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Executive Summary 

1 Introduction  
The overall aim of the EUNET/SASI project is to improve methods to assess the wider socio-
economic and spatial impacts of transport initiatives, and to demonstrate that these methods 
can be made fully operational.  The project covers Task 19 of the Strategic Research Area, 
Economics of Transport Systems, within the Transport Work programme of the Fourth 
Framework Programme (FPIV).  The work within the overall EUNET/SASI consortium has 
been divided among two teams, EUNET (10 partners) and SASI (3 partners). 

The EUNET team covered a wide range of research topics in data assembly, modelling and 
assessment, while the smaller SASI team focused mainly on the activities of indicator 
construction and of modelling in order to provide an alternative approach to that being 
developed by the EUNET team. 

In this report no attempt is made to provide a comprehensive summary of all of the tasks that 
were completed within the study.  These are documented in the Deliverables produced in the 
course of the study.  Instead the focus is on outlining a limited cross-section of the more 
interesting theoretical or methodological developments.   

2 EUNET  
In the initial specification of the work to be carried out by the EUNET team it was stated that: 

“The main objective of the EUNET team is to develop a comprehensive innovative 
methodology for the assessment of the impacts of transport initiatives (i.e. 
infrastructure and technology investments, regulatory and fiscal policies).  Recent 
years have seen many developments in assessment methods and models.  What is 
needed is to draw these together into a tightly focused, operational, assessment tool, 
oriented towards the particular needs of decision-makers. 

The approach will be sufficiently general and flexible to be applicable across modes, 
across countries and to large and small projects.  It will include both the immediate 
direct transport benefits as well as measuring the longer term spatial, socio-economic 
and regional development effects.” 

These objectives have been successfully achieved as is demonstrated in the rest of this report. 

The work on most topics was broadly divided into two phases: research and demonstration.  
The research phase developed innovative theoretical and methodological approaches to 
address known problem areas.  The demonstration phase then implemented a number of these 
innovations through the creation of databases, software tools or operational models, and then 
used these to illustrate the research findings and to demonstrate the practicality of the 
methods proposed.   

The main topics covered in the study were to: 

• = develop a methodology for the measurement and valuation of socio-economic effects 
and use this to generate consistent numerical values across the EU; produce a 
database of transport operating costs and tariffs.  These costs and values feed into the 
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modelling and assessment;  

• = develop an innovative cost benefit/multi-criteria analysis assessment framework, 
leading to the production of prototype assessment software – the Assessment Tool; 

• = develop indicators of regional accessibility and social cohesion for incorporation into 
the assessment framework leading to the production of prototype software – the 
Accessibility Analysis Tool; 

• = design and implement a new approach to regional economic and transport modelling, 
which would create a more comprehensive set of linked socio-economic and transport 
forecasts to provide input data for the assessment framework; 

• = develop three demonstration modelling approaches which draw together all of the 
above themes.  The three demonstration examples were for the Trans-Pennine area of 
Northern England, the Baltic area with a focus on Finland and on freight, and Greece.  
The Trans-Pennine model was then linked to the assessment software  

These are outlined in turn in the following sections.  

2.2 Consistent costs, values and prices in assessment 
To make the EUNET approach operational, decisions were needed on the values to be 
attached to a range of impacts in the assessment, and, to an extent, in the modelling work.  In 
summary, the main steps were:  

• = to review current appraisal practice for major transport projects across member states. 
Information on member states’ current use of formal cost benefit analysis (CBA) and 
multi-criteria analysis (MCA) methods was gathered by the project partners and recorded 
in a series of Country Reports.  Detailed information was requested on the scope of 
appraisals - the range of impacts included, which of these were monetised and how those 
monetary values had been derived; 

• = to identify the key issues to be addressed in developing consistent appraisal values for 
EUNET and to agree the approach; 

• = to prepare a framework for analysing each impact.  This involved a common definition, 
units of measurement and accompanying monetary values where appropriate, using the 
information gathered through the Country Reports.  

The main output from this stage was 

• = the design and implementation of a procedure for measuring and valuing impacts for the 
assessment.  For each impact European and consistent country specific monetary values 
are established, or in the case of non-monetary impacts a method is described to establish 
scores. 

2.3 The transport cost database 
This part of the study assembled the vehicle operating costs and the costs of infrastructure 
operation required as input to the other tasks of the study.  Two sets of data were organised.  

• = The behavioural transport costs for use to model travel behaviour.  This set of commercial 
costs of transportation acts as an indication of tariff levels.  It is also suitable for financial 
appraisals, should private investment be considered (e.g. public-private-partnership).  
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• = The resource costs, for use to evaluate transport infrastructure investments within the 
CBA.  

A database tool was created to facilitate the production of the cost components for vehicle and 
infrastructure operation.  The costs of vehicle operation are determined according to 
indicators like fuel performance, speed, and utilisation.  Mode specific costs of infrastructure 
operation and maintenance are presented based on assumptions concerning capacity 
utilisation and time.  The data are made available for all years between the base year 1995 and 
the year of forecast 2020.  The data can be refined by the use of project specific or local data. 

All cost data are based on country specific information which is derived by analyses of 
operating costs functions, transport flows, new technologies, and transport performance.  The 
costs are calculated following the same procedure for each of the countries.  This, as well as 
additional checks for plausibility, has produced a consistent database for all European 
countries.  The data provide the appropriate input information to measure, evaluate and 
compare the effects and benefits of different project implementations within one or more EU 
countries.  

2.4 Assessment methods 
The aims of the EUNET work on assessment methods were to develop a preferred approach 
to assessment and then to translate this preferred method, as far as possible, into operational 
software, and then to test its operation using results from the Trans-Pennine Model. 

The starting point for this work was a review of assessment methods, including previous 
European level research.  In order to identify these methods, a matrix of applicable methods 
versus possible problem situations was initially established.  This required on the one hand a 
review of representative cost benefit analysis (CBA) and multi-criteria analysis (MCA) 
methods and on the other, the examination of their applicability, data requirements, ease of 
use and utility of results, in a diverse set of problem situations.  Problem/decision-making 
situations were differentiated at the level of decision-making (e.g., strategic, local), type of 
project, availability/ accuracy of data, etc.  Based on such a matching of methods versus 
problems, the most suitable decision aids were identified to form the new methodology. 

The review work highlighted the importance of CBA as the core of most assessment 
procedures, but also the clear need to include wider impacts within the context of a MCA 
framework.  It was also clear that considerable flexibility would be required in the operational 
tool.  The wide range of possible users and applications imposed a demanding requirement.      

The overall approach to assessment eventually adopted includes both (monetary) CBA and 
MCA analysis, with weighting carried out using the REMBRANDT method.  A number of 
variants and supplementary procedures were developed, particularly to represent the effects of 
uncertainty, but these extra features were not included in the operational tool.    

The decision to implement a dual CBA and MCA raises the issue of double counting.  There 
is no straightforward procedure that will eliminate this problem and to a large extent the 
danger must be borne in mind by a decision taker.  However, this risk is preferable to the 
alternative of omitting relevant considerations from the assessment.  Furthermore the system 
has been designed so that the MCA impact measures reflect perspectives on their associated 
impacts which are as orthogonal as possible to impacts recorded in the CBA.      

2.5 The Assessment Tool 
The Assessment Tool software was created to enable the assessment methodology to be 
applied to policy testing in practice.  For each impact a detailed approach to assessment was 
developed, together with monetary values or recommendations on scoring for non-monetary 
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impacts, as appropriate. 

The tools’ internal composition breaks down into 5 modules: 

1 The input module, drawing on inputs from the user in addition to the transport costs 
database.  Inputs will include data values, user parameters and the preference structures of 
decision-makers.   

2 The Cost Benefit Analysis (CBA) engine, following a series of internal calculations a 
matrix is constructed that measures user benefits at a detailed level of disaggregation.  

3 The Financial Appraisal (FA) which draws on data from transport costs database and the 
transport model and feeds into the MCA module as a set of net present value (NPV) 
elements.   

4 The Multi-Criteria Analysis (MCA) module, where the comparison can be made between 
different projects.   

5 The Output module, presents the outputs from the CBA, the MCA and the FA. 

When the software development had been completed, the Assessment Tool was utilised to 
carry out assessments of a number of transport initiatives in the Trans-Pennine Corridor in 
order to demonstrate the functionality of the system.  

2.6  The Accessibility Analysis Tool 
The main aim of this area of work was to build a prototype for a new method of calculating 
accessibility indicators that reflected the latest GIS developments and could also include 
social weights.  It comprised three main parts: 

1 Establishing and comparing the theoretical concepts of accessibility 

2 The use of accessibility indicators in the discourse on social cohesion 

3 Actual implementation of a GIS tool that performs the calculation of the indicators 

To complement the work in other parts of the EUNET study, the accessibility analysis 
concentrated on the cohesion aspects of accessibility analysis.  The focus of the work is 
related to long-distance accessibility, and not to local and daily accessibility.  The aim is to 
identify the change in interregional accessibility that can be brought by new Trans-European 
infrastructure.  

The cohesion indicators proposed in the accessibility analysis compare the equality of the 
territories with reference to the transport system.  In this case it is not the aggregate demand 
which should be measured, but individual demand.  Thus, an indicator of disaggregated 
accessibility will be complementary to the aggregate economic benefits measured within the 
CBA approach.   

The calculations were based on the model road network from the STREAMS FPIV project to 
illustrate the process at a European level to allow a comparison with the SASI approach.  
They are for passengers only but the approach is also applicable to freight.  Three 
accessibility indicators were used in the project – Pointer, equity and cohesion.  An extensive 
set of maps was produced to present the results in a readily accessible form, supported by 
detailed tables. 
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2.7 New approaches to modelling 
In the initial stages of the study a review was carried out of the requirements for a model to be 
able to forecast the medium to longer-term impacts of transport initiatives.  From this research 
and analysis a ‘building block’ approach to model design was created.   

In summary, the ‘building block’ approach consists, not of a single design for universal use, 
but a collection of existing and enhanced tools that enable the analyst to fit the policy context.  
The innovative feature of the model design resides not only in the enhanced tools, but also in 
the way in which its usage for impact analysis is organised and the information flow is 
controlled.  A modular structure has been designed, within which for each model component, 
alternative and complementary model formulations have been proposed. 

Amongst these building blocks, the development effort in the EUNET study has been focused 
on macro economic projections, spatial IO modelling, transport cost accounting, the modal 
split of freight and the representation of zones of very different sizes within a single model.  
As a result the capability for modelling medium to long term transport impacts has been 
substantially improved. 

In terms of understanding how transport changes impact on an economy it was decided that a 
major theme of technical development needed to focus on spatial input-output modelling.  
This theme was pursued in both the Trans-Pennine and Finnish/Baltic examples.  In 
particular, spatial input-output modelling within the regional economic model provides 
insights into the inter-regional displacement effects for industries and households resulting 
from some planned change in the transport system, thus contributing to the policy analysis of 
spatial redistribution.   

The Trans-Pennine and Finnish models are both relatively demanding in terms of resources 
and data.  Hence the EUNET building block approach was also considered for application to 
an area in Greece in which data availability was poorer and where simplifying assumptions 
needed to be made which accorded with the time and resource constraints on this phase of the 
study.  The aim was to see what ‘short cuts’ could be made without affecting the robustness 
of the overall approach.  This example was a desktop design study and was not taken through 
to implementation.  The feasibility of a range of modelling options was analysed in terms of 
the availability of data on which to construct, calibrate and validate the model.  

The aim underlying the implementation of the other two demonstration models was to prove 
explicitly that the various methodologies, databases and software tools that had been 
developed in the course of the project, could be applied in practice to the testing of policies. 

2.8 The Trans-Pennine demonstration model and assessment 
The Trans-Pennine model was intended to be the most detailed example that embodies all 
building blocks of the EUNET modelling methodology.  It also demonstrated the use of the 
Assessment Tool in tandem with the model, and used it to assess a set of policy scenarios.   

The design of the model addressed some outstanding questions identified by the previous 
studies, particularly: 

• = how transport is linked with the wider regional economy, and how transport 
improvements may impact on the primary, manufacturing and service industries.   

• = how sources of traffic growth can be identified systematically, and how traffic growth can 
be forecast amidst the significant changes in the economy, household composition, and 
car-ownership rates that are anticipated in the next 25 years 
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The core of the Regional Economic Model (REM) component is an extended and regionalised 
input-output structure that estimates 

• = freight transport demand via production and trade 

• = business travel demand through distribution of the service industries 

• = journeys to work based on the demand for, and the supply of, labour in each socio-
economic group 

• = other private travel classified according to the socio-economic status, car-ownership, and 
age group of a person.  

In this way the sources of potential travel growth are identified separately as a function of the 
specific social and economic activities that create the demand for travel.  Travel demand is 
not considered as an end in itself, but rather is a derived demand that is a by-product of a 
variety of social and economic activities that are distinguished within the REM. 

At the same time as estimating transport demand, the costs of production and of transport are 
estimated in the extended IO model for each category of industry and of households.  A 
multimodal transport model splits the traffic up among the competing modes and then assigns 
this traffic to the modal networks between each pair of zones.  This assignment is based on 
the generalised cost of each competing route and takes account of the speed, user costs, tolls 
and congestion along the route.  The transport model also provides the REM with freight and 
passenger cost matrices, which enables the REM to measure the costs of production and 
consumption for each economic sector in each zone.  

After extensive analyses of the possible options to measure the net impact on national 
GDP/employment, a practical method was developed that makes use of the output of the 
regional economic model.  The net output and employment benefits resulting from transport 
initiatives have been quantified based on the net changes in exports and imports that would 
ultimately be generated. 

A 2020 Base Reference scenario was established and then two ‘policy’ tests – one for a 
package of rail improvements and the other for substantial change in road operating costs – 
were run.  The tests were designed simply to demonstrate the capabilities of the model and so 
they are not intended to represent preferred or recommended policies in any sense.   

The results from these two scenario tests were then processed through the Assessment Tool in 
order to compare them against the Base Reference scenario.  This provided a context within 
which the full range of application of the features within the Assessment Tool could be 
illustrated. 

2.9 The Finnish freight demonstration model 
The Finnish Demonstration Example is a partial implementation of the EUNET modelling 
methodology with a focus on long distance freight movements between large geographical 
regions in Finland and between Finland and other countries.  It thus complements well the 
sub-nationally focused UK Trans-Pennine model in geographic scale.  Passenger movements 
are not included, as a Finnish passenger model of a national coverage already exists. 

The purpose of the Finnish freight model is to estimate the impact of changes in freight 
transport on the economy of the Finnish regions.  It is characterised by a sophisticated 
segmentation of the freight categories that are designed to suit the Finnish context.  A 
coherent network and transport service representation is set up, with unique access links that 
simulate the connections of factories, ports and other freight handling sites to the road, rail 
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and shipping lines.  Inter-country sea freight movements and the competition between ports 
are modelled in detail in addition to the domestic freight traffic.  

The regional economic and transport model was run for 2010 and 2020, first for a Reference 
Scenario, and then for three policy tests.  The effects on transport were then derived from the 
model outputs.  The policy impacts are estimated in two ways: firstly using a fixed land use, 
where there are no changes in the structure of the industries or relocation.  This can be 
regarded as a short-term effects analysis.  Secondly, the model can produce results where 
there have been changes in the spatial distribution of the industries, thus providing a longer-
term perspective. 

2.10 Conclusions  
The main objective of the EUNET team was to develop a comprehensive, innovative 
methodology for the assessment of both the direct and the wider socio-economic impacts of 
transport initiatives.  This objective has been achieved, as can be seen explicitly from the 
numerical results for the policy scenarios that have been produced from the two 
demonstration examples.  The strengths and weaknesses of each of the various components of 
the study are discussed in some detail in the main part of this report. 

Some more general conclusions can also be drawn from this study.  

1 There is an important need for data collection and publication to be organised in a 
standardised fashion to lessen the errors and waste of resources in trying to harmonise data 
through time and space.  

2 Such data standardisation would then make it more cost effective to keep data suitably 
updated. 

3 The implementation, calibration and validation of sophisticated regional economic and 
transport models is an onerous and resource intensive task.  Standardisation of data 
sources would in the longer-term lessen some of these costs of model construction. 

4 A method has been developed here to measure a part of the net gain in output and 
employment resulting from transport initiatives, however, this is an important topic that 
merits further theoretical investigation to provide a more complete such measure. 

The key overall finding is positive, namely that the methodology developed in the course of 
the EUNET study can be put into operation and is capable of achieving the fundamental 
objective of the assessment of both the direct and the wider socio-economic impacts of 
transport initiatives.  The prototype software tools and modelling procedures would certainly 
merit some further development to facilitate them to be implemented more rapidly, more 
straightforwardly and in a wider range of contexts.  However, the scientific and operational 
challenges of initially creating them and then of demonstrating their use have been 
successfully met. 

3 SASI  
The SASI project is aimed at the development of a comprehensive and transferable 
methodology for forecasting the socio-economic and spatial impacts of large transport 
investments in Europe, in particular of different scenarios of the development of the trans-
European transport networks (TETN).  With respect to the cohesion objective of the European 
Union the model aims to answer the questions: 

• = whether the TETN will lead to a reduction of regional disparities?  
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• = which regions of the European Union are likely to benefit from the TETN and which 
regions are likely to be disadvantaged? 

To achieve this objective the project focused on: 

• = developing indicators of accessibility - these measure not infrastructure as such, but the 
benefit they bring to firms and households in the regions, through more capacity, higher 
speeds, better quality and more reliable transport; 

• = making use of these indicators of accessibility to develop a comprehensive, consistent and 
transferable methodology for the prediction of the impacts of transport infrastructure 
investments and transport system improvements (road, rail and air) on socio-economic 
activities and development, including spatial and temporal distribution of impacts; 

• = designing an interactive, transparent modelling system for forecasting of socio-economic 
impacts of transport investment decisions and policies; 

• = demonstrating the usability of the modelling system by applying it to a number of 
scenarios of transport infrastructure investments and transport system improvements. 

3.1 Model overview 
The SASI model is innovative in that it is based on measurable indicators derived from 
advanced location theory to explain and predict the locational behaviour of investment 
capital, manufacturing and services and population. It is pragmatic in that it does not require 
massive collection of data on socio-economic distributions or on trade flows and travel 
patterns. It is designed to facilitate political discussion and negotiation by being transparent 
and open for new indicators and issues that may become relevant in the future. 

The SASI model consists of six forecasting submodels: European Developments, Regional 
Accessibility, Regional GDP, Regional Employment, Regional Population and Regional 
Labour Force. A seventh submodel calculates Socio-Economic Indicators with respect to 
efficiency and equity.  

3.2 Space and time 

The SASI model forecasts socio-economic development in the 201 regions at the NUTS-2 
level defined for SASI for the fifteen EU countries. A further 27 regions defined for the rest 
of Europe are the 'external' regions which are used as additional destinations when calculating 
accessibility indicators.  

The spatial dimension of the system of regions is established by their connection via 
networks. In SASI road, rail and air networks are considered.  The 'strategic' road and rail 
networks contain all TETN links.  The SASI system of regions and the strategic networks 
used in SASI have also been used in the EU projects STREAMS, EUNET and STEMM. 

The temporal dimension of the model is established by dividing time into discrete time 
intervals or periods of one-year duration.  By modelling relatively short time periods both 
short- and long-term lagged impacts can be taken into account.  The base year of the 
simulations is 1981 in order to demonstrate that the model is able to reproduce the main 
trends of spatial development in Europe over a significant time period of the past with 
satisfactory accuracy.  The forecasting horizon of the model is 2016. 
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3.3 Calibration 
The model once calibrated proved to be resilient and robust with respect to possible 
interfering externalities yet sensitive enough to detect the impacts even of partial or medium-
scale changes, such as variants of TETN scenarios in a specific region. 

Altogether, the calibration process confirmed the experience that the cross-sectional statistical 
calibration of a complex dynamic socio-economic spatial model, is only the first step in a 
long iterative process of fine-tuning and validation of such models.  In the absence of reliable 
techniques for the dynamic calibration of such models, the process of fine-tuning and 
validation consists of repeated applications of the model over an extended period of both past 
and future and the thorough examination of model behaviour using computer-based 
visualisation techniques and expert judgement.  Only through such an interactive learning 
process can the model eventually become a robust and reliable tool for policy analysis and 
decision support. 

3.4 Running the model 
In each simulation year the seven submodels of the SASI model are processed in a recursive 
way, i.e. sequentially one after another.  This implies that within one simulation period no 
equilibrium between model variables is established; in other words, all endogenous effects in 
the model are lagged by one or more years. 

Once the scenario networks are defined, the actual SASI model is run. Typically, first a do-
nothing scenario is simulated.  A do-nothing scenario is defined as the scenario in which 
between the base year and the present all transport infrastructure investments are 
implemented as observed and in which until the target year 2016 no further network 
development is assumed.  The do-nothing scenario serves as reference scenario for all other 
scenarios. 

Other scenarios differ from the do-nothing scenario by different assumptions about European 
developments, such as the development of the European economy, immigration and 
outmigration and transfer payments, and by different policy decisions on transport 
infrastructure investments and transport system improvements. In the present SASI project, 
only transport policy scenarios are tested, whereas the socio-economic framework is kept 
fixed. 

3.5 Presentation of results 
To analyse and display scenario results, four different programme tools were developed.: 

- COMPARE. draws trajectories for different output indicators and enables comparisons 
between scenarios for all regions or subsets of regions. 

- COHESION. generates diagrams displaying the evolution of cohesion indicators such as the 
coefficient of variation or GINI coefficient for one or more selected indicators over time or 
draws Lorenz curves for the comparison of two output indicators, two scenarios or two 
points in time of one scenario.  

- DRAWMAP. The DRAWMAP programme draws pan-European maps of absolute and 
relative values of regional output indicators or absolute or relative differences between 
output indicators of two scenarios or two points in time of one scenario.  

- SURFACE. The SURFACE programme draws pan-European 3-dimensional quasi-contin-
uous surfaces of output indicators calculated for 70,000 raster cells of the EU territory.  
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3.6 Demonstration examples 
As the purpose of the SASI project is to estimate the impacts of different policy decisions 
regarding the Trans-European Transport Networks (TETN) programme, several policy 
scenarios have been established as demonstration examples. 

The 'backbone' of these scenarios is the network evolution over time from 1981 to 2016. All 
scenarios are based on assumptions about the development of the TETNs.  The scenarios 
differ in their assumptions on the future development of the networks between 1996 and 
2016.  The assumptions of the road and rail network scenarios are implemented in five-year 
increments.   

For the SASI model demonstration examples four scenarios were implemented (Table 3.1):  

Table 3.1 Scenarios used as demonstration examples 
 

Scenario  Scenario name Description 

Scenario 00 Do-nothing No network changes beyond 1996 

Scenario 10 TEN Evolution of road and rail networks according to TEN 
programme 

Scenario 20 Rail TEN Evolution of rail networks according to TEN 
programme, no change for road beyond 1996 

Scenario 09 Øresund Ferry Scenario 10 in which the Øresund bridge is replaced 
by current ferry services 

 

3.7 Strengths and weaknesses  
The SASI model contains a number of distinctive features that are not generally included in 
transport models. 

1 Through modelling not only regional production (the demand side of regional labour 
markets) but also regional population (the supply side of regional labour markets), it 
capable of predicting regional unemployment.  As full employment is one of the major 
policy objectives of the European Union, this is an important advantage.  

2  It has a comprehensive geographical coverage of the EU.  This makes the model especially 
suited to model spatial redistribution effects of the TETN within the European Union. 
Accordingly, this is the major focus of the model.  

3  It has a dynamic network database.  Based on a 'strategic' subset of the highly detailed 
pan-European road and rail networks developed by IRPUD and licensed to Eurostat, the 
model is associated with one of the most sophisticated transport network representations 
available in Europe today.  

4  A unique feature of the model is the way impacts of transport infrastructure investments 
and transport system improvements on regional production are modelled.  Accessibility is 
measured by spatially disaggregate accessibility indicators which take into account that 
accessibility within a region is not homogenous but rapidly decreases with increasing 
distance from the nodes of the networks. 

5 It is flexible in incorporating 'soft' non-transport factors of regional economic development 
beyond the economic factors traditionally included in regional production functions.  



 EUNET/SASI Final Report 

  
11

6 Its dynamic character ensures that regional socio-economic development is determined by 
interacting processes with a vast range of different dynamics.  Whereas changes of 
accessibility due to transport improvements become effective immediately, their impacts 
on regional production are felt only two or three years later as newly located industries 
start operation.  The sectoral composition of the economy and the age structure of the 
population change only in the course of many years or even decades.  A model that is to 
capture these dynamics cannot be an equilibrium model but has to proceed in time 
increments shorter than the time lags of interest. 

7 A characteristic important for the policy relevance of the model is the set of cohesion 
indicators calculated.  As the model predicts accessibility, GDP per capita and 
unemployment of each region for each year of the simulation, it can also calculate 
cohesion indicators measuring the convergence (or divergence) of these indicators in the 
regions over time.  

8  It has relatively moderate data requirements.  

Compared with these significant advantages of the modelling approach chosen, its few 
limitations seem acceptable.  Since total economic and population development are 
exogenous, it does not predict the macroeconomic multiplier effects of transport infrastructure 
investments and transport system improvements such as elasticity of demand.  Direct effects 
of transport infrastructure investment during the construction period are not considered.  
Labour productivity is linked to changes of accessibility but not to other factors in the 
production function, so no substitution between factors is modelled.  The migration model 
based only on net migration is simplistic, as is the labour force participation model, which 
may affect the validity of the unemployment forecasts.  Finally, as the model does not contain 
a full transport submodel, it cannot take account of network congestion or intermodality. 

3.8 Main project results 
The main task of the SASI project has been to identify the way transport infrastructure 
contributes to regional socio-economic development in different regional contexts. The main 
characteristics and findings of the project and from the analysis of the scenarios tested are: 

1   Accessibility indicators are central to the task of linking infrastructure projects to regional 
economic development.  

2  The indicators of accessibility, GDP and unemployment were selected from many other 
possible indicators as indicators of socio-economic development because they provide a 
picture of a region's socio-economic profile and its development over time and can be used 
to assess the impact of European Union policies.  

3  All necessary data could be provided from Eurostat and various additional national and 
regional statistics and using standard data preparation and adjustment methods, such as 
forecasting, backcasting and data interpolation 

4   The model calibration and specification of the production function led to satisfying results 
regarding the capability of the model to re-produce base-year distributions of socio-
economic indicators in the 201 SASI regions.  

5  The development trajectories of the European regions are rather similar for all scenarios 
thus confirming the assumption that socio-economic and technical macro trends have a 
much stronger impact on cohesion indicators than different transport infrastructure 
scenarios.  

6  The results suggest that in all network policy scenarios most European regions will 
improve their accessibility and economic performance in absolute terms. However, 
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differences in relative terms reveal, that numerous changes in the relative positions of 
regions and countries are to be expected. This implies that there may be relative losses of 
some regions, which can lead to absolute losses in the increasing economic competition 
between regions in the long run.  

7  The full TEN scenario leads to a slightly less polarised distribution of accessibility and 
GDP among European regions than the rail-only TEN or the do-nothing scenario. This 
slight cohesion effect of the TETN will, however, not be able to reverse the general trend 
towards economic polarisation in the European Union.  

8   The cohesion effect of the TEN scenarios is only visible if cohesion indicators measuring 
relative differences between spatial distributions are applied. If absolute differences are 
considered, the results are ambiguous or may even indicate divergence in accessibility and 
economic development.  Moreover, testing different statistical measures of dispersion 
yielded different results with regard to the distinctness and volume of the observed trends. 
This confirms the importance of the selection of appropriate cohesion indicators. 

9  The model proved to be sensitive enough to detect the impacts of variants of TEN scenarios 
in a specific region.  The main result of the Øresund case study is that accessibility and 
economic performance impacts are strongest in the regions adjacent to the project site and 
that the resulting benefits occur mainly in southern Sweden as a consequence of the 
removal of a general transport bottleneck.  The results of the case study, though small, are 
plausible even at the regional level. 

Work on the SASI model will continue after the completion of the present SASI project. The 
research team hopes to find the resources needed to address weaknesses of the current model 
implementation, to continue the validation of model results, to improve the database of the 
model and in the medium term to further develop the model in terms of spatial resolution, 
spatial scope and substance.  
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Structure of the report 

As the EUNET and SASI sub projects have been separately managed within the overall study, 
the Parts 1 and 2 of this report covering each sub project have been written by the respective 
project teams, while the Executive Summary and Part 3 have been written by the EUNET 
team.   

Part 1 covers the EUNET project.  Part 1 is itself divided into four sections.  Section 1 
provides a brief introduction to the EUNET work.  Then Section 2 reviews the main areas of 
theoretical and methodological development.  The synthesis of the different aspects of this 
work then took place through the demonstration models and the linking of one of the 
demonstration models with the assessment software.  This work is reported in Section 3.  
Finally, Section 4 analyses the main innovations in the project and the key results.   

Part 2 covers the SASI project.  Part 2 is divided into four sections. Section 1 provides a 
general introduction to the SASI work.  Section 2 presents the SASI model both from a 
theoretical and empirical perspective and as a piece of software.  In Section 3, selected results 
of the demonstration examples of the application of the model are presented.  Section 4 
analyses the main innovations in the project and its key results. 

Part 3 then draws some brief comparisons between the different approaches adopted in the 
EUNET and SASI projects. 
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Part 1 EUNET 
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1 Introduction 

In the initial Technical Annex to DG VII specifying the work to be carried out by the EUNET 
team it was stated that: 

“The main objective of the EUNET team is to develop a comprehensive innovative 
methodology for the assessment of the impacts of transport initiatives (i.e. 
infrastructure and technology investments, regulatory and fiscal policies).  Recent 
years have seen many developments in assessment methods and models.  What is 
needed is to draw these together into a tightly focused, operational, assessment tool, 
oriented towards the particular needs of decision-makers. 

The approach will be sufficiently general and flexible to be applicable across modes, 
across countries and to large and small projects.  It will include both the immediate 
direct transport benefits as well as measuring the longer term spatial, socio-economic 
and regional development effects.” 

These objectives have been successfully achieved as will be demonstrated in the rest of this 
report. 

In the programme of work this main objective was subdivided into specific objectives, which 
were to:  

• = design and implement a new approach to regional economic and transport modelling, 
which would create a more comprehensive set of linked socio-economic and transport 
forecasts to provide input data for the assessment framework; 

• = develop a methodology for the measurement and valuation of socio-economic effects 
and use this to generate consistent numerical values across the EU; produce a 
database of transport operating costs and tariffs.  These costs and values feed into the 
modelling and assessment;  

• = develop an innovative cost benefit/multi-criteria analysis assessment framework, 
leading to the production of prototype assessment software – the Assessment Tool; 

• = develop indicators of regional accessibility and social cohesion for incorporation into 
the assessment framework leading to the production of prototype software – the 
Accessibility Analysis Tool; 

• = develop three demonstration modelling approaches which draw together all of the 
above themes.  The three demonstration examples were for the Trans-Pennine area of 
Northern England, for the Baltic area with a focus on Finland and on freight, and for 
Greece.  The Trans-Pennine model was then linked to the assessment software.  

Section 2 considers the first four tasks, which develop the underlying theory and 
methodological approaches.  Section 3 then focuses on the implementation and policy test 
results of the first two of the demonstration examples, with particular emphasis on the link 
between the Trans-Pennine model and the assessment software.  In these two sections no 
attempt is made to provide a comprehensive summary of all of the tasks that were completed 
within the study, and which are documented in the Deliverables.  Instead the emphasis is to 
focus on outlining a limited cross-section of the more interesting theoretical or 
methodological developments.  Then Section 4 assesses the end results from this work and 
draws conclusions.   
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2 Developing the methodology 

2.1 Introduction 
This Section reviews each of the four main aspects of methodological development work – 
regional economic/transport modelling, measurement/valuation, assessment and accessibility 
analysis – in turn.   

2.2 Transport and regional economic modelling 

2.2.1 Review 
In the initial stages of this study a review was carried out to determine the structure required 
in a model to enable it to forecast the medium- to longer-term impacts of transport initiatives 
in a wide variety of contexts.  From this research and analysis a ‘building block’ approach to 
model design appeared to be the most suitable method for consideration.   

In summary, the ‘building block’ approach consists, not of a single design for universal use, 
but a collection of existing and enhanced tools that enable the analyst to fit the policy context.  
The innovative feature of the model design resides not only in the enhanced tools, but also in 
the way in which its usage for impact analysis is organised and the information flow is 
controlled.  A modular structure has been designed as follows:  

1 the model is divided into a number of interrelated sections 

2 for each section of the model, alternative structures are presented which represent 
different levels of theoretical completeness and hence of data requirements 

3 each model component may vary in its level of technical sophistication and analytical 
power 

4 In particular as shown in Figure 2.1, six basic components are required in a model to 
carry out a socio-economic assessment of transport alternatives 

The logical sequence of these components is from (I) to (VI), which progressively simulates 
the segmentation of overall transport demand amongst users.  In the reverse order, the 
transport costs are accounted for using a detailed multimodal representation of the transport 
networks, thus reflecting any geographical changes in operating costs, tariffs and congestion.  
For each model component, alternative and complementary model formulations have been 
proposed and they are summarised in Figure 2.1 below. 

Amongst these building blocks, the development effort in the EUNET study has been focused 
on macro economic projections, spatial IO modelling, transport cost accounting, the modal 
split of freight and the representation of zones of very different sizes within a single model.  
As a result the capability for modelling medium to long term transport impacts has been 
substantially improved. 

In terms of understanding how transport changes impact on an economy it was decided that a 
major theme of technical development needed to focus on spatial input-output modelling.  
This theme was pursued in both the Trans-Pennine and Finnish/Baltic examples.  In 
particular, spatial input-output modelling within the regional economic model provides 
insights into the inter-regional displacement effects for industries and households resulting 
from some planned change in the transport system, thus contributing to the policy analysis of 
spatial redistribution.   
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Figure 2.1 ‘Building blocks’ for an operational model 
 

Model Component Options 

I 

Modify macro-economic
projections

 

A.  Modify forecast of exports based on price elasticities 
B.  Modify forecast of social welfare payment based on 

marginal change in the cost of living 
C.  Modify forecast of output and employment based on 

marginal change in productivity 
D.  Modify forecast of inward investment based on labour 

costs 
II 

Convert macro data
to regional data

 

A.  Simple conversion based on past trends 
B.  Conversion with constraints for domestic industries 
C.  Conversion with foreign trade constraints 
D.  Conversion with constraints for consumption 
E.  Conversion based on constraints for investment 
 

III 

Spatial input-output modelling

 

A.  Simple spatial IO model 
B.  Simple spatial IO model differentiating imports from 

domestic inputs 
C.  Extended spatial IO model incorporating employment and 

households 
D.  Extended spatial IO model incorporating employment and 

households by type 
 

IV 

Transport cost accounting

 

A.  Spatial distribution based on direct monetary transport 
costs 

B.  Incorporation of indirect logistic costs 
C.  Incorporation of producer cost savings from wider input 

choice 
D.  Incorporation of residual disutility to reflect historic trade 

links  
V 

Modal split

 

A.  Single hierarchy 
B.  Nested 
C.  One day model 
D.  Peak model 
E.  Multiple period mode 
 

VI 

Multi modal
network assignment

and capacity restraint

 

A.  Minimum path 
B.  Multipath stochastic 
C.  One day 
D.  Peak model 
E.  Multiple period mode 
 

 

However, the regional economic model assumes that the overall economic output remains 
constant between any two transport scenarios, so it cannot by itself measure whether transport 
improvements give rise to a net increase in output and jobs for a country as a whole.  This 
overall national net increase needs to be distinguished from the potential local gross growth in 
jobs that are displaced from other parts of the country.  Hence in the Trans-Pennine example, 
as outlined in the Section 3.2 below, a first attempt was made to derive such a net national 
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impact for an indicative policy test.  Other methodological developments are now discussed. 

2.2.2 Modelling with zones of differing sizes 
The zoning system within a comprehensive regional economic and transport model is 
typically derived as a compromise between two requirements: 

1. Maximising the detailed spatial representation in the area local to where transport 
initiatives are to be investigated, together with a coarser representation of interacting 
areas that are more distant  

2. Minimising the number of zones so as to free up computational resources for the other 
key dimensions (e.g. the segmentation of modes and of travel demand categories). 

In the Trans-Pennine model, for example, the zones within the Trans-Pennine area are 
specified at the level of local authority districts (NUTS 4).  Immediately outside the Trans-
Pennine area the zones are defined at the county level (NUTS 3).  Farther afield the zones 
increase in size, from NUTS 2 for the rest of the UK, to NUTS 0 (entire member state) for the 
majority of other EU member states.  Outside the EU the countries are grouped by broad 
geographic area.   

The transport initiatives being tested within this model are all located within the Trans-
Pennine corridor itself, which is the area for which the zones are spatially detailed.  However 
to provide closure in the economic system, as well as to simplify the usage of national 
economic data sources, it was advantageous to make the internal study area cover all of the 
UK.  This necessitated the use of a set of zones of very different sizes. 

The inclusion of small and large internal zones within the same model introduces intrazonal 
travel at very different lengths.  It is not necessary to represent intrazonal travel at the same 
level of spatial detail and accuracy as interzonal travel (the very fact that large zones are 
defined means that those areas are outside the main focus of the study).  Nonetheless, there is 
a need to maintain a reasonable representation of intrazonal travel, so that the estimation of 
monetary and generalised transport costs is realistic for the whole spatial continuum.  An 
experimental system of intrazonal road and rail distance-band links has been devised for this 
study (see Figure 2.2) 

The process of setting up the intrazonal distance-band links is as follows: 

1. For each model zone in turn, distinguish the built-up and non-built up areas within it, and 
measure the radii of the built-up areas, r, and of the overall zone, R (Figure 2.2a).  Where 
there are a number of independent built-up areas, an average radius has to be assumed for 
the activities taking place in those built-up areas. 

2. Within the distance range 0-2r for the built-up area, code one road link for each standard 
distance-band.  This is coded as link type ‘Intrazonal built-up road’, and it uses the 
average journey length within that band.  Similarly, code further band links for the rural 
distance-bands between 2r and 2R, as the link type ‘Intrazonal rural road’.  Each road link 
type is given the speed deemed appropriate for its band.  Similarly rail links are coded 
using ‘Intrazonal Rail 1’ and Intrazonal Rail 2’, in those zones and for those distance-
bands where intrazonal rail travel is available.  The modes car, slow and bus use the road 
links, the modes light rail/tram and heavy rail use the rail links. 

3. This distance-band network setup is used to distribute intrazonal travel, using a 
multinomial logit-type formulation.  Where particular distance-bands within a given zone 
are unusually attractive, or unusually unattractive as a trip end, a constant representing 
attraction or penalty may be attached to it.  A model of the intrazonal distance-band split 
may be calibrated, as shown in Figure 2.2b, using local or national passenger travel 
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survey data (e.g. the NTS database in the UK).  For freight, suitable data sources are less 
widely available. 

Figure 2.2 Definition of intrazonal distance-band links 
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The main benefit from adopting this distance-band based representation of intrazonal travel is 
that, without an undue deterioration in the performance of the model: 

• = it enables comparatively large internal zones to be adopted within the model  

• = it allows the size of zones to vary substantially between areas that are adjacent to, and 
those that are distant from, the area of primary interest for policy testing.   

Figure 2.3 illustrates for the passenger component of the Trans-Pennine model, the difference 
in the choice hierarchies between intrazonal and interzonal travel.  The slow modes are 
discarded for interzonal travel, whereas the air mode is discarded for intrazonal travel.  There 
is an explicit mode split and distance-band choice for each traveller type for each intrazonal 
movement.  In this way there is a smooth gradation between interzonal and intrazonal travel.  
This facilitates a realistic representation of the increase in the number of interzonal trips, 
which is created by travellers switching away from shorter intrazonal trips in response to 
reductions in the unit cost or time of travel, and vice versa.  

Figure 2.3 Passenger modal choice hierarchies 
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This distance-band based representation of intrazonal travel was first developed for passenger 
travel in the STREAMS model of Europe (ME&P et al., 2000).  However, for EUNET the 
procedure has needed to be restructured in order to integrate it successfully within the more 
complex spatial Input-Output model that is used here to generate the demand for travel.   

2.2.3 The representation of indirect transport costs for assessment 
An immediate economic impact of a transport improvement is the reduction in vehicle 
operating costs to the direct users of the transport system.  Some of this cost reduction may 
also be passed on, sooner or later, to other indirect users, thus creating ripples of cost changes 
in the economy.  The cost changes also induce further changes in activity location, external 
trade, and any plans for further development in the affected regions.  Yet, it is apparent that 
the immediate transport cost changes are the primary cause, and so any investigation of the 
socio-economic benefits should look into them first. 

Indeed the immediate changes in user costs are what existing cost-benefit analysis (CBA) 
procedures have been set up to account for, and for a large variety of cases this 
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methodology is justified for practical use (Dodgson, 1973; 1997).  The common view is that it 
is extremely complex to account for the indirect changes in prices, redistribution of activities, 
and other socio-economic effects, and the positive and negative indirect effects probably 
would balance each other (Dodgson, 1973).  For these reasons the most meaningful 
measurement would be the direct transport cost impacts. 

However, there is one particular problem that concerns the definition of ‘transport cost’ in the 
CBA.  The problem usually occurs not within the CBA itself, but within its interface to the 
transport model that provides the estimates of such costs.  On the one hand, the CBA 
procedures assume that the cost change, which is forthcoming from the transport model, 
actually measures the overall cost a user incurs on a complete journey, i.e. that this total 
expenditure provides an economic explanation of the user’s choice amongst the alternative 
transport services available.  On the other hand, typical transport models often provide merely 
the vehicle operating costs related to that journey, which may only be part of the total costs 
relevant to decisions on travel.  In other words, what the CBA procedure gets is not what it 
expects. 

It can be assumed that vehicle operating costs (which include driver’s wages and expenses, 
vehicle depreciation and maintenance, fuel, insurance, administration overheads and a normal 
profit margin) represent the long term user costs for competitive services.  Yet for certain 
users there may also be significant costs that are related to the start or the end of a journey 
(such as parking or freight handling) and any transfers between the main modes.  Freight 
transport cost could, in a variety of circumstances, account for only half or less than half of 
the logistic costs involved in moving freight from the supplier to the user (Richmond Events, 
1998).  Some models do account for these terminal and transfer costs to some extent 
(especially for passenger travel), but even in doing so, few adhere to the definition of 
transport costs as defined in the CBA, i.e. the total cost that explains the user’s demand for 
transport services. 

The percentage of the costs being missed varies by type of user.  For passenger travel, CBA 
procedures usually account for user time savings in addition to out-of-pocket expenses, and 
thus can capture a substantial part of the trade-offs that passengers exercise between direct 
costs and the value of time.  The trade-off between direct cost and time can explain the 
combined effect of 

1. any time related indirect cost that a passenger may save by travelling at higher speeds, 
and  

2. any particular taste variation as a consumer, 

and thus works reasonably well for private passenger travel.  However, measurements derived 
this way would be less suitable for business passenger travel, where ‘time savings’ taken as a 
whole are complex in terms of cost accounting for the firm from which the travel demand 
originates.  For freight transport, the norm in all current transport models is to provide vehicle 
operating costs only, which is unsuitable for the CBA in a large number of cases for the 
reasons now outlined. 

The drawback of this partial accounting of travel costs is most apparent for a user who 
switches from a cheap, lower quality transport service to a more expensive, higher quality 
one.  Take a simple case where the prices are in line with the operating costs of the services.  
If a rational user moves from a cheap service to an expensive one it can be assumed that the 
action is prompted by the possibility of savings achievable elsewhere which are greater than 
the extra costs incurred in transport.  To simplify the argument it can be assumed that there is 
little difference in the travel times between the two services; this assumption can be relaxed 
later without affecting the basic argument.  In this example the estimated transport cost takes 
account only of the direct vehicle operating costs and times, and so the CBA will show a 
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disbenefit regarding the change in the transport service.  Yet the user should have achieved 
savings, which is the very motivation for switching to this service that has a higher unit 
operating cost but also a higher service quality.  If the more expensive service is speedier, 
then the time savings captured in the CBA will show some time related benefits, though the 
basic flaw in cost accounting still persists. 

A similar situation can occur for a producer where the unit transport cost reduces and the 
producer starts to substitute cheaper transport inputs for other inputs to production.  Typically, 
the number of warehouses in a country will be reduced, thus saving their running costs, and 
the slack will be taken up with longer distribution hauls.  Here the total vehicle operating 
costs that are covered by user payments may increase or decrease, depending whether the 
increase of transport use (in terms of passenger-km or ton-km used per unit of output) will 
offset the unit transport cost reduction or not.  Yet a rational user would only proceed with the 
adjustment if the cost of using more transport were no greater than the expected benefits.  In 
this case the change in total vehicle operating cost alone cannot give any useful indication of 
even the sign of the user benefits. 

The UK road freight to the Continent is a good example to illustrate the points.  Over the last 
10 years the use of powered vehicles has increased more rapidly than unaccompanied trailers 
on RoRo ferries to Europe.  A powered vehicle is more expensive to send than an 
unaccompanied trailer for a cross-Channel journey owing both to higher ferry tariffs and 
vehicle operating costs.  Yet the freight forwarders prefer to use powered vehicles on RoRo 
for higher value goods because it saves overall transit time for the freight, and it has higher 
reliability.  In other words, the higher quality transport service allows firms to reduce other 
costs in freight distribution, thus driving down the overall costs. 

Therefore, basing assessment methods solely on vehicle operating cost savings, as is currently 
the case for road freight transport, is misleading.  What actually happens is that the freight 
user is trading off higher transport expenditure (paying the higher vehicle operating costs) for 
more speedy, reliable and thus (at least in the short term) cost effective freight distribution.  

The same trend to using higher quality but more expensive transport services can be observed 
in domestic traffic as well.  Here over the years the cost of road freight per ton km has been 
reducing, and there is some evidence that firms are substituting other production inputs by 
transport.  Although such processes are highly complex and variable by industry (Quarmby, 
1989), they appear to be relevant not only in terms of accounting the benefits the firms 
receive, but also in terms of predicting future transport demand.  Both are directly relevant to 
assessment of transport initiatives. 

Generally speaking, for many users of transport (in particular for high income business 
travellers and shippers of high valued freight), the quality of transport service is becoming 
more important than the monetary cost of transport.  Initiatives that increase the reliability of 
transport, or allow more flexible scheduling via increases in frequency are good examples.  
Admittedly the quality variables are far more difficult to measure, but ignoring them will 
produce misleading results.  These current trends make it urgent to resolve the problems 
concerning correct transport cost accounting.  More details on these issues are provided in 
Williams and Jin (1996), Jin and Williams (1998) and Jin and Maffii (1998).  The model 
formulation that is presented later in the Section 3.2 provides an illustration of a transport 
model within which the quality of service dimension is preserved and passed through the 
various choice stages and into the files that are output to the assessment system.  
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2.3 Costs, values and prices in assessment  

2.3.1 Review 
To make the EUNET approach operational, decisions were needed on the values to be 
attached to a range of impacts in the assessment, and to an extent, in the modelling work.  
This work covered three main tasks, while a fourth task involved the construction of a 
database of transport costs.  In summary, the main steps were; 

• = to review current appraisal practice for major transport projects across member states. 
Information on member states’ current use of formal cost benefit analysis (CBA) and 
multi-criteria analysis (MCA) methods was gathered by the project partners and recorded 
in a series of Country Reports.  Detailed information was requested on the scope of 
appraisals - the range of impacts included, which of these were monetised and how those 
monetary values had been derived; 

• = to identify the key issues to be addressed in developing consistent appraisal values for 
EUNET and to agree the approach; 

• = to prepare a framework for analysing each impact.  This involved a common definition, 
units of measurement and accompanying monetary values where appropriate, using the 
information gathered through the Country Reports;  

• = to obtain operating cost data by mode for each member state where available, and to 
develop a vehicle and infrastructure operating cost database.  

Each of these steps is now considered in turn.  

2.3.2 Current appraisal practice – issues of scope and analytical technique 
The first general finding from the Country Reports was that almost all member states use 
CBA in the transport infrastructure planning process.  In many countries the overall appraisal 
embraced not only the CBA result but also some form of qualitative appraisal of the social, 
economic and environmental effects.  In four countries, the CBA result was input to a multi-
criteria framework.  Table 2.1 summarises the findings across a wide range of impact types. 

A second general finding was that at the national level, many member states use different 
methods to appraise schemes on different modes, leading to outputs which are not 
comparable, although there is a movement towards multimodal assessment.  This was evident 
in some national appraisal guidelines, and in current research.  EUNET has built on these 
developments, extending the framework to all the main modes and to the EU level of 
assessment. 

A third general finding was that some more ambitious member states had extended cost-
benefit analysis to the environmental effects of transport projects, and even in a minority of 
cases (notably Germany) the indirect socio-economic effects.  Therefore it was imperative 
that EUNET consider the potential of these techniques in the European arena. 
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Table 2.1 Assessment framework and impacts by country 
  AUS BEL DEN FIN FRA GER GRE IRL ITA NRL POR SPA SWE UK 

DIRECT IMPACTS  Road Road    Road      Road Road 
Capital Construction Costs MCA MCA     MCA   MCA     
 Disruption Costs  MCA     MCA        
 Land and Property Costs  MCA     MCA        
Recurring Maintenance Costs MCA MCA     MCA   MCA     
 Operating Costs       MCA   MCA     
 Vehicle Operating Costs MCA MCA     MCA   MCA     
 Revenues MCA      MCA        
 Passenger Cost Savings       MCA        
 Time Savings MCA MCA     MCA   MCA     
 Safety MCA MCA     MCA   MCA     
 Service Level MCA      MCA        
 Information       MCA        
 Enforcement               
 Financing / Taxation       MCA        
ENVIRONMENTAL IMPACTS               
 Noise MCA MCA     MCA   MCA     
 Vibration  MCA             
 Air Pollution - Local MCA MCA     MCA   MCA     
 Air Pollution - Global MCA MCA     MCA        
 Severance MCA              
 Visual Intrusion       MCA        
 Loss of Important Sites  MCA             
 Resource Consumption       MCA        
 Landscape MCA              
 Ground / Water Pollution MCA      MCA        
SOCIO-ECONOMIC IMPACTS               
 Land Use MCA      MCA   MCA     
 Economic Development MCA MCA     MCA   MCA     
 Employment  MCA     MCA        
 Economic & Social Cohesion       MCA        
 International Traffic       MCA        
 Interoperability       MCA        
 Regional Policy  MCA     MCA   MCA     
 Conformity to Sector Plans  MCA             
 Peripherality/Distribution       MCA        
                

   Key:  CBA (Monetised Impacts) 
 

  Measured 
Impacts  

 Qualitative 
Assessment  

 MCA - included in Multi-Criteria 
Analysis 

Note: it is understood that Luxembourg has no tradition of formal project appraisal in either the CBA or MCA paradigm 
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2.3.3 Problems and solutions in developing a consistent approach 
The fundamental issue in this area of work was ‘what should be the basis for appraisal of the 
Trans-European Network projects and other major European transport initiatives’.  Answering 
this question involved addressing a set of problems, which were partly political and partly 
technical.  The political problems included:  

• = different appraisal traditions held by member states across various transport modes 

• = ambiguity over the respective roles of the EU and national governments in the assessment 
of major transport infrastructure projects.  This raises issues of subsidiarity versus 
commonality of appraisal. 

Several technical problems also arise.  Most fundamental is the wide variation in the appraisal 
values used at the country level for some impacts.  Why do these differ and can/should they 
be reconciled for the purpose of European transport appraisal? 

The view taken after some deliberation within the EUNET consortium was that projects of 
European significance would need to be appraised within a common framework for European 
institutions to determine funding allocation issues1.  On the other hand, member states may 
wish to appraise projects using a similar framework, though with values relating to country-
specific circumstances and preferences.  EUNET should accommodate both applications.  
Therefore two value sets are necessary - a European Common value set and a Country 
Specific value set. 

In reaching this conclusion, the following advantages and disadvantages of Common versus 
Country-Specific values were considered: 

Considerations for EU level investment appraisal: 

• = In a straightforward sense, Common values imply non-discrimination between impacts in 
one country and another.  For example, a fatal casualty saved in Spain will be given equal 
weight compared with a fatal casualty saved in Sweden.  This ‘non-discrimination’ 
property is appealing if equitable treatment of member states is an explicit or implicit 
principle of the appraisal. 

• = On the other hand, one of the fundamental principles of CBA is that individuals’ 
preferences count in social appraisal, as measured by their willingness to pay (WTP).  
Hence any differences in WTP between countries should be recognised in CBA and 
values should not be constrained to be the same across the EU.  Whilst supporting this 
argument in theory, the EUNET researchers were forced to conclude that no persuasive 
empirical research exists on which to base such a value set.  Indeed, this would require a 
WTP survey or surveys across the EU which were methodologically consistent and 
carefully addressed the various possible reasons for differences in WTP (see below). 

• = Another criticism of Common values is that there is a risk of introducing an inconsistency 
into the appraisal if Common values are used on the benefit side (eg. for travel time and 
safety) whilst Country Specific values are used for the costs - eg. local labour and 
materials in construction.  One implication is that projects in countries with lower costs 
might be favoured over those in countries with higher costs.  However, if from a 
European perspective the benefits are equally valuable wherever they arise, whilst the 
costs of obtaining these benefits are lower in some countries than others, it could be 

                                                      

1 for comparison, see the appraisal framework of the EIB (Vilain, P (1996). Harmonising 
parameter values in transport project appraisal: the values of time and safety. PJ papers. 
European Investment Bank. Luxembourg.) 
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argued that there is no inconsistency, just a difference of perspective.  In conclusion, 
EUNET opted to make Common values available for use in EU level appraisal if 
required. 

Considerations for country-level appraisal of Trans-European Network (TEN) projects: 

• = It is clear that member states have their own priorities between policy objectives such as 
safety, environment and transport efficiency.  Thus an appraisal conducted at country 
level needs to reflect Country Specific values. 

• = At the same time, there are some differences between countries’ official CBA values 
which can be put down to differences in definition, units of measurement and the 
approach to valuation (see below).  Therefore EUNET also sought to produce a set of 
adjusted Country Specific values which are consistent in these respects, whilst remaining 
faithful to the official CBA values for each country on which they are based. 

• = If the principle of subsidiarity is applied in transport appraisal, these Country Specific 
values are relevant because they conform with the overall EUNET framework whilst fully 
recognising national differences in preferences which would come into play when 
assessing the desirability of TEN projects from a country perspective. 

Two previous approaches to the task of generating European values were identified, in the 
EVA-Manual (EVA Consortium, 1991) and the EURET road study (Mackie et al. 1994) 
respectively.  It was decided that EUNET could proceed on a similar basis to both of these.  
Hence, working in euros to an agreed base year (1995) the steps were:   

• = the raw country values taken from national CBA methods were analysed for 
inconsistencies in: basic definitions (eg. what constitutes a serious casualty); units of 
measurement (eg. value per vehicle hour versus value per person hour); and approaches to 
valuation (eg. WTP versus human capital approaches for safety); 

• = where the country values are clearly based on a non-comparable definition or 
measurement method, the value should be adjusted based on any available evidence and 
ultimately by judgement to reflect the common EUNET definition and measurement 
method; 

• = Standard European Values for each impact should be based on the European average of 
the adjusted country values, weighted according to the specific population concerned (e.g. 
in the case of the value of working time, this weight should be the working population); 

• = missing values for particular countries in relation to particular impacts should be infilled as 
far as possible by calculating a proxy value, drawing on the available country value for 
working time, and its relation to the Standard European Value for working time. 

This approach was applied to those impacts for which monetary valuation was recommended. 

Another technical question was whether separate appraisal values are needed for forecasting 
and for assessment, as well as for financial and for economic appraisal?  In the former case, 
the view taken was that separate values are needed.  The basis of the appraisal values should 
be real resource costs (i.e. prices net of indirect taxes and subsidies), whilst forecasting should 
adopt behavioural values which would include taxes and subsidies.  In reaching this basis, 
however, the flows of taxation and other financial effects (such as tolls and revenue) should 
be explicitly shown in the appraisal framework, so that the financial consequences for 
Governments can be presented within the financial appraisal. 

2.3.4 The framework for individual impacts 
For each impact, guidance was developed on three core aspects:   
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• = a definition - describing what the impact would consist of, to whom it would accrue and 
whether there is any significant heterogeneity to be considered (as with working versus 
non-working time); 

• = a measure (or measures) of impact - proposing the units in which the impact would be 
measured in EUNET, including any necessary disaggregation (e.g. passengers’ time 
should be measured in person hours by trip purpose by mode of transport); and 

• = value sets - firstly, recommending whether the impact is appropriately located in the 
CBA or in the MCA; secondly, for CBA impacts, providing Country Specific and 
Common values to be attached to the impact measures specified.  For inputs appearing in 
the MCA only, proposals were made for scoring scales.  

The detailed guidance on the representation of impacts is given in Deliverable D9.  The 
Sections 2.3.5 to 2.3.8 below here give an outline of some of the main categories of impacts: 
travel time; safety; air pollution and output/employment.  Section 2.3.9 summarises the 
monetary values for safety, travel time and environment. 

2.3.5 Time savings 
Travel time savings are given a money value for inclusion in appraisal by all the countries 
reviewed.  There are, however, a range of definitions used which tend to make direct 
comparison difficult.  The first key distinction is between time saved during the course of work, 
and non-work related time savings.  The value placed on work time savings will normally aim 
to reflect the value of the work being done.  Assuming that time saved is used productively and 
that the marginal product of labour is reflected in the costs of employment, then the gross wage 
(including overheads) should be a valid measure.  An alternative is to estimate the value of such 
time savings to the employer and the employee and combine the two (after Hensher, 1977), this 
is the method used in the Netherlands and Sweden. 

In the case of non-working time, there is no obvious market and valuation is more complex.  
Methods used explore individuals’ willingness to pay to save time.  Revealed preference studies 
look at behaviour when individuals are faced with a choice of mode or route that involves 
trading time against money.  Problems include the difficulty of identifying suitable real life 
examples of trade-offs and often a need for large sample sizes.  Stated preference experiments 
offer respondents a hypothetical travel scenario (anchored in reality) and choices between 
paired options that offer the desired trade-offs.  A review of evidence on the value of time and a 
comparison of revealed and stated preference methods is given by Wardman  et al.(1998).  

It is difficult to summarise the values of time used in different European Countries as the 
definitions vary a great deal.  For example, time savings may be categorised: 

• = by person or vehicle 

• = by journey purpose 

• = by mode 

• = by distance 

• = by class of travel 

• = by type of vehicle. 
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All of the above are in use somewhere in Europe and yield a wide range of definitions, levels 
of segmentation and values.  For example, four countries do not distinguish between work 
and non-work time, instead using an average measure. This group contains Austria, Belgium, 
France and Greece, three of which build the CBA into a broader MCA.  

While some countries have highly segmented values, for example, for different types of rail 
trip: e.g. value per hour for a first class rail passenger (France) or value per hour for a non-
work, non-commuting, regional rail trip (Sweden), other countries will have no separate value 
for rail at all.  The underlying issue here is the tension between two aims:  

• = the aim to avoid personal income differentials influencing appraisal (i.e. to avoid biasing 
investment towards quicker or more expensive modes which tend to attract higher income 
individuals),  

• = versus the aim to ensure that differences in preferences are adequately reflected in 
appraisal (e.g. the much stronger preference of business air travellers to save time than 
that of leisure bus users).  

Countries opting for standard non-working values of time across modes include Finland, 
Germany, Ireland and the UK.  It is worth noting that these countries do not advocate using 
such aggregated values in forecasting, for which behavioural values are used instead. 

Even for modes where the majority of countries have a value, e.g. car, it is a non-trivial task 
to adjust them to produce a comparable measure on a common definition.  Figure 2.4 shows 
the outcome of the adjustment process for the value of time per person, per hour, during work 
and travelling by car.  The steps involved in this particular case are: 

• = adjustment of values to a common base year, 1995; 

• = currency conversion to euro; 

• = adjustment of values to a common definition – e.g. values per vehicle were converted to 
values per person using occupancy data; 

• = adjustment of values to a common measurement basis – e.g. values not derived using the 
Hensher approach (above) were adjusted to be comparable with those which were (i.e. the 
Dutch and Swedish values). 

Even after achieving such a common measure the range of values for EU countries in 1995 
was 6.3 to 23 euro per hour, which is likely to be largely dependent on variations in wage 
levels - Portugal, Greece and Spain had the lowest values of travel time and (at that time) also 
had the lowest per capita incomes.  The highest values were found in Denmark, Finland, 
France, Germany and the Netherlands - which can also be viewed as among the strongest 
economies, based on wage rate data. 
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Figure 2.4 Values of time: per person, per hour, during work, by car (1995 ecu) 
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Values of non-working time exhibit a similar degree of variation, ranging from 2 to 8 euros 
per hour before adjustment to a common basis, and from 2.4 to 5.3 euros per hour after.  Most 
countries use a value of non-working time around 10-42% per cent of the working time value, 
and this is consistent with the world wide survey by Waters (1995).  However, whether values 
of time are proportional to income over wide income ranges is open to debate (e.g. Gunn et 
al., 1996). 

2.3.6 Safety 
The valuation of accident savings has undergone a transformation since the mid-1980s, owing 
to the development and widespread acceptance of monetary values based on individuals’ 
willingness-to-pay to avoid accidents (Jones-Lee (1989) sets out the theory).  EUNET 
Deliverable D9 gives a European perspective on its implementation in national-level appraisal 
procedures.  Previously, values per casualty (i.e. per person injured or killed) had been based 
largely on measures of lost output - that is the average reduction in GDP due to the injury or 
death an individual member of the workforce.  This was augmented in some cases by 
allowances for ‘human costs’ or ‘pain, grief and suffering’.  Willingness-to-pay methods 
bring these components together into an overall value per casualty.  Their implementation 
often led to a significant increase in safety values in appraisal.  For example, the UK fatality 
value rose from £180,000 to £500,000 at 1985 prices, or approximately 1.5 million euros in 
current prices.  

Fatal casualty values in the EU member states are shown in Table 2.2.  The principal 
challenge in searching for a common European approach is to address the large discrepancy 
between the appraisal values supplied.  To give an example, after adjusting for price inflation 
but not for any other differences, the appraisal values for a (statistical) fatality differed 
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between the two extreme cases of Portugal and Sweden by a factor of 48.  This, it turned out, 
was largely reflective of fundamental differences in definition and measurement.  

Amongst the various components within the value of a fatality the ‘human costs’ dominate.  
In the case of Denmark, these components account for two thirds of the appraisal value of a 
fatality.  However, not all member states include these components in their definition.  In 
Table 2.2 in those countries marked with an asterisk (*), welfare/human costs are included 
within the definition of the cost of a fatality, whereas in those not marked, it is understood 
that a narrower definition is used, and their values are amongst the lowest.  The relationship 
between inclusion/exclusion of human costs and high/low values is readily apparent.  Note 
that the Netherlands also excludes the human costs from the CBA because these are placed 
separately in the MCA instead. 

Table 2.2 National-level appraisal values of a fatality, before adjustment  
 
Value of a Fatality  
(1000 euro, 1995 prices) 

Countries 

35-199 Greece, Portugal, Spain, Netherlands 

200-749 Belgium*, Denmark*, France* 

750-1,700 Austria*, Finland*, Germany*, Ireland*, Sweden*, UK* 

Note: Exchange rates from Eurostat. Values given are at 1995 prices and values, although original 
base years differ.  For the meaning of * see text.  Data is lacking for Italy. 

 

Adjustments can be made to put the appraisal values on a common basis in terms of definition 
and measurement, as a result of which the range of fatality values is reduced to a factor of 
approximately 4.5 from the factor of 48 previously mentioned.  For appraisal at the European 
level, a weighted average value of 770,000 euro was derived at 1995 prices and values.  

It is also argued, however, that cost-benefit analysis should respect differences in the 
preferences of groups of individuals where possible, since these affect total willingness-to-
pay.  For this reason, some residual variation in country values is to be expected.  This would 
need to be explored further if consistent multi-country appraisal was felt to be worth 
undertaking.  Some particular factors that should repay further study are: 

• = variations in income per capita between member states, which would impact on 
individuals’ ability /willingness to pay for safety; 

• = cultural differences in attitudes to risk and to loss of life, which would affect individuals’ 
tastes and preferences for accident reducing measures, or the attitudes of governments;  

• = remaining definitional differences – in particular, the inclusion or exclusion of legal costs, 
delays to other vehicles, police, fire and rescue services and other public sector costs from 
casualty-related costs; and 

• = the nature of the measurement methods used – e.g. problems of bias in willingness to pay 
measures, or of market imperfections where insurance compensation payments are used 
as a proxy for accident costs. 
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2.3.7 Air pollution 
National-level decisions on major transport infrastructure investment are now usually made 
with the benefit of environmental impact information. Current practice in all member states is 
based around environmental impact assessment (EIA), reinforced by EC Directives 85/337 and 
97/11 (European Commission, 1985 & 1997). 

In transport project appraisal, the EIA is usually summarised - either descriptively or using a 
limited set of quantitative indicators - before being presented alongside the direct transport 
benefits and any other impacts being taken into account.  The earlier Table 2.1 shows how 
different member states treat a selection of ten different environmental effects.  It is clear 
from the table that quantitative measures have been accepted far more readily for some 
impacts (e.g. noise and air pollution) than for others (e.g. landscape and the loss of important 
sites).  EUNET has adopted best practice in this field by using quantitative measures for air 
pollution.  

Climate change - CO2 
As with other impacts, the appraisal process for CO2 in EUNET involves both forecasting (of 
emissions) and monetary valuation.  Forecast changes in CO2 emissions (tonnes) were 
provided by an emissions model added-on to the transport and regional economic model 
(D18).  After reviewing values in current use by member states and values arising from 
various research studies, including ExternE, a unit value of 50 euros per tonne of CO2 
emissions was agreed, based on the cost of prevention within the transport sector.  This is 
equivalent to approximately 10.4 euros per 1000 car kilometres (note that the calculation of 
CO2 within EUNET is more sophisticated, being based on traffic speed as well as flow).  For 
comparison, the IPCC (International Panel on Climate Change) value range adopted by 
ExternE was 1-30 ECU per tonne of CO2, whilst ExternE’s own preliminary valuation is 41 
ECU per tonne.  On the precautionary principle, a value of 50 ECU per tonne seems a 
reasonable, and comparable, working estimate.  The uncertainty associated with all these 
values, arising from assumptions made in their derivation (e.g. the choice of discount rate, or 
the type of ecosystem model) could be as great as +/-95%.  This makes it particularly 
important that the appraisal offers the facility to test the sensitivity of the results to the value 
used.   

Regional and Local Air Pollution 
Account was taken here of the findings of the ExternE project, which became available after 
the EUNET review was carried out (Friedrich et al., 1998; Bickel et al., 1997).  As a result, 
the basis of the EUNET recommendations on particulates and NOx was modified, in 
recognition that ExternE’s work on dispersion and impact modelling has advanced 
understanding in these areas.  Nevertheless, comparisons were drawn between the ExternE 
and national-level values and they were found to be broadly consistent with one another.  The 
principal change was in the basis for particulate measurement, which changed from PM10 (ie. 
particles less than 10 microns in diameter) to PM2.5. 

An exposure-response approach was recommended, reflecting the impacts on the environment 
(including on health, crops and materials), with the caveat that there is still some uncertainty 
surrounding the scientific relationships estimated.  In order to allow the total monetised 
impact to respond to variations in the composition of traffic flow, it was recommended that 
damage costs per unit mass of pollutant emitted (rather than per vehicle km) be applied to the 
output of the EUNET emissions model.  Variations in impact due to the nature of the local 
environment (e.g. densely/sparsely populated) are very difficult to determine for projects of a 
strategic nature: these were therefore treated separately under the heading Local Air Pollution 
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- Rural/Urban Variations, acting as a modifier to the main analysis.  Table 2.3 gives the 
monetary values recommended for the EUNET CBA. 

Table 2.3 Regional (and Local) Air Pollution - CBA Values* 

2.3.8 Output and employment 
Output and employment are perhaps the best examples of impacts held to be of substantial 
policy relevance in most countries, but where there is little agreement and much controversy 
over appraisal methods.  The problem is twofold.  Firstly, there are deep-rooted theoretical 
and practical problems with applying many of the traditional regional economic impact 
methodologies (e.g. input-output analysis; regional multiplier analysis) to transport 
infrastructure investment, so that it is difficult to forecast with meaningful levels of accuracy 
what the output and employment effects of transport investment will be (see SACTRA, 1999).  
However, an approach to tackling this issue has been developed in EUNET, as outlined in the 
later Section 3.2.2.  It measures the first order impacts of a transport initiative on the level of 
GDP.   

The second problem is that there is little agreement about what monetary value, if any, should 
be accorded to employment which is created or safeguarded by the project.  The German 
method (PLANCO, 1993) allows for employment to be forecast and evaluated in money 
terms (Germany and Spain are alone in attempting to monetise this impact).  The values per 
job are based on the alternative cost of providing a job (assuming that it would otherwise be 
best to create/safeguard each job through another specific type of government scheme). 

In the UK until 1998, and in Denmark and Sweden, output and employment effects were 
omitted altogether.  Following the inclusion of ‘Regeneration’ in the English Roads Review 
appraisal (DETR 1998), a lively debate has reopened over how such effects can reliably be 
predicted.  More technically ambitious methods which in principle offer more robust 
forecasting based on land use and transport interaction modelling are still at the research and 
development phase (e.g. David Simmonds Consultancy and ME&P, 1999, SACTRA, 1999).   

The final recommendation within EUNET is a pragmatic one:  

• = to exclude these employment and output impacts from the CBA, but to allow for 
inclusion within the MCA;  

• = to make use of analytical techniques where available to forecast approximately the impact 
on employment and output;  

Emission Value per kg, 1995 euros 

Primary particulates, PM2.5** 185 

NOx 4.6 

SO2 1.7 

HC 1.8 

*relevant to EU member states in which WTP for environmental protection is likely to be 
relatively high (including Finland, Germany, The Netherlands, Sweden and the UK, and 
potentially others).  Re-scaling of values for member states where WTP is expected to be 
lower should be considered as appropriate: D9 suggests a rationale. 
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• = but to make clear to the decision-maker the inherent problems of forecasting and double-
counting in this area.   

Forecasting employment and output impacts is a particularly challenging exercise, fraught 
with theoretical and practical difficulties.  However, the EUNET regional economic model as 
outlined in Section 3.2 is a promising approach to addressing this problem in a structured and 
consistent fashion.   

2.3.9: Values for Safety, Travel Time and Environment 
The Tables 2.4a to 2.4h show the monetary values provided for assessment purposes in 
EUNET.  These differ from other European valuation exercises2 because instead of being 
based on research studies in one or two countries, the EUNET values are based on the values 
used in practice in CBA by each member state3.   

Within each table three values are presented for each impact 

• = the raw Country Specific value for each country for which information was available 

• = the adjusted EUNET Country Specific value which is consistent across countries with 
respect to definitions, units of measurement, approach to valuation, etc. as discussed in 
Section 2.3.3 

• = the Common EU value. 

This basis in official CBA values accounts for some of the striking features of Table 2.4 - 
namely: 

�� that there are substantial differences in valuation from one country to another, particularly 
for safety - these differences do not simply follow the pattern of incomes per capita but 
instead reflect some real differences in national priorities (and perhaps underlying 
consumer preferences) in the year 1996 for which the review was undertaken. 

�� that the value for human fatalities and injuries does not vary between modes of transport.  
This runs counter to the outcome of WTP studies which show that when their 
selfish/private preferences are appealed to, individuals are prepared to pay much more to 
avoid risks of death/injury in mass transit accidents than in their private vehicle.  
However, social preferences as expressed by values in national CBA appear to be that the 
value of saving a statistical life should be the same whether through car or mass transit 
safety improvements. 

                                                      

2 eg UNITE (Link et al, 2001 forthcoming, UNITE Deliverable D5) 

3 except Luxembourg, where no tradition of formal transport project appraisal was found. 
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Table 2.4 Values for key impacts (1995 price and value basis) 
(Table 2.4a) Value per fatal casualty saved, € of 1995 

 Raw country 
values* 

EUNET Country 
Specific values 

Austria 1,389,000 1,459,000 
Belgium 368,000 384,000 
Denmark 716,000† 741,000 
Finland 1,214,000 1,329,000 
France 562,000 577,000 
Germany 789,000 828,000 
Greece 132,000†† 410,000 
Ireland 945,000 942,000 
Italy - - 
Netherlands  113,000†,†† 310,000 
Portugal 34,000†,†† 352,000 
Spain 67,000†,†† 676,000 
Sweden 1,643,000 1,660,000 
UK  1,010,000 978,000 
  Common 
EU   770,000 

Note: 
• = *Raw country values lack a consistent basis and are in 1994 euros.  
• = Values marked † include damage and other non-casualty costs (see Table 2.4c), which all other 

values exclude.  
• = Values marked †† exclude human costs, which all other values include.  
• = No data available for Italy.  
• = EUNET Country Specific Values have been adjusted as far as possible for differences in definition 

and units of measurement, however substantial unexplained differences in the values remain - see 
the text for a discussion.  
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(Table 2.4b) Value per serious/slight casualty saved, € of 1995 

 Serious casualties Slight casualties 

 Raw country 
values* 

EUNET Country 
Specific values 

Raw country 
values* 

EUNET Country 
Specific values 

Austria - 172,000 - 13,300 
Belgium 57,000 45,000 - 3,500 
Denmark 29,000† 87,000 6,000† 6,800 
Finland 13,000 156,000 3,000 12,100 
France 58,000 68,000 12,300 5,300 
Germany 36,000 97,000 3,100 7,500 
Greece 13,000‡ 48,000 13,000‡ 3,700 
Ireland 31,000‡ 111,000 31,000‡ 8,600 
Italy - - - - 
Netherlands  41,000†,†† 37,000 22,900†,†† 2,800 
Portugal 14,000†,†† 41,000 3,400†,†† 3,200 
Spain 20,000†,‡ 80,000 20,000†,‡ 6,200 
Sweden 301,000 195,000 17,400 15,100 
UK  115,000 115,000 8,900 8,900 
  Common  Common 
EU  91,000  7,000 

Note: 
• = *Raw country values lack a consistent basis and are in 1994 euros.  
• = † and †† are as Table 2.4a.  
• = No data available for Italy.  
• = Values for Austria are derived from fatal casualty value.  
• = Raw values for Greece, Ireland and Spain (‡) are for an average ‘injury’.  
• = EUNET Country Specific Values have been adjusted as far as possible for differences in definition 

and units of measurement, however substantial unexplained differences in the values remain - see 
the text for a discussion.  
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(Table 2.4c) Damage and other non-casualty costs saved (road), € of 1995 per accident 

 per fatal accident per serious accident per slight accident per damage-only accident 
 Raw country 

values* 
EUNET Country 
Specific values 

Raw country 
values* 

EUNET Country 
Specific values 

Raw country 
values* 

EUNET Country 
Specific values 

Raw country 
values* 

EUNET Country 
Specific values 

Austria - 25,000 - 16,700 - 8,300 - 3,300 
Belgium 11,100† 6,600 11,100† 4,400 11,100† 2,200 11,100† 900 
Denmark - 12,700 - 8,500 - 4,200 - 1,700 
Finland - 22,800 - 15,200 - 7,600 7200 3,000 
France - 9,900 - 6,600 - 3,300 - 1,300 
Germany 21,100† 14,200 21,100† 9,500 3,600 4,700 - 1,900 
Greece 2,900 7,000 - 4,700 - 2,300 - 900 
Ireland - 16,200 - 10,800 - 5,400 1,900 2,200 
Italy - - - - - - - - 
Netherlands - 5,300 - 3,500 - 1,800 - 700 
Portugal - 6,000 - 4,000 - 2,000 - 800 
Spain - 11,600 - 7,700 - 3,900 - 1,500 
Sweden 1,500† 28,500 1,500† 19,000 1,500† 9,500 1,500† 3,800 
UK  9,100 16,800 3,800 11,200 2,200 5,600 1,400 2,200 
  Common  Common  Common  Common 
EU  13,200  8,800  4,400  1,800 

Note: 
• = Values include: material damage; police and fire costs; insurance administration; delays to traffic and legal and court costs.  
• = *Raw country values lack a consistent basis, most omit some of the items listed, and are in 1994 euros. 
• =  No data available for Italy. Raw values for Belgium, Germany, Ireland and Sweden (†) are for averages across accident categories as shown.  
• = Values for countries with no data were derived using casualty value relativities.  
• = EUNET Country Specific Values have been adjusted as far as possible for differences in definition and units of measurement, however substantial unexplained 

differences in the values remain - see the text for a discussion. 
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(Table 2.4d) Damage and other non-casualty costs saved (rail), € of 1995 per accident  
 
 Raw country values* EUNET Country Specific values 

  per injury accident per damage-only accident 

Austria - 50,000 17,000 

Belgium - 13,000 4,000 

Denmark - 25,000 8,000 

Finland - 46,000 15,000 

France - 20,000 7,000 

Germany 5,900†/  30,100†† 28,000 9,000 

Greece - 14,000 5,000 

Ireland - 32,000 11,000 

Italy - - - 

Netherlands  - 11,000 4,000 

Portugal - 12,000 4,000 

Spain - 23,000 8,000 

Sweden 13,000 57,000 19,000 

UK  - 34,000 11,000 

  Common Common 

EU  26,000 9,000 

Note: 

• = *Raw country values lack a consistent basis and are in 1994 euros.  

• = German values are for ‘minor damage’ † and ‘major damage’ ††.  

• = Values for countries with no data were derived using road accident value relativities.  

• = EUNET Country Specific Values have been adjusted as far as possible for differences in 
definition and units of measurement, however substantial unexplained differences in the values 
remain - see the text for a discussion.  
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(Table 2.4e)  Value of non-working time saved, € of 1995 per person hour 
 
 Raw country values* EUNET Country 

Specific values 

Austria 4.4ac 3.5 

Belgium 4.6 ac 3.6 

Denmark 5.4† c, 3.2†† c 3.7 

Finland 3.7†, 2.1†† 2.4 

France 6.5 ac 5.0 

Germany 3.7 5.3 

Greece 3.9ac 3.1 

Ireland 4.6 4.3 

Italy 7.6c 5.3 

Netherlands  6.4† c, 5.0†† c 5.3 

Portugal 4.0† c, 3.0†† c 3.2 

Spain 7.9ach 3.2 

Sweden 8.0i 3.8 

UK  3.9 3.9 

  Common 

EU  4.5 

Note: 

• = Values are non-mode-specific.  

• = *Raw country values lack a consistent basis.  

• = Values marked † are for commuting. †† are for non-work non-commuting. a are averaged across 
all trip purposes. c are for car mode. h are per vehicle hour.  i are for inter-regional trips.  

• = EUNET Country Specific Values have been adjusted as far as possible for differences in 
definition and units of measurement, however substantial unexplained differences in the values 
remain - see the text for a discussion.  
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(Table 2.4f) Values of working time saved, € of 1995 per person hour  

 Car occupant Bus and coach passenger Rail passenger Air passenger 

 Raw country 
values* 

EUNET values Raw country 
values* 

EUNET 
values 

Raw country 
values* 

EUNET values 
Se basis     UK basis 

Raw country 
values* 

EUNET 
values 

Austria 4.4a 14.6 66.7h 10.3 - 9.6 18.6 - 31.1 
Belgium 4.6a 18.2 - 12.9 - 12.0 23.2 - 38.8 
Denmark 20.5 21.8 - 15.4 - 14.3 27.8 - 46.5 
Finland 21.9m 23.0 68.1h 16.3 - 15.2 29.4 - 49.2 
France 6.5a 21.3 - 15.1 10.1 14.0 27.1 45.4a 45.5 
Germany 19.6m 20.7 - 14.6 - 13.6 26.4 - 44.1 
Greece 3.9a 12.9 0.8a 9.1 3.0 8.5 16.4 - 27.5 
Ireland 11.6m 14.0 - 9.9 - 9.2 17.8 - 29.9 
Italy 12.7 15.0 - 10.6 - 9.8 19.1 - 32.0 
Netherlands  21.4 21.4 4.6a 15.2 - 14.1 27.4 - 45.8 
Portugal 6.0 6.3 1.5a 4.5 - 4.2 8.1 - 13.5 
Spain 7.9ah 13.6 - 9.6 - 9.0 17.4 - 29.1 
Sweden 21.8 17.7 12.6 10.3 12.6 11.7 22.6 - 37.9 
UK  16.1d 16.8 13.3 14.1 20.2 11.1 21.4 - 35.9 
   Common  Common  Common Common  Common 
EU   17.8  12.9  11.7 22.7  37.7 

Note: 
• = *Raw country values lack a consistent basis. a are averaged across all trip purposes. d relates to the driver. h are per vehicle hour. m  

relate to any mode.  
• = Details of calculations are given in Deliverable D9. 
• = Values for bus drivers are given in the Deliverable.  
• = EUNET Country Specific Values have been adjusted as far as possible for differences in definition and units of measurement, 

however substantial unexplained differences in the values remain - see the text for a discussion. 
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(Table 2.4g) Values of freight time saved, € of 1995 per hour 
 
  Driver’s wage value 

per person hour 
Freight user value per vehicle hour 

   Articulated lorry Other lorry 

 Raw country 
values* 

EUNET Country 
Specific values 

EUNET Country 
Specific values 

EUNET Country 
Specific values 

Austria 22.4 20.2 6.5 1.6 

Belgium 21.2 21.2 8.1 1.9 

Denmark 21.6 21.6 9.7 2.3 

Finland 18.9 18.9 10.3 2.5 

France - 31.3 9.5 2.3 

Germany - 30.4 9.2 2.2 

Greece - 18.9 5.7 1.4 

Ireland - 20.6 6.2 1.5 

Italy 17.0 17.0 6.7 1.6 

Netherlands - 31.5 9.6 2.3 

Portugal 7.7 7.7 2.8 0.7 

Spain 13.3 13.3 6.1 1.5 

Sweden 19.1+7.5 19.1 7.9 1.9 

UK  11.8 18.4 7.5 1.8 

  Common Common Common 

EU  23.4 7.9 1.9 

Note 
• = *Raw country values lack a consistent basis.  
• = Raw Swedish value explicitly includes driver’s wage costs plus ‘goods costs which are the value 

to the user (the business whose freight is being moved).  
• = Others may implicitly include these items.  
• = Vehicle type definitions differ.  
• = EUNET Country Specific Values have been adjusted as far as possible for differences in 

definition and units of measurement.  
• = See Deliverable D9 for the calculations and a discussion. 
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(Table 2.4h) Values for environmental impacts, € of 1995 
 
 per tonne CO2 

emissions 
per kg PM2.5 
emissions 

per kg NOx 
emissions 

per kg SO2 
emissions 

per kg HC 
emissions 

 Raw country 
values* 

Raw country 
values* 

Raw country 
values* 

Raw country 
values* 

Raw country 
values* 

Austria - - - - - 
Belgium - - - - - 
Denmark - - - - - 
Finland 30 16.5† 0.8 1.0 - 
France - - - - - 
Germany - - - - - 
Greece - - - - - 
Ireland - - - - - 
Italy - - - - - 
Netherlands - - - - - 
Portugal 35 - - - - 
Spain  - - - - - 
Sweden 42.7 19.3† 4.6 1.7 1.8 
UK - - - - - 
 Common Common Common Common Common 
EU 50 185 4.6 1.7 1.8 
Note: 

Value for CO2 applies in all EU locations. 

The values for the other four pollutants apply: 

• = to member states where WTP for environmental protection is likely to be relatively high (re-
scaling of values for member states where WTP is lower should be considered as appropriate - 
Deliverable D9 Appendix III Para 3.1.16 suggests a rationale); 

• = to average non-urban conditions; 

• = to any mode.  

*Raw country values lack a consistent basis.  
†Raw values for Particulates are based on PM10 not PM2.5, hence the different order of magnitude 
compared with the EUNET value.  

Deliverable D9 lists sources of evidence on which values are based, which include not only national 
appraisal values but also recent research studies.  
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2.3.10 Database of transport costs 
The vehicle operating costs and the costs of infrastructure operation have been analysed in 
detail and are provided as input to the other tasks of the study.  Two sets of data have been 
organised.  

• = behavioural transport costs which are used as input to the model simulating travel 
behaviour.  The estimated commercial costs of transportation provide an indication of 
transport prices or tariffs but they can also be used as inputs to financial appraisals, in the 
case where private investment is being considered (e.g. public-private-partnership).  

• = resource transport costs which are used to assess transport infrastructure investments 
within the CBA from the macro-economic point of view.  

The standardised database facilitates the estimation of cost components for vehicle and 
infrastructure operation.  The costs of vehicle operation are developed using indicators such 
as fuel consumption, speed and vehicle utilisation.  Mode specific costs of infrastructure 
operation and maintenance are based on assumptions concerning capacity utilisation and time.  
The data is generated for every year between 1995 and the forecast year 2020.  The data can 
be refined by the use of project specific or local data.  A menu driven software tool has been 
specifically developed to facilitate the use of the cost database in the EUNET project and 
elsewhere.  

The starting point in the development of the cost database has been country specific 
information concerning operating costs functions, transport flows, new technologies and 
transport performance.  The use of common calculation procedures for each country, as well 
as additional checks for plausibility, guarantees a consistent database for all European 
countries.  The data provide the appropriate input information to measure, evaluate and 
compare the effects and benefits of different project implementations within one or more EU 
countries.  

The information input to the EUNET transport model requires the vehicle operating costs to 
be decomposed into overheads and distance related, time related and speed related 
components for the base year 1995 and for all forecast years.  In line with these requirements, 
the database provides, operating cost functions for each mode, vehicle type and country for 
each relevant type of infrastructure on a year by year base. 

In order to produce this database, considerable effort was put into collecting data from each 
member state.  Data availability varied across mode and country.  Road vehicle operating cost 
data are available almost everywhere.  However, data on rail operating costs and freight 
tariffs are less available and very often considered as confidential.  Furthermore there are 
considerable differences in definitions when comparing data across countries.  

The finalised database for vehicle operating costs comprises standing and operating cost. 

• = The standing cost includes all time dependent material costs.  This includes the interest 
rates calculated from the capital that is necessary to replace the vehicle, the time-
dependent vehicle depreciation and the time-dependent vehicle maintenance cost.  The 
components (e.g. cost of repair, maintenance, equipment, insurance, overheads, etc.) are 
different and are of different importance for each mode.  The standing costs have been 
developed by separately analysing all components and their impact on the cost in detail.  
Standing costs are given per vehicle hour (road, rail) block hour (aviation) or operating 
day (navigation). 
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• = Operating costs are caused by the transport performance itself.  Components of this cost 
category are time related personnel costs and performance related material costs.  The 
main items include the wages of drivers and accompanying personnel, the distance related 
vehicle depreciation and fuel consumption.  In general, the operating costs are given per 
kilometre.  For aviation and navigation special cost categories are defined in which the 
costs of operation are measured in cost per landing unit / passenger or per operation hour. 

The final structure of the database for vehicle operating costs by mode is summarised in Table 
2.5.  

Table 2.5 Vehicle operating cost data per mode 
 
Road Standing cost per hour by vehicle type 

Operating cost per kilometre by vehicle type 
Rail Standing cost per hour by train type 

Operating cost per kilometre by train type 
Aviation Standing cost per block hour 

Cost per passenger 
Cost per landing unit 

Inland navigation Standing cost per year by vessel size and daily operating time  
Fuel cost per hour by vessel size and waterway type 
Personnel cost per hour by vessel size and daily operating time 

Short sea shipping Standing cost per operating day 
 

The mode specific vehicle operating costs take existing differences between the countries into 
consideration wherever necessary.  The use of country specific data guarantees that travel 
behaviour can be simulated on a national level.  Furthermore the country specific resource 
costs approach permits the consideration of country specific preferences expressed by the 
willingness-to-pay for transport investments or improvements.  This depends more or less on 
the level of income and/or cultural differences.  The level of income signifies the national 
valuation of labour as a resource in the production process. 

For some modes (particularly air and shipping where the international market is large relative 
to the domestic market) and for some cost components the country specific values do not 
differ significantly.  In these cases average or unified values can be used.  An overview is 
given in the Table 2.6. 

Table 2.6 Range of vehicle operating cost used in EUNET 
 
Road Country specific vehicle operating cost 
Rail Country specific vehicle operating cost  
Aviation Unified vehicle operating cost  
Inland navigation Country specific vehicle operating cost  
Short sea shipping Group specific vehicle operating cost (north/south Europe groups) 
 

In the Tables 2.7 and 2.8 an example of the values of the resource costs of road vehicles by 
country is presented.  The primary influences of travel time and distance are reflected in the 
tables.  For detailed assessment purposes the further inclusion of the influence of speed, road 
condition, road type, traffic volumes and fleet structure could be used to refine these cost 
structures. 
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Table 2.7 Resource Costs per hour in ECU (1995) 
 
 Car Bus LGV HGV 

 private use business use  
Austria 0.98 0.98 28.47 20.17 28.07 
Belgium 0.92 0.92 27.80 20.60 27.60 
Denmark 0.97 0.97 27.18 20.04 27.09 
Finland 1.06 1.06 27.02 19.69 26.76 
France 1.00 1.00 22.22 15.44 21.02 
Germany 1.13 1.13 33.32 24.04 32.87 
Greece 0.65 0.65 15.21 11.39 14.17 
Ireland 0.86 0.86 19.57 13.34 19.11 
Italy 0.84 0.84 19.49 13.86 18.88 
Luxembourg 0.92 0.92 26.16 18.68 25.99 
Netherlands 1.02 1.02 27.76 19.60 27.37 
Portugal 0.51 0.51 12.37 7.75 12.37 
Spain 0.69 0.69 19.31 13.29 19.24 
Sweden 0.86 0.86 24.82 17.52 24.61 
United Kingdom 0.89 0.89 19.17 13.35 18.89 
EU 0.94 0.94 22.83 16.11 22.24 

 

Table 2.8 Resource Costs per 100 km in ECU (1995) 
 
 Car  Bus LGV HGV 
 private use business use    
Austria 12.82 12.82 37.64 24.42 34.37 
Belgium 9.91 9.91 33.42 21.50 32.82 
Denmark 11.15 11.15 38.52 25.00 31.38 
Finland 10.86 10.86 34.61 22.16 32.95 
France 9.85 9.85 31.41 19.87 28.46 
Germany 12.51 12.51 35.99 22.84 28.43 
Greece 9.65 9.65 31.80 20.08 30.77 
Ireland 10.29 10.29 34.01 21.93 31.84 
Italy 9.72 9.72 32.73 20.87 28.57 
Luxembourg 10.32 10.32 33.81 21.60 29.23 
Netherlands 10.32 10.32 34.96 22.39 31.19 
Portugal 9.18 9.18 31.25 19.75 29.32 
Spain 10.60 10.60 33.16 21.10 28.89 
Sweden 11.33 11.33 37.82 24.42 31.68 
United Kingdom 9.36 9.36 30.28 19.05 29.72 
EU 10.64 10.64 33.03 21.02 29.24 

 

Figure 2.5 shows the main dialogue menu of the software that interrogates the vehicle 
operating cost database.  The figure provides an overview of the range of options available to 
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extract the required vehicle operation cost information from the database that has been 
created. 

The user can select whether resource cost or behavioural cost should be generated by the 
software prototype.  Furthermore the dialogue menu shows the list of countries for which data 
are available.  For every country the assumed national discount rate is shown.  The discount 
rates will differ depending on whether a micro or a macro economic evaluation is being 
carried out.  For the CBA the discount rate is used to estimate the cumulated and discounted 
value of the cost outflows and the monetary measures of benefits as inflows (e.g. savings of 
vehicle operating costs).  The discount rate reflects expectations on the future growth of the 
gross national product of the country and its price level as well as on the risks involved in a 
project.  

The dialogue menu in the Figure 2.5 presents the types of vehicles for which costs are 
available.  To generate the vehicle operating costs for road the user of the database has to 
select from a sub-menu the kind of road and then to specify the hourly traffic volume on that 
road after which the vehicle operation costs are presented.  

In addition the cost database of EUNET provides information about the cost of infrastructure 
operation and the technical lifespan of transport infrastructure.  The average lifespan of a 
particular piece of transport infrastructure depends on the lifespans of the infrastructure 
components that comprise it.   
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Figure 2.5 Dialogue menu 
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2.4 Assessment 

2.4.1 Review 
The aims of the EUNET work on assessment methods were to develop a preferred approach 
to assessment and then to translate this preferred method, as far as possible, into operational 
software, and then to test its operation using results from the Trans-Pennine Model. 

The starting point for this work was a review of assessment methods, including previous 
European level research.  In order to identify these methods, a matrix of applicable methods 
versus possible problem situations was initially established.  This required on the one hand a 
review of representative CBA and MCA methods and on the other, the examination of their 
applicability, data requirements, ease of use and utility of results, in a diverse set of problem 
situations.  Problem/decision-making situations were differentiated at the level of decision-
making (e.g., strategic, local), type of project, availability/ accuracy of data, etc.  Based on 
such a matching of methods versus problems, the most suitable decision aids were identified 
to form the new methodology. 

An important landmark was the EURET Concerted Action 1.1 (Mackie et al 1994) which 
reviewed road appraisal procedures across member states.  A series of studies under the 
APAS programme undertook similar reviews for other modes.  Then the TIE report (Bentzan 
et al 1995) provided an overview and synthesis into a single recommended approach to 
assessment. 

The review work highlighted the importance of CBA as the core of most assessment 
procedures, but also the clear need to include wider impacts within the context of a MCA 
framework.  It was also clear that considerable flexibility would be required in the operational 
tool.  The wide range of possible users and applications imposed a demanding requirement.      

2.4.2 Development of a theoretical assessment approach 
Following the review of alternative assessment methods, the development of an overall 
theoretical approach to assessment is outlined here and is described in detail in Deliverable 
D10.  The methodology that has been developed:  

(i) is based on the tradition of project assessment founded on welfare economics, and is 
aimed at supporting decision making in strategic transport planning,  

(ii) is capable of receiving inputs reflecting the social preferences of the decision-makers 
involved and of generating outputs permitting the evaluation/appraisal of direct 
impacts as well the assessment of indirect effects on the social and physical 
environment,  

(iii) is relatively easy for decision-makers to use and has the potential to be a decision 
support tool for selecting between different transport initiatives.  The decision-maker 
does not have to understand every single detail of the methodology as long as he/she 
understands its structure and logic.  The decision-maker should only need to know as 
much as the software tool interface requires him/her to do. 
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The methodology follows a framework comprising four steps: 

• = Value tree: specification and definition of the following elements which determine the 
value tree 

(a) Objectives: definition of basic goal(s) and/or objective(s) 

(b) Criteria: description of the appraisal variables, their social valuation and 
corresponding functions 

(c) Structure: definition of how the criteria are related. 

• = Weighting: prioritisation of the criteria in the appraisal (necessary only for MCA)  

• = Evaluation and ranking: utilisation of criteria, weights and structure to meet the objectives 

• = Presentation of results: analytical, monetary output, graphical representation, etc. 

Whenever it is possible the assessment criteria are measured using physical units in order to 
provide “objective” measures.  In particular, for the CBA related criteria, measurement is 
performed by using well-established methods based on welfare economics. 

Having identified the anticipated impacts for a given decision situation, alternative transport 
projects can then be evaluated by following the subsequent steps of the methodology.  Scores 
(or monetary values based on welfare economics in the case of CBA) corresponding to the 
criteria are required as inputs to the CBA and MCA parts of the assessment method. 

The next stage of the methodology consists of a core assessment method with a series of 
alternative or additional procedures to the core process.  The core method comprises three 
components:  

(i) a Cost-Benefit Analysis within clearly defined boundaries using welfare economic 
analysis to value the impacts 

(ii) a Financial Appraisal focused on the potential private financing attractiveness of the 
project 

(iii) a broader Multi-Criteria Analysis incorporating the full range of criteria.  

This final component has been explored in considerable detail within EUNET as outlined in 
the Section 2.4.3 below. 

Overall, the theoretical methodology is aimed primarily towards the appraisal of projects 
whose impacts go beyond the geo-political borders of a region or a member state.  In addition 
to its use at a strategic level, the method can also be used on a national or on a regional level. 
Indeed, it may even be used to compare competing options within a single mode project 
alternative.  To arrive at this level of resolution may in practice require some more detailed 
specification of an extra hierarchy of impact dimensions (to ensure that important differences 
between options are all exposed in the data).  This in turn would require calibration of weights 
at the appropriate resolution and ensuring that the specification of the regional 
economic/transport model and associated data collection are at a similar level of detail. 
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A number of variants and supplementary procedures were developed based around fuzzy 
evaluation and UTA.  The relationship between these extra features (not included in the 
demonstration Assessment Tool) and the core structure of the methodology is shown in the 
Figure 2.6.  

Figure 2.6 Core EUNET approach and different options proposed 
 

Initiatives/
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Project Profile
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*Financial Analysis
** Linear Additive Aggregation function  

The classification of different impacts into core/non-core, strategic/non-strategic and 
territorial/non-territorial groups is shown in Table 2.9.  For conciseness this classification is 
compressed into four main groups of impacts, which are denoted as A, B, C and D impacts as 
follows: 

Core Impacts Group A (included in CBA/MCA) 

Non-Core, non-Strategic Impacts Group B (included in MCA) 

Strategic territorial Impacts Group C (included in MCA) 

Strategic, non-territorial Impacts Group D (included in MCA) 

Core impacts are quantifiable effects of such basic significance that they should always be 
considered in a transport scheme and are most frequently monetised in practice (for example 
investment costs).  Non-core, non-strategic impacts are those that may not necessarily apply 
to all transport schemes and are localised in nature (for example service quality).  Strategic 
territorial impacts apply at a wider regional or international level and are linked to tangible 
phenomena (for example strategic environment).  Finally strategic non-territorial impacts also 
have a wider application but include intangible effects for example technology development. 

Within each of these groups there are a range of more detailed impacts identified.  For each of 
these impacts the Table 2.9 presents a broad indication of how it may be measured.  The 
Table is separated by mode into the five main transport initiatives/infrastructure project 
profiles that were grouped.   
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Table 2.9 EUNET’s five Initiatives/Infrastructure Project Profiles – Road Project 
 

Road project  VARIABLES* 

Impacts  
Core impacts  
A1    Investment costs Planning costs, construction costs, land and property 

costs, disruption costs 
A2    System operating and maintenance costs Signalling, enforcement of traffic regulation, 

carriage delineation-pavement, structural repairs (for 
maintenance) 

A3    Vehicle operating costs Depreciation (wear and tear of vehicle), consumption 
of fuel and oil, wear and tear of tyre, repair and 
maintenance, overhead costs, interest personnel costs 
of drivers (bus, LGV, HGV) 

A4    Travel time benefits Car (working, non-working occupant), Bus & Coach 
(driver, working passenger) 

A5    Safety Casualty related costs (human costs, lost output, 
medical and support services), Accident-related costs 
(material damage, police and fire, insurance 
administration, legal and court costs) 

A6    Local environment Noise (Leq, L10), local & regional air pollution (SO2, 
NOx, CO), severance, vibrations (indication of high, 
medium, low), land amenity (indication of severe, 
moderate, slight)  

Non-core, non-strategic impacts  
B1    Service Quality Indication of high, medium, low 

B2    Landscape Indication of severe, moderate, slight visual intrusion

Strategic, territorial impacts  
C1    Strategic mobility (Accessibility) Spatial and Social cohesion (increase in the 

remaining time at destination weighted by 
population. Also considering peripherality) 

C2    Strategic environment Global air pollution (CO2), Special sites (Indication 
of severe, moderate, slight impact on archaeological 
sites, national parks, etc.) 

C3    Strategic economic development Changes in Economic Output (in ECU) and 
Employment (in thousands of jobs). Land use 
(indication of positive, negative, neutral conformity 
with the existing land use plan) 

Strategic, non-territorial impacts  
D1    Private financial attractiveness Financial Internal Rate of Return (IRR) or Return on 

Equity (ROE) 
D2   Other strategic policy and planning 

impacts 
Indication of positive, negative, neutral conformity 
with other strategic policy and planning concerns 
(e.g. encouraging/ discouraging transit traffic)  

* not an exhaustive list 
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Table 2.9 (contd.) EUNET’s five Initiatives/Infrastructure Project Profiles – Rail Project 

Rail  project  VARIABLES* 

Impacts  
Core impacts  
A1    Investment costs Planning costs, construction costs, land and property 

costs, disruption costs 
A2    System operating and maintenance costs Signalling, service, repair of track and other 

infrastructure (for maintenance) 
A3    Train operating and maintenance costs Depreciation (wear and tear), consumption of fuel or 

power, repair and maintenance, overhead costs 
(administration and train planning), interest, costs of 
dispatch, costs of train formation (marshalling, 
readying of trains, etc.), personnel costs of crew 

A4    Travel time benefits For working and non-working passenger 

A5    Revenue Change in income from passengers and freight 

A6    Safety Casualty related costs (human costs, lost output, 
medical and support services), Accident-related costs 
(material damage, police and fire, insurance 
administration, legal and court costs) 

A7    Local environment Noise (Leq, L10), local & regional air pollution (SO2, 
NOx, CO), severance, vibrations (indication of high, 
medium, low), land amenity (indication of severe, 
moderate, slight)  

Non-core, non-strategic impacts  
B1    Service Quality Indication of high, medium, low 

B2    Landscape Indication of severe, moderate, slight visual intrusion

Strategic, territorial impacts  
C1    Strategic mobility (Accessibility) Spatial and Social cohesion (increase in the 

remaining time at destination weighted by 
population. Also considering peripherality) 

C2    Strategic environment Global air pollution (CO2), Special sites (Indication 
of severe, moderate, slight impact on archaeological 
sites, national parks, etc.) 

C3    Strategic economic development Changes in Economic Output (in ECU) and 
Employment (in thousands of jobs). Land use 
(indication of positive, negative, neutral conformity 
with the existing land use plan) 

Strategic, non-territorial impacts  
D1    Private financial attractiveness Financial Internal Rate of Return (IRR) or Return on 

Equity (ROE) 
D2   Other strategic policy and planning 

impacts 
Indication of positive, negative, neutral conformity 
with other strategic policy and planning concerns 
(e.g. encouraging/ discouraging transit traffic)  

D3    Technology development Expert judgement 

* not an exhaustive list 
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Table 2.9 (contd.) EUNET’s Initiatives/Infrastructure Project Profiles – Waterway  

Waterway  project  VARIABLES* 

Impacts  
Core impacts  
A1   Investment costs Planning costs, construction costs, land and property 

costs, disruption costs 
A2    System operating and maintenance costs Within this mode the costs of maintenance and 

system operation are very different depending on the 
local situation, thus they should be treated in an ad 
hoc way for each project considered 

A3   Vessel operating costs and maintenance 
costs 

Depreciation (wear and tear of vessel), consumption 
of fuel, repair and maintenance, overhead costs 
(administration), interest, personnel costs 

A4   Revenue Change in income from passengers and freight 

A5    Safety Casualty related costs (human costs, lost output, 
medical and support services), Accident-related costs 
(material damage, police and fire, insurance 
administration, legal and court costs) 

A6    Local environment Noise (Leq, L10), local & regional air pollution (SO2, 
NOx, CO), severance, water pollution (exceeding or 
not water quality standards) 

A7    Time benefits for freight For freight: travel time, handling time, access time 

Non-core, non-strategic impacts  
B1    Service Quality Indication of high, medium, low 

B2    Landscape Indication of severe, moderate, slight visual intrusion 
of ports 

Strategic, territorial impacts  
C1    Strategic mobility (Accessibility) Spatial and Social cohesion (increase in the 

remaining time at destination weighted by 
population. Also considering peripherality) 

C2    Strategic environment Global air pollution (CO2), Special sites (indication 
of severe, moderate, slight impact on archaeological 
sites, national parks, etc.) 

C3    Strategic economic development Changes in Economic Output (in ECU) and 
Employment (in thousands of jobs). Land use 
(indication of positive, negative, neutral conformity 
with the existing land use plan) 

Strategic, non-territorial impacts  
D1    Private financial attractiveness Financial Internal Rate of Return (IRR) or Return on 

Equity (ROE) 
D2   Other strategic policy and planning 

impacts 
Indication of positive, negative, neutral conformity 
with other strategic policy and planning concerns 
(e.g. encouraging/ discouraging transit traffic)  

* not an exhaustive list 
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Table 2.9 (contd.) EUNET’s Initiatives/Infrastructure Project Profiles – Airport projects 

Airport development or extension project VARIABLES* 

Impacts  
Core impacts  
A1   Investment costs Planning costs, construction costs, land and property 

costs, disruption costs 
A2    System operating and maintenance costs Within this mode the costs of maintenance and 

system operation are very different depending on the 
local situation, thus they should be treated in an ad 
hoc way for each project considered 

A3    Airline operating and maintenance costs Depreciation (wear and tear of aircraft), consumption 
of fuel, repair and maintenance, overhead costs 
(administration), costs of dispatch, costs of service 
and catering, travel expense per flight, interest, 
personnel costs, costs of training crew 

A4    Travel time benefits For average passenger 

A5   Revenue Change in income received from airlines in the form 
of landing and usage fees (including airport tax, if 
any) 

A6    Safety Casualty related costs (human costs, lost output, 
medical and support services), Accident-related costs 
(material damage, police and fire, insurance 
administration, legal and court costs) 

A7    Local environment Noise (Leq, L10), local & regional air pollution (SO2, 
NOx, CO), vibrations (indication of high, medium, 
low), water pollution (exceeding or not water quality 
standards), sewage/ground pollution. 

Non-core, non-strategic impacts  
B1    Service Quality Indication of high, medium, low 

B2   Landscape Indication of severe, moderate, slight visual intrusion 
of airports 

B3    Goods handling  Indication of good, medium or bad  

Strategic, territorial impacts  
C1    Strategic mobility (Accessibility) Spatial and Social cohesion (increase in the 

remaining time at destination weighted by 
population. Also considering peripherality) 

C2    Strategic environment Global air pollution (CO2), Special sites (indication 
of severe, moderate, slight impact on archaeological 
sites, national parks, etc.) 

C3    Strategic economic development Changes in Economic Output (in ECU) and 
Employment (in thousands of jobs). Land use 
(indication of positive, negative, neutral conformity 
with the existing land use plan) 

Strategic, non-territorial impacts  
D1    Private financial attractiveness Financial Internal Rate of Return (IRR) or Return on 

Equity (ROE) 
D2   Other strategic policy and planning 

impacts 
Indication of positive, negative, neutral conformity 
with other strategic policy and planning concerns 

D3    Technology development Expert judgement 

* not an exhaustive list 
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Table 2.9 (contd.) EUNET’s five Initiatives/Infrastructure Project Profiles – 
Intermodal Project 

Intermodal project** VARIABLES* 

Impacts  
Core impacts  
A1   Investment costs Planning costs, Real estate acquisition costs, 

Construction costs (buildings, internal transport 
infrastructure etc), Equipment acquisition costs 
(transhipment equipment, information systems, 
specialised vehicles etc). Disruption costs 

A2   System operating and maintenance costs Changes in nodal centre operating efficiency related 
to: Administrative and monitoring costs, and 
Periodical maintenance of premises and equipment 
or renewal costs 

A3    Vehicle operating  & maintenance costs Costs related to the maintenance of vehicles, the 
operations of vehicles and equipment; Energy 
consumption related to the Freight Village/Terminal 
operations  

A4    Generalised net user benefits Improvement of transport cost and transport quality 
parameters: Minimisation of transport means used 
and maximisation of transport means productivity, 
Time savings-improvement in speed and reliability 
(access time, waiting time, handling time),  Change 
in charges and shipment handling costs 

A5    Safety Fatalities, severe and slight injuries, damage only 
accidents 

A6    Local environment Noise (Leq, L10), local & regional air pollution (SO2, 
NOx, CO), Vibrations (indication of high, medium, 
low). Landscape changes.  Aesthetic parameters. 
Inconveniences from traffic congestion in 
surroundings 

A7    Revenue  Income from sales of services (parking, storage 
services, transhipment services, cargo management, 
customs, etc),  
Rent of facilities, Concession of space and/or 
facilities 

Non-core, non-strategic impacts  
B1    Service quality Indication of high, medium, low 

B2    Landscape Indication of severe, moderate, slight visual intrusion 
of terminals 

B3    Goods handling  Indication of good, medium or bad  

Strategic, territorial impacts  
C1    Strategic territorial environment Special sites (indication of severe, moderate, slight 

impact on archaeological sites, national parks, etc.) 
C2    Strategic economic development Changes in Economic Output (in ECU) and 

Employment (in thousands of jobs). Land use 
(indication of positive, negative, neutral conformity 
with the existing land use plan) 
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Table 2.9 (contd.) EUNET’s five Initiatives/Infrastructure Project Profiles 

Strategic, non-territorial impacts  

D1    Private financial attractiveness  Financial Internal Rate of Return (IRR) or Return on 
Equity (ROE) 

D2   Other strategic policy and planning 
impacts 

Indication of positive, negative, neutral conformity 
with other strategic policy and planning concerns 

D3   Technology development Expert judgement 

*  not an exhaustive list 
**Intermodal refers to rail terminals, freight villages, etc. 

In the creation of the demonstration Assessment Tool these groupings were rationalised (as 
shown in the later Table 3.5) and a facility was included in the software to allow users to add 
their own user-defined impacts within the MCA part of the method. 

The way in which the different levels and groupings of impact types were treated within the 
proposed methodology i.e. their inclusion in either the CBA or MCA features of the core 
assessment process is indicated in Figure 2.7.   

Figure 2.7 The proposed structure of assessment for an Investment Project Profile 
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A more detailed representation of the structure of the theoretical methodology and of how this 
relates to the overall decision making process is given in Figure 2.8.  

For a combined CBA/MCA assessment, the CBA measure (specifically, the Net Present 
Value - NPV or Internal Rate of Return - IRR) is used as a criterion in the MCA, after it has 
been appropriately weighted.  In this case and if the decision-maker’s overall objective is to 
assess projects and not necessarily to rank them, then the MCA score can be used alone. 

The decision to implement a dual CBA and MCA raises the issue of double counting in a 
practical context.  There is no straightforward procedure that will eliminate this problem and 
to a large extent the danger must be borne in mind by a decision taker.  However this risk is 
preferable to the alternative of omitting relevant considerations from the assessment.  
Furthermore the system has been designed so that the MCA impact measures will endeavour 
to reflect perspectives on their associated impacts which are as orthogonal as possible to those 
impacts recorded in the CBA.  
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It is important to stress that the Assessment Tool and method are intended as a support to aid 
the decision-maker or decision making process.  It is neither intended to replace the decision-
maker, nor automatically to make a decision, nor to replace the thought process.  Decisions 
can often hinge on one key issue: for example if a nature reserve is going to be destroyed 
there will be so much opposition that many decision-makers would chose not to proceed, 
whatever the scores.  To acknowledge this we have specifically mentioned the need for 
supporting specialist reports and included text boxes in the software to flag particular key 
features of the project. 

  Figure 2.8 The stages in the decision making process 
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2.4.3 Prioritisation of criteria within MCA 
For the application of the MCA component of the methodology, pairwise comparisons are 
used to assess weights.  The method chosen for the calculation of each criterion weight is 
REMBRANDT, which is a variation of the well known Analytic Hierarchy Process (AHP).  
Before describing in detail the weighting technique employed by EUNET, it is important to 
stress at this stage that for a coherent analysis the link between weights and absolute values of 
the impact measures should be taken into account.  Although in concept, the weights refer to 
the relative qualitative balance between the assessment criteria, they are also dependent on the 
scale of projects under consideration.  Thus, in order to render a set of weights meaningful, 
these weights must be calculated with reference to known and understood ranges of values in 
the variables to which they relate. 

The assessment methodology can tackle this problem in two ways:  

(i) by using the core approach, firstly identifying sensitivity thresholds (ie range) for 
each variable and secondly carrying out pairwise comparisons using Rembrandt to 
derive weights 

(ii) by means of the UTA option (in a more formalistic manner, using non-linear utility 
functions) 

In order to take the above considerations into account a set of well established weighting 
techniques found in the literature were examined as part of the review process.  After 
analysing these it was concluded that the most efficient weighting method for the scope and 
needs of EUNET is pairwise comparison (Saaty, 1980).  This method is well-established and 
has a good level of: 

a) practicality  

b) operational efficiency and reliability 

c) acceptance from the decision-maker (easy to understand, and not excessively time 
consuming). 

Pairwise comparisons can be used either to assess weights alone, or both weights and project 
rankings.  One concern about using this approach for score estimation is that the relative 
scores achieved are strongly influenced by the particular set of alternatives considered, (e.g., 
if, later, other transport projects are added, there could be rank reversals, particularly if they 
have more extreme scores).  This is the main reason why in the proposed methodology 
pairwise comparisons are considered for weight estimation alone. 

One of the best known methods using pairwise comparisons is the Analytic Hierarchy Process 
(AHP).  AHP is relatively simple to use though somewhat controversial, principally because 
of doubts about the behavioural foundations of its underlying axioms and also because of 
certain well-publicised problems about illogical reversals of the ranking of alternatives 
following apparently irrelevant changes to the list of projects being ranked. 

There are, however, a series of variations on the basic AHP theme, which appear to be 
superior on theoretical grounds.  One of these, REMBRANDT, has been adopted for EUNET.  
This method uses the geometric mean to derive weights, as an alternative to the eigenvector 
technique originally proposed by Saaty.  Other differences from Saaty’s hierarchical analysis 
are: 

• = Direct rating is carried out on a log scale instead of a ratio aij for each pairwise 
comparison. 
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• = A weighted product of weights is used rather than an aggregation of weights to the 
arithmetic mean. 

It should be noted that the weighting process described here represents the main basic option 
offered by the EUNET methodology at the weighting stage.  As an alternative, it would be 
theoretically possible to present the user with a set of default weights.  

The REMBRANDT process can be used to determine priorities both for the weighting level I 
(A, B, C, D) impact groups and also for the more detailed level II MCA impacts within a 
group (see Table 2.9 for examples of these impacts). 

The REMBRANDT process can be completed through the following steps.  The user states 
his/her preferences for each pairwise comparison on a -8 to +8 scale (with zero for 
indifference) in the following ratio matrix: 

 Criteria C1 C2 C3 ... Cj ... Cn 

C1 

C2 

... 

Ci 

... 

Cn 

v11 
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... 

vi1 

... 
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... 

... 

... 

... 

... 

... 

v1j 

v2j 

... 

vij 

... 

vnj 

... 

... 

... 

... 

... 

... 

v1n 

v2n 

... 

vin 

... 

vnn 

 

After this ratio matrix has been filled out, its elements vij are transformed using the operator 
exp(0,347vij) to generate a set of values rij on a logarithmic scale: 
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then gives the solution which minimises 

the sum of squared errors from a logarithmic regression designed to best fit the decision-
maker’s expressed preferences (Lootsma, 1988, 1992)..  As this method is an extension of 
Saaty’s AHP, many of the advantages and constraints are common (for example the number 
of pairwise comparisons must be relatively small, etc.). 

In many cases however, (e.g., sensitivity testing) it will be necessary to re-scale weights if any 
single weight is changed.  This should be done automatically, according to a simple 
proportionality formula, leaving the relativities between all other weights unchanged.  In 
terms of practical implementation, the user will need to be aware that other numerical weights 
within the MCA will adjust. 

Finally, in order to provide an effective means of allowing for uncertainty considerations in 
the MCA component of the core assessment method, it is proposed that both types of 
uncertainty (stochastic and fuzzy/imprecision) are addressed through simple sensitivity 
testing.  This reflects the necessity to provide a simple and transparent way of exploring 
uncertainty in a set of weights and impact scores, which are essentially judgmental.  The 
general issue of uncertainty is discussed in more detail now. 

2.4.4 Uncertainty in assessment 
In order to carry out an assessment of a project, a considerable amount of data and 
information is needed both for the current (base) year and in the form of forecasts for the 
future.  This leads to a number of potential sources of uncertainty in the assessment process, 
which could be summarised in the following categories: 

• = Basic ignorance about the future and unforeseen events 

• = Data related errors i.e. in reporting, processing, sampling bias 

• = Modelling related errors, for example in the overall structure or variables included in 
transport or economic models - errors in the definition or range of impacts. 

• = Uncertainty in the process of forecasting i.e. in the future relevance of models or values of 
parameters 

• = Uncertainty in the use of  values, for example with their current or future accuracy 

• = Fundamental uncertainty in the decision-maker’s preferences for example as reflected in 
their weights for different criteria 

Overall, uncertainty is therefore a major concern in many transport projects, where high 
capital expenditure is only recouped slowly over a period of many years.  However the 
conclusion arising from research within EUNET (Beuthe et al, 1998, Appendix A-III) is that a 
fully rigorous treatment of uncertainty is impracticable for problems of the size and 
complexity of the transport initiatives to be considered in EUNET.   

The purpose of this section is to highlight both the extent to which it has been possible to 
address uncertainty in the practical context of implementation, and the actions needed by the 
user to explore uncertainty with the Assessment Tool that has been developed. 
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Errors related to data 
Data flows from several sources into the Assessment Tool, specifically from the transport 
model, transport costs database and accessibility measures.  Measures of uncertainty (for 
example a variance or range) are not currently attached to any of these data.  Separate runs of 
the transport model (in effect forming alternative ‘projects’ for assessment) would be required 
to reflect a range in output data values for flows, time savings and other indicators generated 
through the model.  Uncertainty in the transport cost and accessibility indicators would 
necessitate changes to the database/files by the user outside the environment of the tool.  Re-
runs of the assessment procedure would then be needed to re-assess the projects with the 
changed costs and indicators. 

The theoretical EUNET methodology also proposes the use of fuzzy evaluation as a means of 
dealing with uncertain data or forecasts.  The broad thrust of this approach is to accommodate 
a degree of uncertainty in the data for a project according to particular criteria through 
representing the data as a fuzzy quantity rather than a crisp number.  This alternative has not 
been included in the current version of the software because the transport model can only 
currently provide crisp forecasts without an associated probability distribution. 

Errors related to modelling 
Whilst it was outside the scope of assessment workpackage of the EUNET project to consider 
alternative model forms or additional variables in the transport model, some uncertainty in the 
range or definition of impacts is accommodated in the MCA module of the tool.  An option 
exists for the user to effectively omit an impact (by giving it a zero weight) or to input a new 
impact with a definition known by the user.  As the latter opens the possibility of double 
counting, a warning is issued and the user bears the responsibility to measure and define the 
new impact in a manner that would avoid double counting with respect to the existing impact 
set.  

As part of the scoring process within the MCA, certain impacts have scales with default 
rankings/weightings/scorings, which are used as part of the overall computation process to 
produce a score on an impact for a project.  Examples of these would be noise nuisance 
(weights in each dBA band) and Landscape/Townscape (severity translated to score bands).  
Where the particular circumstances of a specific project suggest that these defaults are not 
appropriate, it is possible for the user to manually edit these (outside the environment of the 
tool) to provide alternative settings.  

Uncertainty in forecasts 
Within the transport model and Assessment Tool, certain assumptions are made about the 
likely future levels of particular parameters, for example GDP and the discount rate.  It is 
possible for the user to explore the sensitivity of the final assessment output to variations in 
these figures.  In the case of GDP, transport model output could be produced under three 
growth scenarios, high, medium and low.  Any substantial changes the user wished to explore 
in a GDP value outside these ranges would require a new run of the transport model.  A 
facility exists within the tool for the user to change the discount rate and generate new outputs 
for comparison.  Further forecasting uncertainties, such as in the start date of the project, may 
cause substantial inconsistencies between the assumptions within the tool and in the transport 
model.  Accordingly, both the model and the assessment process would need to be rerun with 
the revised start date. 

Uncertainty in values 
The values attached to the impacts and incorporated within the tool were the product of a 
considerable amount of research across European countries.  Depending on the specific 
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context however, it may be that the user either wishes to use an alternative value set or to 
explore the sensitivity of the output to the default set.  It is possible for the user to edit the 
values manually outside the tool environment and then re-assess a set of projects in order to 
generate new outputs. 

Fundamental uncertainty in the decision-makers preferences 
One of the most difficult areas of uncertainty to quantify may be any fundamental uncertainty 
in the mind of the decision-maker with respect to preferences and priorities.  This may 
specifically be exposed through the weights attached to criteria and criteria groups within the 
MCA component of the tool.  In order to both explore and overcome this, an option to use an 
iterative process with the main weighting method (REMBRANDT) is presented to the user.  
Several attempts, rather than a single application of the weight derivation process form this.  
If undertaken, this provides the user with several impact combinations for comparison across 
impact groups and a table is constructed showing the group weights that follow from each 
iteration.  The average weight for each group (computed across all iterations) is shown for 
either final agreement by the user or to be overridden if the user wishes.  The presentation of 
the impacts, weights and scores in the overall decision tree allows the user to have a global 
view of the MCA process and to edit weights/scores on particular branches until final values 
are reached.  The sensitivity of the overall assessment output to weights and scores in the 
process can be explored by the user through re-visiting the value tree after generating a set of 
outputs and then producing amended weights and scores. 

It should be noted that the UTA methodology has been proposed as an alternative to the 
default REMBRANDT MCA approach within the general assessment methodology.  The 
UTA approach provides a means to represent uncertainty through the utility function that the 
user attaches to particular impacts.  An in-depth discussion of uncertainty, risk, UTA and 
UTA variants can be found within the Appendices and Attachments to Beuthe et al (1998).  In 
practice, the method requires the user to express project preferences based on the scores 
obtained by a set of reference projects on the range of criteria.  

2.5 Accessibility analysis 
The main aim of this area of work was to build a prototype for a new method of calculating 
accessibility indicators that reflected the latest GIS developments and could also include 
social weights.  It comprised three main parts: 

1. Establishing and comparing the theoretical concepts of accessibility – this drew on the 
work on constructing accessibility indicators of the SASI team that is described in Section 
2 of Part 2 of this report 

2. The use of accessibility indicators in the discourse on social cohesion 

3. Actual implementation of a GIS tool that performs the calculation of the indicators. 

Many theoretical concepts of accessibility have been proposed in the European context.  They 
can be broadly classified into local accessibility, and interurban/interregional accessibility. 
Whilst some are pure topological indicators, others take into account the displacement of 
opportunities.  The most appropriate of the diverse accessibility indicators for use in a specific 
context will depend on the nature of territorial integration policies under assessment. 

2.5.1 The indicators selected 

Having reviewed the alternatives, three specific indicators of accessibility were found to be of 
most relevance: Pointer, Equity and Cohesion.  The mathematical formulation and the 
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interpretation of each of these are now presented. 

The Pointer Indicator 

The Pointer Indicator is designed for use in the context of passenger transport.   

 ( ) ( )[ ] TTTforTTLPOPTTTLPOINTER ijj ijji ≤−= 2,  

TL the total time limit – this includes both the travel time out to and back from 
the activity, and the time to carry out the activity at the destination 

TT the travel time limit for a single leg – if travel time exceeds this limit, it is not 
worth travelling to this zone 

i, j origin, destination zone respectively 

POPj the population reached at destination zone j 

Tij the duration of a one-way trip from the origin i to the destination j 

The time available to the traveller carry out the activity at the destination, once the travel time 
has been discounted, can be calculated as 

 TL-2*Tij 

The Pointer Indicator can be used to measure, for example, the ability of a businessman 
residing in the zone i to service a large market of customers in the set of zones j within a total 
time limit of a working day.  The overall accessibility of the zone i will be greatest when 

• = the total population in the set of zones j that he can reach within the travel time limit is 
large 

• = and when he can spend a large amount of time with his customers in each of the zones j. 

It may also be used to measure the range of choice of schools for children, or the choice of 
job opportunities for labour.  To take account of the local nature of the search in these latter 
two cases, the travel time limit would be set to a lower value than in the case of day trips on 
business.  

The Equity Indicator 

 ( ) ( ) ( ) TTTforPOPePOPTTEQUITY ijj jj

T
ji

ij ≤=  

In the Equity Indicator there is no consideration of the time availability at the destination.  It 
assigns a high weight to population close by, and this weight decreases strongly as the travel 
time to the destination population increases.   

The Equity Indicator is a measure of relative rather than absolute accessibility.  If the 
population is evenly spread throughout an area, then all of its zones will have similar values 
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of the indicator, irrespective of whether the density of population in the area is high or low.  If 
the population density is high in a few zones in one part of the area and much lower 
elsewhere, then the Equity Indicator will measure the relative disparities in opportunities 
between the high and low density zones. 

The Cohesion Indicator 

 ( ) TTTforPOPPOPTTCOHESION ijj jii ≤=  

The Cohesion Indicator measures the potential for interaction between people.  It counts the 
total number of people that may be reached within a specified travel time limit.  It is mainly 
of use for long-distance accessibility, rather than for local accessibility.  It measures the scale 
of opportunities that are available within an area and its surrounds, and so can identify 
peripheral regions that are inaccessible to opportunities, under a given provision of the 
transport supply. 

The starting point in the creation of a tool to present these indicators was the development of 
a GIS based ‘raster grid’, involving geographical cells, economic data, and transport network 
data.  Social weights were derived to use in the calculations.  These could be used in place of 
the population term in the indicators above, or they could be used to weight the origin zone 
indicator values. 

Intermediate results were produced to show results at the level of the raster grid.  In fact, it is 
much easier to interpret the changes if the results are aggregated to NUTS2 or NUTS3 levels 
and it is these aggregations which form the final results.   

2.5.2 The application of the Accessibility Indicator tool 
To complement the work in other parts of the EUNET study, the accessibility analysis 
concentrated on the cohesion aspects of accessibility analysis.  The aim is to identify the 
change in interregional accessibility that can be brought about by new Trans-European 
infrastructure.  Even though the local use of transport infrastructure is a very important (if not 
the most important) segment of the demand, it will have a lower impact on the improvement 
of cohesion, with the exception of social cohesion. 

One large part of the literature dealing with accessibility sets out to aggregate the accessibility 
gains for all users in order to compute the total gain of accessibility brought by the network to 
the community.  In this case the benefits for all users are aggregated, and such measures are a 
part of the CBA approach (on competitiveness) adopted within the Assessment Tool. 

The cohesion indicators proposed in the accessibility analysis compare the equality of the 
territories with reference to the transport system.  In this case it is not the aggregate demand 
which should be measured, but individual demand.  As an example, a gain of 1 hour in 
peripheral areas, with low population is important from a cohesion point of view, while an 
increase of 10 minutes in a central and dense area has less impact.  However, the aggregate 
gain due to the larger volume of traffic in the dense area might be higher than in the low-
density area.  Thus, an indicator of disaggregated accessibility will be complementary to the 
CBA approach.  The results from the calculation of the cohesion indicator across the EU are 
shown in Figure 2.9 below, for the example of the volume of population reachable using 
surface transport within an 8-hour travel time cut-off. 

Since the accessibility analysis was carried out at the EU wide level it was not formally 
incorporated to the assessment carried out for the Trans-Pennine and Finnish examples. 
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The calculations were based on road and rail networks that cover all of Europe which were 
taken from the STREAMS model.  The calculations are for passengers only but the approach 
is also applicable to freight.   

An extensive set of maps was produced to present the results in a readily accessible form, 
supported by detailed tables.  The Figures 2.9 and 2.10 illustrate the widely contrasting 
patterns that arise when two different indicators are presented which are nonetheless both 
based on the same transport network supply characteristics.  The Cohesion Indicator in Figure 
2.9 picks out in purple those areas that have large concentrations of population within 
travelling distance.  It clearly identifies the peripherality of the regions distant from the core, 
high density area that spreads from Germany, through Benelux to the South of the UK.   

The Equity Indicator in Figure 2.10 measures the relative accessibility, rather than the 
absolute scale of opportunities.  Accordingly, on this measure the peripheral regions do not 
necessarily have low scores, provided that there are significant population centres locally. 
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Figure 2.9 Cohesion accessibility indicator with an 8 hour surface travel time limit 
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Figure 2.10 Equity accessibility indicator with an 8 hour surface travel time limit 



 EUNET/SASI Final Report 

  72 

3 Demonstrating the methodology and tools 

3.1 Introduction 
The aim underlying the implementation of the demonstration models was to prove explicitly 
that the various theoretical methodologies, databases and software tools that had been 
developed in the course of the project, could be of direct use for testing policy initiatives. 

The analytical approach taken differed in the three demonstration examples described below 
in this section.  The two models that were fully implemented are each described in some 
detail.  This provides an overview on how they were constructed, and on how they were 
subsequently tested and used to analyse and assess some example policy options.   

As part of the application of the Trans-Pennine model it was connected to the Assessment 
Tool.  This was to enable the impacts of the policies that were tested within the model to be 
assessed in a manner that demonstrates the functionality of this Assessment Tool.  The 
structure of the Assessment Tool and the results of a sample policy test are presented in the 
Section 3.5 below.  

3.2 The UK Trans-Pennine model 
The Trans-Pennine model is intended to be the most detailed example that embodies all of the 
building blocks of the EUNET modelling methodology.  The design of the model is based on 
the theoretical developments devised in the course of this study and addressed some 
outstanding questions identified by previous studies, particularly: 

• = how transport is linked with the wider regional economy, and how transport 
improvements may impact on the primary, manufacturing and service industries.  The 
importance of differentiating industrial categories is highlighted by the growth of the 
service sector, amidst the decline of manufacturing, within the Trans-Pennine area over 
the past two decades. 

• = how sources of traffic growth can be identified systematically, and how traffic growth can 
be forecast amidst the significant changes in the economy, household composition, and 
car-ownership rates that are anticipated in the next 25 years 

The Trans-Pennine model adopts the full sequence of the simulation model.  It contains both 
an Input-Output (IO) based Regional Economic Model (REM) and a full freight and 
passenger transport model.  The main features of the model are summarised in Figure 3.1.  
This presents the particular building blocks selected for the model components for this 
demonstration example (compare this figure with the earlier more general Figure 2.1). 

The core of this model is an extended and regionalised input-output structure that estimates 

• = freight transport demand via production and trade 

• = business travel demand through distribution of the service industries 

• = journeys to work based on the demand for, and the supply of, labour in each socio-
economic group (SEG) 

• = other private travel classified according to the socio-economic status, car-ownership, and 
age group of a person.  
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Figure 3.1 Building blocks selected for the UK Trans-Pennine model 
 

Model Component Model implementation 

 

Modify macro-economic
projections

 

Macro-economic projections are used in the medium and 
long term test runs: 
1.  First a base macro-economic forecast is used to run all 

future scenarios.  The UK official government forecasts 
are only available for 2-3 years ahead but the HM 
Treasury Model, Oxford Economic Forecasting and the 
National Institute Model of the UK, amongst others make 
longer-term forecasts.  The HM Treasury Model is 
adopted as the source for the base forecast. 

2.  For those scenarios where transport impacts significantly 
affect the aggregate regional economic variables, a 
marginal macro-economic forecast is made in relation to 
the level of the GDP components and employment, using 
standard model elasticities from the HM Treasury Model.  
The revised forecast can be used either as a study output 
(i.e. net growth in output and employment as explained in 
Section 3.2.2), or be re-input into the regional economic 
model to measure second order response effects. 

II 

Convert macro data
to regional data

 

A simple disaggregation of the macro variables is carried out 
based on the historic patterns observed in the base year data.  
Further improvements, along the lines Barker (1990) 
suggested, are possible.  However, such refinement is not 
essential for a demonstration model. 
 

III 

Spatial input-output modelling

 

Most of the innovations in model design take place within the 
REM which is used for medium to long term impact 
simulation.  In summary 
1.  The UK 1995 input-output table at 25 branches (Eurostat, 

1998) is disaggregated and extended for use in the REM.  
Private consumption in the original IO table is 
disaggregated by household SEG, and employment is 
disaggregated by occupational categories. 

2.  The sample of anonymous records (SAR) from the UK 
Population Census is used to link employment and 
household categories, thus completing a missing link in 
the IO table between labour income and private 
consumption. 

3.  Network based transport costs (from the transport model) 
are introduced to the IO model to replace the national 
averages of transport costs implied in the original 
published IO tables. 

 
 



 EUNET/SASI Final Report 

  72 

Figure 3.1: (Contd.) 

III (contd.) 4.  Spatial distribution functions that represent a wide range 
of trade patterns were calibrated using the domestic and 
international freight matrices from IRHS (DETR 
Statistics, 1997a), CSRGT (DETR Statistics, 1997b) and 
port databases.  Residual trade disutilities by origin-
destination (OD) pair are estimated to represent more 
realistically the observed trade patterns, taking implicit 
account of historic or other influences that are not 
modelled explicitly. 

5.  Business passenger travel is calibrated using the patterns 
of trade in services (generated in the spatial IO model) and 
the observed trip rates and trip length distribution in the 
UK National Travel Survey (NTS) 

In the extended IO model the private passenger travel is 
calibrated for households, which within the extended IO 
model are segmented by SEG and car ownership, based on 
observed trip rates and trip lengths data from the NTS. 

IV 

Transport cost accounting

 

This procedure is refined to account more accurately the 
transport costs incurred by industries and households 
1.  Logistic costs that are associated with the use of transport 

modes are incorporated. 
Transport cost modelled for an average day is converted into 
annual value, taking into account heterogeneity in seasonality 
and sub-group mix for each product and passenger type.  The 
same process also ensures that the annual trade and passenger 
movement matrices are converted consistently into daily 
demand 

V 

Modal split

 

The choice of modes for freight and business travel takes into 
account the logistic costs associated with each available 
mode.  A single hierarchy logit model is defined for the 
period of one day.  For intrazonal travel a multi-level 
hierarchy is used. 
 

VI 

Multi modal
network assignment

and capacity restraint

 

The transport networks are defined in such a way that the 
costs that users incur on all travel stages are explicitly coded 
(including other logistic costs).  A multipath stochastic user 
equilibrium procedure is used.  The transport network is 
adapted from the STREAMS research programme (ME&P et 
al., 2000), with local details added in the Trans-Pennine area.  
Other data drawn from STREAMS includes passenger trip 
generation functions and capacity restraint functions. 

 

In this way the sources of potential travel growth are identified separately as a function of the 
specific social and economic activities that create the demand for travel.  Travel demand is 
not considered as an end in itself, but rather is a derived demand that is a by-product of a 
variety of social and economic activities that are distinguished within the REM. 

At the same time as estimating transport demand, the costs of production and of transport are 
estimated in the extended IO model for each category of industry and of households.  A 
multimodal transport model splits the traffic up among the competing modes and then assigns 
this traffic to the modal networks between each pair of zones.  This assignment is based on 
the generalised cost of each competing route and takes account of the speed, user costs, tolls 
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and congestion along the route.  The transport model also provides the REM with freight and 
passenger cost matrices, which enables the REM to measure the costs of production and 
consumption for each economic sector in each zone.  

The Trans-Pennine model operates at the regional level within the UK.  The scale at which 
the model functions can be understood from the set of features and model dimensions that are 
summarised in the Table 3.1.  

Table 3.1 The main dimensions of the Trans-Pennine model 
 
Zones Internal 

External 

92 (60 in Trans-Pennine area, 32 in rest of the UK) 

35 (31 in Europe, 4 for the rest of the world) 

Years Base 

Forecast 

1995 

2005 and 2020 

Time periods Regional economic 

Transport 

Yearly 

All day 

Links Modal infrastructure 

Intermodal 

Over 22,500 links 

Over 5,000 links 

Modes Passenger 

Freight 

Car, local bus, coach, rail, slow, air 

Small and large lorry, rail 

Trip purposes Passenger 
 

Freight 

Commuting, education, leisure, other private, 
local/long distance business 

9 commodity groups 

 

3.2.1 The Regional Economic Model 
A significant number of innovations were made in the development of the Trans-Pennine 
model, for example, in methods for representing intrazonal travel and for estimating freight 
matrices.  Considerable progress was made in implementing new methods in five further 
areas within the REM, which had been identified early in the project as needing particular 
attention.  These are:  

1 the accounting of transport costs 

2 the modelling of secondary impacts differentiated by industry type 

3 incorporating consumers and labour into an IO table  

4 representing the geographical distribution of benefits 

5 distinguishing redistribution changes from actual net changes in output and jobs.  

The REM was the core of the work.  Its spatial IO model structure makes use of the monetary 
and generalised transport costs estimated by the transport model, and in return provides the 
transport model with matrices of passenger and freight movements.   

At the same time as estimating transport demand, the regional economic model accounts for 
production and consumption costs in accordance with its IO framework, and produces 
estimates of the level of productive activities and residential households in each model zone.  
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Its response to a change in policy inputs is based on changes in production cost and 
consumption prices as accounted for by the IO framework.  These include the monetary cost 
and also the generalised transport cost component to represent the travel time and the quality 
of service aspects of a mode.  The prevailing non-monetary attractiveness of the zones as 
estimated in the base year (1995) is assumed to be unchanged.  The cost and location changes 
derived from a policy comparison are used to inform cost-benefit and multi-criteria analyses. 

The regional economic model uses the same zoning system as the transport model.  
Furthermore, its structure is governed by 

1. an appropriate segmentation of the industries, households and employment categories that 
are consistent with the standard statistical sources, and compatible with the data necessary 
for model calibration 

2. compatibility with the macro-economic models, such as the UK HM Treasury model.  
This compatibility facilitates a macro-economic analysis of the model outputs, 
particularly in relation to the estimation of net GDP or employment benefits arising from 
transport improvements 

To set up the regional economic model, the following steps were taken: 

(a) define the categories of industries, which represent the productive sector of the 
economy 

(b) define employment categories, which link production demand for labour with the 
employed households 

(c) define household and person types, such that their consumption of goods, services 
and travel are accounted for 

(d) combine all the above in an extended IO framework 

The complex relationships between the components are shown in the Figure 3.2.  This 
identifies within the top row, and in the left hand column, all of the main groups of actors 
within the economic system.  These are then segmented within the group into the set of 
categories (e.g. producers by industry type) represented by the dots in each row.  The myriad 
of lines represents the economic relations between these categories (e.g. steel mills acting as 
suppliers sending steel to car manufacturers and to other sectors, each acting as producers of 
goods).  The upper part of the diagram represents the economic activities, which are mainly 
related to goods movements, whereas the lower part relates to social activities, which generate 
passenger movements.  The bottom row and the left-hand column then represent the freight 
and passenger transport demands that result from these economic relationships.  These 
resulting movements from an origin to a destination zone then feed into the transport model as 
the demand matrices for freight and passenger movements. 

The model was calibrated using a wide range of data sources, summarised in Figure 3.3 
below.  In a nutshell, the calibration/validation work showed the model was fit for purpose.  
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Figure 3.2 The linkages between actors within the economic system 
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Figure 3.3 The data sources utilised in calibrating the Trans-Pennine model 

 

3.2.2 Net changes in GDP – the approach 
The transport results were reported in some detail in D18, which demonstrated that the main 
components of the model were working well.  For the purposes of this final report only two 
aspects of the results are highlighted.  The calculations of net changes in GDP resulting from 
transport initiatives are discussed in this current section, whereas the results derived from the 
subsequent processing of the transport model outputs by the assessment software, are 
presented in Section 3.5. 

After extensive analyses of the possible options to measure the net impact on national 
GDP/employment, a practical method was developed that makes use of the output of the 
REM.  The net output and employment benefits resulting from transport initiatives have been 
quantified based on the net changes in exports and imports that would ultimately be 
generated. 
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The extended IO structure in the regional economic model represents a simple equilibrium 
process between the industries, and the households that derive income from employment.  For 
example, following a change in freight transport costs  

1 the factory-gate prices of output goods change, because freight transport costs affect the 
cost of the input raw material used to produce these goods, 

2 this leads to a change in the cost of living for the households who consume the goods, 

3 it then affects the cost of labour supplied by those households, 

4 which in turn results in a further adjustment in the prices of goods and services of those 
industries employing the labour force. 

In other words, the model assumes that the salaries and wages are fully index-linked to the 
prices of goods and services.  As the model is run to convergence, the full circles of cost 
adjustments between the industries and the employed households are complete.  In effect, for 
the employed households, the real prices of goods and services remain unchanged.  Yet the 
changes in prices may have impact on many others: 

(a)  for those households whose income is derived from non-employment sources, the real 
prices of goods will have changed.  A change in the cost of living for the retired and 
unemployed could affect the level of welfare payments from public funds; they may 
also affect the use of private savings of these households. 

(b)  for foreign producers and consumers, the real prices of UK exports will have 
changed.  This could lead to adjustments in the volume of exports/imports and in the 
terms of trade.  This is significant in the UK, as foreign trade is a significant market 
for many industries. 

(c)  all the above may impact on the balance of the inward and outward flows of 
investment funds, which affect the short-term regional GDP as well as the economy 
in the long-term 

(d)  transport cost and service quality changes may stimulate innovations and technical 
progress, which is likely to exert significant yet subtle influences on economic growth 
and life style changes. 

After much analysis, it was decided that only impact (b) could be implemented with any 
degree of rigour.  The additional export demand in (b) increases the overall GDP, and ceteris 
paribus, the number of jobs.  Nevertheless as exports grow, the terms of trade may adjust, the 
home currency may appreciate, and imports may start to grow as well.  Over time, changes in 
the terms of trade and domestic real wage rates are likely to dampen the impact of the growth 
in export demand.  According to the UK HM Treasury Macroeconomic Model, a marginal 
change in domestic production prices (relative to external prices) on average leads to 
movements in both imports and exports; yet overall a small net difference may result (see 
Table 3.2). 
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Table 3.2 Foreign trade response given a 1% increase in domestic prices 
 

Industry Exports from UK (%) Imports to UK (%) 
Manufacturing -0.93 +0.55 
Non-manufacturing -0.54 0 
Services -1.34 +0.49 

Source: the UK HM Treasury Model 

3.2.3 Net changes in GDP – an illustration 
To demonstrate the application of this methodology the approach was as follows.  A 2020 
Reference Scenario was established and then two ‘policy’ tests – one for a package of Rail 
Service Improvements, the other for a substantial change in Road Operating Costs – were run.  
These tests were designed primarily to demonstrate the capabilities of the model and so were 
not intended to be preferred or recommended policies in any sense. 

The main supply characteristics of the improvements to the services for passengers and 
freight from the Rail Service Improvements policy test are illustrated in the Figure 3.4.  For 
passengers the total journey time between Sheffield and Manchester is reduced by 18%.  For 
freight a new good quality intermodal freight service running the length of the corridor from 
Liverpool port to the Humber ports (with connecting ferry services) is assumed to build up in 
stages up to the year 2020.   

A comparison of the costs and prices from this policy test run against the Reference Scenario 
shows that the rail improvements have generated some small, yet noticeable reductions in 
costs and disutilities.  Figure 3.5 shows for each industrial category the percentage changes in 
the average prices and disutilities for goods and services delivered in the UK and to foreign 
destinations.  The prices consist solely of the monetary costs of production and transport, and 
they include monetary benefits to commuters, business passengers and to freight shippers as a 
result of the rail improvements.  Since the main characteristics of the policy are service 
improvements rather than price changes, the direct price changes are small. 
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Figure 3.4 The Rail Service Improvements characteristics  
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Figure 3.5 Rail Service Improvements: product price/disutility changes by industry 
type 

 

The disutilities are calculated via the log-sum and thus embody  

(a) the monetary costs (as in the prices) 

(b) the time saved for having a faster general freight delivery service by rail, evaluated at 
the calibrated time value.  This in effect represents the users’ valuation of  the 
potential logistic and other costs savings that could be made through reduction of 
transit time 

(c) the choice range of transport modes; the wider the choice, the lower the disutility 

(d) and similarly the choice range of suppliers, representing benefits of spatial 
competition 

Unlike for the prices, the travel time savings received by passengers are not included in these 
disutilities for the industries.  In practice, certain producers in the Trans-Pennine area may 
well benefit from the passenger time savings.  Exclusion of passenger time savings gives a 
conservative estimate of benefits.   

The model also estimates average cost and disutility changes for manufacturing and service 
industries differentiated by area.  Apart from providing information on the geographic impact 
of the rail services, this also provides the changes in prices and disutilities for exports 
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resulting from the policy.  These export cost and disutility changes are used in Figure 3.6, 
which summarises the procedure for estimating the GDP and employment impacts from the 
additional export demand.  Because the cost and disutility changes are small, there is a degree 
of uncertainty associated with the estimation.  Yet that does not diminish it as an illustration 
of the proposed procedure. 

There are seven steps in this estimation procedure.  First, the modelled average price and 
disutility changes for UK exports are input.  Next, the Treasury model’s trade elasticities of 
Table 3.2 are used to estimate net changes in the volume of exports and imports that arise as a 
result of these transport related price and disutility reductions.  Because the price and 
disutility changes are small in scale, a net rate of export change is derived from the elasticities 
for exports and imports.  For larger changes in costs and disutilities, it may be preferable to 
estimate the changes in exports and imports separately, and possibly also by industry.  The 
percentage changes in net exports thus estimated are then multiplied by the proportion of 
exports in the sectoral GDP for manufacturing and services, to provide the results shown in 
step 5.  These results give separate estimates of net GDP growth based on price and disutility 
improvements.   

The log-sum formulation used to calculate the disutilities assumes that the users’ valuation of 
freight time savings and of the improved opportunities for spatial competition, are both 
realised.  However, the realisation of these benefits in practice depends to a significant extent 
on policy circumstances and market conditions.  For this reason a simplifying assumption was 
applied before step 5 that only half of the disutility gains lead directly to GDP increases. 

Step 7 gives the model forecast of the resulting growth in the number of jobs in the UK as a 
whole.  It assumes that 50% of the extra growth in output presented in step 5 is absorbed by 
productivity growth and the rest is converted to an increase in labour demand.  This gives 
approximately 2,700 additional jobs for the country as a whole.   

The price-based estimation can be considered to represent the lower bound of change, whilst 
the disutility-based represents the upper bound.  Accordingly, the arithmetic mean of the two 
estimates is proposed to be an appropriate intermediate estimate.  This would generate a 
0.05% additional growth for the manufacturing industries and 0.02% for the services.  Since 
these percentages are based on the national GDP, the actual volume of output is still 
substantial.   

The final values in the Figure 3.6 show the total employment growth as a percentage of the 
employment in the UK as a whole, and in the Trans-Pennine area.  Since the main transport 
changes take place in the Trans-Pennine area, it is reasonable to assume that a large 
proportion of the additional jobs will be created in association with that area.  Nevertheless, 
the existence of multi-location firms can make it less certain.  The estimates made here are 
slightly higher than the previous studies carried out in the area, for example with the opening 
of the M62 (Dodgson, 1974).  This is particularly true when the inter-regional displacement 
effects are added to it.   
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Figure 3.6 Rail Improvements test: net GDP and employment impacts 
 

 

1. Model estimated changes in price and disutility for UK exports
Sector Price change Disutility change
Manufacturing -0.010% -0.282%
Services -0.002% -0.125%

2. Use trade elasticities from the HM Treasury model
    (percentage change given 1% change in domestic prices)
Sector Exports Imports Net
Manufacturing -0.93 0.55 -0.38
Services -1.34 0.49 -0.85

3. Derive percentage change in net export
Sector Price related Disutility related
Manufacturing 0.004% 0.107%
Services 0.001% 0.106%

4. Percentage share of export in sectoral GDP in the UK
Manufacturing 85%
Services 31%

5. Calculate overall effect on UK GDP
Note: assuming half of the change in disutility is attributed to factors leading to trade growth
Sector Price related Disutility related
Manufacturing 0.0031% 0.0455%
Services 0.0004% 0.0165%

6. Model estimates of total number of jobs by sector
Sector UK 2020 Trans-Pennine 2020
Manufacturing 2,786,900       744,900                       
Services 23,281,300     4,869,800                    
Others 823,700          228,000                       
All 26,891,900     5,842,700                    

7. Estimate impact on UK-wide net jobs growth
Note: assuming 50% of output growth is absorbed by higher productivity
Sector Price related Disutility related
Manufacturing 43                   635                              
Services 52                   1,921                           
All (rounded) 100                 2,600                           

Percentage impact on
Service industry jobs Price related Disutility related
UK 0.00% 0.01%
Trans-Pennine 0.00% 0.05%
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3.3 The Finnish freight model 
The Finnish Demonstration Example is a partial implementation of the EUNET modelling 
methodology with a focus on long distance freight movements between large geographical 
regions in Finland and between Finland and other countries.  It thus complements well the 
sub-nationally focused UK Trans-Pennine model in geographic scale.  Passenger movements 
are not included, as a Finnish passenger model of a national coverage already exists. 

The purpose of the Finnish freight model is to estimate the impact of changes in freight 
transport on the economy of the Finnish regions.  It is characterised by a sophisticated 
segmentation of the freight categories that are designed to suit the Finnish context.  A 
coherent network and transport service representation is set up, with unique access links that 
simulate the connections of factories, ports and other freight handling sites to the road, rail 
and shipping lines.  

The regional economic model includes a Leontief Input-Output table that incorporates spatial 
transport costs and a spatial interaction model for the Finnish industries.  The model makes 
use of the Finnish national IO tables.  The IO model differentiates domestic production from 
imports and exports.  It does not model employment and households explicitly.  Inter-country 
sea freight movements are modelled in detail in addition to the domestic freight traffic.  

The Finnish freight model has many features in common with the freight component of the 
Trans-Pennine regional economic and transport models.  The major differences arise due to 
the larger geographical area that is represented in the Finnish model.  It covers freight 
movements for the whole of the country and analyses the overseas movements of imports and 
exports in detail.  To achieve this it has a detailed representation of shipping and port choice 
for these overseas movements.   

Within the input output structure of the regional economic model in order to facilitate the 
estimation of patterns of trade it segments the 20 main commodity types between domestic 
production, EU imports, other imports and exports, giving a total of 75 economic sectors in 
total.  At the modal split stage of the model these are aggregated up to 16 flow types.  In turn 
at the stage of assigning modal flows to the ports and to particular types of vehicles and 
vessels on the network, these are further aggregated to 7 broad handling categories for goods. 

The main characteristics of the model are summarised in the Table 3.3. 
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Table 3.3 The main dimensions of the Finnish freight model 
 
Zones Internal 

External 

19  

18 (14 in EU) 

Years Base 

Forecast 

1995 

2010 and 2020 

Networks Modal links  

Intermodal 
infrastructure 

Full road, rail, waterway and shipping networks 

Over 40 ports (17 in Finland) differentiated into 7 
handling categories, pulp and paper factories, oil 
refineries 

Modes Freight Road, rail, shipping/ports/ terminals 

Demand Trade categories  

 
Transport flow types 

Freight handling 
categories  

75 (20 commodity types – domestic, import EU, 
other imports, export) 

16 

7 (solid bulk, semi-bulk, chemical products, pulp 
and paper products, unitised products, oil products, 
crude petroleum) 

 
Special consideration is given to the handling of the main mode - feeder mode structures.  It 
uses the sea modes as a feeder to inland modes (road and rail).  The approach is adopted 
because the sea modes are essential in practise for all connections from Finland to mainland 
Europe.  Therefore the choice of mode that affects the Finnish trades and locations for 
industries is usually between the connections to the ports rather than whether to use sea 
modes or not. 

The crucial issue in Finland is the competition between the various ports.  The full set of over 
40 ports are not competing with every other port but are specialised according to their 
customer base or commodities.  Many ports are owned by the producers of the traded goods 
and therefore are not in the realm of “stochastic” behaviour or even in the market process.  
Accordingly, a comprehensive coverage is given to these connections and ports when coding 
the network. 

The regional economic and transport model was run for 2010 and 2020, first for a Reference 
Scenario, and then for three policy tests. 

(a) a new rail link Heinola–Mikkeli in south-eastern Finland (76 km) 

(b) upgrading highway 5 Heinola–Mikkeli into motorway (83 km) 

(c) shortening the border delays between Finland and Russia. 

The effects on transport can be derived from the model outputs.  Table 3.4 presents the 
differences between reference scenario and policy test.  The attributes that are compared are 
total tonnage and kilometrage by mode and average length of the trips.  The differences are 
given in two ways: firstly using a fixed land use, where there are no changes in the structure 
of the industries or relocation.  This can be regarded as a short-term effects analysis.  
Secondly, the model can produce results where there have been changes in the spatial 
distribution of the industries, thus providing a longer-term perspective. 
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Table 3.4 Transport statistics of the rail test. 

Present Reference Railway Heinola-Mikkeli
situation scenario RAIL

1995 2020 Absolute differences Relative differences

1000 tonnes
fixed 
landuse

fixed 
landuse

road 156 529 264 496 -523 -618 -0.2 % -0.2 %
rail 38 323 69 943 524 584 0.7 % 0.8 %

coastal shipping 6 724 7 448 0 32 0.0 % 0.4 %
Mio tonne-kilometres

road 22 362 37 222 -154 -144 -0.4 % -0.4 %
rail 7 848 14 889 131 160 0.9 % 1.1 %

Average distance (km)
road 143 141 0 0 -0.2 % -0.2 %

rail 205 213 0 1 0.1 % 0.2 %  

There is an overall increase in the rail traffic, which means that there have been changes in 
modal split.  However, majority of the traffic in the new rail link originates from the changes 
in the route choice of the rail traffic. 

Figure 3.7 presents the differences in the location of production between the base scenario 
and this test.  The production is categorised into seven production sectors.  The majority of 
the change of total production is because of the sensitive ‘Machines’ sector.  This production 
sector includes, for example, information technology, which has a big increase between 1995 
and 2020.  The differences in the other production sectors are much smaller. 

3.4 The Greek design study 
The Trans-Pennine and Finnish models are both relatively demanding in terms of resources 
and data.  Hence the EUNET building block approach was also considered for application to 
an area in Greece in which data availability was poorer and where simplifying assumptions 
needed to be made which accorded with the time and resource constraints on this phase of the 
study.  The aim was to see what ‘short cuts’ could be made without affecting the robustness 
of the overall approach.  This example was a desktop design study and was not taken through 
to implementation.   

The feasibility of a range of modelling options was analysed in terms of the availability of 
data on which to construct, calibrate and validate the model.  The outcome was that 
developing a road/rail transport model with a simple demand module was the most realistic 
option.  

This represents a simple yet coherent model structure, based on which the building blocks can 
be added and improved.  In its embryonic form, both transport demand and supply are 
represented.  Initially the simplest options (generally the A options in the earlier Figure 2.1 
above) can be adopted.  These can be seen as ‘short cuts’ that preserve the underlying 
philosophy of the method while attempting to reduce implementation costs and times and 
minimise data requirements.  Then both demand and supply models can be upgraded (towards 
options B, C, D etc), and the macro-economic and transport cost accounting blocks may be 
added on. 

Ultimately, however, the choice of the techniques depends on the nature of the impacts.  If 
transport proposals are of such a magnitude that they imply significant wider economic 
impacts, then it is not unreasonable that a ‘threshold’ effect in terms of minimum data 
collection and set up costs should be required for their assessment.  Once that threshold has 
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been crossed, then the building blocks approach offers a way of controlling the modelling 
approach to fit the wider constraints. 

 
 
Figure 3.7 Changes in location of production 
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3.5 The Assessment Tool 
Despite the foundation from work completed in other parts of the EUNET project, the task of 
implementation was a considerable one in taking forward theoretical developments and 
statements of principle into practice.  Difficult issues of detail presented themselves with 
regard to the implementation of the method, and there was a lengthy and iterative process in 
co-ordinating the flow of outputs from and between different sources.  An attempt has been 
made to anticipate the requirements of several potential users in the structure, interfaces and 
outputs of the Assessment Tool.  In the light of the size and complexity of the implementation 
task it is worth clarifying that the software tool exists as a demonstrator of the overall 
methodology and not a commercially developed software package. 

The tool’s internal composition breaks down into 5 modules and these are represented in 
Figure 3.8 below.   

1   The input module, draws on inputs from the user in addition to the transport costs database.  
Different types of input will include data values, user parameters and labels for the zone 
blocks.   

2  The CBA engine, following a series of internal calculations a matrix is constructed 
containing benefits at the maximum level of disaggregation possible.  Some aggregations 
and pre-defined outputs are also generated at this stage.   

3  The Financial Appraisal (FA) which draws on data from the transport costs database and 
the transport model, and then feeds into the MCA module as a set of net present value 
(NPV) elements.   

4  The MCA element, broadly where the comparison can be made between different projects.   

5  The Output module, consisting of outputs from the CBA, the MCA and the FA. 

The definition and implementation of the Assessment Tool have acted as a focal point for the 
outputs of other areas of work within EUNET.  As a consequence, one of the major tasks in 
moving towards a full programming specification for the Assessment Tool has been the 
definition and co-ordination of the data flow interactions between the Assessment Tool and 
data sources arising from other parts of the project.  A summary of the data flow relationships 
is given in Figure 3.9 below.  
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Figure 3.8 Assessment Tool 
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Figure 3.9 EUNET Data flows to the Assessment Tool 
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To summarise, the Assessment Tool receives data directly from the accessibility analysis 
(accessibility and cohesion measures), the value set (valuations of certain impacts), the 
transport costs database (transport impacts costs) and the transport model (transport impact 
data).  Outputs from the value set and costs database also form inputs to the transport model 
and through that route has an additional indirect input to the Assessment Tool.  Due to 
confidentiality issues surrounding the transport costs database, some processing and 
aggregation has taken place before outputs are produced for the Assessment Tool.  The 
manner in which the data is channelled between the different sources is determined within the 
precise definition of each of the impact variables and of the aggregation/computation 
elements of each of the software tool modules.  Other data, in particular the investment costs, 
the scores for MCA impacts, and the CBA parameters, are input directly by the user to the 
Assessment Tool via a Windows user interface.  

The interactions and various data flows can be summarised in terms of the impact variables 
and the data sources for their values, as shown in Table 3.5 below. 

Table 3.5 Summary of impacts and impact data sources 
 
Impact 
Number 

Impact Name Data Source 

1 Investment costs User 
2 System operating and maintenance 

costs 
Costs database via the transport model 

3 Vehicle operating costs Costs database via the transport model 
4 Time The transport model, the value set 
5 Safety The transport model, the value set 
6 Revenue The transport model  
7 Regional air pollution The transport model, the value set 
8 Global air pollution The transport model, the value set 
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9 Local Air Pollution User 
10 Noise User 
11 Landscape User 
12 Land Take User 
13 Land Amenity User 
14 Special Sites User 
15 Severance User 
16 Water Pollution User 
17 Output User, via the  transport model 
18 Employment User, via  the transport model 
19 Regional Accessibility Accessibility analysis  
20 Social Cohesion Accessibility analysis 
21 Other Policy Synergy User 
22 Private Financing Attractiveness Via the FA 

 

The specification of whether the inclusion of a specific impact is within the CBA or the MCA 
part of the method is indicated in Table 3.6 below.  It should be noted that the CBA results 
themselves feed into the MCA module. 

Table 3.6 Inclusion of EUNET impacts in CBA/MCA modules 
 

Impact  CBA MCA 
Direct Investment Costs � �

 System Operating and Maintenance Costs � �

 Vehicle Operating Costs � �

 Revenues/User Charges � �

 Time � �

 Safety � �

 Service Quality �� �

Environmental Noise �� �

 Local Air Pollution �� �

 Regional Air Pollution � �

 Global Air Pollution � �

 Landscape �� �

 Land Take �� �

 Land Amenity �� �

 Special Sites �� �

 Severance �� �

 Water Pollution �� �

Indirect Socio- Economic Output �� �

 Employment �� �

 Land Use �� �

 Strategic Mobility �� �

 Other Policy Synergy �� �
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The main output of the MCA part of the Assessment Tool is an overall ranking showing the 
relative positions of the projects on completion of the assessment process, together with the 
overall ‘score’ of each project (as a number) to give an indication of proximity.  Intermediate 
and disaggregate outputs such as graphs, matrices and summary values are also available to 
the user. 

3.5.1 Results from the Assessment Tool 
Deliverable D18 reported a wide range of results from the assessment software.  As an 
illustration, Figure 3.10a/b shows one aspect of the capabilities of the software.  It presents 
the results broken down by impact and incidence group from the rail policy test that was 
analysed using the Trans-Pennine model.  All outputs are in ecu at 1995 prices and the values 
are discounted at a chosen rate of 6% back to the base year for discounting, also 1995.    

In order to make it absolutely clear what is a benefit and what is a cost, the sign on every item 
in the Assessment Tool outputs indicates whether that item is a negative impact or a positive 
impact, from the viewpoint of the group stated.  Using this convention, investment costs 
borne by Operators, for example, appear with a negative sign in the column for Operators.  
Positive time savings appear with a positive sign in the column for Users, while revenues are 
negative for Users but the value is then reversed in sign to be positive for Operators. 

As an example, travel time savings for passengers and freight are included in the row headed 
‘Time’.  This travel time result is based on a multimodal calculation using the rule of a half 
measure on a network-wide basis.  It takes account of travel time variations not only on the 
rail routes benefiting directly from the project but also on other rail routes and other modes.  
Feedback through the land use system and the location of economic activity are also 
incorporated within the inputs from the Trans-Pennine model.  The overall effect is a time 
saving worth +331m ecu. 
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Figure 3.10a EUNET Assessment Tool - CBA by impact by incidence group (Sheet 1) 
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Figure 3.10b EUNET Assessment Tool - CBA by impact by incidence group (Sheet 2) 
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Figure 3.11 EUNET value tree for a policy test 

  

The Figure 3.11 demonstrates the wider capability of the assessment software.  The screen 
shows the impacts divided into 4 groups – A, B, C and D.  The A impacts are the CBA while 
B, C and D represent different parts of the MCA.  

For each of the B, C and D impact groups (on the right hand side of the tree), the user is 
required to enter information on the scores obtained for each of the individual component 
impacts.  The user also inputs the relative weights given to each of these impacts within that 
group.  These tasks are executed by the user as follows. 

Scores are assessed on a 0 – 100 scale, with 50 indicating a neutral impact relative to do-
minimum.  The 0 and 100 values represent explicitly identified and characterised extreme 
negative and positive changes respectively.  They are usually pre-specified with the aim of 
ensuring that all likely degrees of change induced by any of the options considered lie within 
the 0 – 100 range.  Scores may be assessed either by a formal mathematical transformation 
from a measured indicator of performance to the 0 – 100 scale, or by direct expert assessment. 

The different impacts within each impact group have potentially different importance for the 
overall assessment of the options.  Hence they must next be given weights to reflect their 
importance.   

All weights for impacts in the A section of the value tree are, by definition, equal to each 
other, since by means of the CBA each of the A-impacts is measured on a monetary scale and 
is scaled onto a 0 – 100 range using the same maximum and minimum points.  Here, since 
there are eight impacts, each has a weight of approximately 0.13. 

The weights within the other three groups are obtained within the EUNET tool by applying 
the REMBRANDT pairwise comparison procedure within each group of impacts in turn.  
REMBRANDT asks the decision-maker/user to consider each pair of impacts within any one 
group (B, C, D) and, for each pair, assess on a –8 to +8 scale the relative importance of 
moving from the very lowest score on that scale (0) to the very highest (100).  To ensure 
symmetry the weight for the entry (i,j) is set to –1 times the corresponding (j,i) entry.  
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Similarly, all diagonal entries must be zero.   

Accordingly, this exercise of determining the weights is carried out three times, once for 
each of the B, C and D group impacts.  The purpose of this is to establish relativity between 
the impacts within each particular group.  A final weight derivation exercise is then 
undertaken, again using REMBRANDT, to assess the importance of a representative impact 
from each of the four impact groups, relative to each of the other three groups.  In this way, 
relativity is established between all impacts in the EUNET value tree, both for CBA and 
MCA.  The impacts chosen for this purpose were A1, B3, C4 and D1, as may be seen from 
Figure 3.11, which shows the complete value tree for Policy Test A, including its overall 
MCA score assessment (on a 0 – 100 scale) which is 60. 



 EUNET/SASI Final Report 

93

 

4 Main outputs from the EUNET project 

4.1 Introduction 

The main objective of the EUNET team was to develop a comprehensive, innovative 
methodology for the assessment of both the direct and the wider socio-economic impacts of 
transport initiatives.  This objective has been achieved, as can be seen explicitly from the 
results that have been presented in Section 3 for the policy scenarios that have been analysed 
in the two demonstration examples. 

In each main area of work the project has produced substantial and new results.  All of the 
components originally envisaged within the study have been satisfactorily completed.  The 
deliverables (listed in Table 6.1 below) which were produced during the course of the project 
describe the work in detail.  Previous sections of this report illustrate the range of this 
material, but for reasons of brevity are necessarily selective in what it they include.  This 
section now highlights the main outputs from the many strands of the project and draws 
overall conclusions on the strengths and weaknesses of the approach that has been proposed. 

4.2 Main outputs 
In summary, the main outputs from the EUNET study are (“D?” denotes the Deliverable as 
listed in the later Table 6.1 in which each output is most fully described): 

Transport and regional economic modelling 

• = A detailed review of the range of approaches to modelling socio-economic impacts (D1) 

• = Identification of the main technical problems in modelling and developing effective 
solutions to address these within a building block framework (D14) 

• = The implementation of two demonstration model examples and a design study for a third, 
Production of policy test results from the operational models, which demonstrate the 
merits of the regional economic and transport modelling procedures developed (D18). 

Costs, values and prices in assessment  

• = A detailed comparative review of EU member states’ assessment methods (D9) 

• = Design and implementation of a procedure for measuring and valuing impacts for the 
assessment.  For each monetary impact both European and consistent Country Specific 
monetary values are established, while in the case of non monetary impacts a method is 
described to establish scores (D9) 

• = The design and construction of a database giving transport infrastructure and vehicle 
operating costs by mode, country and other factors as appropriate  (D6, D12). 

Assessment 

• = Establishment of a CBA/MCA assessment framework including a specific treatment of 
uncertainty.  The framework includes a weighting system for use within the MCA (D2, 
D10) 

• = Development of a prototype Assessment Tool incorporating the main features of the 
assessment framework (D16). 
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• = Linking the Trans-Pennine model to this Assessment Tool and using it to produce 

comprehensive policy test results (D18) 

Accessibility analysis 

• = Development of a prototype Accessibility Analysis Tool and using it to produce EU level 
results (D3, D17) 

4.3 Strengths and weaknesses 

Given the nature of the EUNET project, with its focus on providing operational tools, it is 
useful to conclude this report by reviewing the performance of these tools.  The review begins 
with the development of the modelling components, these are then illustrated through the two 
demonstration examples that were implemented, and then the other main tasks of the study 
are discussed. 

4.3.1 Model methodologies 
Five important aspects concerning the socio-economic impact of transport have been taken on 
board in the design and implementation of the models and the Assessment Tool.  As a result, 
the outputs from the model and the Assessment Tool embody an improved appraisal and 
valuation of the costs, benefits and physical changes: 

(a) The transport models differentiate, as far as the data allows, all the main travel stages 
on door-to-door journeys.  It is not new for passenger models to account for access, 
waiting, transfer and in-vehicle travel, but equally for freight for a large number of 
commodity categories, the model represents the loading/unloading and local 
distribution activities, along with the main haulage.   

(b) Freight values of time are estimated for general freight categories to represent 
implicitly the quality of the transport service (such as reliability, flexibility, security, 
etc.) and to account for those reasons underlying modal choices that are not explained 
solely by monetary costs.  

(c) In both the UK and the Finnish models up-to-date national IO tables are adopted.  
Transport costs that vary spatially by O-D zone pair are inserted to replace the 
national average costs of the original Leontief table.  In the case of the UK model, the 
IO coefficients are also adjusted for the future forecast years, to reflect the anticipated 
faster growth of foreign trade relative to domestic final demand. 

(d) The UK Trans-Pennine model uses standard data sources to further extend the 
Leontief IO structure to cover employment and households, segmented by socio-
economic category.  The resulting demo-economic model connects together 
production, labour, consumers and all their travel demands, and in this way it is 
capable of accounting for the distributional effects resulting from transport changes.  

(e) Spatial distribution models are developed in both the UK and Finnish studies for 
industries, labour demand, and private travel.  Although the technical specifications 
and coverage differ, both models have been used to examine the potential locational 
changes in production and employment that result from transport investments or 
pricing changes. 
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(f) In policy comparisons of the impacts on GDP and jobs, the gross displacement 

impacts between regions are identified separately from the overall net national growth 
impact.  Within the Trans-Pennine model, a preliminary quantification is made of part 
of the net national GDP and employment impact of transport initiatives. 

Both models are suitable for inter-urban applications.  Whilst one is focused on traffic at the 
national and international level, the other zooms into a specific region within a country.  
However, the full range of modal choices and the entire spatial continuum are included for all 
of the demand segments represented. 

4.3.2 The UK Trans-Pennine Model 
The Trans-Pennine model has achieved its aim to implement the main building blocks of the 
EUNET modelling methodology.  The Assessment Tool has been successfully linked to the 
model and it receives the model output via standard database files.  Cost benefit, multi-criteria 
and financial analyses have been carried out.  The improved model data are thus made more 
accessible to the policy making process.  A number of other modelling innovations have also 
been implemented successfully.  These include: 

1. The representation of intrazonal travel where passenger travel is represented in graded 
distance-bands in a model where zone sizes vary considerably.   

2. For the estimation of freight transport matrices a procedure is implemented to 
synthesise freight matrices in tonnes from IO tables, freight surveys and employment 
statistics at the national scale.  It works well with most freight categories, but the need 
was highlighted to use regionalised IO coefficients for a limited number of industries. 

3. For the estimation of passenger travel demand, three different procedures are 
implemented within the generalised Input-Output structure for the purposes: employers’ 
business trips, commuting to work, and other private trips. 

4. For the modelling of spatial choices spatial interaction models are set up for industries, 
employees, and for many categories of trips, using single-level multinomial logit 
constructs.  The elasticities of these logit models are consistent with current specialist 
research.  

From the above comments it may be seen that this model is best used for studies on transport 
demand, industrial location, and socio-economic analysis of transport-related benefits.  The 
model performs best at the inter-urban scale, particularly in the Trans-Pennine area where a 
detailed zoning system is adopted.  Both general transport policies and investment projects on 
road and rail modes, and their extensions on ferries and shipping, can be tested.   

One drawback within this model is the assumption that the zonal non-monetary attractiveness 
for location is constant over time.  It could be significantly improved through adding a land 
and/or floorspace component into the model to reflect the influence of planning controls and 
of market forces on the development patterns of land and floorspace. 

4.3.3 The Finnish Freight Model 
The objective of the Finnish demonstration example is to present the interactions between the 
freight transport systems and the Finnish regional economy using the EUNET modelling 
methodology.  The emphasis of the example is to demonstrate for research purposes how to 
create in practice a representative application of the methodology. 
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The EUNET methodology provides a series of tools for modelling the regional economy and 
the transport system.  A conceptual advancement in EUNET approach is that it provides a 
building block approach, where the relevant elements can be adopted to suit the data 
conditions and the focus of policy analysis, as shown in the Finnish example. 

Data collection and analysis has been a major part of the work, yet in the end, heterogeneous 
and patchy data sources have needed to be consolidated.  A sound basis was achieved for 
model building after painstaking data analysis.  The model building process has been 
successful in providing a simple operational freight model of Finland. 

The model behaviour was tested through policy runs.  A variety of important changes in the 
Finnish transport infrastructure have been tested, and their impacts are differentiated.  
Transport demand has been modelled in two stages: first, the industries and households are 
assumed fixed in their Base Case locations.  Then the changed transport costs are fed through 
the regional economic model to test the implications of the possible relocation for different 
sectors of the economy.  The biggest changes are in the vicinity of the investment, but the 
model also shows effects elsewhere. 

The results of the policy tests are logical and reasonable.  However, the current model should 
only be regarded as a pilot study examining the possibilities of the modelling methodology, 
not as an instrument fully ready for practical policy analysis.  It has to be borne in mind that 
the emphasis for this example has been on simplicity and on a consistent theoretical model 
structure.  A complex logistic freight model at a realistic level for policy analysis would 
require further work, especially in terms of the logistic details of the intermodal chains.  

The policy tests using the model have already revealed the need for model enhancements.  As 
currently no regional production constraints are input into the model for the different 
economic sectors, the model can be unrealistic in representing the relocation effects when 
used to analyse extreme policy measures.  Extending the regional economic model to account 
for the feedback effects (e.g. for labour supply) should solve this problem.  Furthermore, the 
impacts of the changes in the domestic costs of production on the volumes of imports, exports 
and transit traffic should be considered more thoroughly. 

The demonstration example and the results of the policy tests show that the EUNET 
methodology can be successfully adapted to modelling freight movements and the regional 
economy of Finland.  It would be possible to feed the results of this demonstration example to 
the assessment software developed in EUNET.  The objectives of the demonstration example 
are fulfilled, and the model provides a good basis for future research. 

4.3.4 The transport cost database 

The availability of basic information to include in the database was very different depending 
on the mode and the country.  Although each partner put a lot of effort into the collection of 
data and everyone tried hard to maximise the sources of information, it was not possible to 
gather the same type information from all countries.  The gaps that needed to be filled have 
been described in the Deliverable D6 where proposals for filling them were made.  In some 
cases further research was undertaken to improve the results of data preparation. 

The information given for road transport and inland navigation was the most accessible.  The 
data availability for aviation and short sea shipping is limited as the number of operating 
companies is small, especially in aviation, and the readiness of companies to supply 
information is limited.  Accordingly the number of publications is small and therefore the 
range of external information sources is also restricted.  

The collection of information for railways has been the most difficult task.  The restructuring 
of the railway companies in many European countries makes it nearly impossible to gather 
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actual transport costs.  Earlier cost data had to be updated.  Due to these problems, 
calculations can only be based on general figures and can not be as detailed as for example 
the calculations for road transport. 

The datasets presented within the database are constructed as average transport costs valid at 
the national level.  Regional differences due to geographical or economic reasons have not 
been taken into account.  Based on, for example regional information about travel or transport 
distances, fleet structure or vehicle lifetimes, it is feasible to derive adjusted project specific 
datasets from the general datasets.  By a continuous process of collecting additional 
information in the course of practical assessments this database can be updated and developed 
continuously. 

4.3.5 The measurement and valuation of impacts 
The ultimate purpose of this task was to provide values for use in the EUNET assessment 
method.  That included monetary values for all monetisable impacts, across all member states 
and across a range of modes.  In this way, cost-benefit analysis need not be limited to the 
mode and locality of a particular project, but could take into account (subject to the 
limitations of the forecasting model) the consequences of the project for transport users and 
the environment throughout the European transport network. 

Impacts were broadly classified into three groups: direct, environmental and indirect socio-
economic.  The process of reviewing the state of the art in valuation revealed that most of the 
second and third groups lacked any convincing and transferable monetary values and were 
best addressed by appraisal methods other than CBA.  The exceptions to this were Regional 
and Global Air Pollution, where appraisal values were found in several sources, subject to 
broad but nevertheless specified confidence limits.  These two impacts were therefore taken 
into the development process for monetary values. 

Value sets were derived for the Direct Impacts (time, safety and so on) plus Regional and 
Global Air Pollution.  Account was taken of differences in definition and measures used in 
different countries, in coming to a common definition and measure on which to base the 
EUNET values.  In addition to the values specific to each member state, an EU value was 
calculated for each impact, representing the mean of the country-specific values weighted by 
the relevant population (eg. for working time, working populations formed the weights). 
Issues in practical application, including the allocation of values to international traffic, were 
addressed. 

The treatment of environmental impacts was influenced by the focus within EUNET as a 
whole on impacts of a strategic nature, which is consistent with the likely scale of the 
transport initiatives being assessed and with the likely stage of development of the plans for 
them (i.e. that detailed design work may or may not have not have been completed at the time 
of the appraisal).  Both of these characteristics have implications for the ability of the 
appraisal to identify and rigorously quantify local environmental effects.  These effects are 
likely to be highly dependent upon the specific route and design chosen (for infrastructure 
projects), and in particular the precise proximity of the route to areas of dense urban 
population.  At the time of appraisal it is on balance unlikely that such a level of detail will be 
available.  It was therefore agreed at an early stage by the consortium that local environmental 
effects could not be subject to the same rigour as they would in an appraisal of a town bypass 
or of a new local rail station, for example.  Instead, location-specific variations in 
environmental effects should be included in the MCA.  Meanwhile, environmental impacts 
which are less dependent upon the characteristics and population of the immediate 
surroundings, including regional and global air pollutants, could be included in the CBA 
subject to plausible monetary values being available.  
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4.3.6 The assessment methodology 
This area of work addressed the issues of: 

• = overall assessment methodology (CBA, MCA); 

• = innovative development (combined CBA+MCA; weight setting; risk and uncertainty); 

• = specification and programming of the Windows Assessment Tool software. 

The main areas of innovation within the EUNET assessment, compared with existing national 
methods, are: 

• = development of an assessment method which allows multiple public and private sector 
organisations, each with their own objectives, to use a common methodological 
framework with evident advantages for compatibility and definitional coherence between 
the different assessments; 

• = interfacing of a newly-developed transport and regional economic model with the 
assessment, in order that a much wider range of interactions between the transport sector 
and the wider economy can be taken into account when the impacts of a particular 
transport initiative are being assessed; 

• = the move from a unimodal to a multimodal world-view, both on the forecasting and 
evaluation sides of the assessment process, so that multimodal projects and cross-modal 
effects can be treated with confidence in the assessment; 

• = the provision of both EU and Country-Specific value sets for the cost-benefit analysis, so 
that the decision-maker can proceed on either basis (or using entirely local values), in 
recognition of the spectrum of views on this issue; 

• = theoretical development of methods giving an advanced treatment of uncertainty, using 
extensions of the UTA model initially developed by Jacquet-Lagrèze and Siskos (1982) 
and fuzzy logic. 

4.3.7 The Assessment Tool 

A demonstration software tool was specified and programmed, which implements the main 
features of the EUNET methodology.  Additional innovations within the Assessment Tool 
include: 

• = the development of an operational interface between cost-benefit analysis (CBA), 
financial appraisal (FA) and multi-criteria analysis (MCA); 

• = a user interface which allows for uncertainty in decision-makers’ preferences or priorities 
through the iterative use of a weighting procedure involving pairwise comparisons 
between the impacts.   

The purpose of the tool is to support the decision-maker in assessing the merits of different 
projects and to explore how assessment outcomes are influenced by uncertainties in user 
priorities and input data.  The task of implementation has been considerable in taking forward 
theoretical developments and statements of principle into practice.  As part of this it has been 
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necessary to rely on existing economic results and assumptions (for example within the cost 
benefit module) which may both be subject to future research and refinement.  Internally, the 
tool consists of five modules: an input module; a CBA module; an FA module; an MCA 
module and an output module.  Whilst the CBA alone could be used for assessment, an 
interface between all modules has been established to allow the decision-maker full use of 
whatever impact criteria are wanted in the assessment. 

It has been demonstrated that the EUNET Assessment Tool can be effectively applied to the 
testing of competing policies/projects.  The ability of the tool to explore input assumptions 
and their consequences is a potentially valuable aid to decision-makers attempting to 
understand the relative strengths and weaknesses of alternatives and the causal factors behind 
the rankings that are produced. 

The range of valuation possibilities, of output information and the flexible user interface are 
important features in facilitating informed decisions by policy makers.  Sensitivity and 
uncertainty testing have been given high priority in the development of the software tool.  In 
particular the ability to explore iteratively the potential consequences of adopting different 
positions on the relative importance of high-level policy objectives is an effective addition to 
the normal range of decision support procedures available.  

The tool has potential for use in a number of contexts by different types of user.  In practice, 
decisions may be made by a single decision-maker, a committee or through a multi-stage 
process involving several decision-makers or committees.  The appropriateness of the method 
described here, however, will therefore depend largely on the context and overall decision 
making process.  It is acknowledged that the use of an explicit weighting system may either 
not be practical, or be in existing use, in a variety of situations.  Whilst ambiguity about who 
may be the precise user of the method has presented some dilemmas in the process of 
implementation, it has also served to create a tool which is flexible, transparent and robust.   

Despite the solid foundation from work completed in other workpackages, difficult issues of 
detail have presented themselves with regard to the implementation of the method, and there 
has been a lengthy and iterative process in co-ordinating the flow of data between 
workpackages.  An attempt has been made to anticipate the requirements of several potential 
users in the structure, interfaces and outputs of the Assessment Tool.  In the light of the size 
and complexity of this task it is worth emphasising that the software tool exists as a 
demonstrator of the overall methodology and not as a commercially developed software 
package, although further development would be possible in future.  Regrettably, time and 
resources were not sufficient to implement the advanced UTA and the fuzzy logic approaches 
to uncertainty within the software, although the option remains to include them in future.  

To the best of our current knowledge, there is no existing software that allows access in this 
way to the outputs of a REM, transport model and an assessment module.  The modelling 
elements and the assessment module are currently physically separate and this makes the 
overall process somewhat inelegant, but has the potential advantage of modularity as it allows 
alternative models to be connected to the assessment module.  Accordingly the overall 
structure represents a considerable advance in the state of the art in this field. 

Examples have been given of the interactivity of the tool.  This, combined with other 
innovative features including its multimodal structure, its close relationship with a full land-
use and transport forecasting model and its European scope, is what differentiates it from 
previous work on appraisal methodology.  Nevertheless it shares some essential features with 
multi-criteria assessment methods and frameworks in use in the member states (see for 
example DETR, 1998; Ministry of Public Works, Road Administration, 1985).  In this sense it 
represents evolution rather than revolution and could usefully supplement rather than replace 
existing analytical techniques, including CBA which, in most countries, remains at the heart 
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of transport appraisal. 

There remain several areas in which the software would benefit from further development.  
Clearly some presentational improvements can be made - for example, revising the numerical 
display so that a more appropriate number of significant figures are shown.  The treatment of 
taxation is currently rather crude.  Recent theoretical work by Sugden (1999) should enable 
this aspect of the calculations to be significantly improved in the near future.  

4.3.8 The Accessibility Analysis Tool 
This accessibility tool can present three accessibility indicators: a pointer indicator, an equity 
indicator and a cohesion indicator.  The initial task of creating a "raster-grid" has been 
completed for the whole Europe.  Using this a detailed infrastructure project could then be 
introduced into the network and the changes in levels of accessibility are then calculated and 
presented numerically or graphically.   

However, the tool is challenging to manipulate: the computation of one indicator may require 
3 days, due to the substantial computation requirement, the large size of the data base and the 
cartographic detail.  

An extensive set of maps has been generated to show the different ways in which results can 
be presented.  The precision of the "raster-grid" is more detailed than other aspects of the 
approach.  That said, the tool has been shown to work well and provide technically useful and 
visually striking results.   

4.4 Overall conclusions 
Some more general conclusions can also be drawn from this study.  

1   The policy test results from the systems that have been developed will only be as good as 
the data on which they are based.  There is an important need for data collection and 
provision to be organised in a standardised fashion to lessen the errors and waste of 
resources in trying to harmonise it through time and space.  While progress has been made 
at the national level in member states, the situation is less promising for the production of 
consistent sub-national or multi-country datasets. 

2   Such data standardisation would then make it more cost effective to keep data suitably 
updated.  Crucial inputs, such as the transport networks and the cost database, lose their 
usefulness unless they are regularly updated to take account of changes in the world 
outside. 

3  The implementation, calibration and validation of sophisticated regional economic and 
transport models is an onerous and resource intensive task. 

The key finding is positive, namely that the methodology developed in the course of the 
EUNET study has been made operational and is capable of achieving the fundamental 
objective of the assessment of both the direct and the wider socio-economic impacts of 
transport initiatives.  The prototype software tools and modelling procedures would certainly 
require some further development to facilitate them to be implemented more rapidly, more 
straightforwardly and in a wider range of contexts.  However, the scientific and operational 
challenges of creating them and of demonstrating their use have been successfully met. 
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6 The organisation of the EUNET project 

This section provides background information about the team, organisation and management 
of the EUNET project.  The detailed information on the tasks that have been carried out is 
provided in a series of Deliverables that have been produced in the course of the project.  
These are listed in the Table 6.1, together with the team member primarily responsible for the 
report/software/model production. 

Table 6.1 The list of EUNET Deliverables 
 
Deliverable Name Responsibility  C-R-P Date 

D1 State of art in regional economic 
modelling 

ME&P R January 97 

D2 CBA and MCA: state of the art NTUA R February 97 

D3 Assessment of relevant indicators: 
regional accessibility and social 
cohesion  

INRETS R February 97 

D6 Cost structures and models PLANCO R September 97 

D9 Measurement and valuation of the 
impacts of transport initiatives  

ITS R December 98 

D10 Innovations in decision analysis  NTUA R October 98 

D12 The transport cost database report and 
software prototype 

PLANCO C September 98 

D14 Regional economic and transport 
model report  

ME&P C January 99 

D16 Decision analysis report and 
Assessment Tool prototype 

NTUA/ITS C September 98 

D17 Implementing the Accessibility 
Analysis report and prototype 

INRETS C December 99 

D18 The EUNET demonstration examples 
report and operational models 

ME&P C December 99 

D19 The EUNET/SASI final report  ME&P P August 2000 

Note: C-R-P = Confidential/Restricted/Public  
 

6.1 The EUNET project structure 
The project was subdivided into seven individual workpackages that are listed in the Table 
6.2, together with the workpackage leader and the main contributors to each task.  In practice 
along with contributing to their main workpackage tasks, each partner also supplied 
information and advice about data and procedures within their own and neighbouring 
countries.  
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Table 6.2 The EUNET workpackages  
 
Work- 
package 

Task Subtask Leader Team 

1 Assessment Methodology 

Software 

NTUA 

ITS 

FUCAM, 
TUD 

2 Data collection and 
management 

 ME&P All 

3 Cost data Data assembly 

Software 

PLANCO 

 

 

4 Measurement and valuation 
of impacts 

 ITS  

5 Accessibility analysis  INRETS ICCR 

6 Modelling methodology  ME&P LT 

7 Demonstration examples Trans-Pennine model 

T-P assessment 

Finnish model 

Greek design 

ME&P 

ITS 

LT 

NTUA 

 

 

6.2 The EUNET partners contact names/addresses  
The project co-ordinator for the management and administration of the full EUNET/SASI 
project was John Larkinson of ME&P.  The direction of the EUNET project was by a 
Scientific Steering Committee comprising: Ian Williams, Prof. Peter Mackie, Dr. Dimitrios 
Tsamboulas. 

The team for the EUNET study comprised 10 partners from 9 EU member states, some of 
whom are private firms and some are academic/research institutions.  The contact details of 
the partners are listed below. 

(1) Marcial Echenique & Partners Ltd 
 Dr Ying Jin / Ian Williams 
 49 - 51 High Street, Trumpington 
 Cambridge CB2 2HZ 
 ENGLAND 
 tel. + 44-1223-840 704 
 fax + 44-1223-840 384 
 email yj@meap.co.uk / inw@meap.co.uk 
 
(2) National Technical University of Athens 
 Dr Dimitrios Tsamboulas 
 Department of Transportation Planning and Engineering  
 5 Iroon Polytechnic Street  
 GR-15773 
 ATHENS 
 GREECE 
 tel  + 30 1 7721367 
 fax + 30.1.7721327 
 email dtsamb@central.ntua.gr 
 
  

mailto:dtsamb@central.ntua.gr
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(3) University of Leeds 
 Peter J Mackie/ Susan Watson 
 Institute for Transport Studies 
 LEEDS LS2 9JT  
 ENGLAND 
 tel  + 44 1132 335326 
 fax + 44 1132 335334 
 email pmackie@its.leeds.ac.uk 
  swatson@its.leeds.ac.uk 
 
(4) PLANCO Consulting Gmbh 
 Dr Georg D Jansen 
 Lilienstr.44 
 D-45133 
 ESSEN 
 GERMANY 
 tel   + 49 201 4192142 
 fax  + 49 201 411468  
 email planco@planco.de 
 
(5) INRETS 
 Jerome Carreau / Christian Reynaud 
 2, av. du General Malleret-Joinville 
 F-94114 Arcueil Cedex 
 FRANCE 
 tel   + 33 1 4740 7262)  
 fax  + 33 1 45475606 
 email carreau@inrets.fr 
 
(6) FUCAM 
 Prof Michel Beuthe 
 151 Chausse de Binche 
 B-7000 MONS 
 BELGIUM  
 tel  +  32 6 5323296 
 fax +  32 6 5315691 
 email beuthe@message.fucam.ac.be 
 
(7) Technical University of Denmark 
 Prof Steen Leleur 
 Building 115, Department of Planning 
 DK2800-LYNGBY 
 DENMARK 
 tel   + 45 45936411  
 fax  + 45 45936412 
 email sleleur@ivtb.dtu.dk 
 
(8) LT Consultants 
 Kari Lautso  
 Melkonkatu 9 
 FIN-00210 
 HELSINKI 
 FINLAND 
 tel: +  358 9615811    
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Part 2 SASI 
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1 Introduction 

The SASI project aimed at the development of a comprehensive and transferable 
methodology for forecasting the socio-economic and spatial impacts of large transport 
investments in Europe, in particular of different scenarios of the development of the trans-
European transport networks (TETN) planned by the European Union as part of its trans-
European network (TEN) programme. With respect to the cohesion objective of the European 
Union the model is to answer the question whether the TETN will lead to a reduction of 
regional disparities and which regions of the European Union are likely to benefit from the 
TETN and which regions are likely to be disadvantaged. 

To achieve this objective the project focused on 

- developing a comprehensive, consistent and transferable methodology for the prediction of 
the impacts of transport infrastructure investments and transport system improvements 
(road, rail and air) on socio-economic activities and development, including spatial and 
temporal distribution of impacts; 

- designing an interactive, transparent modelling system for forecasting of socio-economic 
impacts of transport investment decisions and policies; 

- demonstrating the usability of the modelling system by applying it to a number of scenarios 
of transport infrastructure investments and transport system improvements. 

During the project, the following seven deliverables were submitted to the Commission: 

1    Deliverable D4 - in the count of EUNET/SASI deliverables - (Bökemann et al., 1997) 
developed a set of socio-economic indicators taking account of (i) the state of the art in 
social indicator research, (ii) the indicators most frequently used in other studies and their 
strengths and weaknesses, (iii) their relevance for the policy goals of the European 
Union, (iv) their ability to express socio-economic impacts of transport policies and (v) 
their interpretability by decision makers, as well as technical constraints such as (vi) their 
computability by the model to be developed and (vii) the availability of data.  

2   Deliverable D5 (Schürmann et al., 1997), defined, discussed and tested accessibility 
indicators to be generated and used in the model. D5 identified basic types of 
accessibility and proposed new disaggregate measures of accessibility and demonstrated 
them with pan-European data. For these new accessibility indicators also 'cohesion' 
indicators measuring the distribution of accessibility across regions were developed. The 
preliminary empirical findings indicated that the trans-European networks, in particular 
the European high-speed rail networks, are likely to stabilise if not increase the 
differences in accessibility between central and peripheral regions in Europe. However, it 
also became apparent that accessibility is no longer the most important factor 
determining location choice of firms but rather one of many transport and non-transport 
location factors (Linneker, 1997).  

3      Deliverable D7 (Masser et al., 1997) examined the data available for SASI. The Eurostat 
database Regio was identified as the primary data input to the project as a whole, as it is the 
main official source of regional data that is provided on a regular basis and in a harmonised 
framework. Data problems identified were large differences in the size of regions, changes 
in region boundaries and the creation of new regions all resulting in outliers and gaps in the 
data. Data coverage was found to be very poor for the new member states Austria, Finland 
and Sweden and the new German Länder. Missing data, in particular for the base year 1981, 
had to be estimated or derived from other data sources such as national statistical offices. 
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4   Deliverable D8 (Wegener and Bökemann, 1998) described the structure of the SASI 

model based on the results of the previous three SASI deliverables. Starting from a 
review of the state of the art of modelling regional economic development, it introduced 
and explained the major design considerations that led to the construction of the model. It 
presented a detailed description of each submodel including their interactions and 
summarised the data requirements, output and operation of the model. 

5   Deliverable D11 (Fürst et al., 1999) presented the implementation and calibration of the 
model, i.e. the final form of the input data used and the statistical analyses performed to 
test hypotheses about factors to be included in the regional production and migration 
functions and their numerical specification. It was shown that the SASI model is capable 
of modelling the impacts of transport infrastructure investments and transport system 
improvements on the socio-economic indicators proposed in the model specification in 
D8 (Wegener and Bökemann, 1998). The model calibration and specification of the 
production function led to satisfying results regarding the capability of the model to re-
produce base-year distributions of socio-economic indicators in the 201 SASI regions.  

6     Deliverable D13 (Wegener et al., 2000) described the model software package developed 
for the SASI model. The deliverable illustrated the software package, i.e. tools for 
network scenario generation, the model input files, the model database and output files, 
the model software itself and finally the programmes developed for analysing and 
visualising the model results. These tools form the comprehensive SASI software 
package enabling the user to define different policy scenarios, generating scenario 
networks, assessing the socio-economic impacts of the scenarios chosen and finally 
analysing the results by selecting appropriate graphical outputs. 

7   Deliverable D15 (Fürst et al., 2000a) described the results of demonstration scenario 
simulations done with the SASI model i.e. the application of the model to a set of 
different assumptions on TETN infrastructure investments and the presentation of their 
likely socio-economic impacts on the European regions. The deliverable showed that the 
SASI model is able to reproduce the development of the interaction between 
infrastructure and regional development in the past and to make reasonable forecasts of 
the regional effects of different infrastructure network improvement scenarios. 
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2 Transport Infrastructure and Regional 
Accessibility 

2.1 Why Accessibility? 
The important role of transport infrastructure for regional development is one of the 
fundamental principles of regional economics. In its most simplified form it implies that 
regions with better access to the locations of input materials and markets will, ceteris paribus, 
be more productive, more competitive and hence more successful than more remote and 
isolated regions (see Linneker, 1997). 

However, the impact of transport infrastructure on regional development has been difficult to 
verify empirically. There seems to be a clear positive correlation between transport 
infrastructure endowment or the location in interregional networks and the levels of economic 
indicators such as GDP per capita (e.g. Biehl, 1986; 1991; Keeble et al., 1982, 1988). 
However, this correlation may merely reflect historical agglomeration processes rather than 
causal relationships effective today (cf. Bröcker and Peschel, 1988). Attempts to explain 
changes in economic indicators, i.e. economic growth and decline, by transport investment 
have been much less successful. The reason for this failure may be that in countries with an 
already highly developed transport infrastructure further transport network improvements 
bring only marginal benefits. The conclusion is that transport improvements have strong 
impacts on regional development only where they result in removing a bottleneck (Blum, 
1982; Biehl, 1986; 1991). 

While there is uncertainty about the magnitude of the impact of transport infrastructure on 
regional development, there is even less agreement on its direction. It is debated whether 
transport infrastructure contributes to regional polarisation or decentralisation. Some analysts 
argue that regional development policies based on the creation of infrastructure in lagging 
regions have not succeeded in reducing regional disparities in Europe (Vickerman, 1991a), 
whereas others point out that it has yet to be ascertained that the reduction of barriers between 
regions has disadvantaged peripheral regions (Bröcker and Peschel, 1988). From a theoretical 
point of view, both effects can occur. A new motorway or high-speed rail connection between 
a peripheral and a central region, for instance, makes it easier for producers in the peripheral 
region to market their products in the large cities, however, it may also expose the region to 
the competition of more advanced products from the centre and so endanger formerly secure 
regional monopolies (Vickerman, 1991b).  

While these two effects may partly cancel each other out, one factor unambiguously increases 
existing differences in transport infrastructure. New transport infrastructure tends to be built 
not between core and periphery but within and between core regions, because this is where 
transport demand is highest (Vickerman, 1991a). It can therefore be assumed that the trans-
European networks will largely benefit the core regions of Europe. 

These developments have to be seen in the light of changes in the field of transport and 
communications which will fundamentally change the way transport infrastructure influences 
spatial development (see Masser et al., 1992). Several trends combine to reinforce the 
tendency to diminish the impacts of transport infrastructure on regional development: 

- An increased proportion of international freight comprises high-value goods for which 
transport cost is much less than for low-value bulk products. For modern industries the 
quality of transport services has replaced transport cost as the most important factor.  

- Transport infrastructure improvements which reduce the variability of travel times, increase 
travel speeds or allow flexibility in scheduling are becoming more important for improving 
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the competitiveness of service and manufacturing industries and are therefore valued more 
highly in locational decisions than changes resulting only in cost reductions.  

- Telecommunications have reduced the need for some goods transports and person trips, 
however, they may also increase transport by their ability to create new markets.  

- With the shift from heavy-industry manufacturing to high-tech industries and services other 
less tangible location factors have come to the fore and have at least partly displaced 
traditional ones. These new location factors include factors related to leisure, culture, image 
and environment, i.e. quality of life, and factors related to access to information and 
specialised high-level services and to the institutional and political environment. 

On the other hand, there are also tendencies that increase the importance of transport 
infrastructure: 

- The introduction of totally new, superior levels of transport such as the high-speed rail 
system may create new locational advantages, but also disadvantages for regions not served 
by the new networks.  

- Another factor adding to the importance of transport is the general increase in the volume of 
goods movements (due to changes in logistics such as just-in-time delivery) and travel (due 
to growing affluence and leisure time).  

Both above tendencies are being accelerated by the increasing integration of national 
economies by the Single European Market, the ongoing process of normalisation between 
western and eastern Europe and the globalisation of the world economy. 

The conclusion is that the relationship between transport infrastructure and economic 
development has become more complex than ever. There are successful regions in the 
European core confirming the theoretical expectation that location matters. However, there 
are also centrally located regions suffering from industrial decline and high unemployment. 
On the other side of the spectrum the poorest regions, as theory would predict, are at the 
periphery, but there are also prosperous peripheral regions such as the Scandinavian countries. 
To make things even more difficult, some of the economically fastest growing regions are 
among the most peripheral ones. 

The central task of SASI is therefore to identify the way transport infrastructure contributes to 
regional economic development in different regional contexts. This means to develop 
indicators measuring not infrastructure investments as such but the benefit they bring to firms 
and households in the regions by more capacity, higher speeds, better quality and more 
reliable transport. These indicators are called accessibility. 

2.2 Basic accessibility indicators 
Accessibility is the main 'product' of a transport system. It determines the locational 
advantage of a region relative to all regions (including itself). Indicators of accessibility 
measure the benefits households and firms in a region enjoy from the existence and use of the 
transport infrastructure relevant for their region. Accessibility indicators can be defined to 
reflect both within-region transport infrastructure and infrastructure outside the region which 
affect the region.  

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

More complex accessibility indicators take account of the connectivity of transport networks 
by distinguishing between the network itself, i.e. its nodes and links, and the activities or 
opportunities that can be reached by it (cf. Bökemann, 1982). In general terms, accessibility 
then is a construct of two functions, one representing the activities or opportunities to be 
reached and one representing the effort, time, distance or cost needed to reach them: 

=
j

ijji cfWgA )()(  

where Ai is the accessibility of region i, Wj is the activity W to be reached in region j, and cij is 
the generalised cost of reaching region j from region i. The functions g(Wij) and f(cij) are 
called activity functions and impedance functions, respectively. They are associated 
multiplicatively, i.e. are weights to each other. That is, both are necessary elements of 
accessibility. Ai is the accumulated total of the activities reachable at j weighted by the ease of 
getting from i to j.  

It is easily seen that this is a general form of potential, a concept dating back to Newton's law 
of gravitation and introduced into regional science by Stewart (1947). According to the law of 
gravitation the attraction of a distant body is equal to its mass weighted by a decreasing 
function of its distance. Here the attractors are the activities or opportunities in regions j 
(including region i itself), and the distance term is the impedance cij. The interpretation here is 
that the greater the number of attractive destinations in regions j is and the more accessible 
regions j are from region i, the greater is the accessibility of region i. This definition of 
accessibility is referred to as destination-oriented accessibility. In a similar way an origin-
oriented accessibility can be defined: The more people live in regions j and the easier they can 
visit region i, the greater is the accessibility of region i. Because of the symmetry of most 
transport connections, destination-oriented and origin-oriented accessibility tend to be highly 
correlated. 

Different types of accessibility indicators can be constructed by specifying different forms of 
functions g(Wj) and f(cij). Table 2.1 shows the three most frequently applied combinations of 
g(Wj) and f(cij): 

Table 2.1  Typology of accessibility indices 
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where Wmin and cmax are constants and α and β parameters. The different forms of functions 
used for g(Wj) and f(cij) are shown in graphical form in Figure 2.1. It can be seen that the three 
types of accessibility indicators are derived from different combinations of rectangular, linear 
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and nonlinear (power or exponential) functions: 

 

Figure 2.1  Activity and impedance functions used in accessibility indicators.  

 

Travel cost 

This indicator is based on the assumption that not all possible destinations are relevant for the 
accessibility of a region but only a specified set. This set may, for instance, consist of all cities 
over a specified size or level of attraction Wmin. The indicator measures the accumulated 
generalised travel costs to the set of destinations. In the simplest case no distinction is made 
between larger and smaller destinations, i.e. all destinations in the set get equal weight 
irrespective of their size and all other destinations are weighted zero (the activity function is 
rectangular). In many applications, however, destinations are weighted by size (the activity 
function is linear). The impedance function is always linear, i.e. does not take into account 
that more distant destinations are visited less frequently. 
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To make the index easier to compare, the accumulated generalised cost so generated is 
frequently divided by the number of destinations or the total of attractions g(Wj), respectively. 
The indicator then represents the average travel cost to the set of destinations: 
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In both cases the indicator expresses a disutility, i.e. the lower its value the higher the 
accessibility. 

Travel cost indicators are popular because they are easy to interpret, in particular if they are 
expressed in familiar units such as average travel cost or travel time. Their common 
disadvantage is that they lack a behavioural foundation because they ignore that more distant 
destinations are visited less frequently and that therefore their values depend heavily on the 
selected set of destination, i.e. the arbitrary cut-off point of the Wj included. 
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Daily accessibility 
This indicator is based on the notion of a fixed budget for travel, generally in terms of a 
maximum time interval in which a destination has to be reached to be of interest. The 
rationale of this accessibility indicator is derived from the case of a business traveller who 
wishes to travel to a certain city, conduct business there and return home in the evening 
(Törnqvist, 1970). Maximum travel times of between three and five hours one-way are used. 
Because of its association with a one-day business trip this type of accessibility is often called 
'daily accessibility'.  
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where cmax is the travel time limit. The daily accessibility indicator is equivalent to a potential 
accessibility (see below) with a linear activity function and a rectangular impedance function, 
i.e. within the selected travel time limit destinations are weighted only by size, whereas 
beyond that limit no destinations are considered at all. 

Daily accessibility indicators, like the travel time indicators above, have the advantage of 
being expressed in easy to understand terms, e.g. the number of people one can reach in a 
given number of hours. However, they also share their disadvantage that they heavily depend 
on the arbitrarily selected maximum travel time beyond which destinations are no more 
considered. 

Potential accessibility 
This indicator is based on the assumption that the attraction of a destination increases with 
size and declines with distance or travel time or cost. Therefore both size and distance of 
destinations are taken into account. The size of the destination is usually represented by 
regional population or some economic indicator such as total regional GDP or total regional 
income. The activity function may be linear or nonlinear. Occasionally the attraction term Wj 
is weighted by an exponent ∀  greater than one to take account of agglomeration effects, i.e. 
the fact that larger facilities may be disproportionally more attractive than smaller ones. One 
example is the attractiveness of large shopping centres which attract more customers than 
several smaller ones that together match the large centre in size. The impedance function is 
nonlinear. Generally a negative exponential function is used in which a large parameter 6 
indicates that nearby destinations are given greater weight than remote ones. 
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Earlier versions of the potential accessibility used an inverse power function reminiscent of 
Newton's gravity model: 

=
j ij

j
i c

W
A α  

This form was proposed by Hansen as early as 1959 and is therefore called 'Hansen' 
accessibility. Later improvements led to the empirically similar but behaviourally derived 
negative exponential function used above (Wilson, 1967). 

Potential accessibility indicators are superior to travel time accessibility indicators and daily 
accessibility indicators in that they are founded on sound behavioural principles of stochastic 
utility maximisation. Their disadvantage is that they contain parameters that need to be 
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calibrated and that their values cannot be easily interpreted in familiar units such as travel 
time or number of people. Therefore potential indicators are frequently expressed in percent 
of average accessibility of all regions or, if changes of accessibility are studied, in percent of 
average accessibility of all regions in the base year of the comparison. 

Refinements 
From the above three basic accessibility indicators, an almost unlimited variety of derivate 
indicators can be developed (cf. Ruppert, 1975). The most important ones are:  

- multimodal accessibility in which different modal accessibilities are integrated into one 
indicator exporessing the combined effect of alternative modes for a location, 

- intermodal accessibility in which intermodal trips involving two or more modes are taken 
into account, 

- intraregional accessibility in which the uneven distribution of accessibility within a city or 
a region is addressed, 

- activity and actor based accessibility indicator which consider different requirements of 
activities and actors with respect to location and  

2.3 The accessibility model developed 
As it has been demonstrated in the previous section, there exist three principal kinds of 
accessibility indicators differing in theoretical foundation and interpretability. It was also 
shown that there is a wide range of possible refinements with respect to multimodality, 
intermodality, intraregional connectivity and activities and actors. This variety makes the 
selection of appropriate indicators for SASI a difficult task. A second conclusion is that 
virtually all accessibility indicators used so far have concentrated on network nodes or 
centroids representing cities or regions and so have ignored the internal spatial organisation 
within regions. 

To overcome this problem, Spiekermann and Wegener at IRPUD developed spatially 
disaggregate accessibility indicators using raster-based GIS technology (Spiekermann and 
Wegener, 1994; 1996, Vickerman et al., 1999). By this method the raster structure is applied 
to represent a quasi-continuous activity surface of Europe. As no raster data for Europe are 
available, synthetic raster data are generated using microsimulation in combination with a 
raster-based GIS. For that purpose the European territory is disaggregated into some 70,000 
raster cells of 10 kilometres width. Accessibility is calculated by using each raster cell both as 
origin and destination, i.e. by generating a 70,000 by 70,000 origin-destination matrix. The 
results are accessibility values for all raster cells, which are then aggregated to regions.  

This section presents the disaggregate accessibility model in the way it has been used in the 
SASI model (see Chapter 3). The method to calculate disaggregate accessibility indicators 
used for the SASI model was described in SASI Deliverable D5 (Schürmann et al., 1997), a 
more detailed description of the implementation .of the accessibility model within the SASI 
model can be found in SASI Deliverable D11 (Fürst et al., 1999). 

Basic structure 
For calculating quasi-continuous accessibility surfaces of Europe, the European territory is 
disaggregated to some 70,000 raster cells of 10 kilometres width. Accessibility is calculated by 
using each raster cell both as origin and destination, i.e. by generating a 70,000 by 70,000 origin-
destination matrix. The results are accessibility values for all raster cells, which are then 
aggregated to regions. The generation of the disaggregate input data base with population and 
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GDP by raster cell for 1995 was described in SASI Deliverable D5 (Schürmann et al., 1997, 
Section 5.1). This method was used to generate disaggregate distributions of population and 
GDP for the years 1995 and 1992, respectively. These distributions are used during the 
simulation as ancillary information to allocate population and GDP as predicted by the model 
for each region pro rata to the raster cells belonging to that region. 

For the selection of accessibility indicators to be used in the model three, possibly conflicting, 
objectives are relevant: First, the accessibility indicators should contribute as much as 
possible to explaining regional economic development. Second, the accessibility indicators 
should be meaningful by itself as indicators of regional quality of life. Third, the accessibility 
indicators should be consistent with theories and empirical knowledge about human spatial 
perception and behaviour. In the light of these objectives, a wide range of combinations of 
basic accessibility indicators, regional aggregation procedures and modes were tested (see 
SASI Deliverable D5, Schürmann et al., 1997, Section 3.2; and SASI Deliverable D8, 
Wegener and Bökemann, 1998, Section 5.2). There are three basic accessibility concepts 
implemented in the regional accessibility submodel: 

- Average travel time or cost is measured from each raster cell to a predefined set of 
destinations, i.e. cities with a population greater or equal to 250,000 or 1,000,000 
inhabitants. In a second version of the indicator travel time or cost is weighted by the 
population. 

- Daily accessibility is measured as the accumulated number of population or GDP that can 
be reached from a raster cell by a return trip by a certain mode during a work day with a 
minimum stay of five hours, i.e. it is assumed that five hours one-way travel time is the 
maximum for allowing five hours of activities at the destination.  

- Potential accessibility is the sum of destination activities in terms of population or GDP in 
all 70,000 destination cells weighted by a negative exponential function of travel time or 
cost by a certain mode, i.e. it is assumed that the attraction of a destination increases with 
size and declines with distance or travel time or cost. 

The aggregation of accessibilities of raster cells to the accessibility of regions required by the 
SASI model can be done in three different ways. The accessibility of a region is 

- calculated as the average of the accessibilites of the raster cells belonging to that region, 

- represented by the maximum of the accessibilites of its raster cells, 

- represented by the accessibility of the raster cell of its centroid. 

The accessibility model is implemented for three transport modes: road, rail and air. Modal 
accessibility indicators can be used separately or can be aggregated to one indicator 
expressing the combined effect of alternative modes. There are essentially two ways of 
aggregating accessibility indicators across modes: 

- Fastest or least cost mode means to use as impedance term in the accessibility model only 
the fastest or least cost mode between origin and destination and to ignore all other modes 
on that relationship. 

- Logsum impedance means to replace the modal impedance term by the composite or logsum 
impedance.  

The combination of three basic accessibility concepts, three aggregation possibilities from 
raster values to regional accessibility and three modes plus two aggregations across modes 
results in a set of 45 potential accessibility indicators to be used in the regional production 
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function. The choice of accessibility indicators and the way of aggregation and standard-
isation eventually used in the model will be presented in Section 4.2.3. 

A final issue when calculating accessibility indicators is whether to standardise them or not. 
One way of standardisation is to express accessibility in percent of the average accessibility of 
all regions of the European Union weighted by population. Standardisation has the advantage 
of showing relative changes in regional accessibility. Relative changes disclose that even 
when accessibility grows everywhere, there may be winner and loser regions as some regions 
become less accessible in relative terms although in absolute terms their accessibility has in-
creased. Absolute accessibility, on the other hand, may be more appropriate when calculating 
the effect of accessibility on regional labour productivity. 

Political and cultural barriers represented in the accessibility model 
The driving force of the SASI model are the changes in locational advantages represented by 
accessibility indicators in the production function. The impedance term of the accessibility 
indicators can be travel time or travel cost or a combination of both, i.e. generalised cost or 
generalised travel time (for daily accessibility usually travel time is used). Rail travel times 
are timetable travel times, road travel times are calculated from road-type specific travel 
speeds, and air travel times are based on average link flight times plus terminal times. Travel 
costs can be calculated from link-type specific cost parameters.  

However, link-based travel times or cost neglect an important locational aspect for regional 
development, namely political and cultural barriers between countries. It can be argued that 
the decision to make a cross-border trip, to establish international trade relationships or to 
move or to establish a firm or a household permanently in a different country is not only 
influenced by accessibility but also by less tangible factors. Different political systems, 
bureaucracies and legislation, different languages, different cultural or historical backgrounds, 
and also tolls, trade restrictions or psychological barriers influence all kinds of cross-border 
spatial interactions. In other words, there are additional cost factors that have to be considered 
for international spatial interaction that do not play a role in intra-national interaction. 

Given the theoretical considerations and the relative high importance of these factors 
estimated in other studies political and cultural barriers and their development over time are 
included in the SASI model. The only way to express such relationships between regions in 
different countries in the SASI model is via the accessibility model. 

Political and cultural barriers are introduced in the SASI model as additional costs in the 
generalised cost term of the impedance function in the accessibility model. The general cost 
term for the potential accessibility will comprise two elements: 

)()( tbtcc jiijmij ′′+=  

in which cijm(t) is the pure travel time between cells i and j by mode m in year t along the 
network and through the raster cells and bi'j'(t) is an additional cost term for political and 
cultural diversity in year t between the countries i' and j' to which cells i and j belong. Barrier 
costs are expressed in time units, i.e. can be considered as a time penalty in the accessibility 
submodel. Daily accessibility and average travel cost indicators do not include barrier costs.  

In order to reflect different aspects of cultural and political barriers the time penalty comprises 
three components: 
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in which ei'j'(t) is the European integration factor reflecting in which supranational 
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structures the two countries are embedded, i.e. which political and economic relationship 
exists between them in year t, li'j' is a language factor describing the grade of similarity of the 
mother language(s) spoken in the two countries and si'j' is the cultural similarity factor 
reflecting roughly how similar are cultural attitudes of the two countries, it contains also 
particular historical relationships between two countries. The operationalisation of the three 
factors is described in SASI Deliverable D11 (Fürst et al., 1999). 

Selection of accessibility indicator 
The accessibility model is able to provide a wide range of indicators, much more than needed 
in the sectoral production functions. Therefore it is necessary to select those indicators that 
might explain a good portion of the regional economic performance. SASI Deliverable D5 
(Schürmann et al., 1997, Chapter 6) has provided a first and tentative assessment of the 
relationship between accessibility and regional economic development. The bivariate analysis 
was repeated in SASI Deliverable D11 (Fürst et al., 1999) in order to eventually select the 
indicators to be used in the production function. However,  the accessibility model was than 
fully operational, i.e. contained a detailed air network and provided indicators aggregated 
across modes such as fastest mode accessibility and logsum impedance.  

Tables 2.2 to 2.4 present the results of the bivariate analysis in form of correlation coefficients 
of different accessibility indicators and GDP per capita for the three economic sectors 
considered for the years 1981, 1986, 1991 and 1996. As proposed in Deliverable D5 outlier 
regions, i.e. regions in East Germany, Finland and Sweden are excluded. The results suggest 
the following conclusions: 

- Agriculture. The correlation of accessibility indicators with GDP per capita produced in 
agriculture is much less than for other economic sectors (Table 2.2). Surprisingly, 
correlation with air, and consequently with indicators aggregated across modes is highest. 
However, this is definitely a mode that plays only a minor role, if at all, for agricultural 
production. Therefore, it is suggested to use that accessibility indicator for agriculture that 
will be selected for manufacturing. 

- Manufacturing. The correlation with this economic sector is very high for road and rail 
accessibility or combinations of these and rather low for air accessibility (Table 2.3). This 
corresponds to the common observation that both road and rail are important transport 
modes for manufacturing industries. In order to reflect the similar importance of both modes 
logsum for road and rail (β = 0.003) is selected as accessibility indicator for the production 
function for manufacturing. 

- Services. Correlation of services is highest with accessibility by air and aggregation across 
modes including air (Table 2.4). As road and rail are important modes for service industries 
logsum for road, rail and air is an appropriate indicator. Such logsum correlation has been 
calculated for two β, i.e. for two different impedance functions. As the correlation figures 
are very similar for the two logsums, a steeper impedance function is selected (β = 0.007), 
because this reflects better time sensitivity of business and shopping trips. 
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Table 2.2 Correlation of accessibility and GDP per capita in agriculture 

 

Correlation (r2)  
Indicator Mode 1981 1986 1991 1996 

Road 0.09 0.09 0.14 0.17 
Rail 0.11 0.11 0.18 0.20 
Air 0.30 0.30 0.33 0.34 

Average 
travel time 

Fastest mode 0.31 0.31 0.33 0.34 
Road 0.18 0.17 0.16 0.16 
Rail 0.20 0.19 0.19 0.19 
Air 0.28 0.28 0.26 0.26 

Daily 
accessibility 

Fastest mode 0.30 0.30 0.28 0.28 
Road 0.20 0.19 0.18 0.17 
Rail 0.22 0.21 0.20 0.20 
Air 0.34 0.33 0.33 0.34 
Fastest mode 0.34 0.33 0.32 0.33 
Logsum (rail, road) 0.21 0.20 0.19 0.19 

Potential 
accessibility 
(β = 0.007) 

Logsum (rail, road, air) 0.34 0.33 0.32 0.32 
Road 0.15 0.14 0.17 0.19 
Rail 0.16 0.15 0.18 0.19 
Air 0.33 0.33 0.35 0.37 
Fastest mode 0.34 0.33 0.35 0.37 
Logsum (rail, road) 0.16 0.15 0.18 0.19 

Potential 
accessibility  
(β = 0.003) 

Logsum (rail, road, air) 0.34 0.33 0.35 0.36 

 
Table 2.3 Correlation of accessibility and GDP per capita in manufacturing 

 

Correlation (r2)  
Indicator Mode 1981 1986 1991 1996 

Road 0.37 0.42 0.46 0.44 
Rail 0.38 0.44 0.46 0.43 
Air 0.20 0.30 0.33 0.33 

Average 
travel time 

Fastest mode 0.21 0.31 0.34 0.35 
Road 0.28 0.35 0.40 0.36 
Rail 0.24 0.32 0.34 0.36 
Air 0.11 0.19 0.21 0.21 

Daily 
accessibility 

Fastest mode 0.17 0.25 0.29 0.29 
Road 0.30 0.37 0.40 0.36 
Rail 0.27 0.35 0.36 0.36 
Air 0.18 0.27 0.29 0.30 
Fastest mode 0.23 0.32 0.34 0.35 
Logsum (rail, road) 0.30 0.37 0.40 0.37 

Potential 
accessibility  
(β = 0.007) 

Logsum (rail, road, air) 0.23 0.33 0.35 0.36 
Road 0.37 0.43 0.48 0.43 
Rail 0.34 0.41 0.44 0.42 
Air 0.19 0.28 0.32 0.32 
Fastest mode 0.23 0.32 0.36 0.36 
Logsum (rail, road) 0.37 0.43 0.47 0.44 

Potential 
accessibility 
(β = 0.003) 

Logsum (rail, road, air) 0.23 0.33 0.36 0.37 
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Table 2.4 Correlation of accessibility and GDP per capita in services 

 

Correlation (r2)  
Indicator Mode 1981 1986 1991 1996 

Road 0.43 0.41 0.39 0.37 
Rail 0.46 0.45 0.42 0.39 
Air 0.48 0.47 0.48 0.47 

Average 
travel time 

Fastest mode 0.48 0.47 0.48 0.47 
Road 0.29 0.26 0.28 0.24 
Rail 0.28 0.28 0.28 0.27 
Air 0.45 0.43 0.45 0.44 

Daily 
accessibility 

Fastest mode 0.49 0.47 0.49 0.47 
Road 0.35 0.33 0.32 0.29 
Rail 0.35 0.35 0.34 0.33 
Air 0.51 0.50 0.50 0.50 
Fastest mode 0.51 0.50 0.49 0.48 
Logsum (rail, road) 0.36 0.34 0.34 0.31 

Potential 
accessibility 
(β = 0.007) 

Logsum (rail, road, air) 0.50 0.49 0.49 0.47 
Road 0.42 0.39 0.38 0.35 
Rail 0.42 0.41 0.40 0.37 
Air 0.51 0.50 0.51 0.50 
Fastest mode 0.52 0.51 0.51 0.50 
Logsum (rail, road) 0.42 0.40 0.39 0.36 

Potential 
accessibility 
(β = 0.003) 

Logsum (rail, road, air) 0.52 0.51 0.51 0.50 
 

Figure 2.2 shows the relationship between GDP by sector and the selected accessibility 
indicator over time. Accessibility and GDP by sector are standardised for 1981 and 1996 to 
the European averages, i.e. relative changes are displayed. There is a considerable change in 
the position of the regions over time. The changes for accessibility are up to about ten 
percentage points, whereas the economic dynamic is more intensive.  
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Figure 2.2 Accessibility and GDP per capita 1981 and 1996 
 

Specification 
The previous section concluded that in the regional production functions of the SASI model 
two different accessibility indicators should be used. Logsum (road, rail) accessibility should 
be used for the agricultural sector and the manufacturing industries and logsum (road, rail, air) 
for the service sector. This section presents the specification and the parameters used. 
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The accessibility of region r in year t, Ar(t), is the accessibility of raster cell k of its centroid: 

A t a tr k( ) ( )=  

This way of aggregating regional accessibilities has been used because it has the advantage 
that the accessibility of only one raster cell per region has to be calculated, which vastly 
reduces the computational load of the model.  

For the calculation of the accessibility of the centroid of the region the potential accessibility 
of the centroid's raster cell k is the sum of destination population Pj(t) in all 70,000 destination 
cells j in year t weighted by a negative exponential function of travel time ckj(t) between 
centroid k and destination cells j. Different β are used in the potential models for different 
economic sectors to reflect the differences in travel time sensitivity. For the production 
functions to be estimated for the agricultural sector and the manufacturing sector a β of 0.003 
is used:  

[ ]a t P t c tk j kj
j

( ) ( ) exp . ( )= −0 003
 

For the service sector the potential function is as follows: 

[ ]a t P t c tk j kj
j

( ) ( ) exp . ( )= −0 007
 

The travel time impedance ckj(t) is represented by the composite or logsum impedance. For 
the different economic sectors different modes m are integrated. For the agricultural and 
manufacturing sectors the travel time impedance is calculated as: 

[ ]c t c tkj kjm
m
m

kj

( )
.

ln exp . ( )= − −
∈
≠

1
0 03

0 03
3

M

 

where Mkj is the set of modes available between raster cells k and j. Mode 3 is air transport 
and considered not important for the two sectors, i.e. the regional accessibility is based on 
aggregate rail and road accessibility. 

For the service sector all available transport modes are aggregated to the logsum impedance: 

[ ]c t c tkj kjm
m kj

( )
.

ln exp . ( )= − −
∈

1
0 03

0 03
M  

Sample output of the accessibility model will be presented in Sections 3 and 4. 
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3 Model Overview 

The SASI model is innovative in that it is based on measurable indicators derived from 
advanced location theory to explain and predict the locational behaviour of investment 
capital, manufacturing and services and population. It is pragmatic in that it does not require 
massive collection of data on socio-economic distributions or trade flows and travel patterns. 
It is designed to facilitate political discussion and negotiation by being transparent and open 
for new indicators and issues that may become relevant in the future. 

The SASI model consists of six forecasting submodels: European Developments, Regional 
Accessibility, Regional GDP, Regional Employment, Regional Population and Regional 
Labour Force. A seventh submodel calculates Socio-Economic Indicators with respect to 
efficiency and equity.  

3.1 Submodels 
In this section the seven submodels of the SASI model and the interrelationships between 
them are briefly described. Figure 3.1 visualises the interactions between the submodels. 

 

Figure 3.1 The SASI model 

 

 

 



 EUNET/SASI Final Report 

125

 
European Developments  

The European Developments submodel is not a 'submodel' as it contains no forecasting 
equations. It simply prepares the exogenous assumptions about the wider economic and 
policy framework of the simulation for subsequent processing by the other submodels. 
European developments include assumptions about the future performance of the European 
economy as a whole and the level of immigration and outmigration across Europe's borders. 
They serve as constraints to ensure that the regional forecasts of economic development and 
population are consistent with external developments not modelled. Given the expected rapid 
population growth and lack of economic opportunity in many origin countries, total European 
immigration will be largely a function of immigration policies by national governments of the 
countries of the European Union. Another relevant European policy field are transfer 
payments by the European Union or by national governments, which are responsible for a 
sizeable part of their economic growth in some regions. The last group of assumptions 
concern policy decisions on the trans-European networks. As these are of focal interest in 
SASI, they are modelled with considerable detail. Besides a 'baseline' scenario several TETN 
scenarios reflecting different investment programmes for the road, rail or air networks will be 
specified. 

Regional Accessibility  

This submodel calculates regional accessibility indicators expressing the locational advantage 
of each region with respect to relevant destinations as a function of travel time or travel cost 
(or both) to reach these destinations by the strategic road, rail and air networks (see Chapter 
2). Three 'families' of accessibility indicators were identified: travel cost accessibility as total 
or average travel cost to a set of destinations, daily accessibility as the total of destinations 
that can be reached in a given travel time, and potential accessibility as total of reachable 
destinations weighted by a function of travel cost. A method developed earlier (Spiekermann 
and Wegener, 1996) to calculate quasi-continuous accessibility surfaces of Europe is applied. 
Disaggregate accessibility indicators are calculated for some 70,000 raster cells of the EU 
territory and aggregated to NUTS-2 regions for use in the model. Deliverable D5 (Schürmann 
et al., 1997) presents the method of calculating accessibility indicators; the choice of 
accessibility indicators for the model is explained in Deliverable D11 (Fürst et al., 1999). 
Potential accessibility expressed as logsum of road, rail and air networks were selected as 
most relevant for explaining the locational behaviour of firms. 

Regional GDP  

The core submodel of the SASI model forecasts gross domestic product (GDP) by industrial 
sector (agriculture, manufacturing, services) generated in each region based on a regional 
production function approach. In order to take the different ways of production into account, 
it calculates gross domestic product by sector as a function of economic structure, labour 
force, endowment indicators and accessibility. Endowment indicators measure the suitability 
or capacity of a region for economic activity. They may include traditional location factors 
such as availability of business services, capital stock (i.e. production facilities) and 
intraregional transport infrastructure as well as 'soft' location factors, such as cultural 
facilities, housing and a pleasant climate and environment. Accessibility indicators are 
derived from the Regional Accessibility submodel. In addition, monetary transfers by the 
European Union or by national governments and their multiplier effects are considered, as 
these account for a sizeable portion of the economic development of peripheral regions. The 
results of the regional GDP per capita forecasts are adjusted in a way that the total of all 
regional forecasts multiplied by regional population meets the exogenous forecast of 
economic development (GDP) of Europe as a whole as defined by the European 
Developments submodel. 
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Regional Labour Force 

Regional labour force is derived from regional population and exogenous forecasts of regional 
labour force participation rates modified by effects of regional unemployment. It is assumed 
that labour force participation grows by an average country-specific rate and is co- 
determined by historical conditions in the region, i.e. by cultural and religious traditions and 
education, and that it is positively affected by availability of jobs (or negatively by 
unemployment). 

Regional Population 

Population forecasts are needed to represent the demand side of regional labour markets. The 
Regional Population submodel therefore predicts regional population change due to natural 
change and migration. Births and deaths are modelled by a cohort-survival model subject to 
exogenous forecasts of regional fertility and mortality rates. Migration is modelled in a 
simplified migration model as annual net migration as a function of regional unemployment 
and other indicators expressing the attractiveness of the region as a place of employment and 
a place to live. The migration forecasts are adjusted to comply with total European 
immigration and outmigration forecast in the European Developments submodel and the 
limits on immigration set by individual countries. In addition, educational attainment, i.e. the 
proportion of residents with higher education, is forecast as a function of national education 
policy. 

Regional Employment  

Regional employment is calculated by combining the results of the GDP submodel with 
exogenous forecasts of regional labour productivity by industrial sector (GDP per worker), 
which in addition may be changed by effects of changes in regional accessibility. It is 
assumed that labour productivity grows by an average sector-specific growth rate and is co- 
determined by historical conditions in the region, i.e. by its composition of industries and 
products, technologies and education and skill of labour.  

Socio-economic Indicators  

Total GDP and employment are related to population and labour force by calculating total 
regional GDP per capita and regional unemployment. Accessibility, besides being a factor 
determining regional production, is also considered a policy-relevant output of the model. In 
addition, equity or cohesion indicators describing the distribution of accessibility, GDP per 
capita and unemployment across regions are calculated. 

3.2 Space and Time 
The SASI model forecasts socio-economic development in the 201 regions at the NUTS-2 
level defined for SASI for the fifteen EU countries (see Figure 3.2). These are the 'internal' 
regions of the model. The 27 regions defined for the rest of Europe are the 'external' regions 
which are used as additional destinations when calculating accessibility indicators. The four 
regions representing the rest of the world are not used.  

The spatial dimension of the system of regions is established by their connection via 
networks. In SASI road, rail and air networks are considered. The 'strategic' road and rail 
networks used in SASI are subsets of the pan-European road and rail networks developed by 
IRPUD and adopted by Eurostat for their GISCO spatial reference database (IRPUD, 1999). 
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Figure 3.2. The SASI system of regions 

 

 
The 'strategic' road and rail networks contain all TETN links laid down in Decision No. 
1692/96/CE of the European Parliament and the Council (European Communities, 1996) and 
the east European road and rail corridors identified by the Second Pan-European Transport 
Conference in Crete in 1994 as well as additional links selected for connectivity reasons 
(European Commission, 1995). The SASI system of regions and the strategic networks used 
in SASI have also been used in the EU projects STREAMS, EUNET and STEMM. 

The temporal dimension of the model is established by dividing time into discrete time 
intervals or periods of one year duration. By modelling relatively short time periods both 
short- and long-term lagged impacts can be taken into account. The base year of the 
simulations is 1981 in order to demonstrate that the model is able to reproduce the main 
trends of spatial development in Europe over a significant time period of the past with 
satisfactory accuracy. The forecasting horizon of the model is 2016. 
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Figure 3.3 The recursive organisation of the SASI model 
 

In each simulation year the seven submodels of the SASI model are processed in a recursive 
way, i.e. sequentially one after another. This implies that within one simulation period no 
equilibrium between model variables is established; in other words, all endogenous effects in 
the model are lagged by one or more years. Figure 3.3 illustrates the recursive organisation of 
the model. 

3.3 Model Software  
In this section the components of the model software are presented. The SASI model is a self-
contained software running under Windows 95 or Windows NT. The model software is 
modularly organised and consists of a main control module and several dependent programme 
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modules. Each submodel is a separate programme module calling further sub-modules. Figure 
3.4 shows then the interaction of the modelling software with the network scenario 
generation, the model database and the input and output files. 

Figure 3.4 Software and data organisation of the SASI model 
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A typical simulation run starts outside of the SASI model with pre-processing of the scenario 
networks by applying the network scenario generation software tool on top of the 
geographical information system ArcInfo. This tool written in the ArcInfo macro language 
AML offers a number of scenario options to be selected for modelling.  

Once the scenario networks are defined, the actual SASI model is run. Typically, first a do-
nothing scenario is simulated. A do-nothing scenario is defined as the scenario in which 
between the base year and the present all transport infrastructure investments are implemented 
as observed and in which until the target year 2016 no further network development is 
assumed. The do-nothing scenario serves as reference scenario for all other scenarios. 

Other scenarios differ from the do-nothing scenario by different assumptions about European 
developments, such as the development of the European economy, immigration and 
outmigration and transfer payments, and by different policy decisions on transport 
infrastructure investments and transport system improvements. In the present SASI project, 
only transport policy scenarios are tested, whereas the socio-economic framework is kept 
fixed. In the present SASI project a policy scenario is therefore a time-sequenced investment 
programme for addition, upgrading or closure of links of the road, rail or air networks. After 
assessing the do-nothing scenario, a number of different policy scenarios, for which the 
impacts of transport infrastructure investments are to be assessed, are simulated. The number 
of policy scenarios is not limited. 

After simulating different network scenarios with the SASI model, the results of the model 
runs are analysed and visualised using additional programme tools. The results are interpreted 
with respect to cohesion indicators such as the coefficient of variation and the GINI 
coefficient (Lorenz curves). In addition, results for all or subsets of regions can be displayed 
in trajectory diagrams (showing the development of certain indicators for certain regions or 
scenarios over time) and in maps showing absolute values of regional indicators or 
differences of indicators values between different points in time or between different 
scenarios. 

As in the present SASI project only transport policy scenarios are examined, all other 
assumptions made in the model, including the assumptions about the future performance of 
the European economy as a whole, about immigration and outmigration across Europe's 
borders and about transfer payments received by the regions, are the same for all scenarios. 
As the policy scenarios differ only by policies becoming effective in the future, it is only 
necessary to simulate the years between 1996 and the target year. The organisation of the 
model database allows to start a new simulation or resume processing at each year previously 
simulated. 

3.4 Monitor 
During the simulation run the user may monitor change processes in the model by observing 
trajectories of selected variables of interest on the computer display. It is possible to 
interactively change the selection of variables to be displayed during processing by pressing a 
hot key.  
 
Figures 3.5 and 3.6  present the interactive menu overlaid over the current display showing 
first the region selection menu (Figure 3.5) and then the indicator selection menu (Figure 3.6). 

Figure 3.7 and 3.8 show examples of trajectories of indicators that can be selected. By 
intention examples are presented that are not used in the presentation of results in SASI 
Deliverable D15 (Fürst et al., 2000a) in order to show the broad range of variables processed 
in the model which goes far beyond the economic data analysed in D15 to compare TETN 
scenarios. 
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Figure 3.5 The region selection menu of the monitor programme module 

 

 

 

Figure 3.6 The indicator selection menu of the monitor programme module 
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Figure 3.7 Monitor output for countries: population 1981-2016 (1981=100) 
 

 

 

 

Figure 3.8 Monitor output for countries: labour force 1981-2016 (1981=100) 
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3.5 Analysis and Graphics 
After each simulation run, the model database (see Figure 3.4) is copied to a result directory 
under a scenario-specific name as a report file. Using one or more report files, the user can 
subsequently select from a range of output options to prepare tables, diagrams or maps 
showing the results of a particular scenario or comparing the results of several scenarios. 

To analyse and display scenario results, four different programme tools were developed. 
Currently, the four programmes are stand-alone utilities which are applied independently from 
the SASI model. However, it is planned to combine them into one single assessment tool and 
integrate them into the SASI model software: 

- COMPARE. The COMPARE programme draws trajectories for different output indicators 
and enables comparisons between scenarios for all regions or subsets of regions. 
COMPARE is an expanded offline version of the interactive monitor facility contained 
within the SASI model software and is the main graphics output tool for analysing scenario 
results. In principle, two ways of comparing scenarios are offered: 

- The 'Regions' option compares results of all regions or subsets of regions of one scenario. 

- The 'Scenarios' option compares results of several scenarios. 

When starting the COMPARE programme the user is asked to select one of these two 
options. If the 'Regions' option is chosen, the user is asked to enter the number of the 
scenario of interest. After that, the user can select all or a subset of regions at various levels 
of aggregation (e.g. countries or macro regions) and the output indicator to be displayed. If 
the 'Scenarios' option is chosen, two or more scenarios to be compared can be specified, 
before as above the regions and the output indicator to be displayed are specified. The 
COMPARE programme offers the same selection of output indicators and interactive 
functionality as the monitor programme.  

The results of the COMPARE programme are displayed on the screen and written to a file 
in vector graphics format for later editing and conversion to bitmap format and integration 
into documents. 

- COHESION. The COHESION programme generates diagrams displaying the evolution of 
cohesion indicators such as the coefficient of variation or GINI coefficient for one or more 
selected indicators over time or draws Lorenz curves for the comparison of two output 
indicators, two scenarios or two points in time of one scenario.  

- DRAWMAP. The DRAWMAP programme draws pan-European maps of absolute and 
relative values of regional output indicators or absolute or relative differences between 
output indicators of two scenarios or two points in time of one scenario.  

- SURFACE. The SURFACE programme draws pan-European 3-dimensional quasi-contin-
uous surfaces of output indicators calculated for 70,000 raster cells of the EU territory.  

The maps used to present simulation results in Section 4 were produced with DRAWMAP. 
The diagrams showing the development of coefficients of variation in Section 4 were 
produced using COHESION. Figures 3.9 and 3.10 on the following page show examples of 
accessibility surfaces produced with SURFACE. 
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Figure 3.9 Daily accessibility by rail in 1996 (Schürmann et al., 1997) 

 

 
 
 
Figure 3.10 Potential accessibility by rail in 1996 (Schürmann et al., 1997) 
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3.6 Calibration 
Deliverable D11 (Fürst et al., 1999) showed that the SASI model is capable of modelling the 
impacts of transport infrastructure investments and transport system improvements with 
regard to all the indicators outlined in the original model structure, even though some slight 
modifications had to be made in the calibration process.  

- All necessary data could be provided from Eurostat and various additional national and 
regional statistics and using standard data preparation and adjustment methods, such as 
forecasting, backcasting and data interpolation. 

- The specification of GDP model covers a wide range of different production factors and 
therefore sufficiently reproduced base-year distributions of regional GDP per capita levels. 
Although it was not possible to find indicators covering all kinds of relevant production 
conditions, the model fit is quite satisfactory and sufficient to use the equations for 
assessing the socio-economic impacts of transport infrastructure investments. 

- The model proved to be resilient and robust with respect to possible interfering externalities 
yet sensitive enough to detect the impacts even of partial or medium-scale changes, such as 
variants of TETN scenarios in a specific region. Even the impact of a single link, such as 
the Øresund bridge and tunnel soon to link Sweden and Denmark on regional development 
in the adjacent regions can be forecast by the model.  

However, the implementation of the SASI model also revealed some methodological 
problems:  

- The backcasting of the IRPUD pan-European road and rail networks from the present to the 
year 1981 and the development of consistent TETN scenarios until 2016 involved an 
immense effort of data collection and digitisation. In addition it was necessary to overcome 
the weakness of current geographical information systems in storing temporal data.  

- The regional GDP data supplied by Eurostat in the Regio and New Cronos databases turned 
out to be far from complete and consistent. This made it necessary to estimate missing data 
with rigorous attention to detail by means of alternative data sources or by interpolation.  

- In addition to that the problem of inflation had to be tackled in order to transform time 
series of sectoral GDP to constant monetary units. Considerable effort had to be put into 
determining the correct deflators for converting GDP into 1998 ECU equivalents. 

- The incompatibility of published national employment, labour force and unemployment data 
required extensive adjustments to arrive at a consistent framework of data for time-series 
forecasts of regional productivity. 

- Ancillary data for the regional production functions such as indicators of quality of life and 
national and EU subsidies required additional theoretical and data collection efforts. 

- Population data by age-group and sex was not available for all required years, which made 
the development of a special estimation procedure necessary. 

In addition, the calibration of model functions revealed a number of conceptual and statistical 
problems which necessitated detailed specific investigations: 

- The estimation and forecasting of sectoral productivity over time turned out to be difficult 
because of incompatible national GDP and employment statistics. In particular the 
calculation of GDP accounts in terms of Purchasing Power Standards, GDP at market 
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prices, GDP at factor costs in national accounts and the identification of appropriate 
deflators proved to be a complex task. 

- It became obvious that subsidy payments had to be taken into account when explaining the 
economic performance of a region. To meet these requirement, data on national and 
European subsidies were collected from many different sources and had to be compared and 
standardised. The appropriate consideration of national and EU transfer payments in the 
estimation of regional production functions gave rise to significant conceptual and data 
problems. 

- The unavailability of consistent data on migration flows between regions in different mem-
ber states and between regions and non-EU countries made the adoption of a simplified 
migration model based on forecasting net migrations necessary. 

- Further inconsistencies between the available data on GDP, labour productivity, 
employment, population, labour force participation and unemployment made the estimation 
of labour market conditions and unemployment difficult. 

Altogether, the calibration process confirmed the experience that the cross-sectional statistical 
calibration of a complex dynamic socio-economic spatial model, as it was performed here, is 
only the first step in a long iterative process of fine-tuning and validation of such models. In 
the absence of reliable techniques for the dynamic calibration of such models, the process of 
fine-tuning and validation consists of repeated applications of the model over an extended 
period of both past and future and the thorough examination of model behaviour using 
computer-based visualisation techniques and expert judgement. Only through such an 
interactive learning process can the model eventually become a robust and reliable tool for 
policy analysis and decision support. 
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4 Demonstration examples 

The main objectives of the trans-European transport networks is to ensure cohesion, 
interconnection and interoperability between the transport networks of the member states and 
between the modes to establish a common access quality for all people living in the EU 
(European Communities, 1996). As the purpose of the SASI project is to estimate impacts of 
different policy decision regarding the TETN programme, several policy scenarios have been 
established as demonstration examples. 

4.1 Scenario definition 
The 'backbone' of these scenarios is the network evolution over time from 1981 to 2016 (see 
Deliverable D11, Fürst et al., 1999). All scenarios are based on assumptions about the 
development of trans-European transport networks. The implementations of these 
assumptions have first the form of a 'backcast' of the evolution of the road, rail and air 
networks between 1981 and 1996. This backcast is similar for all transport infrastructure 
scenarios. The scenarios differ in their assumptions on the future development of the networks 
between 1996 and 2016.  

So, an infrastructure scenario is a time-sequenced investment programme for addition, 
upgrading or closure of links of the trans-European road or rail networks. Because of the 
inherent characteristics of aviation networks, which depend mainly on the distribution of slots 
among the aviation companies, it is impossible to define reasonable future air networks, 
therefore the 1996 air network remains unchanged for future years. The assumptions of the 
road and rail network scenarios will be implemented in five-year increments.  

For the SASI model demonstration examples four scenarios were implemented (Table 4.1):  

Table 4.1 Scenarios used as demonstration examples 

Scenario  Scenario name Description 

Scenario 00 Do-Nothing No network changes beyond 1996 

Scenario 10 TEN Evolution of road and rail networks according to TEN 
programme 

Scenario 20 Rail TEN Evolution of rail networks according to TEN 
programme, no change for road beyond 1996 

Scenario 09 Øresund Ferry Scenario 10 in which the Øresund bridge is replaced 
by current ferry services 

 

Do-nothing Scenario (Scenario 00) 

In this scenario no development of the trans-European transport infrastructure is foreseen, i.e. 
the networks will remain constant in future years as in 1996. Even new links currently under 
construction or even in operation are not part of this scenario. The main purpose of the do-
nothing scenario is to serve as reference and to improve the understanding of the work-
together of the submodels without any future infrastructure variation. (see Section 4.2)  
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TEN Scenario (Scenario 10) 

Scenario 10, the TEN Scenario, assumes that all road and rail links of the TETN network will 
be implemented until 2016. All TETN projects are applied to the scenario according to their 
estimated completion times as laid down in the TETN implementation report (European 
Commission, 1998). If no specification on the completion year is available, the projects are 
introduced in the 2011 networks.  

Figure 4.1 displays planned TEN road and rail links for the TEN Scenario with respect to 
their estimated completion year. It has to be mentioned that in these two figures only those 
projects are displayed which will be newly constructed or which result in changing network 
capacities on existing links (e.g. adding a lane to a motorways or a second track to railways) 
or changing speeds, whereas other projects such as removing level crossings in the rail 
network are not displayed (nevertheless they are included in the network database). 

The network dynamics are obvious. As Figure 4.1(left) shows, most of the TEN road projects 
will be completed by 2001, particularly projects in Spain and Portugal, some projects will be 
implemented in 2006, particularly projects in France, whereas most Greek motorway projects 
and the motorway projects in east Germany are going to be completed by 2011. For the rail 
network most of the projects in Germany, Spain and UK will be completed until 2006, 
whereas in Italy the project majority will be completed by 2001. For Sweden, most of the 
projects will be implemented until 2011. Unfortunately, for some rail links information on the 
start of operation was not available in the TETN implementation report, in particular for 
France no completion years for the high speed lines are available. As part of the assumptions 
in Scenario 10 these links are assumed to be in operation by the year 2011. Results of 
Scenario 10 will be presented in Section 4.3. 

Rail TEN Scenario (Scenario 20) 

In Scenario 20, the Rail TEN Scenario, it is assumed that only the rail links of the TETN 
programme will be implemented and that nothing happens regards road. 

Øresund Ferry Scenario (Scenario 09)  

Scenario 09 is the Øresund ferry scenario, i.e. Scenario 10 in which the Øresund bridge is 
replaced in both future road and rail networks by current ferry services. Because the 
remaining networks in Scenario 09 are identical to Scenario 10 it is possible to isolate the 
socio-economic impacts of this single project.  The results of this Scenario are presented in 
Section 4.4 and in Fürst et al. (2000a; 2000b). 

4.2 Do-nothing scenario  
The four scenarios defined in the previous section were simulated with the SASI model and 
analysed using the COMPARE, COHESION and DRAWMAP tools described in Section 3.5. 

A detailed report on these results is contained in Deliverable D15 (Fürst et al., 2000a). There, 
first the results of each scenario are presented separately and then compared with respect to 
the main SASI indicators accessibility, GDP per capita and unemployment using the Do-
Nothing Scenario 00 as reference. Finally, the cohesion, or equity, consequences of each 
scenario are presented. 

For space reasons, here only a small selection of these results can be presented. 
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Figure 4.1 1996 road network (left) and rail network (right) by link category 

(TEN Scenario 10) 
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Do-Nothing Scenario 00 

In this scenario the underlying transportation networks are kept constant from the year 1996 
onwards, while all socio-economic variables such as population, employment and labour 
force are allowed to develop over time. Consequently, the logsum accessibility of the SASI 
regions in the year 2016 remains at the 1996 level (Figure 4.2 and 4.3). 

 

Figure 4.2 Scenario 00, accessibility rail, road (logsum) by country, 1981-2016 
 

 

As regards the regional economic performance of this scenario, a general, continuous upward 
trend in GDP development (in Euro/capita) can be detected (Figure 4.4, top). It is noteworthy 
that the clear distinction of two groups - one well performing group of countries around or 
above the Union average and a second group comprising the cohesion funds countries tends to 
become blurred over time with some countries of the upper tier exhibiting lower growth rates 
than the cohesion countries. However, the overall spread in per capita values among member 
states increases over time. By standardising GDP values on the European average, relative 
gains and losses can be evaluated better than in absolute terms (Figure 4.4, bottom). In this 
illustration a general trend of economic convergence between the previously sharply 
dichotomised member states can be observed until the year 2000, but not beyond.  

Figure 4.5 (left) shows GDP per capita for the SASI regions standardised to the European 
Union's average. It can be seen that in 2016 the majority of economically well performing 
regions is situated in the geographical core of the European Union. Considering the relative 
change over time between 1996 and 2016, expressed as change of the regions compared to the 
European Union's averages of  those years (Figure 4.5, right); yields that both the most 
dynamic regions and the regions with the greatest relative losses are preponderantly located at 
the periphery, an observation which is in line with empirically observed tendencies in the 
past. Remarkable is also the large gain in the new Länder in Germany which is a consequence 
of the future continuation of massive subsidies for those regions assumed in the model. 
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Figure 4.3 Scenario 00, accessibility road/rail (logsum) by region, 2016 (left) 

change 1996-2016 (right) 
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Figure 4.4 Scenario 00, total GDP per capita (top), standardised GDP per capita 

(bottom), by country 1981-2016 
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Figure 4.5 Scenario 00, GDP per capita by region, 2016 (left), change 1996-2016 

(right). 
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A standard distributive measure to be applied in cohesion and equity issues is the coefficient 
of variation which indicates the spread of a set of data as a proportion of its mean in 
percentage points. Figure 4.6 shows that road and rail accessibility exhibits the greatest 
variations among the regions of the study area. When also air is considered, the coefficient of 
variation is generally lower, thus confirming the assumption that flight connections might 
help some remote regions to catch up with the overall accessibility standard in Europe. GDP 
per capita has a lower range of variation. Regional variation in economic performance is 
expected to be greater in 2016 than in 1996 but both values are significantly below the 1981 
level. The range of 5 percent difference in the coefficient of variation within 35 years 
indicates that the distribution of GDP in Europe is relatively stable over time . 

 

Figure 4.6 Scenario 00, coefficient of variation for accessibility and GDP per capita 

 

4.3 Network policy scenarios 
The synopsis of scenario results of the previous section proved that the development 
trajectories of the main indicators remain largely identical in each of the scenarios so that 
differences between scenarios are hardly visible when the scenario results are presented 
separately. The prima-facie similarity of the results must, however, not lead to the premature 
conclusion that socio-economic development in the European regions is insensitive to the 
large-scale investments in trans-European networks. Instead, it is clear that the driving forces 
and macro-trends behind socio-economic development such as the ageing of the population, 
shifting labour force participation rates, increases in labour productivity, globalisation or 
competition of regions have a much stronger impacts on the development trajectories of the 
cohesion indicators than different transport infrastructure scenarios. Small as the differences 
of transport infrastructure scenarios may be at an aggregate level, they can nonetheless be 
important in altering regional development paths.  
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Regional impacts of TEN scenario 10 

The TEN Scenario 00 envisions the implementation of all road and railway links laid down in 
the trans-European Transport Outline Plan (European Communities, 1995). Figure 4.7 
illustrates the resulting changes in accessibility for the member states of the European Union. 
It is obvious that all regions will experience gains or at least remain stable as to accessibility 
in the time period considered in the model (1981-2016). Thus it can be concluded that all 
member states derive benefits from the construction of trans-European transport infrastructure 
lines in absolute terms, at least on the member state level. It also becomes apparent that the 
general development of accessibility values is more dynamic in some countries (such as Spain 
and France) than in others (such as Sweden and Finland). Nevertheless, the rank distribution 
of accessibility in the member states remains unaltered over time with the single exception of 
Portugal which obtains higher accessibility values than Ireland at the very end of the observed 
period from 2011 onwards. The geographical distribution of accessibility in the regions shows 
that the known pattern of accessibility distribution will still be valid in the year 2016 with 
regions in the European core obtaining the highest values (Figure 4.8 left). However, when 
differences in percentage points of the European Union's averages are considered (Figure 4.8 
right), it becomes evident that it is mainly the core regions which will be worse off in 2016 
than in 1996. Conversely, regions at the geographical periphery of Europe, particularly on the  
Iberian peninsula, experience the highest growth rates with regard to the European average.  

Figure 4.7 Scenario 10, accessibility rail, road (logsum) by country, 1981-2016 

 
As concerns GDP levels, the general distribution pattern in 2016 will still be familiar to 
contemporary observers (Figure 4.9 left) with the remarkable exception of the new Länder in 
Germany which attain GDP levels above the European average. Similarly, the new Länder 
exhibit the highest gains between 1996 and 2016 compared to the European average (Figure 
4.9 right). Due to the previous extraordinary political and socio-economic development of 
these regions, the model results have to be considered with caution with regard to validity in 
these regions. The overall picture in the European Union is that most peripheral regions are 
more dynamic than the European average with the exception of Ireland and the northern 
regions of Great Britain which are expected to experience relative losses. 
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Figure 4.8 Scenario 10, accessibility road, rail (logsum) by region, 2016 (left),  

change 1996-2016 (right)  
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Figure 4.9 Scenario 10, GDP per capita by region, 2016 (left), change 1996-2016 

(right)  
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Comparison TEN Scenario 10 versus Do-Nothing Scenario 00 

For determining the socio-economic impact of TETN construction over time it is pertinent to 
compare the TEN Scenario 10 with the do-nothing Scenario 00 since this comparison allows 
to isolate potential effects of TETN investment from other political, economic and 
demographic variables contributing to regional development. Figure 4.10 (left) shows a 
comparison of changes in accessibility for the TEN scenario and the do-nothing scenario in 
percent. The greatest gains appear to be in the periphery, notably on the Iberian peninsula 
where gains exceed 80 percent in some regions and amount to 150 percent in Lisbon. Gains 
are relatively small in core regions of the European Union. Apart from differences in volume, 
it is obvious that all European regions benefit from TETN investment through increased 
accessibility.  

Figure 4.10 (right) shows how TETN investments translate into changes in regional economic 
performance by considering regional differences in GDP per capita in percent for both 
scenarios. Most regions in the European core and the northern European regions encounter 
absolute and relative losses in GDP per capita from TETN investment, while most regions at 
the periphery are characterised by considerable gains. This distribution pattern hints at a 
convergence effect of TETN investment in GDP development since most regions in the 
cohesion countries experience gains (with the exception of Ireland and a small number of 
regions in Spain and Greece), while the richer regions experience losses. 

However, this picture is not unequivocal and differences between both scenarios are only 
marginal in most regions when compared to the order of magnitude of changes over time. The 
distribution of equivalent changes standardised to the European average is identical in this 
case, because of the fact that overall European GDP is put exogenously and does not allow for 
differences in the aggregate economic performance of the European Union in different 
scenarios. Moreover, considering absolute differences in Euro per capita also provides a 
pattern which is very similar to the one described above. 

Comparing absolute changes in accessibility and absolute changes in GDP, it is remarkable 
that especially in the British, Irish and Scandinavian regions positive changes in accessibility 
do not generate positive effects in GDP/capita. This phenomenon is explained by the fact that 
the very high accessibility gains of a number of other European regions give these successful 
regions a comparative advantage that negatively affects regional economic development in 
less successful regions in this zero-sum game. 

Scenario implications for cohesion 

One fundamental aim of establishing and developing TETN projects is "to contribute to 
important objectives of the Community such as the good functioning of the internal market 
and the strengthening of the economic and social cohesion" (European Communities, 1996). 
Assessing the actual contribution of the TETN projects to this aim is not a straightforward 
tasks in the presence of a variety of possible aspects, indicators and methodologies. 

Figure 4.11 shows coefficients of variation for accessibility in the year 2016 which indicates 
the spread of a set of data as a proportion of its mean in percentage points. Please note that the 
scale of percentages on the vertical axis is not identical in all the diagrams of coefficients of 
variation presented here which limits the visual comparability of the diagrams. In this diagram 
the axis covers the range from 48 to 58 percent with two percent steps in between. There is a 
significant reduction of the coefficient in the order of magnitude of about four percent in 2016 
for the TEN scenarios, with the full TEN Scenario 10 showing slightly less variation than the 
Rail TEN Scenario 20. It is clearly visible that reductions in the coefficient of variation 
increase steadily over time until the end of the forecast period. This pattern gives a further 
hint for a mild convergence effect of the TETN. 
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Figure 4.10 Scenario 10 v. Scenario 00, accessibility (left) and GDP per capita (right),  

relative difference, 2016 
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Figure 4.11 Scenarios 00, 10, 20, coefficient of variation of accessibility, 1981-2016 
 

 

 

 

Figure 4.12 Scenarios 00, 10, 20, coefficient of variation of GDP/capita, 1981-2016 
 

 

Figure 4.12 shows coefficients of variation for GDP per capita from 1981 to 2016. Please note 
that the scale of percentages on the vertical axis is not identical in all the diagrams of 
coefficients of variation presented here which limits the visual comparability of the diagrams. 
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In this diagram the axis covers the range from 20 to 45 percent with five percent steps in 
between. A slight reduction of the coefficient in 2016 for the TEN and Rail TEN scenarios 
can be observed. The previously reported moderate convergence effect of the TEN scenarios 
compared to the do-nothing scenario is also visible here albeit somewhat smaller than in 
accessibility. Beyond that, it seems that the TEN scenarios cannot reverse the general trend of 
slightly polarised development as implied by the coefficient of variation curve for the do-
nothing scenario, but can only mitigate this development. Moreover, evaluating the 
convergence impact of scenarios is hampered by the fact that the dynamics of all three curves 
over time is much greater than the differences between the scenarios in the year 2016. 

4.4 Project policy scenario 
The scenarios and their respective results described in the previous chapter comprise a variety 
of infrastructure projects of different types, sizes, investment volumes, transport modes and 
geographical locations. In order to demonstrate that the SASI model is sensitive not only with 
regard to evaluating the combined effects of a multitude of projects, the results of evaluating 
the impact a single project are described in this section. 

Out of many possible projects, the example of the Øresund bridge project is illustrated in 
detail here. The Øresund bridge is especially suitable for assessing the impact of an individual 
project because it connects two previously physically separated countries with a fixed link. It 
is expected to open in July 2000 and connects the Danish region of Copenhagen and the 
Swedish region of Malmö. This link is important because it is one of the main infrastructure 
bottlenecks for all passenger and goods transports from and to the Scandinavia, thus being an 
important infrastructure endowment for the 3.5 million inhabitants who live within a radius of 
100 km from the link and a considerably higher number of transit passengers in this region. 

Figure 4.13 shows a comparison of Scenarios 09 and 10 where Scenario 09 includes all the 
links contained in Scenario 10 with the exception of the Øresund bridge which is replaces 
again by current ferry services. It is apparent that in the regions of Copenhagen (CP) and 
Malmö (ML) differences in the accessibility trajectories are brought about while there are no 
visible accessibility effects for the more distant region of Stockholm (ST). Figure 4.15 (left) 
shows that marginal gains in accessibility are to be expected mainly in Scandinavia and not so 
much on the European mainland. It is also obvious that the accessibility impact of the link 
weakens with a region's distance from the link. While Malmö's and Copenhagen's 
accessibility increases by 1.9 and 1.6 percent respectively, the effect for all other regions is 
below 1 percent. 

Figure 4.14 shows an equivalent comparison of the scenarios with respect to differences in 
GDP. It can be observed that the increased accessibility generated by the Øresund bridge 
results in less friction in the movement of persons and goods between the regions and 
consequently in higher economic performance per capita. Effects for the more distant region 
of Stockholm are again not visible in this diagram. Mapping the differences between 
Scenarios 9 and 10 reveals that the number of regions experiencing gains of over 0.1 percent 
in GDP is even smaller than for accessibility (Figure 4.15, right). The difference amounts to 
0.81 percent in the region of Malmö and 0.6 percent in the region of Copenhagen. The region 
of Jönköping increases its GDP by about 0.23 percent through the link.                                                                      
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Figure 4.13 Scenario 09 (TEN with Øresund ferry), 10 (TEN with Øresund bridge) 

Selected regions, relative differences in accessibility, 1981-2016 

 

 

Figure 4.14 Scenario 09 (TEN with Øresund ferry), 10 (TEN with Øresund bridge) 
Selected regions, relative differences in GDP, 1981-2016 
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Figure 4.15 Scenario 09 (TEN with Øresund ferry), 10 (TEN with Øresund bridge) 

Relative differences in accessibility, 2016 (left), relative differences in 
GDP, 2016 (right) 
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5 Conclusions 

This concluding section assesses the strengths and weaknesses of the SASI model revealed 
during its design, development and application, summarises the main project results and 
discusses further work.  

5.1 Strengths and weaknesses of the model 
The SASI model differs from other approaches to modelling the impacts of transport on 
regional development by modelling not only regional production (the demand side of regional 
labour markets) but also regional population (the supply side of regional labour markets). This 
makes the model capable of predicting regional unemployment. As full employment is one of 
the major policy objectives of the European Union, this is an important advantage.  

A second major advantage of the model is its comprehensive geographical coverage. Its study 
area are all regions of the fifteen member states of the European Union at NUTS-2 level. In 
addition, the other European countries, including the European part of Russia, are included as 
external regions. This makes the model especially suited to model spatial redistribution 
effects of the TETN within the European Union. Accordingly, this is the major focus of the 
model. Although in principle it would be possible to model aggregate macroeconomic 
multiplier effects of transport investments on the European economy as a whole, this is not 
presently intended because of the many factors and uncertainties related to global economic 
developments that would have to be considered. Therefore all model results are constrained 
by exogenous forecasts of economic development, immigration and outmigration of the 
European Union as a whole. 

A third distinct feature is its dynamic network database. Based on a 'strategic' subset of the 
highly detailed pan-European road and rail networks developed by IRPUD and licensed to 
Eurostat, the model is associated with one of the most sophisticated transport network 
representations available in Europe today. Moreover, these networks have recently been given 
a dynamic dimension by backcasting major historical network changes as far back as 1981 
and forecasting expected network changes according to the most recent EU documents on the 
future evolution of the trans-European transport networks (European Communities, 1995; 
1996; European Commission,1998). 

A fourth unique feature of the model is the way impacts of transport infrastructure 
investments and transport system improvements on regional production are modelled. The 
model uses regional production functions in which transport infrastructure is represented by 
accessibility. Accessibility is measured by spatially disaggregate accessibility indicators 
which take into account that accessibility within a region is not homogenous but rapidly 
decreases with increasing distance from the nodes of the networks (Schürmann et al., 1997). 

A fifth significant feature of the model is its flexibility in incorporating 'soft' non-transport 
factors of regional economic development beyond the economic factors traditionally included 
in regional production functions. These may be indicators describing the spatial organisation 
of the region, i.e. its settlement structure and internal transport system, or institutions of 
higher education, cultural facilities, good housing and a pleasant climate and environment. In 
addition to these tangible endowment indicators, regional residuals taking account of 
intangible factors not considered are included in the production functions. 

A sixth important characteristic of the model is its dynamic character. Regional socio-
economic development is determined by interacting processes with a vast range of different 
dynamics. Whereas changes of accessibility due to transport infrastructure investments and 
transport system improvements become effective immediately, their impacts on regional 
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production are felt only two or three years later as newly located industries start operation. 
Regional productivity and labour force participation are affected even more slowly. The 
sectoral composition of the economy and the age structure of population change only in the 
course of many years or even decades. A model that is to capture these dynamics cannot be an 
equilibrium model but has to proceed in time increments shorter than the time lags of interest. 

A characteristic important for the policy relevance of the model are the cohesion indicators 
calculated. As the model predicts accessibility, GDP per capita and unemployment of each 
region for each year of the simulation, it can also calculate cohesion indicators measuring the 
convergence (or divergence) of these indicators in the regions over time. These measures 
indicate whether transport infrastructure investments or transport system improvements 
contribute to the achievement of the cohesion goals of the Union or whether they tend to 
reinforce the existing disparities between rich and poor regions. 

A final property of the model are its relatively moderate data requirements. The model does 
not require a highly disaggregate classification of industries nor an input-output table. The 
population and migration model works with minimum input data such as five-year age groups 
and net migration. Due to the method used to calculate disaggregate accessibility indicators, 
the road, rail and air networks do not need to be coded with excessive detail. The data 
requirements for calibrating the model are also moderate because many model equations are 
validated against a long period of the past. 

Compared with these significant advantages of the modelling approach chosen, its few 
limitations seem acceptable. As total economic and population development are exogenous, it 
does not predict the macroeconomic multiplier effects of transport infrastructure investments 
and transport system improvements such as elasticity of demand. Direct effects of transport 
infrastructure investment during the construction period are not considered. Labour 
productivity is linked to changes of accessibility but not to other factors in the production 
function, so no substitution between factors are modelled. The migration model based only on 
net migration is simplistic as is the labour force participation model, which may affect the 
validity of the unemployment forecasts. Finally, as the model does not contain a full transport 
submodel, it cannot take account of network congestion or intermodality. 

5.2 Main project results 
The main task of the SASI project has been to identify the way transport infrastructure 
contributes to regional socio-economic development in different regional contexts. To this 
end,  an interactive and transparent modelling system has been designed for forecasting the 
impacts of transport infrastructure investments and transport system improvements, in 
particular of the trans-European transport networks, on socio-economic activities and 
developments in Europe. The choice of indicators to measure and describe these impacts was 
carried out with the intention that the results of this project can be related to the policy goals 
of the European Union. These are the main characteristics and findings of the project: 

- Accessibility indicators are central to the task of linking infrastructure projects to regional 
economic development. For this purpose it was necessary to investigate different types of 
accessibility indicators and their relevance for different aspects of modelling regional 
development. The more complex accessibility indicators which are used here are a construct 
of two functions, one representing the activities or opportunities to be reached and the other 
representing effort, time, distance or cost needed to reach them (Schürmann et al., 1997).  

- The indicators accessibility, GDP and unemployment were selected from many other 
possible indicators as indicators of socio-economic development because they provide a 
picture of a region's socio-economic profile and its development over time and can be used 
to assess the impact of European Union policies.  
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- All necessary data could be provided from Eurostat and various additional national and 

regional statistics and using standard data preparation and adjustment methods, such as 
forecasting, backcasting and data interpolation (Fürst et al., 1999). 

- The model calibration and specification of the production function led to satisfying results 
regarding the capability of the model to re-produce base-year distributions of socio-
economic indicators in the 201 SASI regions.  

- Four network scenarios were simulated to assess the socio-economic impacts of 
infrastructure development: a do-nothing scenario, a TEN scenario, a rail-only TEN 
scenario and a scenario assessing only one large transport project 

- The demonstration example of the Øresund link proves that the SASI model is sufficiently 
sensitive to assess individual infrastructure projects with regard to their impact on 
accessibility and regional economic development. The results are plausible on the regional 
level even in a range of below one percent of the respective total indicator value. 

The examination of the results of the four transport scenarios simulated yielded the following 
main results: 

- An important general finding is that the development trajectories of the European regions 
are rather similar for all scenarios thus confirming the assumption that socio-economic and 
technical macro trends, such as ageing of the population, shifting labour force participation 
and increases in labour productivity are the most powerful driving forces of regional 
development and have a much stronger impact on cohesion indicators than different 
transport infrastructure scenarios.  

- The results suggest that in all network policy scenarios most European regions will improve 
their accessibility and economic performance in absolute terms. However, differences in 
relative terms reveal, that numerous changes in the relative positions of regions and 
countries are to be expected. This implies that there may be relative losses of some regions, 
which can lead to absolute losses in the increasing economic competition between regions 
in the long run.  

- The full TEN scenario leads to a slightly less polarised distribution of accessibility and GDP 
among European regions than the rail-only TEN and do-nothing scenario. This slight 
cohesion effect of the TETN will, however, not be able to reverse the general trend towards 
economic polarisation in the European Union.  

- The cohesion effect of the TEN scenarios are only visible if cohesion indicators measuring 
relative differences between spatial distributions are applied. If absolute differences are 
considered, the results are ambiguous or may even indicate divergence in accessibility and 
economic development. Moreover, testing different statistical measures of dispersion 
yielded different results with regard to the distinctness and volume of the observed trends. 
This confirms the importance of the selection of appropriate cohesion indicators. 

- The model proved to be resilient and robust with respect to interfering externalities yet 
sensitive enough to detect the impacts even of partial or medium-scale changes, such as 
variants of TEN scenarios in a specific region. The example of the Øresund bridge project 
was selected to demonstrate this. The main result of the Øresund case study is that 
accessibility and economic performance impacts are strongest in the regions adjacent to the 
project site and that benefits occur mainly in southern Sweden as a consequence of the 
removal of a general transport bottleneck. The results of the case study, though small, are 
plausible even at the regional level. 
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5.3 Further work 
Work on the SASI model will continue after the completion of the present SASI project. The 
research team hopes to find the resources needed to address weaknesses of the current model 
implementation, to continue the validation of model results, to improve the database of the 
model and in the medium term to further develop the model in terms of spatial resolution, 
spatial scope and substance. The following list contains tasks presently considered by the 
research team as being particularly promising and relevant:  

- More time needs to be invested into a thorough validation of the model with time-series 
data of regions and countries, also with respect to model variables not considered as output 
indicators in this report. In this context, the poor state of the art of calibrating and validating 
dynamic models of the kind of SASI over time needs to be improved. 

- To reduce heterogeneity in the data, the socio-economic database needs to be refined. This 
includes the disaggregation of the economic sectors into a number of industries and a better 
representation of human capital. 

- To reduce errors implied by spatial aggregation, the spatial resolution of the model should 
be improved by disaggregating the model regions from NUTS-2 to NUTS-3.  

- As a consequence of these refinements, the GDP and population submodels will have to be 
re-calibrated. In this revision, the possibility to explicitly consider wage levels and 
production costs in the GDP model and to convert the migration model from net migration 
to migration flows should be examined. 

- The cohesion indicators used for assessing the impacts of transport policies should be 
expanded and critically assessed with respect to their possible implicit bias towards 
convergence and divergence. 

- To enable the model to address issues related the future enlargement of the European 
Union, the geographical scope of the model should be expanded to include the potential 
accession countries and the related extensions of the trans-European networks known as 
TINA. 

- A further aim is to make the model a standard policy evaluation tool by developing the user 
interface so that users not familiar with the internal structure of the model are able to 
modify key variables and scenarios and generate model results.  

- It would also be desirable to make the model more responsive to non-transport policies, 
such as regional economic policies or immigration policies, and to a broader range of 
transport policies, such as policies addressing intermodality and congestion. 

- Another interesting experiment would be to abandon the present exogenous control totals of  
total European GDP and migration in favour of endogenously determined European 
aggregates. 

- In order to facilitate the evaluation of the long-term impacts of transport infrastructure 
investments the forecasting period might be extended from 2016 to 2030 or beyond.  
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7 The organisation of the SASI project 

This section provides background information about the team, organisation and management 
of the SASI project.  The detailed information on the tasks that have been carried out is 
provided in a series of Deliverables that have been produced in the course of the project.  
These are listed in the Table 6.1, together with the team member primarily responsible for the 
report/software/ model production. 

Table 7.1 The list of SASI Deliverables 
Deliverable Name Responsibility  C-R-P Date 

D4 Socio-economic indicators model and report SRF P July 1997 
D5 Accessibility indicators IRPUD P July 1997 
D7 Data requirements and structures TRP P Oct. 1997 
D8 The SASI model: model structure IRPUD P July 1998 
D11 The SASI model: model implementation SRF/IRPUD P Dec. 1999 
D13 The SASI model: model software  IRPUD P Jan. 2000 
D15 The SASI model: demonstration examples IRPUD P Jan. 2000 

Note: C-R-P = Confidential/Restricted/Public  

 

7.1 The SASI project structure 
The project was subdivided into six individual work packages which are listed in the Table 
6.2, together with the workpackage leader and the main contributors to each task.  

Table 7.2 The SASI workpackages  
Work- 
package 

Task Subtask Leader Team 

A Measuring socio-
economic impacts 

Theoretical foundation 
Indicator system: definition 
Indicator system: Implementation 

SRF All 

B Indicators of 
accessibility and 
cohesion 

Theoretical foundation 
Indicator system: definition 
Indicator system: implementation 

SRF / 
IRPUD 

All 

C Data requirements 
and structures 

Review of existing databases 
Definition of data requirements 
Definition of data structure 

TRP All 

D/E Modelling socio-
economic impacts 

Model structure: inputs/outputs 
Parameter definition 
Implementation: input + checking 
Implementation: model + output 
Test simulation 

IRPUD All 

F Demonstration 
examples 

Definition of examples (scenarios) 
Definition of spatial disaggregation 
Database / data sampling 
Calibration of simulation model 
Model runs 
Presentation of results 

SRF / 
IRPUD 

All 

G Reporting  SRF All 
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7.2 The SASI partners contact names/addresses  
The project co-ordinator for the management and administration of the full SASI project was 
Professor Dr. Dieter Bökemann of SRF. The team for the SASI study comprised three 
partners from three EU member states, all of whom are university research institutions. The 
contact details of the partners are listed below. 

 

(1) Institut für Stadt- und Regionalforschung (SRF) 
 Technische Universität Wien 
 Professor Dr.-Ing. Dieter Bökemann / Hans Kramar 
 Karlsplatz 13 
 A-1040 Wien 
 Austria 
 Phone: +43 1 58801 26621/26622 
 Fax: +43 1 58801 26699 
 E-mail: boekemann@esrnt1.tuwien.ac.at /  kramar@esrnt1.tuwien.ac.at 
 http://esrnt1.tuwien.ac.at 
 
(2) Institut für Raumplanung (IRPUD) 
 Universität Dortmund 
  Prof. Dr.-Ing. Michael Wegener / Klaus Spiekermann 
 August-Schmidt-Str. 6 
 D-44221 Dortmund 
 Germany 
 Phone: +49 231 755 2401/4754 
 Fax: +49 231 755 4788 
 E-mail: mw@irpud.rp.uni-dortmund.de / : ks@irpud.rp.uni-dortmund.de 
 http://irpud.raumplanung.uni-dortmund.de/irpud 
 
(3) Department of Town and Regional Planning (TRP) 
 University of Sheffield 
 Professor Ian Masser / Dr. Max Craglia 
 Sheffield S10 2TN 
 UK 
 Phone: +44 1142 222 6179/6184 
 Fax: +44 1142 722 199 
 E-mail: i.masser@sheffield.ac.uk / m.craglia@sheffield.ac.uk 
 httpp://www.shef.ac.uk//uni/academic/R-Z/trp 
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Part 3 EUNET/SASI comparison 
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1 Introduction  

The EUNET project covers Task 19 of the Strategic Research Area 1.2, Economics of 
Transport Systems, within the Transport section of the Fourth Framework Research 
Programme.  The work within the overall EUNET/SASI consortium has been divided among 
two teams, EUNET (10 partners) and SASI (3 partners). 

The EUNET team aimed to cover the full range of research items originally listed for Task 
19, while the smaller SASI team focused mainly on the activities of indicator construction and 
of modelling in order to provide an alternative approach to that being developed by the 
EUNET team.   

The two teams were managed separately to enable each team to pursue in an efficient manner 
the priorities it was assigned.  To ensure co-ordination between the work of the EUNET and 
SASI teams, a Joint Scientific Steering Committee was established which interchanged 
scientific ideas and data, and standardised the methodological approaches where appropriate.  
The third team in Task 19, Econometrics of Impacts operated as a separate consortium that 
had a shorter project duration.  It also participated in joint discussions on methodological 
approaches. 

The EUNET team is responsible for producing this consolidated final report to record and 
assess the findings of both the EUNET and SASI teams.  Having already presented in Parts 1 
and 2 an overview of the tasks carried out and of the results produced by each of the teams, 
this Part 3 provides a brief comparison of the two approaches. 
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2 Comparison 

The comparison below focuses on the two topics of accessibility indicator development and 
of modelling which are common to both the SASI and EUNET components of the study. 

2.1 Accessibility indicators 
The early reviews and research on accessibility indicators that was carried out by the SASI 
team has provided an important input to the implementation work on accessibility indicators 
in both the EUNET and SASI projects.   

Although the structure of the indicators themselves as used in both EUNET and SASI are 
very closely related, their role within the two approaches is rather different.   

In EUNET when assessing transport initiatives the cohesion indicator of accessibility is 
included within the multi-criteria analysis section of the assessment.  There it can provide 
information on strategic mobility/cohesion impacts, which is complementary to that on the 
efficiency impacts, as built up via the transport model and the formal cost benefit analysis.  
This accessibility indicator does not enter into the EUNET regional economic/transport model 
itself, since the transport influences are already represented there explicitly at the zone pair 
level, without needing to be aggregated up into a zonal indicator.   

In contrast, within the SASI approach the accessibility indicators play a central role in the 
regional economic model itself and also as a cohesion indicator.  It was for this reason that the 
extensive research and development was carried out in SASI, both into the preferred form for 
the indicators, and into the production of streamlined software to calculate these indicators 
efficiently at a fine level of spatial detail.  

2.2 Modelling 
In both the EUNET and SASI approaches a high degree of innovation in the modelling 
methodology has been achieved.  However, it is important to note that the objectives of the 
two teams in the development of the modelling approach and in the creation of the 
demonstration examples were not the same.  Accordingly, the approaches developed in 
EUNET and SASI are in many respects rather more complementary than in direct 
competition.  In both cases the design of the approach to modelling has been determined 
primarily by the objectives of the respective study components so the complementarity is first 
discussed in terms of the orientation of the models. 

2.2.1 Orientation of the models 
In EUNET the output from the regional economic/transport model is designed to provide 
forecasts of both the transport and the socio-economic impacts of specific transport initiatives.  
The impacts that are measured range from those which are standard in most transport studies, 
such as changes in the volume and congestion of traffic on individual links, through to 
innovative measures of the first order impacts of major transport investments on overall 
economic growth in the study area.   

This requirement to forecast a wide range of physical and monetary impacts in an integrated, 
consistent fashion was determined by the needs of the assessment system as specified in the 
original project submission:   

“The main objective of the EUNET team is to develop a comprehensive innovative 
methodology for the assessment of the impacts of transport initiatives”. 
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Accordingly, the design of the modelling approach was specifically targeted to provide 
explicit forecasts of the inputs (see Table 3.5 of Part 1 for a summary of these inputs) to the 
comprehensive assessment system that was developed in this study.  The end product is a 
modelling approach that includes explicit supply and demand modelling of passenger and 
freight movements in a form that is integrated with a regional economic modelling 
framework.  

The initial specification of the aims of SASI aimed at: 

“Designing an interactive, transparent, transferable modelling system for forecasting 
the impacts of transport infrastructure investments and transport system 
improvements (road, rail and air) on socio-economic activities and development 
including spatial and temporal distribution and uncertainty/probability of impacts”. 

Accordingly, the main focus within SASI was on forecasting the impacts of major transport 
investments on the zonal patterns of growth in population, employment and GDP, and not on 
explicit modelling of freight or passenger transport movements. 

To summarise, an over-simplified contrast of the two approaches to modelling might be stated 
as: 

• = EUNET starts from a transport modelling approach and enhances it through introducing 
various features from regional economic modelling  

• = SASI starts from a regional economic modelling approach and enhances it through 
introducing various features from transport modelling. 

The main features and differences between the two approaches are summarised in Table 2.1.  
It presents the three demonstration models that were implemented in order to illustrate the 
two approaches in operation.  The use of the terms “explicit” and “implicit” is to distinguish 
the situation where some feature has an explicit sub-model that represents it in considerable 
detail, from the situation where its influence, though included within the model, is represented 
in a rather less detailed or direct fashion.   

Selected modelling features are now contrasted in more detail. 

2.2.2 Regional economic modelling 
The degree of sophistication is broadly similar in the regional economic component of both 
the SASI and EUNET approaches.  However, the methodological approaches themselves 
differ significantly.  Likewise the particular socio-economic relations that are represented in 
the greatest detail again differ significantly between approaches.  These differences are a 
result of a combination of:  

• = the different objectives of the two teams 

• = a manifestation of differences in modelling styles and preferences between the teams 

• = differences in the trade-offs that have been adopted to enable policy tests to be run to 
completion within an acceptable run time within large complex models.   
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Table 2.1 Summary of modelling approaches within the demonstration examples 

Characteristic Trans Pennine -EUNET Finnish – EUNET EU - SASI 
    
Main Dimensions    
Internal study area, 
zoning 

All UK, 92 zones - 
main detail is in the 
Pennine area for 60 zones 
at NUTS 4 level 

Finland – 19 zones, 
detailed international 
transport  

All EU – 201 zones at 
NUTS 2 level  

Time periods 1995, 2005, 2020 1995, 2010, 2020 Yearly from1981 to 
2016 

    
Economic Features    
Population location Explicit  Exogenous input Endogenous cohort 

survival model 
Migration Implicit No Explicit 
Employment/ 
Unemployment 

Explicit employment 
model; no unemployment 
model 

No Explicit – detailed 
labour supply/demand 
model 

Industrial sectors 28 20 3 
Production price and 
household income 
estimation 

Explicit using input-
output model 

Explicit production 
price using input-
output model 

Implicit 

GDP forecasts Uses regional economic 
model for zonal 
redistribution effects, and 
estimates net change at 
national level through 
foreign trade growth 

No Uses regional 
production function 
approach 

    
Transport Features    
Transport supply 
networks 

Intermodal  
spatially detailed 

Intermodal 
spatially detailed 

Modal 
spatially very detailed 

Transport demand 6 passenger trip purposes 
9 freight handling types 

7 freight handling types Implicit 

Trade/travel relations Spatial distribution model Spatial distribution 
model 

Zonal accessibility 
model 

Modal split Passenger and freight Freight Implicit  
Modes Passenger: 

car, local bus, interurban 
coach, air, rail, slow. 
Freight:  
lorry (+ferry/ shipping),  
rail (+lorry/ shipping) 

Freight: 
Lorry (+ferry/shipping)  
rail (+ferry/shipping), 
coastal shipping 

Passenger: 
car (+ferry),  
 rail (+ferry), air 

Network assignment Passenger and freight Freight Implicit 
Transport price 
estimation 

Explicit Explicit Implicit 

    
 
Within the EUNET approach the monetary cost effects are measured in an explicit fashion.  
Both the monetary costs of transport and the wider generalised cost measures that take 
account of travel time and quality of service effects, are carried separately throughout the 
model structure.  These travel impedances are built up from the user costs or tariffs of 
individual passenger and freight movements on the physical modal networks, via the transport 
model.  Ultimately they feed through into measures of the zonal prices of production by 
industrial sector and of the zonal costs of living by household type. 
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In the current implementation of the SASI model, only modal passenger travel times are used 
in the calculation of the accessibility indicators.  In principle these could be replaced by 
alternative measures of travel impedance provided that a full transport model was attached to 
SASI. 

In the EUNET approach there is not currently an explicit representation of the evolution of 
the system through time or of the lags in impacts within the system.  The model typically is 
run just for a small number of well spaced future time periods.   

In contrast the SASI model is run at yearly intervals and accordingly has a more refined 
dynamic structure that can take account of differences in the length of time over which 
transport impacts on location patterns and growth will take effect. 

The EUNET approach maintains a detailed segmentation of 20+ industrial sectors together 
with a distinction between domestic and external production.  This as well as the 
segmentation of employees, aids in refining the forecasts of the pattern of freight and of 
commuting movements between zones. 

Within SASI, three industrial sectors (agriculture, manufacturing and services) are 
distinguished.  A detailed segmentation of the population by age, sex and educational 
attainment is maintained in order to facilitate the modelling through time of the evolution of 
population and the labour force.  The explicit representation of population cohorts and of 
labour markets linked to migration flows are strong features of the SASI approach. 

It would be dangerous to assume that all of the best features of the SASI regional economic 
model could easily be introduced to EUNET, or vice versa.  Such a combination could incur a 
major increase in the level of resources required for model calibration and running.  For 
instance, the ability of SASI to run at yearly intervals is aided by not needing to run a 
transport model to an equilibrium solution in each time period.  While the ability of EUNET 
to include a detailed equilibrium transport model is aided by adopting a coarse representation 
of dynamic effects within the regional economic model. 

2.2.3 Transport modelling 
In SASI a conventional transport model per se was not implemented.  Instead the passenger 
travel time for each of three modes (road, rail and air) was calculated from a very detailed 
physical and rail service timetable based set of networks for the whole of Europe.  This travel 
time was then input to generate zonal accessibility indicators for passenger travel which were 
used to represent the influence of transport on economic growth.   

In EUNET a sophisticated multimodal stochastic user equilibrium transport model has been 
implemented for both passenger and freight movements.  It includes the standard four stages 
with the traffic being assigned to the appropriate modal networks.  Outside the Trans-Pennine 
region the transport network that is used is a simplified extract from the detailed SASI 
European network.  Within the region itself a more detailed study-specific network was 
created.  The model provides a wealth of information on the specific impacts of the travel 
cost, time and quality aspects of each mode on each type of traveller or of freight shipment.  
The relative balance between cost and quality will vary between income groups and between 
high value manufactured goods and low value bulk shipments.  The availability of a 
comprehensive transport model enables the impacts of pricing and regulatory policies to be 
tested as well as those of infrastructure investments.  
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3 Overall conclusions 

Both the EUNET and SASI approaches have achieved their overall objectives as has been 
established through the presentation of the results from their respective demonstration 
models. 

In general the modelling approaches are rather more complementary than in direct 
competition with each other.  They tend to focus on different aspects of the same socio-
economic system.  This suggests that an approach that adopts the most highly refined features 
of both approaches might be the ideal.  Certainly progress could be made on this front by 
improving either approach individually through adopting the best features from the other, and 
some progress has already been achieved in this in the course of the two projects.  

Nevertheless for the present at least, there are sound reasons for continuing to maintain the 
two approaches separately.  This would enable each of them to retain the key strengths that 
have been identified in the previous section.  Within current computer technology and likely 
future project budgets, it would be a substantial challenge to combine, for example, the 
equilibrium freight and passenger modelling strengths of EUNET, with the detailed dynamic 
representation strengths of SASI.   

Accordingly for those transport initiatives that lend themselves to being included in both 
modelling frameworks, either approach will provide useful, though somewhat different 
insights into the expected socio-economic impacts of such initiatives. 

 


