
the regions with highest and lowest accessibilitiesease considerably. However, within one
indicator group, the standard deviations, thouglehmarger, remain in the same range for all
years and modes. By standard deviation alone,dimpletion of the trans-European networks
will lead to a slight decrease of regional dispesiin accessibility in Europe. However by the
ratios between best and worst regions, dispaiiti@scessibility tend to increase, in particular
through the completion of the planned high-speéddimas.

Figure 36 gives a graphical representation of tistatstical measures for potential accessi-
bility as an example. The range of the 20 'best’2h'worst' regions and the standard deviation
from the mean are shown for the different netwdt&raatives. In the upper diagram, as in

Table 4, the results of all network alternatives standardised to their own mean, i.e. the
overall increase in accessibility is ignored. Witis standardisation the standard deviations
become slightly smaller. However, only in the rostwork this leads to a gain in relative

accessibility of the 20 regions with the lowestesstbilities and a corresponding relative loss
of the 20 regions with the highest accessibilitirshe rail network, despite the lower standard
deviation, the 20 most remote regions lose an@@heost central regions gain significantly.

In the lower diagram of Figure 36 the results damdardised to the mean of the no-network
alternative, i.e. the general increase in accdagibecomes visible. As discussed earlier, there
Is not much change between the present and theeftdad network. There was some change
between the rail network in 1981 and the rail neknaf 1996. The largest increase in acces-
sibility is caused by the completion of the futtnans-European high-speed rail network. It can
be seen that in absolute terms even the standaratide increases significantly. In absolute
terms the 20 most remote regions gain only vetlg litvhereas the 20 most central regions gain
even more in absolute than in relative terms.

Rank-size distributions

The graphical representation of a rank-size distigm of regions sorted by decreasing or
increasing order of accessibility visualises thgrde of inequality between regions. If two

rank-size distributions of different years or modas compared, decreasing or increasing
inequality in accessibility or differences in thestdbution of accessibility by mode can be

detected

Figure 37 is an example of such a comparison. dpeiagram shows the rank-size distribution
of daily accessibility to population by rail in 1®%solid line) and 2010 (dotted line). The dis-
tribution confirms the information already presehiie Table 4 that the difference in accessi-
bility between the most central regions and thetrmpespheral regions is immense.
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The diagram also shows the vast gain in daily atlo#isy to be expected if the high-speed rail
network will be implemented. Whereas in 1996 peaplérms in the regions with the highest
daily accessibility in Belgium and north-west Genyavere able to reach between 70 and 60
million people or customers within five hours tratrme, they will be able to reach, in the same
five hours, between 110 and 120 million peopldyear 2010. The diagram also confirms the
observation that in absolute terms the largestsgaiaccessibility will occur in the regions with
the already highest accessibility, whereas thepperal regions at the far end of the rank-size
distribution will gain only very little.

The bottom diagram of Figure 37 shows the samealédly accessibility by road. It can be
observed that in 1996 the rank-size distributiodaify accessibility by road is very similar to
the rank-size distribution of daily accessibility kail, but that there will be only marginal
changes until 2010. This confirms the observatiadenearlier that in the future rail will be by
far the superior mode of travel in Europe.

Rank correlation

The rank correlation coefficient by Spearman compdwo rank orders of regions by de-
creasing or increasing accessibility. If two raméters of two different years are compared, the
coefficient informs about the degree of stabilitly tbe rank positions of the regions. A
Spearman correlation coefficient of one indicatest there has been no change in the rank
order of regions, a coefficient of minus one intksathat the rank order has been reversed. In
the context of transport infrastructure policy ghirank correlation between the situation
without and with policy implementation is desiralbte equity reasons (see Deliverable D4,
Bokemann et al., 1997).

Table 5 presents Spearman correlation coefficiemgparing different network alternatives or
years for the three accessibility indicators impdated both for rail and road. In all cases the
Spearman correlation coefficient is higher tharbQi®. the network effect or the development
of the networks over time have only relativelyidéitimpact on the position of the regions in the
rank order of regions in accessibility. Virtuallp mhanges in the rank order of regions is in-
troduced by the modest changes in the rail netvbetkveen 1981 and 1996 (the Spearman
coefficients are close to one). The same appligttwe changes in the road network. However,
the future implementation of the trans-Europearh{sigeed rail network will cause certain
changes in the relative position of regions in perwith respect to accessibility, irrespective of
the indicator chosen.

Table 5. Spearman correlation coefficient

Rail Road
No network v. no network v.

1981 1981 v. 1996 1996 v. 2010 1996 1996 v. 2010
Average travel time
0 cities > 250,000 0.998 0.985 0.996
Daily accessibility to 0.960 0.991 0.962 0.954 0.998
population
Potential accessibil- 0.974 0.995 0.977 0.970 0.998
ity to population
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Lorenz-curve (GINI coefficient)

The Lorenz curve compares a rank-ordered cumulaoeessibility distribution of regions
with a distribution in which all regions have thaarse accessibility. A GINI coefficient of zero
indicates that the distribution is equal-valuegl, that all regions have the same accessibility. A
GINI coefficient close to one indicates that thstdboution of accessibility is highly polarised,
i.e. few regions have a very high accessibility aliather regions are relatively isolated. The
GINI coefficient is used here to compare the indiggui accessibility between regions for two
different years. A growing GINI coefficient indiest that inequality in accessibility between
regions has increased, a declining coefficientdaidis that disparities in accessibility have
been reduced.

Figure 38 is an example of such a comparison usi@game data as Figure 37. The top dia-
gram shows Lorenz curves for daily accessibilitpogulation by rail in 1996 (solid line) and
2010 (dotted line). It can be seen that the Looemze standardises all cumulative distributions
to the same total so that the overall growth ireasibility seen in Figure 37 disappears. With
this standardisation the curves for 1996 and 20&@ery similar. Close inspection reveals that
at the very low and at the very high accessibéitgls the curve of 2010 lies below the one of
1996, whereas in the middle range it lies aboveHRigure 36). This means that regions in the
lower middle range and at the top end of the aduéigsscale gain most, whereas regions at
the bottom end and in the upper middle range gaastl The GINI coefficients of 0.441 for
1996 and 0.439 for 2010 indicate that the net etiethis polarisation and equalisation is slight
convergence of accessibility. This result is somewdtifferent from the one published in
Spiekermann and Wegener (1996), where the lin@dd Zalways was below the line of 1996,
i.e. polarisation occurred everywhere. The diffeeeis probably due to the much more detailed
network used in the present analysis, which givestgr weight to medium-size cities in the
lower middle-range of accessibility.

The bottom diagram of Figure 38 shows the cormedpg Lorenz curves for road. The
planned trans-European motorway projects resudt stight convergence of accessibility as
indicated by the GINI coefficients of 0.464 for B38@nd 0.447 for 2010.

Table 6 presents GINI coefficients for all accetisyhindicators, years and modes calculated.

As already indicated in Table 4, average travektimmuch less polarised than daily and po-
tential accessibility and so has much lower GINgftioients.

Table 6. GINI coefficients.

No network Rail Road
1981 1996 2010 1996 2010

Average travel time
o i .00 0.138 0.135 0.150 0.136 0.144
Daily accessibility to 0.413 0.449 0.441 0.439 0.464 0.447
population
Potential accessibil- 0.409 0.435 0.426 0.418 0.454 0.439
ity to population
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6. Accessibility Indicatorsand Regional Economic Development

The purpose of this section is to gain first inssgimto the relationship between accessibility
and regional socioeconomic development in Eurogidhal GDP per capita is selected as
indicator representing economic output of regiaes (Deliverable D4, Bokemann et al., 1997).
Therefore this first and tentative assessment efréhationship between accessibility and re-
gional economic development correlates selectedsadulity indicators with GDP per capita
for 1981 and 1991.

It needs to be emphasised that the bivariate asghgsformed here is only a preparatory ex-
ercise for the multivariate analysis to be undestelater in SASI.

Not surprisingly, the empirical analysis resultgather low correlations between accessibility
and GDP per capita reflecting the well-known fduattlocation is only one factor of regional

economic development. However, by temporarily etaing characteristic groups of outlier

regions and nonlinear transformation of accessjtsignificant increases irf can be obtained.

This is demonstrated for one accessibility indicatd=igure

39. The top diagram shows the relationship betvezely accessibility and GDP per capita in
1991 for all 201 SASI regions. Because no accdggiimdicators were available for 1991,
accessibility indicators of 1996 were used. Theadation withr? = 0.14 is extremely low. Two
characteristic groups of outlier regions can baiified: Sweden and Finland have rather low
accessibility but above-average economic performamcich can only be explained by
non-transport factors. The new German Lander hageage accessibility but their economic
performance is poor due to their problems of ttasrsirom a planned to a market economy. By
removing these specific cases from the analysesctirelation coefficient is more than dou-
bled tor? = 0.32 (centre) The resulting correlation diagsuggests a non-linear relationship.
By transforming the accessibility indices By = A?, the correlation increases b = 0.40
(bottom).

Except for travel cost accessibility this procedwgsults in significant increases in correlation
between accessibility and GDP per capita. Theredftireesults reported in this section are
based on the temporary exclusion of Sweden anaridndnd the new German Lander and
non-linear transformation of accessibility.

Average travel time and GDP per capita

Figure 40 presents the correlation between averalgeavel time to cities with a population of
more than 250,000 and GDP per capita for 1981 @od)1991 (bottom). Again accessibility of
1996 is used. A clear negative relationship isblesexpressed by high correlation coefficients
with r? = 0.60 for 1981 antf = 0.57 for 1991. Regions in Portugal and Greewe lize longest
travel times and are the poorest regions withirBepean Union. However, some regions in
Scotland show above-average economic performanoagh they have long travel times. As
expected, most prosperous agglomerations such abitg, Frankfurt, Minchen, Brussels
and Paris are located in the European core anclsmdto the regions with shortest travel
times. However, there are also regions with reddyighort travel times and yet poor economic
performance such as Brabant Wallon in Belgium aagyBnland in Austria.
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Daily accessibility and GDP per capita

The correlation between daily accessibility and G capita in 1981r{ = 0.43) and 1991
(r? = 0.33) is less than the one of travel cost. Rigdit shows the two correlation diagrams. The
poorest regions are again the least accessiblenggn Greece and Portugal, the most pros-
perous regions are again the highly accessible magjglomerations in Belgium, France and
Germany. However, some regions perform economidadtyer than their accessibility would
suggest: some of the large agglomerations and ddetkterranean islands. Some regions,
however, perform economically worse than their asit®lity would suggest, for instance old
industrial regions in Belgium and the United Kinguo

Potential accessibility and GDP per capita

Because daily accessibility and potential accd#silaire highly correlated, the correlation of
potential accessibility with GDP per capita produsenilar correlation diagrams in Figure 42.
However, the correlations are slightly higher withx 0.47 for 1981 andf = 0.35 for 1991.

Change in accessibility and GDP per capita

The relationship between accessibility and GDPgagrita might be influenced by temporal
dynamics. This means that nevelsof accessibility and GDP per capita should be crexgh
but changesn accessibility anghangesn GDP per capita. However, this leads to very low
correlations of? < 0.1. However, correlatinghangesn accessibility witHevelsof GDP per
capita improves the correlation. Figure 43 presdéwo correlation diagrams showing the
effect of infrastructure on GDP per capita. Thed@gram shows absolute change in potential
accessibility between the no-network alternative il in 1981 v. GDP per capita in 1981, the
lower diagram absolute change in accessibility &l between 1981 and 1996 v. GDP per
capita in 1991. In both diagrams change in acciisgils standardised by the average change
in accessibility. The network effect in the topgtam and the effect of the development of the
network between 1981 and 1996 are very similar,regions with high accessibility benefit
most. The correlation with GDP per capita increase$= 0.57 in 1981 and’ = 0.48 in 1991.
However, this effect may well be caused by the ttaat regions with high GDP per capita have
more travel demand and are more capable to finefiGestructure investments and so attract
more infrastructure than poorer regions.

Overview of correlation coefficients

Table 7 summarises all correlations between adwégsand GDP per capita. Average travel
time has the highest correlation followed by patdraccessibility and daily accessibility. For
all indicators the correlation with GDP per capgdigher in 1981 than in 1991. Even acces-
sibility in 1996 correlates better with GDP peritajn 1981 than with GDP per capita in 1991.
This might be explained by the fact that rail istracture development between 1991 and 1996,
e.g. the French TGV or the German ICE, primarilgweed in rich regions. If not levels of
accessibility but changes in accessibility areedated with GDP per capita, correlations tend
to increase.
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high-level network to 1981 (top) and growth fron81%0 1996 (bottom).



Accessibility Indicators and Regional Economic DOepenent

82

Table 7. Overview of correlation coefficients

GDP per capita, 1981

GDP per capita, 1991

Average travel time Road 1996 0.51 0.48
to cities > 250,000 Rail 1981 0.60 0.57
Rail 1996 0.58 0.57
Average travel time to Road 1996 0.41 0.44
cities > 1,000,000 Rail 1981 0.52 0.54
Rail 1996 0.52 0.54
Weighted average travel Road 1996 0.49 0.47
time to cities > 250,000 Rail 1981 0.59 0.56
Rail 1996 0.57 0.57
Weighted average travel Road 1996 0.46 0.45
time to cities > 1,000,000 Rail 1981 0.56 054
Rail 1996 0.55 0.55
Daily accessibility No network 0.30 0.21
to population **0.4 Road 1996 0.36 0.25
Rail 1981 0.43 0.29
Rail 1996 0.47 0.33
Change in daily accessibility {1981 - no network 0.52
to population **0.3 1996 - 1981 0.40
Daily accessibility No network 0.37 0.32
to GDP 0.4 Road 1996 0.40 0.32
Rail 1996 0.50 0.39
Potential accessibility No network 0.34 0.23
to population **0.4 Road 1996 0.39 0.27
Rail 1981 0.47 0.32
Rail 1996 0.50 0.35
Change in potential accessi- {1981 - no network 0.57
bility to population **0.3 1996 - 1981 0.48
Potential accessibility No network 0.43 0.36
to GDP 0.4 Road 1996 0.45 0.35
Rail 1996 0.55 0.43
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Spatial distribution of residuals

The correlation of regional accessibility indicatavith regional GDP per capita has confirmed
that accessibility is only one of several, trans@ord non-transport, factors determining re-
gional economic performance. It will be the taskabér phases in SASI to identify these other
factors and to assess their individual contribuiad joint interaction.

However, it is possible already now to analysesihatial pattern of the residuals of the corre-
lation between accessibility and economic perforteane. to show which regions in Europe
conform to the hypothesis that more accessiblensgare economically more successful and
which do not.

This can be done by classifying regions by thesifoan in the correlation diagram, i.e. with
respect to their residual or distance from the aiad) Figure 44 shows as one example poten-
tial accessibility by rail correlated with GDP p&pita in 1991 (again potential accessibility of
1996 had to be used). The data are the same agureM2 (bottom) except that no nonlinear
transformation of accessibility was performed idesrto expose rather than minimise the
residuals.

At the bottom of Figure 44 a miniature correlattbagram is shown in which the area along the
diagonal and the triangles above and below theodiaigare shaded in different colours. In

addition the diagram is divided into quadrantswgy tines indicating the European average of
accessibility and GDP per capita, respectively. figgeons in the map above the diagram are
shaded in the same colours as the areas in th@atton diagram, in which the dots associated
with them are located. According to this classiimaand colour scheme the following types of

region can be distinguished:

- The regions in the green buffer zone along tlagaial conform to the hypothesis that the
higher the accessibility the higher the economrégomance, i.e. their residuals are small. In
the dark green area there are regions with abogsge accessibility and GDP per capita
such as Luxembourg, the southern ring of regionarat Paris, East Anglia, Hamburg and
Bremen and some regions in Bavaria. The regiortbarlight green area include most of
Portugal, Wales, and some regions in northern Ewlglsouthern Italy and Greece as well as
border regions in Germany and Austria.

- The regions in the blue triangle below the disajaare economically less successful than
their accessibility would suggest. This group idgs regions with high and very high ac-
cessibility in the centre of Europe with above-ager economic performance such as
London and Paris, the Randstad and most of we&ermany and Berlin, but also regions
with economic problems, among them many old indaistegions in England, northern
France, Belgium, the Netherlands and Germany. liase regions accessibility seems to be
so abundant that further improvements of it havg orarginal benefits for them. The real
bottlenecks for their development seem to be nansport such as over-agglomeration
diseconomies in the case of large agglomeratiormautdated economic structure in the
case of old industrial cities. A special group Brecklemburg-Vorpommern and Branden-
burg, the most depressed of the new German Lawndhéch are still in the transition from
planned to market economy and not yet in a posibotake advantage of their favourable
geographic location.
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Figure 44. Spatial distribution of residuals of potial accessibility to population by rail v.
GDP per capita in 1991.
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- The regions in the red triangle above the diabana regions that economically perform
better than their accessibility would suggest.i@ke only some regions in northern Italy and
Bavaria have above-average accessibility. Somemegamong them all Scandinavian re-
gions, have above-average economic performancetelésgdow-average accessibility. The
largest number of regions, however, are periphergions in Portugal, Spain, southern
France and southern Italy, Greece, Ireland, Sabtéard Austria with below-average eco-
nomic performance. It is possible that the relagzenomic success of these regions can be
traced to external transfers such as support frenstructural Funds.

The above conjectures about the residuals, i.eutalbe reasons why accessibility in some
regions is positively associated with economic tigw@ent but not in others, will have to
remain tentative. It will be one of the main tasktater phases of SASI to relate accessibility to
other transport and non-transport factors detemgimegion economic development and re-
sume the analysis in a more comprehensive, muii&eafashion.
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7. Conclusions

This report defined, discussed and tested accbgsibdicators to be used in the SASI model
of regional socioeconomic development. Based onelinminary outline of the model to be
developed, the role of accessibility as the esasHirik between the transport infrastructure and
regional socioeconomic development was identifieds theoretical part the report proposed a
typology of basic accessibility indicators with ithearious refinements and summarised ac-
cessibility indicators used in other studies. Theotetical part closed with a discussion of
accessibility and cohesion. In its empirical pae teport presented how the previously dis-
cussed accessibility indicators are implemented 2@8 pan-European regions using
high-resolution raster GIS methods. The accessihilidicators calculated were correlated
with each other and with indicators of regionaliseconomic development.

Main results

Accessibility is the main product of a transporsteyn. It determines the locational advantage
of a region relative to all regions and so is aan&ctor for the social and economic devel-
opment of a region. At the same time accessilility a value by itself as an element of quality
of life. Accessibility indicators therefore are entral subgroup of the socio-economic indica-
tors discussed in Deliverable D4 of SASI (Bokemanal., 1997).

Simple accessibility indicators consider only inxgional transport infrastructure and fail to
recognise the network character of transport itfuature linking parts of the region with each
other and the region with other regions. More caxphdicators distinguish between the
network itself and the activities that can be reaichy it. Accessibility then is a construct of two
functions, one representing the activities or opputies to be reached and one the effort, time,
distance or cost needed to reach them. Dependinigeoway these two functions are defined,
three basic types of accessibility indicator cariséinguishedtravel cost accessibilifydaily
accessibilityand potential accessibilityThere is a wide range of applications of theseeth
basic indicators differing in details of implemeita.

However, most accessibility studies so far havecentrated on the accessibility of cities, i.e.
network nodes which are assumed to represent tioéewhetropolitan area or region, and so
have ignored that accessibility is continuous iacgp To overcome this problem, spatially
disaggregate accessibility indicators using ra&& methods based on synthetic raster data
generated by microsimulation were calculated ferttiree basic indicator types for two net-
works (road and rail) plus a third 'no-networkeatiative and two or three years, 1981, 1996
and 2010 and aggregated for 201 regions in thegearo Union.

These indicators were then compared with each athérover time. The results are summa-
rised as follows:

- Of the three types of accessibility indicator)ylaccessibility and potential accessibility are
highly correlated, whereas travel cost accessisigems to measure a different aspect of
accessibility.
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- For the same indicator, the difference betweed rand rail accessibility is small but in-
creases with the completion of the European higledpail network.

- Travel cost accessibility is the indicator lesshsitive to transport infrastructure impreve-
ments.

- The differences between unweighted and weightextage travel time accessibility are
negligible.

- It does not matter much whether a population5df,@00 or 1,000,000 is taken as minimum
destination size for travel cost accessibility.

- For all three indicators, accessibility to popigia and accessibility to GDP are highly cor-
related.

- The change in rail accessibility between 1981 H9@6 has in general been much less than
the likely change between 1996 and 2010.

- The motorway projects planned until 2010 arelyike have little impact on the rank order of
regions with respect to accessibility, howevernthianned high-speed rail network is likely
to advantage particular regions with the effect thay move up in the accessibility rank
order.

- For both road and rail, accessibility tends tadme more polarised between central and
peripheral regions between 1996 and 2010, evergtheame statistical measures of cohe-
sion such as standard deviation and GINI coefficéfiow a slight convergence in accessi-
bility.

The last result confirms earlier studies with lestailed networks (Spiekermann and Wegener,
1996) that in particular the European high-speéayatem under development, even though it
contains new lines connecting peripheral regionthéo European core, will stabilise if not
increase the accessibility advantage of the cagmms. They also suggest that the statistical
indicators conventionally used for measuring irggional disparities, standard deviation and
GINI coefficient, may not sufficient to evaluateasipl polarisation processes of the kind ex-
amined here.

Selected accessibility indicators were finally etated with regional GDP per capita as one
indicator of regional socioeconomic development.eXpected, bivariate correlation between
accessibility and GDP per capita was found to e keven though signifiant increases in
correlation can be obtained by eliminating outliegions and non-linear transformation of
accessibility. These results confirmed the wellskndact that accessibility, i.e. transport cost,
is no longer the most important factor determinimgation choice of firms but rather one of
many transport and non-transport, quantitativequalitative location factors.

Nevertheless, the correlation analysis also shdhetcaccessibility is unequivocally positively
associated with GDP per capita, i.e. that locasiilhmatters. However, one should be aware
that correlation measures do not provide causdbagpions but merely state that two phe-
nomena with a certain probability tend to occuretbgr. This means that even where accessi-
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bility is positively correlated with economic degpment, it cannot be assumed that accessi-
bility is the cause and economic activity the efféicseems more appropriate to see accessi-
bility as an enabling condition necessary to featéi economic development but which, if
present, does not guarantee that development eatliro

Conclusions for further work

The results of the analytical work presented is tieport are preliminary and should be used
with caution.

The main reason for this reservation is that +ibgntion - the analysis in this phase of the work
has been concentrated on accessibility and hasddnbe interaction of accessibility with
other, non-transport location factors. Only by takthese other factors into account will it be
possible to 'explain’ the existing 'paradoxicathbmations of high accessibility and industrial
decline (as for instance in eastern Germany) oemibteness and high economic prosperity (as
for instance in Scandinavia).

The main task of further work in SASI will thereobe to bring the discussions on transport
and non-transport location factors to a synthesis.

In substantive terms this implies that the nondpamt factors tentatively earmarked for in-
clusion into the model (see Linneker, 1997 andiBSest2.4 and 6 of this report) such as re-
gional infrastructure, regional settlement struetand regional labour supply as well as ex-
ogenous net transfers such as support from natemaices or the Structural Funds of the
European Union will be thoroughly examined withpest to their impacts on regional de-
velopment.

Which of the accessibility indicators assessedhia teport will eventually be selected for
inclusion in the model cannot be determined at tinie. On the one hand the selection of
accessibility indicators will depend on their statial interaction with the other transport and
non-transport factors of the regional productionction. On the other hand the accessibiliy
indicators selected need to be sensitive to thdewtamge of transport investments and trans-
port infrastructure improvements to be studied i SASI model.

In methodological terms essentially two methodataginstruments will be employed. One
tool will be multivariate statistical analysis sua$ multiple linear and nonlinear regression by
which the joint contribution of non-transport amdrisport variables to the statistical explana-
tion of regional GDP in the regional production ¢tian will be examined. The other tool is
experimental work with the dynamic SASI simulatitself by which lagged feedback relations
that cannot be detected by cross-sectional analyiise explored.
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9. Annex

The Annex contains a list of the regions used é@@3ASI model as discussed in Section 2.4.2

(Table A1) and tabulations of the correlation ciméhts () discussed in Section 5.2 (Tables
A2-A5).
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Table Al. SASI regions

Country No Region NUTS 1995 or Internal/ Centroid
equivalent code external
Osterreich 1 Burgenland AT11 Internal Eisenstadt
2 Niederosterreich AT12 Internal St.Polten
3  Wien AT13 Internal Wien
4  Karnten AT21 Internal Klagenfurt
5  Steiermark AT22 Internal Graz
6  Oberdsterreich AT31 Internal Linz
7  Salzburg AT32 Internal Salzburg
8 Tirol AT33 Internal Innsbruck
9 Vorarlberg AT34 Internal Dornbirn
Belgique/ 10  Bruxelles/Brussel BE1 Internal Bruxelles/Brussel
Belgié 11  Antwerpen BE21 Internal Antwerpen
12 Limburg (BE) BE22 Internal Hasselt
13  Oost-Vlaanderen BE23 Internal Gent
14  Vlaams Brabant BE24 Internal Leuven
15 West-Vlaanderen BE25 Internal Brugge
16  Brabant Wallon BE31 Internal Wavre
17  Hainaut BE32 Internal Charleroi
18 Liege BE33 Internal Liege
19  Luxembourg (BE) BE34 Internal Arlon
20  Namur BE35 Internal Namur
Deutschland 21  Stuttgart DE11 Internal Stuttgart
22 Karlsruhe DE12 Internal Mannheim
23 Freiburg DE13 Internal Freiburg im Breisgau
24  Tubingen DE14 Internal Tlbingen
25  Oberbayern DE21 Internal Minchen
26  Niederbayern DE22 Internal Landshut
27  Oberpfalz DE23 Internal Regensburg
28  Oberfranken DE24 Internal Bamberg
29  Mittelfranken DE25 Internal Nurnberg
30 Unterfranken DE26 Internal Wirzburg
31 Schwaben DE27 Internal Augsburg
32  Berlin DE3 Internal Berlin
33  Brandenburg DE4 Internal Potsdam
34  Bremen DE5 Internal Bremen
35 Hamburg DEG6 Internal Hamburg
36 Darmstadt DE71 Internal Frankfurt am Main
37 Giessen DE72 Internal Giessen
38 Kassel DE73 Internal Kassel
39  Mecklenburg-Vorpommern DES8 Internal Rostock
40  Braunschweig DE91 Internal Braunschweig
41  Hannover DE92 Internal Hannover
42  Luneburg DE93 Internal Lineburg
43  Weser-Ems DE94 Internal Oldenburg
44  Dusseldorf DEAl1 Internal Dusseldorf
45  Koln DEA2 Internal Koln
46  Munster DEA3 Internal Minster
47  Detmold DEA4 Internal Bielefeld
48  Arnsberg DEAS5 Internal Dortmund
49  Koblenz DEB1 Internal Koblenz
50  Trier DEB2 Internal Trier
51 Rheinhessen-Pfalz DEB3 Internal Mainz
52  Saarland DEC Internal Saarbriicken
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Table Al. SASI regions (continued)

Country No Region NUTS 1995 or Internal/ Centroid
equivalent code external
Deutschland 53  Sachsen DED Internal Leipzig
(continued) 54  Dessau DEE1 Internal Dessau
55 Halle DEE2 Internal Halle
56 Magdeburg DEE3 Internal Magdeburg
57  Schleswig-Holstein DEF Internal Kiel
58 Thiringen DEG Internal Erfurt
Danmark 59  Hovedstadtsregionen and DK11 (DK001-7) Internal Kgbenhavn
st for Storebeelt
60 Vest for Storebaelt DK12 (DKO008-F) Internal Arhus
Espafa 61 Galicia ES11 Internal Santiago
62  Principado de Asturias ES12 Internal Oviedo
63 Cantabria ES13 Internal Santander
64  Pais Vasco ES21 Internal Bilbao
65 Comunidad Foral de Navarra ES22 Internal Pamplona
66 La Rioja ES23 Internal Logrono
67  Aragon ES24 Internal Zaragoza
68 Comunidad de Madrid ES3 Internal Madrid
69 Castillay Leon ES41 Internal Valladolid
70 Castilla-la Mancha ES42 Internal Toledo
71  Extremadura ES43 Internal Mérida
72  Catalufia ES51 Internal Barcelona
73 Comunidad Valenciana ES52 Internal Valencia
74  Islas Baleares ES53 Internal Palma de Mallorca
75  Andalucia ES61 Internal Sevilla
76  Region de Murcia ES62 Internal Murcia
Suomi/ 77 Uusimaa Fl11 Internal Helsinki
Finland 78  Etela-Suomi Fl12 Internal Tampere
79  It&-Suomi FI13 Internal Kuopio
80  Vali-Suomi Fl14 Internal Jyvaskyla
81  Pohjois-Suomi FI15 Internal Oulu
82  Ahvenanmaa/Aland Fl2 Internal Maarianhamina
France 83 Tle de France FR1 Internal Paris
84  Champagne-Ardenne FR21 Internal Reims
85 Picardie FR22 Internal Amiens
86  Haute-Normandie FR23 Internal Le Havre
87 Centre FR24 Internal Orleans
88 Basse-Normandie FR25 Internal Caen
89 Bourgogne FR26 Internal Dijon
90 Nord-Pas-de-Calais FR3 Internal Lille
91 Lorraine FR41 Internal Metz
92  Alsace FR42 Internal Strasbourg
93 Franche-Comté FR43 Internal Besancon
94  Pays de la Loire FR51 Internal Nantes
95 Bretagne FR52 Internal Brest
96 Poitou-Charentes FR53 Internal Poitiers
97  Agquitaine FR61 Internal Bordeaux
98  Midi-Pyrénées FR62 Internal Toulouse
99  Limousin FR63 Internal Limoges
100 Rhéne-Alpes FR71 Internal Lyon
101  Auvergne FR72 Internal Clermont-Ferrand
102 Languedoc-Roussillon FR81 Internal Montpellier
103  Provence-Alpes-Cote d Azur FR82 Internal Marseille
104 Corse FR83 Internal Ajaccio
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Table Al. SASI regions (continued)
Country No Region NUTS 1995 or Internal/ Centroid
equivalent code external
Ellada 105  Anatoliki Makedonia, Thraki GR11 Internal Kavala
106  Kentriki Makedonia GR12 Internal Thessaloniki
107  Dytiki Makedonia GR13 Internal Kozani
108 Thessalia GR14 Internal Larissa
109 Ipeiros GR21 Internal loannina
110 lonia Nisia GR22 Internal Kerkyra
111  Dytiki Ellada GR23 Internal Patrai
112  Sterea Ellada GR24 Internal Lamia
113  Peloponnisos GR25 Internal Tripolis
114  Attiki GR3 Internal Athinai
115 Voreio Aigaio GR41 Internal Mytilini
116  Notio Aigaio GR42 Internal Ermoupolis
117  Kriti GR43 Internal Irakleion
Ireland 118 Dublin, Mid-East IE11 (IE002-3) Internal Dublin
119 Border, Midland-West IE12 (IEQO1, Internal Galway
IE004, IE008)
120 Mid-West, South-East, IE13 (IE005-7) Internal Cork
South-West
Italia 121  Piemonte IT11 Internal Torino
122  Valle d'Aosta IT12 Internal Aosta
123  Liguria IT13 Internal Genova
124  Lombardia IT2 Internal Milano
125 Trentino-Alto Adige IT31 Internal Bolzano
126  Veneto IT32 Internal Venezia
127  Friuli-Venezia Giulia IT33 Internal Trieste
128 Emilia-Romagna IT4 Internal Bologna
129 Toscana IT51 Internal Firenze
130 Umbria IT52 Internal Perugia
131 Marche IT53 Internal Ancona
132 Lazio IT6 Internal Roma
133  Abruzzo IT71 Internal Pescara
134  Molise IT72 Internal Campobasso
135 Campania IT8 Internal Napoli
136 Puglia IT91 Internal Bari
137 Basilicata IT92 Internal Potenza
138 Calabria IT93 Internal Reggio
139 Sicilia ITA Internal Palermo
140 Sardegna ITB Internal Cagliari
Luxembourg 141  Luxembourg LU Internal Luxembourg
Nederland 142  Groningen NL11 Internal Groningen
143  Friesland NL12 Internal Leeuwarden
144  Drenthe NL13 Internal Emmen
145  Overijssel NL21 Internal Enschede
146  Gelderland NL22 Internal Apeldoorn
147  Flevoland NL23 Internal Lelystad
148  Utrecht NL31 Internal Utrecht
149  Noord-Holland NL32 Internal Amsterdam
150  Zuid-Holland NL33 Internal Rotterdam
151 Zeeland NL34 Internal Middelburg
152  Noord-Brabant NL41 Internal Eindhoven
153  Limburg (NL) NL42 Internal Maastricht
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Table Al. SASI regions (continued)
Country No Region NUTS 1995 or Internal/ Centroid
equivalent code external
Portugal 154  Norte PT11 Internal Porto
155 Centro (PT) PT12 Internal Coimbra
156 Lisboa e Vale do Tejo PT13 Internal Lisboa
157  Alentejo PT14 Internal Evora
158 Algarve PT15 Internal Faro
Sverige 159  Stockholm SEO1 Internal Stockholm
160  Ostra Mellansverige SE02 Internal Uppsala
161  Smaéland med Oarna SE03 Internal Jonképing
162  Sydsverige SE04 Internal Malmo
163  Vastsverige SEO05 Internal Goteborg
164  Norra Mellansverige SE06 Internal Géavle
165 Mellersta Norrland SEOQ7 Internal Sundsvall
166  Ovre Norrland SEO08 Internal Umea
United 167  Cleveland, Durham UK11 Internal Middlesbrough
Kingdom 168 Cumbria UK12 Internal Carlisle
169 Northumberland, Tyne and Wear UK13 Internal Newcastle upon Tyne
170  Humberside UK21 Internal Kingston upon Hull
171  North Yorkshire UK22 Internal Harrogate
172  South Yorkshire UK23 Internal Sheffield
173  West Yorkshire UK24 Internal Leeds
174  Derbyshire, Nottinghamshire UK31 Internal Nottingham
175 Leicestershire, Northamptonshire UK32 Internal Leicester
176  Lincolnshire UK33 Internal Lincoln
177 East Anglia UK4 Internal Cambridge
178  Bedfordshire, Hertfordshire UK51 Internal Luton
179  Berkshire, Buckinghamshire, UK52 Internal Reading
Oxfordshire
180  Surrey, East-West Sussex UK53 Internal Brigthon
181 Essex UK54 Internal Southend-On-Sea
182  Greater London UK55 Internal London
183 Hampshire, Isle of Wight UK56 Internal Southampton
184 Kent UK57 Internal Maidstone
185 Avon, Gloucestershire, Wiltshire ~ UK61 Internal Bristol
186  Cornwall, Devon UK62 Internal Plymouth
187 Dorset, Somerset UK63 Internal Bournemouth
188 Hereford & Worcester, UK71 Internal Warwick
Warwickshire
189  Shropshire, Staffordshire UK72 Internal Newcastle-u.-Lyme
190 West Midlands (County) UK73 Internal Birmingham
191 Cheshire UK81 Internal Warrington
192  Greater Manchester UK82 Internal Manchester
193 Lancashire UK83 Internal Blackpool
194  Merseyside UK84 Internal Liverpool
195 Clwyd, Dyfed, Gwynedd, Powys  UK91 Internal Wrexham Maelor
196 Gwent, Mid-South-West UK92 Internal Cardiff
Glamorgan
197 Borders, Central, Fife, UKA1 Internal Edinburgh
Lothian, Tayside
198 Dumfries & Galloway, UKA2 Internal Glasgow
Strathclyde
199 Highlands, Islands UKA3 Internal Inverness
200 Grampian UKA4 Internal Aberdeen
201  Northern Ireland UKB Internal Belfast
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Table Al. SASI regions (continued)

Country No Region NUTS 1995 or Internal/ Centroid
equivalent code external

Shqipéria 202  Shqipéria AL External Tirané
Bosna i 203 Bosna i Hercegovina BA External Sarajevo
Hercegovina
BUlgarija 204 Blllgarija BG External Sofija
Belarus 205 Belarus BY External Minsk
Schweiz 206  Schweiz (West) CH1 External Bern
207  Schweiz (East) CH2 External Zirich
[lesko 208 llesko Ccz External Praha
Eesti 209 Eesti EE External Tallinn
Hrvatska 210  Hrvatska HR External Zagreb
Magyarorszag211 Magyarorszag HU External Budapest
Island 212  Island IS External Reykjavik
Lietuva 213  Lietuva LT External Vilnius
Latvija 214  Latvija LV External Riga
Moldova 215 Moldova MD External Chisinau
Republica 216 Makedonija MK External Skopje
Makedonija
Norge 217  Norge NO External Oslo
Polska 218 Polska (East) PL1 External Warszawa
219  Polska (North-West) PL2 External Poznan
220 Polska (South-West) PL3 External Wroclaw
Roménia 221 Romaénia RO External Bucuresti
Rossija 222  Rossija (Moskva) RU1 External Moskva
223  St. Peterburg RU2 External St. Peterburg
Slovenija 224 Slovenija Sl External Ljubljana
Slovensko 225  Slovensko SK External Bratislava
Tarkiye 226  Turkiye TR External Istanbul
Ukraina 227  Ukraina UA External Kyiv
Jugoslavija 228  Jugoslavija YU External Beograd
West Africa 229  America AM External Model node
and the
Americas
East Africa, 230 Asia AS External Model node
Asia,
Australasia
Egypt and the 231  Middle East ME External Cairo
Middle East
Morocco, 232  North Africa NA External Alger
Algeria,
Tunisia, Libya
Note:

The system of regions consists of 232 regions. There are 201 'internal' regions. Of these there are 196 NUTS-2
regions for all EU countries except Danmark and Ireland. NUTS-0/1/2 regions DK (Danmark) and IE (Ireland) were
further subdivided into two and three groups of NUTS-3 regions, respectively, because of modelling requirements.
NUTS-2 region ES63 (Ceuta e Mellila) and NUTS-1 regions ES7 (Canarias), FR9 (Départements d'outre mer), PT2
(Acores) and PT3 (Madeira), which are not part of the European continent, are not included in the system of regions.
There are 27 'external’ regions for other European countries outside the EU. Of theses, 20 countries are handled as
whole countries. Three countries are further subdivided: Poland into three regions, Switzerland into two regions,
and Russia has a separate region for St. Peterburg. There are four external regions for the rest of the world indi-
cating the direction from where commaodity flows enter or leave Europe.
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Table A2. Correlation ) between average travel time and other accessiliiticators

Average travel time to Average travel time to
cities > 250,000 cities > 1,000,000
Road | Road Ralil Ralil Rail Road { Road | Rail Rail Ralil

1996 | 2010 | 1981 : 1996 : 2010 | 1996 : 2010 : 1981 i 1996 : 2010

Average |Road 1996 1.00; 0.99: 093; 093 087 096 093 092} 093 0091
g)a::/i‘iiletgie Road 2010 099 1.00i 0.90: 0090 085 095 095 091 091: 0.90
250,000 | Rail 1981 093 090 100 1.00 092| 084: 081; 095 0095 092
Rail 1996 093 090 100 1.00 0094| 084! 080! 094. 095 093

Rail 2010 087 085 092 094 1.00| 076: 073: 083 085 097

Average |Road 1996 096 095 084 084 076 1.00 098 092 093 0.86
g)a::/i‘iiletgie Road 2010 093i 095 0.81; 080, 0.73| 098 1.00 090; 090 0.84
1,000,000 ; Rail 1981 092 091i 095 094 083| 092 090 1.00i 1.00. 0.90
Rail 1996 093 091 095 095 085 093 090: 1.00; 1.00: 0.92

Rail 2010 091 090 092! 093 097| 086 084: 090 092 1.00

Weighted :Road 1996 1.00; 099: 0.92; 092 085 097 095 0.93; 094 0.90
{ar\g\e/:j%eme Road 2010 097; 099 0.88 088 081 096: 097: 091: 091: 0.88
to cities > | Rail 1981 093. 091i 100 099 090| 086 083 097 097 092
250,000 :Rail 1996 093 091 099 100, 092 086 083 096 097 0093
Rail 2010 089 087, 093, 094 1.00| 079 077, 086 087 0.98

Weighted Road 1996 098 098 089 088 080| 099 098 094 094 0.88
?r\;\a/:j%em o Road 2010 093. 097, 082 082 074| 096 099 089 090 0.83
to cities > | Rail 1981 092 091i 097, 096 0.85| 089 087 099 099 0.90
1,000,000 : g4l 1996 092: 091 097 097 087 089 087 098 099 092
Rail 2010 090 090 093 094: 098] 083 082 089 090 099

Daily No network 039 037, 039 039 037| 030 028 033 032 033
Eﬁﬁ;ig' Road 1996 0.48: 046i 047 046: 043| 038 036: 040 0.39: 0.39
population ; Road 2010 048 047 048 047, 044| 039, 037, 041, 040 0.40
Rail 1981 047 046i 049 048. 045 037 035 041; 041 0.40

Rail 1996 052 051i 054, 054 049| 042 040 047 046 0.45

Rail 2010 061 061 062 062 058/ 053 052 056 057 057

Daily No network 041 039 042 041 039| 033 031 036 035 0.36
Eﬁﬁsstz' Road 1096 | 0.48 047 048 047 044 040 038 041 041 0.40
GDP Rail 1996 053] 052 055 055 050| 044; 042 048 048 047
Potential : No network 037, 035 038 038 036 029 027 032 031 032
Eﬁﬁ;stgi' Road 1996 047 045 047 046. 043 037 035 039 0.39. 0.39
population ; Road 2010 0.48: 047 048 047 044| 038 036: 040 040 0.40
Rail 1981 047 045 049 048 045 037 035 041 041 041

Rail 1996 051 050 054, 053; 049| 041; 039. 046. 046 0.45

Rail 2010 061 060i 062 062 059 053 051 056 056 057

Potential i No network 039: 038 041 040; 039 032 029 035 035 0.35
Sﬁﬁ;ig' Road 1996 | 048 047 048 047 044 039 037 041 041 041
GDP Rail 1996 0.53 0.52; 0.55: 055: 051| 0.44: 042: 048 048 0.48
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Table A3. Correlation @) between weighted average travel time and otheessibility indi-
cators

Weighted average travel time Weighted average travel time
to cities > 250,000 to cities > 1,000,000

Road | Road Rail Rail Rail Road i Road Rail Rail Rail

1996 | 2010 i 1981 i 1996 | 2010 | 1996 | 2010 : 1981 : 1996 : 2010

Average :Road 1996 1.00; 097 093 093 089 098 093 092 092 0.90
ELaZifi'ei"le Road 2010 099 099 091 091 087 098 097 091 091 0.90
250,000 :Rail 1981 092 088 100 099: 093] 089 082 097 097 093
Rail 1996 092 088 099 1.00; 094/ 088 082 096 097 094

Rail 2010 0.85. 0.81: 0.90; 092 1.00( 080. 074; 085 087 0.98

Average Road 1996 097 096 086 086 079 099 096 089 089 0.83
ELaZifi'ei"le Road 2010 095 097 083 083 077 098 099 087 087 0.82
1,000,000 | Rail 1981 093 091 097 096 0.86| 094 089 099 098 0.89
Rail 1996 094 091: 097 097: 087 094 090 099 099 0.90

Rail 2010 090 088 092 093; 098 088 083 090 092 0.99

Weighted i Road 1996 1.00; 098 093 093 087 099 096 093 093 0.89
?r‘éf/re"’l‘%ﬁne Road 2010 098 1.00i 0.89. 090 084| 099 099 091 091 087
to cities > | Rail 1981 093 089: 1.00; 1.00i 092 091 085 099, 099 093
250,000 ‘R4l 1996 093 090 1.00i 1.00; 093] 090 085 098 099 0.94
Rail 2010 087, 084 092 093] 1.00| 083 077 088 089 0.99

Weighted | Road 1996 0.99: 099: 091 090 083 1.00. 098 092 092 0.87
?r‘;‘f/real‘?sne Road 2010 096 099 085 085 077| 098 1.00. 088 089 082
to cities > ; Rail 1981 093 091: 099 098 088 092 088 100 1.00; 091
1,000,000 | p4il 1996 093 091 099 099 089 092 089 1.00 1.00 0.92
Rail 2010 0.89: 087 093 094: 099 087 082 091 092 1.00

Daily No network 037, 035 038 037: 036 034 031 035 034 0.35
Sﬁﬁ;ig' Road 1996 0.46; 044 046 045 042| 043 039 043; 042 041
population : Road 2010 047 045 047 046: 043 043 040 044, 043 042
Rail 1981 0.46: 0.43: 048 047: 044 042 039 044 044 042

Rail 1996 050 048 053] 052 049 047 044. 050 049 0.48

Rail 2010 060 059 061 0.61i 059 058 055 059 059 0.58

Daily ~ No network 039 037 040 040 039 037 033 038 037 037
Eﬁﬁ;st‘g" Road 1996 047 045 047 046, 043| 044! 041 044 043 042
GDP Rail 1996 0.52; 0.50; 054; 0.54: 0.50( 049 046: 051: 051; 0.49
Potential i No network 036 033 037 0.36: 036 033 030 034 033 034
Eﬁﬁ;ig' Road 1996 0.45. 0.43; 045 045 042 042 039 042 042 041
population : Road 2010 0.46. 0.44; 0.46; 045 043 043, 040. 043 042 0.42
Rail 1981 0.45. 043 047 047 044 042 039, 044, 044 043

Rail 1996 050 0.48: 052 052i 049 046 043. 049 049 0.48

Rail 2010 060 058 061 0.61: 0.60| 057 054: 059 059 0.59

Potential i No network 038 036: 040 039 038 035 032 037 037 0.37
Sﬁﬁ;ig' Road 1996 0.47: 045 047, 046: 044| 044 041 044} 043 043
GDP Rail 1996 052 050 054 054; 051| 048 045 051 051 0.50
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Table A4. Correlation @) between daily accessibility and other accessipitidicators

Daily accessibility Daily accessibility
(population) (GDP)
No Road Road Ralil Rail Rail No Road Ralil
network: 1996 @ 2010 : 1981 : 1996 i 2010 |network: 1996 : 1996
Average :Road 1996 039 048 048 047: 052 061| 041 048 053
g)a::/i‘iiletgie Road 2010 037 046 047 046 051 061| 039 047 052
250,000 |Rail 1981 039 047 048 049; 054; 062 042 048 055
Rail 1996 039 046 047: 048 054, 062 041 047 055
Rail 2010 037 043 044 045 049 058 039 044. 050
Average Road 1996 030 038 039; 037 042/ 053] 033 040 0.44
g)a::/i‘iiletgie Road 2010 028 036 037, 035 040; 052| 031 038 042
1,000,000 | Rail 1981 033 040 041 041; 047 056 036 041 048
Rail 1996 032 039 040 041: 046: 057 035 041 048
Rail 2010 033 039 040 040 045 057 036 040 0.47
Weighted i Road 1996 037 046; 047 046 050 060 039 047 052
?r‘;‘flgl‘%em o Road 2010 035! 044 045 043 048 059| 037, 045 050
to cities > | Rail 1981 038 046 047: 048 053 061| 040 047 054
250,000 Rail 1996 037. 045 046 047 052 061| 040 046  0.54
Rail 2010 036 042 043 044. 049, 059 039 043, 050
Weighted i Road 1996 034, 043 043 042 047, 058 037 044, 049
f‘r‘;f/;"’l‘%em o [Road 2010 031, 039 040 039 044 055 033 041 046
to cities > | Rail 1981 035 043 044 044: 050 059 038 044. 051
1,000,000 il 1996 034. 042 043 044 049 059| 037 043 051
Rail 2010 035 041; 042 042; 048 058 037 042 0.49
Daily No network 1.00 085 085 087 08l 066| 095 081 077
Eﬁﬁ;ig' Road 1996 0.85: 100 1.00i 094; 091: 082 083 098 090
population i Road 2010 085 100 1.00i 094; 092 082 082 097 090
Rail 1981 087 094 094; 100; 097 087 084 092 095
Rail 1996 081 091 092i 097, 1.00 091 079 089 098
Rail 2010 066 082 0.82: 087: 091 1.00| 069 083 093
Daily No network 095! 0.83; 082 084 079 069 1.00. 084 0.80
Sﬁﬁ;ig' Road 1996 081i 098 097, 092 089 083 084 100 092
GDP Rail 1996 0.77. 090 090 095 098 093] 080 092 1.00
Potential i No network 094; 080 081i 085 079, 066 089 076  0.74
Sﬁgjig' Road 1996 090i 096 096 094 089: 081 088 093 087
population : Road 2010 091 096: 096 093; 089 080 088 092 087
Rail 1981 088 090 090i 097 094, 085 085 087 091
Rail 1996 085, 089 0.89; 096 097 089 082 086 093
Rail 2010 075: 083 0.83i 090; 092 097 075 083 092
Potential i No network 090 079 0.79i 083 078 070 093 079 0.78
Eﬁﬁjig' Road 1996 087 095 094; 092; 088 083 090 096 0.89
GDP Rail 1996 082 088 0.87: 095: 095 092 085 088 096
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Table A5. Correlation (r2) between potential accessibility and other accessibility indicators

Potential accessibility Potential accessibility
(population) (GDP)
No Road Road Ralil Rail Rail No Road Ralil
network i 1996 2010 1981 1996 2010 |networki 1996 1996
Average :Road 1996 037 047 048 047; 051, 061| 039 048 053
:ga::’i‘fi'etgie Road 2010 035 045 047 045 050 060 038 047 052
250,000 :Rail 1981 038 047, 048 049 054. 062 041 048 055
Rail 1996 038 046 047 048 053. 062 040 047 055
Rail 2010 036 043 044 045 049 059 039 044 051
Average :Road 1996 029 037, 038 037, 041, 053] 032 039 044
Eéaﬁﬁi'ei"le Road 2010 027, 035 036 035 039 051] 029 037 042
1,000,000 |Rail 1981 032 039 040 041: 046: 056 035 041 048
Rail 1996 031 039 040 041. 046, 056 035 041 048
Rail 2010 032 039 040 041; 045 057 035 041; 048
Weighted i Road 1996 036 045 046 045 050 060 038 047 052
f‘r‘éf/re"’l‘%ﬁn o [Road 2010 033 043 044 043; 048 058 036 045  0.50
to cities >  Rail 1981 037, 045 046: 047. 052 061| 040 047, 054
250,000 Rail 1996 0.36: 045 045 047. 052 061| 039 046 0.54
Rail 2010 036 042 043 044 049, 060 038 044. 051
Weighted i Road 1996 033 042 043 042: 046: 057| 035  044. 048
f‘r‘éf/re"’l‘%ﬁn o [Road 2010 030 039 040 039 043; 054 032 041 045
to cities >  Rail 1981 034 042 043 044; 049, 059 037 044. 051
1,000,000 il 1996 033. 042 042 044, 049 059| 037, 043 051
Rail 2010 034 041 042 043 048 059 037 043 050
Daily No network 094 090 091: 088 085 075 090 087 0.82
Eﬁﬁjig' Road 1996 080 096: 096 090 089 083 079 095  0.88
population : Road 2010 081 096 096 090; 089, 083 079 094 087
Rail 1981 085 094 093] 097 096 090 083 092 095
Rail 1996 079 089 0.89: 094; 097 092 078 088 095
Rail 2010 066 081 080 085 089 097 070 083 092
Daily No network 089 088 088 085 082 075 093 090 0.85
Sﬁgjig' Road 1996 076i 093 092 087 086 083 079 096 088
GDP Rail 1996 074; 087 087: 091: 093 092 078 089 096
Potential | No network 1.00 090 090 091 088 076| 095 086 083
Eﬁﬁ;ig' Road 1996 090 100 1.00i 094; 092 086 088 098  0.90
population | Road 2010 090 100 1.00i 094; 092 086 088 098 090
Rail 1981 091 094 094: 100: 099 092 089 092 096
Rail 1996 088 092 092 099; 1.00; 094 086 090 098
Rail 2010 076 0.86: 0.86: 092; 094, 1.00| 078 087 095
Potential | No network 095 088 088 089 086 078 1.00. 090 0.88
Sﬁﬁ;ig' Road 1996 086 098 098 092 090 087 090; 1.00; 092
GDP Rail 1996 083, 090 090 096 098 095/ 088 092! 1.00




