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Part II: The STEPs assessment approach 
 

PART II: Summary  
 
Part II describes the STEPs assessment approach.  
 
Firstly, Chapter 3 describes the procedure followed to build the STEPs scenarios for the 
future of the European Transport and Energy system up to 2030. The scenarios have been 
built combining hypotheses in two dimensions: a v a i l a b i l i t y  o f  e n e r g y  r e s o u r c e s  a n d  t h e  
i m p l e m e n t a t i o n  o f  p o l i c i e s .  O n  t h e  e n e r g y  a v a i l a b i l i t y  s i d e ,  t w o  p o s s i b l e  o p t i o n s  w e r e  
c o n s i d e r e d :  generally accepted energy supply forecast, and worst case energy supply 
forecast. On the policy side, th r e e  d i f f e r e n t  o p t i o n s  h a v e  b e e n  c o n s i d e r e d :  Business As 
Usual, Technological Investment, and Demand Regulation policies. The resulting six 
scenarios are described both with qualitative and quantitative variables in Chapter 3. 
 
Chapter 4 describes the modelling tools used in order to simulate the scenarios and to 
provide quantitative responses on their effects. The models belong to two main categories: 
models operating at the European level: the ASTRA System Dynamics Model, the SASI socio-
economic model and the POLES energy model; and models operating at the urban/regional 
level: Dortmund, Brussels, Edinburgh, Helsinki and South Tyrol models.  
 
Finally, Chapter 5 describes the assessment procedure followed in STEPs. The assessment 
was carried out on the basis of a Multicriteria Analysis (MCA) methodology. This Chapter 
details the process followed for the selection of assessment criteria and the methodological 
procedure used for the definition of weights and utility functions.  
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CHAPTER 3: The scenarios  
 
The main objective of this chapter is to describe the scenarios development process 
undertaken for the STEPs project. Further, the main scenario variables and parameters will 
be explained.  
 
The scenario development was achieved through the following steps:  
 
§ Synthesis of trends into dimensions 
§ Definition of the scenarios 
§ Definition of regional contexts 
§ Building and formulating the scenarios 
 

3.1 The synthesis of trends into dimensions 
 
The trends and developments concerning the transport and energy system explained in the 
previous chapters were synthesised into two main dimensions: the availability of energy 
resources and (enabling or regulatory) policies. In a workshop on the scenario descriptions 
the STEPs-partners agreed to consider the energy resources dimension from two alternative 
perspectives: the generally accepted energy supply forecast (as described by the 
International Energy Agency) and a more extreme scenario. The policy dimension would 
also be considered from two perspectives: regulatory policies (demand regulation) and 
technology push policies.   
 
Figure 3.1: Framework of the scenario design: two dimensions 
 

 
 
 
These two dimensions of the scenario framework were reworked into more specified 
measures (e.g. transport policy involves mobility management, including car-sharing and 
traffic calming in urban areas) that can be linked to indicators (e.g. car ownership or average 
speed reduction), which can be used in the models as an input. See Table 3.3 for an 
overview of the measures and indicators, which have been grouped into systems as 
described below.  
 
In order to get a grip on the complexity of trends and developments relating to the 
dimensions above, and necessary to describe the scenarios in full, all these trends were 
categorized into a framework system which described the transport and energy supply and 
demand side. This framework does not necessarily translate directly into the final scenarios 
derived, but it provided an interim structure for identifying all the relevant variables. Within 
each system, a number of sub-systems were also identified. The sub-systems were based on 
the contexts for development and implementation of new vehicle and vehicle powering 
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concepts, energy supply technology, transport system development and spatial 
developments.  
 
The energy supply sub-systems were: 
 
§ Energy production and supply 
§ Fuel production and distribution  
§ Car technology 
 
The energy demand sub-systems were: 
 
§ Socio-economic and cultural 
§ • Spatial 
§ •Passenger transport 
§ • Freight transport 
§ • Transport energy by car technology  
 
Input and output variables associated with each sub-system were subsequently translated 
in quantifiable output indicators for the EU and regional models as set out in Sections 3.2.1 
and 3.2.2. The input and output variables that were selected for each sub-system are given 
in Table 3.1.  Two examples of how the variables were quantified to create output indicators 
are:  
 
§ ‘Number of trips’ was quantified in terms of ‘number of trips made per household per 
day’.  
 
§ ‘Knowledge’ was quantified in terms of ‘number of research and development 
institutions’. This variable was not used further in the project, as it could not be modelled.  
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Table 3.1: Quantifiable output variables for the systems and sub-systems 
 

 
 
 
As the values of the variables are a consequence of the specific circumstances assumed for 
each scenario, they will differ in each of the scenarios. Consequently, the  scenarios can be 
described using the variables. 
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3.2 Definition of the scenarios 
 
By combining the policy dimension with the energy-availability dimension, a scenario 
framework was created which consists of the original six scenarios for the future of the 
European Transport and Energy system up to 2030, as this is the time horizon of most 
models used (see Table 3.2). These scenarios are described both with qualitative and 
quantitative variables. 
 
From the point of view of energy  availability , two groups of scenarios have been identified: 
 
§ Scenarios ‘A’, based on the generally accepted energy supply forecast. In the following, 
these scenarios will be named ‘low oil price growth scenarios’ or just ‘Scenarios A’;  
 
§ Scenarios ‘B’ are based on the assumption of energy scarcity. In the following, these 
scenarios will be named ‘high oil price growth scenarios’ or just ‘Scenarios B’.  
 
At the same time, from the energy demand policy dimension there are also two groups:  
 
Policy strategy ‘1’, concentrating on investments in technologies. In the following, these 
scenarios will be named ‘technology investments scenarios’ or just ‘Scenarios 1’; 
Policy strategy ‘2’, focussed on demand regulation. In the following, these scenarios will be 
named ‘demand regulation scenarios’ or just ‘Scenarios 2’. 
 
These two dimensions were compared with business as usual alternatives (labelled as 
‘Scenarios 0’), where only a limited number of policy measures (comparable with the 
current transport and energy policy approach) were assumed.  
 
Table 3.2: STEPs scenario framework 
 

 
 
 
The energy demand policy dimension 
 
The three scenarios of the energy demand policy dimension are defined by three different 
policy packages. The characteristics of each policy package are: 
 
Group 1: Business As Usual (BAU) 
For the policy package BAU, existing policies are used as a starting point. For the outlook on 
2030, the likely policy developments, as expected by experts (‘expert guesses’), were used to 
estimate the values of the variables relating to the BAU scenarios.  
 
Group 2: Technological Investment (INVEST) 
In the policy package INVEST, direct investments in the infrastructure and technology and 
innovation systems are assumed. The focus is on the impact of these investments on the 
transport and energy system in Europe. The basis for this group of scenarios is the BAU 
policy package. Within this policy package, some explicit technology and capacity related 
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investment measures are added and described in a qualitative and quantitative way. These 
concern the following measures: 
 
§ investments in infrastructure; 
§ investments in energy efficiency; 
§ investments in skills, knowledge, production capacity of alternative fuels and rolling 
stock. 
 
Group 3: Demand Regulation (DR) 
In this policy package, the focus is on the impact of demand regulation measures on the 
transport and energy system in Europe. Again the basis for this scenario is the BAU scenario. 
Within this scenario some explicit measures related to demand regulation and taxation are 
added and described in a quantitative way. These concern the following measures: 
 
§ taxation of car use; 
§ taxation of fuel; 
§ regulation of urban development with an emphasis on transit use and node 
development 
 
The next step was to combine the indicators with all the scenarios described. For every 
variable (see Table 3.1), a set of feasible measures was introduced to make it more tangible. 
Every measure was connected to an indicator to be able to translate it into a parameter for 
the models used within the STEPs project (see Table 3.3 for the measures and associated 
indicators). 
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Table 3.3: Measures and indicators used within STEPs 
 

 
 
 
The car technology sub-system was not taken into account any further, as it could not be 
modelled by the models used within the STEPs project.  
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In order to be able to calculate figures for the three scenarios described, values for the 
indicators associated with each of the three energy demand scenarios were estimated in 
expert sessions, based on the analyses of the state of the art, the trends and the PEST 
analysis. This led to annual changes (in percentages, with the exception of the spatial 
system, which was given a qualitative indication of change) in the different scenarios, which 
could be used as input for the models.  
 
The energy availability dimension 
 
In addition to the energy demand policy dimension, ‘energy availability’ was used as the 
second dimension to construct the scenarios. Availability supposes that the access to 
resources is not barred or restricted in any manner. Accessibility will be, under the condition 
of globalisation and hence open markets, a question of price. 
 
Both dimensions can have any combination of relevant variables, and values for associated 
indicators, and are more or less continuous. Though for reasons of ‘control’ it was decided to 
take two perspectives on the dimension ‘availability of energy resources’. These two values 
were: 
 
§ Scenario group A: Generally accepted energy supply forecast 
§ Scenario group B: Worst case energy supply forecast 
 
Scenario group A: Generally accepted energy supply forecast 
Based on expectations as described by the IEA and the World Energy Council (WEC), the 
STEPs consortium set the oil price within the A group-scenarios on an average of $35 per 
barrel for the period 2000-2030 and assumes that this price will grow following a linear 
pattern over time. Based on an oil price of $27 in 2000, this assumption meant an annual 
growth in the oil price of 2%, resulting in an increased end-user price of 1%. Due to the 
possibilities for governments to change the various taxes on fuel, the full oil price increase is 
hardly ever passed on to the end-user at the filling station. The government ‘muffles’ the 
price increase for the consumer through (slight) tax decreases, to smooth the price increases 
on the worldmarket.   
 
Scenario group B: Worst case energy supply forecast 
For the B group-scenarios an analysis was made of several energy availability scenarios by 
IEA and Intergovernmental Panel on Climate Change (IPPC). Based on this analysis, it could 
be concluded that future trends in oil prices are a major source of uncertainty. Supply and 
demand will in the long run be in equilibrium but in the short run it may be severely 
disturbed by either unexpected demand pressure or lower resources. Structural shortages 
will lead to a higher equilibrium-level. 
 
For the purpose of the scenarios, the STEPs consortium has set the oil price within the B 
group -scenarios on the high price IEA scenario +100%. This means an annual growth of the 
oil price of 7% for the period 2000-2030, resulting in an increased end-user price of 4%. 
 
Table 3.4 gives the oil prices used in the energy availability dimension. 
 
Table 3.4: Price of crude oil imports 
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3.3 Definition of the regional impact 
 
In order to take account of the cultural, political and economic aspects, which vary from 
region to region, the description of the scenarios also contains a more specific regional 
description, as well as a more general description at the EU-level as a whole. This regional 
specification is based on two sets of considerations: the spatial structure of regions, and the 
planning culture. 
 
The first set takes the planning and policy cultures into account and differentiates between 
five ‘planning families’: the ‘Napoleonic’, the ‘British’, the ‘German’, the ‘Nordic’ and the ‘East 
European’ planning families.  The second set covers the transport system in relation to land 
use and differentiates between industrial-metropolitan regions, polycentric regions and 
rural regions. Figure 3.2 illustrates the planning families, urban density and the overlaps 
between the two. 
 
Figure 3.2: EU25 by planning culture and urban density 
 

 
 
 
Combining these two, led to a distinction between four European regions:  
 
§ Northern Europe: Sweden, Finland, Denmark, (Norway); 
 
§ Eastern Europe: Estonia, Lithuania, Latvia, Poland, Slovak Republic, Slovenia, Czech 
Republic, Hungary; 
 
§ Southern Europe: Italy, Greece, Spain, Portugal, Malta, Cyprus; 
 
§ Western Europe: Germany, Austria, United Kingdom, Ireland, the Netherlands, Belgium, 
France, Luxembourg. 
 
 
 
 
 
 
 

Planning Culture        
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3.4 Building and formulating the scenarios 
 
With the result of the main storylines of the scenarios the three energy demand strands for 
the final scenarios can be broadly explained as below 1.  
 
1. The description of the Business As Usual  strand is based on current EU-policies that 
will have their impact on the transport and energy system in the next 25 (and more) years. 
This means for example, no great efforts in terms of mobility management, an on going 
urban sprawl, a further diminishing share of public transport due to under-investment, 
which all results is a greater share of private car use and road freight, and an ever increasing 
energy consumption by the transport sector, including both passenger and freight 
transport. It also means that the conventional fuels still hold the largest share of the market,  
with (very) minor shares for alternative technologies like hybrids vehicles and CNG. Electric 
and hydrogen cars have only extremely tiny shares of the market. 
 
2. The second strand, Technology Investment, includes policy measures that result in 
direct investments in the infrastructure, technology and innovation systems. It has the BAU  
scenario as its basis. Within this policy package, some explicit technology and capacity 
related investment measures are added and described in a qualitative and quantitative way. 
These concern the following measures:  
 
§ investments in infrastructure; 
§ investments in energy efficiency; 
§ investments in skills, knowledge, production capacity of alternative fuels and rolling 
stock. 
 
This means that in this strand of scenarios investments are assumed in rail infrastructure at 
European, regional and local levels. These investments impact equally on passenger and  
freight transport by rail. At the same time extra investments are made in energy efficiency 
measures for cars, trains and ships. The scenarios also promote the development of 
alternative drive trains and fuels, e.g. hybrids, electric cars, their batteries and hydrogen 
powered cars.  
 
3. The third strand, entitled Demand Regulation focuses on the impact of demand 
regulation measures on the transport and energy system in Europe. It is also based upon the 
BAU scenario. Within this strand of scenarios, some explicit measures related to demand 
regulation and taxation are added and described in a quantitative way. 
 
These concern the following measures: 
 
§ taxation of car use; 
§ taxation of fuel; 
§ regulation of urban development with an emphasis on transit orientation and node 
development. 
 
This demand regulation strand relies heavily on legislation to promote alternatives and at 
the same time adds more taxes to the more energy-consuming modes, such as the private 
car. The scenarios promote teleworking, but also try to fight the ongoing urban sprawl 
through legislation and taxes on land development. Some examples of measures taken in 
these scenarios include investing in mobility management, taxation on fuels (specifically 

                                                 
1 An explanation in ‘essay form’, understandable to a wider public of experts, officers, scientists and industrial 

managers was created as Deliverable 3.2 of the STEPs project (see www.steps-eu.com for available reports)  
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including kerosene), traffic calming and road pricing in urban areas (both influencing 
passenger and freight transport) and a lowering of the price of public transport. 
 
Every scenario holds a description in qualified terms of how the variables described will 
develop in the different regions2. One example regarding ‘Motor Fuel Taxation (influencing 
vehicle purchase and transport costs)’ can illustrate this for both the BAU and the Demand 
Regulation scenarios. After a description of how at the EU-level taxation will be handled, and 
what the annual changes in motor fuel taxation will be, the section Regional Differences 
describes how the regions are generally likely to react to this topic:  
 
Business as  Usual:  
 
(…) 
All this means that gasoline fuel tax per litre increases annually at 0,7%, while diesel 
fuel tax per litre increases annually at 1,5%. 
 
After a general understanding and agreement, taxing kerosine has started from 2010 
onwards at 50% of fuel tax. 
 
In general, due to fuel and other taxes, the cost for cars will show an annual increase of 
0,5%. Due to a still growing market share of low -cost carriers, air travel costs will 
generally decrease by 0,5% annually. 
 
Regional differences 
 
§ North: This region includes the highest rates of taxation (mostly the highest VAT: 
Finland 22%, Sweden and Denmark 25% on energy). Taxation will stay at a relatively high 
level. 
 
§ East: Containing most of the countries with the lowest taxation rates, most countries 
will show a very high increase, even in this Business As Usual scenario. 
 
§ South: Despite the minimum levels of excise duty specified at the EU level, Southern 
Europe shows great differences: Spain 16%, Italy 10%, Portugal 5%. This means that the 
increase in fuel tax will have different consequences for different countries. 
 
§ West: With the assumed moderate increases in fuel prices in the BAU scenario the level 
and variation of fuel taxes (varying from 21% in Belgium to 15% in Germany and 19% in the 
Netherlands) in Western European countries persists at just over the European average. 
 
Demand Regulation: 
 
EU wide perspective 
The tax harmonisation by the European Commission has led to a considerable increase in 
taxes for driving cars. Especially in the Eastern European Member States, where the taxes 
have risen enormously. The other countries showed a more modest increase. Until 2007, 
taxation was used to compensate the end user for the rise in fuel price to the end user, but 
from 2008 onwards, this practice has stopped. From 2008 to meet air qulity standards, to try 
to stop the increase in car use and to reduce conventional car sales/increase sales of less 
polluting models (e.g. hybrid and hydrogen powered vehicles) tax on polluting fuels has 
risen fast:  
 

                                                 
2    This description is available in Deleverable 3.1 of the STEPs project (www.steps-eu.com)  
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(…) 
gasoline fuel tax per litre has increased annually at 4,7%. Diesel fuel tax per litre also 
increased annually at 4,7%.  
 
From 2010 onwards 
  
(…) 
kerosine has been taxed at an amount corresponding with 200% of the fuel price.  
 
Taxation on fuel efficiency, noise and other features of the aviation air fleet, will have 
negative consequences (higher costs) for most low-cost carriers as they generally operate 
with less advanced technology.  
 
Therefore it is to be expected that due to fuel and other taxes…  
 
…costs for cars have increased annually at 3%. As a result of the slower growth in 
market share of low-cost carriers, air travel costs  have increased anually at 3% as well.  
  
Regional differences 
 
§ North: The North more or less follows the increased taxation rates in Western Europe, 
although they remain just above average.  
 
§ East: Fuel tax has increased enormously; in some countries up to 200% of the former 
levels due to changes in the minimum EU levels of excise duty in 2010, 2020 and 2030. Car 
operating costs have increased by the same amounts.   
 
§ South: Fuel tax has generally increased at a moderate rate, due to existing relatively 
high excise duties, although some countries have increased excise duties more dramatically. 
 
§ West: West-European countries have remained the leaders in increasing fuel taxes, 
although some of them already had high petrol and diesel taxes. Introducing a tax on 
aircraft fuel (kerosene) was a major blow to discount airlines, most of which were based in 
Western Europe; some of the smaller airlines went out of business and so brought 
passengers back to the railways for medium distance trips.  
 
Table 3.5 contains a summary of the main model parameters for the scenarios. These 
parameters were used in the five regional STEPs models. 
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Table 3.5: Scenarios: model parameters 
 

 



Part II       Chapter 3 

Transport strategies under the scarcity of energy supply  56 

3.5 Additional scenarios 
 
In a later stage of the project some additions were made to the original matrix of six main 
scenarios, as depicted in Table 3.5 below.  
 
For modelling purposes, it is important that the effect of the development of energy price 
can be isolated. The set of six scenarios was therefore enlarged. A set of scenarios where 
only the assumption concerning the oil price growth is considered was defined. These 
scenarios were labelled ‘Scenarios –1’ and are further referred to as ‘no-policy scenarios’.  
 
With the objective of testing an ‘extreme’ case of fuel price development, a new group of 
scenarios was defined in a later stage. In this group of scenarios, the end-user fuel price 
grows at 7% per year. These scenarios were labelled as Scenarios ‘C’ and are further referred 
to as ‘extreme fuel price growth scenarios’. 
 
Finally, a further set of scenarios was defined to allow for testing a policy approach where 
both investments in technology and demand regulation are put into practice. These 
scenarios have been labelled as ‘Scenarios 3’ and are referred in the following as 
‘integrated policy scenarios’. 
 
Table 3.6: STEPs full scenarios framework 
 

 
 

 
Within the time and the resources available to the project, implementing, testing and 
reporting fifteen different scenarios was a challenging task, especially for some models. For 
that reason, a sub-set of main scenarios to be simulated by each modelling tool were 
identified. The remaining scenarios have been considered additional scenarios, whose 
simulation could be carried out on a voluntary basis. This has led to the ‘extreme fuel price 
growth scenarios’ (Scenarios ‘C’) and ‘integrated policy scenarios’ (Scenarios ‘3’) (coloured 
yellow in Table 3.5) being considered additional scenarios. The main scenarios (coloured 
blue) were simulated in all models. The model simulations and their outcomes are the topic 
of the following chapters.  
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CHAPTER 4: The Modelling system 
 

4.1 Models and simulation strategy 
 
Several modelling tools have been used in the STEPs project in order to simulate the 
scenarios on transport and energy supply and to provide quantitative responses on the 
effects of such scenarios on various respects. The models can be classified into two main 
categories:  
 
§ models operating at the European level: the ASTRA System Dynamics Model, the SASI 
socio-economic model and the POLES energy model; 
§ models operating at the urban/regional level: Dortmund model, South Tyrol Meplan 
model, Helsinki Meplan model, Brussels IRIS model, Edinburgh SPM model. 
 
Table 4.1: List of the models involved in STEPs project 
 

 
 
 
All models were already established and applied at their scale. They have worked as 
independent models and loosely linked in terms of input and output exchange and 
comparisons (see Section 4.3).  
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4.2 Description of models’ main features 
 
The Astra model 
 
The ASTRA model is a System Dynamics model at the European scale focused on describing 
the linkages between the transport system, the economy and the environment. The 
relationships between the different systems in the model are manifold. For instance, the 
economic activity affects transport demand both because freight depends upon the 
amount of goods produced and traded and because higher employment rates correspond 
to higher personal mobility rates. On the reverse side, the level of consumptions and 
investments in the transport sector spread over the whole economy by means of an 
input/output mechanism. The effect on the environment (emissions) depends on the 
amount of traffic as well as on the technology development of the fleet.  
 
Table 4.2: Overview of the ASTRA model 
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The SASI model 
 
SASI is a model of socio-economic development of 1,330 regions in Europe, subject to 
exogenous assumptions about the economic and demographic development of the 
European Union as a whole, transport infrastructure investments (in particular of the trans-
European transport networks) and other transport policies. The Regional GDP  submodel is 
the core of the SASI model. It forecasts Gross Domestic Product (GDP) per capita by six 
industrial sectors generated in each region as a function of endowment indicators and 
accessibility computed according to traditional location factors, such as availability of skilled 
labour and business services, capital stock (i.e. production facilities) and intraregional 
transport infrastructure as well as 'soft' location factors, such as indicators describing the 
spatial organisation of the region, i.e. its settlement structure and internal transport system, 
institutions of higher education and cultural facilities and quality of life. 
 
Table 4.3: Overview of the SASI model 
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The POLES model 
 
The POLES model deals with the worldwide energy market, simulating final energy demand 
by main sectors, the primary energy supply, the electricity and conventional energy and 
transformation system and new and renewable energy technologies. The simulation of the 
different energy balances allows for the calculation of import demand / export capacities by 
region. Production and trade flows are modelled on a bilateral trade basis, thus allowing for 
the identification of a large number of geographical specificities and the nature of different 
export routes. The comparison of import and export capacities and the changes in the 
Reserves/Production ratio for each market determines the variation of the prices for the 
subsequent periods. 
 
Table 4.4: Overview of the POLES model 
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The Brussels IRIS model 
 
The IRIS model is used for the Brussels region as a tool used to define a global development 
strategy through the analysis of the relation between land use, transport, socio-economic 
data and environment topics. This model is used for the constitution of the travel master 
plan of the Brussels region. The Brussels model is a classical four steps model where each 
step is dealt with a specific sub-model. The generation and attraction sub-model provides 
the peak hours number of trips generated and attracted by each zone using as input the 
locations of households, jobs and commercial activities. The modal split sub-model is based 
on Logit algorithms. Private and public transport assignment stages are ruled by two 
different sub-models. 
 
Table 4.5: Overview of the Brussels model 
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The Dortmund model 
 
The Dortmund model was designed to study the impacts of global and local policies from 
the fields of industrial development, housing, public facilities, land use and transport. It has 
a modular structure and consists of six interlinked submodels, operating in a recursive 
fashion on a common spatio-temporal database. Global policies affect the economic or 
institutional environment of urban development in the whole region: e.g. changes in tax 
laws or subsidies, new or regulations governing land use or construction activity, parking 
fees or public transport fares. Local policies may be either regulatory or direct zone-specific 
investment projects: e.g. local land-use planning, new industrial locations or plant closures, 
local transport policies. For each simulation period, the model predicts, intraregional 
location decisions of industry, residential developers and households, the resulting 
migration and travel patterns, construction activity and land-use development and the 
impacts of public policies in the fields of industrial development, housing, public facilities 
and transport. 
 
Table 4.6: Overview of the Dortmund model 
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The Edinburgh MARS model 
 
The MARS (Metropolitan Activity Relocation Simulator) Edinburgh model is a strategic, 
interactive land-use and transport interaction (LUTI) model. The model can be divided into 
two main sub -models: the land-use and the transport model. The model can deal with the 
transport and behavioural responses to several demand and supply-side instruments. The 
model assumes that land-use is not a constant but is rather part of a dynamic system that is 
influenced by transport infrastructure, this interaction process is modelled using time-
lagged feedback loops between the transport and land-use sub-models over a period of 30 
years. Accessibility in the year n as computed from the transport model is used as an input 
into the location models in the year n+1; workplace and residential location in the year n,  
output of the land use model, is used as attraction and potential in the transport model in 
the year n+1. 
 
Table 4.7: Overview of the Edinburgh model 
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The Helsinki model 
 
The Helsinki model is a land-use/transport model developed using the MEPLAN software. 
Two main modules can be recognised: a land use model and a transport model. An interface 
module provides the required connections between the two main modules in both 
directions. In the land model, the local economy is represented by an input-output matrix 
where the interacting factors include economics sectors, population groups and floorspace. 
The mobility of individuals is determined by the interaction between economic sectors and 
the population groups. The integration of land-use and transport in the model framework 
allows not only to compute endogenously the trips matrices but also to simulate feedbacks 
from the transport system to land use. More specifically, changes of locations may be 
induced by variations of transport costs and accessibility which are the effect of increasing 
congestion, new infrastructures, additional services and so on. Effects on land-use are 
lagged (i.e. changes on the transport side at the year n are reflected on land use only at time 
n+t) to take into account that re-location choices need some time to be put in practice. 
 
Table 4.8: Overview of the Helsinki model 
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The South Tyrol model 
 
Also the South Tyrol model belongs to the group of land-use/transport models built with 
MEPLAN. The framework of the model is therefore very similar to that of the Helsinki model, 
with a land use model and a transport model connected by means of an interface. The same 
input-output approach is used in the land model to simulate the interaction between 
population, economic sectors and floorspace under the form of production/consumption 
relationships (e.g. in the model economic sectors ‘consume’ population to represent the 
usage of workforce, while population ‘consume’ floorspace to simulate housing demand. 
Such relationships take place between different zones (e.g. employees working in a given 
zone comes from many other zones) and, thanks to the interface, give rise to the mobility in 
the area that in the transport model is subjected to modal split and route choice. As in the 
Helsinki model feedbacks from the transport system to land use are simulated. 
 
Table 4.9: Overview of the South Tyrol model 
 

 
 
 
The following tables resume and compare the main features (time thresholds, geographic 
coverage, zoning system level of detail, transport modes, etc.) of the models described in 
this section. 
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Table 4.10: European models features 
 

 
 
 
Table 4.11: Local models features 
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From the description above, it is apparent that the models cover a range of different 
methodologies. Even if the ASTRA and the SASI model are both European models, they work 
with two different approaches. Based on a coarse geographical system, ASTRA is a system 
dynamics model where the input/output relationships between sectors play a major role to 
explain the linkages between transport, economy and environment. SASI is a recursive (i.e. 
looking for equilibrium) model, aimed at analysing the impacts of infrastructure and other 
major changes in the transport system to the local economies. Impacts are modelled by 
regional production functions in which spatially disaggregate accessibility indicators are 
included. Therefore, even though both models provide a response about how changes on 
the transport side affect the economy, their response is given from two well separate 
perspectives. 
 
Also in the regional models, some differences can be noted. From the point of view of the 
methodology, in almost all models land use and transport interact in some way, even if not 
in the same way (the Helsinki and the South Tyrol model share the same software and are 
more similar, the Dortmund and the Edinburgh model are built with different relationships). 
Also the local contexts are different: the Brussels and Dortmund models are focused on very 
densely populated metropolitan areas with millions of inhabitants; the Helsinki and 
Edinburgh models cover wider regions with a major city centre where most of the 
population live; finally, the study area of the South Tyrol model is the whole province, 
sparsely populated and where the major city counts no more than 100.000 inhabitants.  
So, each different model used for simulating the scenarios provides a different way of 
looking at the impacts of the policies; specific mechanisms that play a major role in one tool 
could be secondary in another one and therefore lead to different effects. The proper 
features of the tools should be taken into account when comparing the outcomes of the 
simulation runs.  

 

4.3 Models simulation strategy 
 
The STEPs scenarios have been implemented in the modelling tools according to their 
specific features and capabilities. One important consequence of the specificity of each tool 
is that none of the several modelling tools used is capable of simulating all measures 
included in the scenarios. Some of the scenario variables were not present “as such” in the 
models and therefore the implementation of the measures has been based on proxy  
variables. Table 4.12 reports a summary of which scenario variables could be simulated in 
each model, either directly or indirectly, and which ones were outside the tools domain. 
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Table 4.12: Models simulation capability 
 

 
 
 
So, each model has implemented a “customised” version of the scenarios. However, from 
the details reported in Chapters 6 and 7 on how each model has implemented the scenario 
assumptions, it will be clear that the main features of each scenario are represented in each 
model. Although each tool has been applied as an independent model, there are at least 
four conditions that ensure results can be compared at least in broad terms: 
 
4. First, whenever possible, the same measure has been implemented in the same way 
and this is true for key variables like fuel taxes, public transport performance or vehicle 
energy efficiency.  
 
5. Second, although significant differences exist between the European models, as their 
focus is different, they are broadly comparable in terms of the basic common trends and 
assumptions and therefore the policy measures affect the same evolution of the economic, 
transport and energy systems through time.  
 
6. Third, even if models have worked as independent tools, a linkage was actually 
activated through an iterative procedure that made use of the POLES and ASTRA models to 
forecast the effect on fuel prices of the assumptions concerning oil price, given the 
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development of transport demand. Forecasts obtained with this procedure have 
represented an input for all other tools. More details are provided in Section 4.3.1.  
 
7. Finally, to guarantee consistency between the European models and the local 
models, exogenous information such as energy price or fleet development adopted by local 
models has been drawn from European models forecasts (see again Section 4.3.1). 
 
ASTRA-POLES feed-back and data exchange between models 
 
Scenarios are clearly separated in two groups according to the assumption concerning the 
development of oil price (Scenarios A and Scenarios B). However, for all models simulating 
the energy price in the transport sector, the relevant variable is not the price of oil, but the 
resource price (i.e. net of taxes) of gasoline, diesel and kerosene 3.  
 
The definition of the scenarios was based on oil price as this is the primary variable, which 
drives the cost of all fossil fuels. However, even if there is a clear correlation between oil 
price and fuels price, it would not be correct to assume that the hypothesis concerning the  
former could be applied as such to the latter. Actually, historical trends show that fuel price 
is generally less volatile than oil price. For instance, the crude oil price has grown by about 
120% in the last 6 years (from an average of 16.5 $/Barrel in 1999 to an average of 37.5 
$/Barrel in 2004), while gasoline price in the same period has grown significantly less (e.g. of 
about 35% in Italy, of about 40% in Germany, etc.). 
 
It was the energy market POLES model which took care of the simulation of the fuel price 
development as a consequence of the oil price hypothesis assumed in the scenarios. And 
since one crucial variable affecting the development of fuel price is transport demand, this 
was provided to POLES form the ASTRA model. Transport demand affects price but also the 
reverse is true, so there is a feed-back relation to take into account. For that reason, the 
POLES and ASTRA models have worked interactively in a feed-back process.  
 
Taking transport cost, as generalised costs, and transport demand, as vehicles-kms, from the 
ASTRA model, POLES has computed the fleet evolution and fuel price development. In turn, 
the fuel (resource) price forecast by POLES has been used in ASTRA to revise the transport 
demand forecast, which is again fed into POLES. The loop transport demand – fuel price 
impact – impact on transport demand – impact on fuel price between the two models has 
requested two iterations (Figure 4.1) before reaching the equilibrium; in fact, from the third 
iteration on, results did not show any significant changes. So, the fuel price and vehicle fleet 
development produced in the second iteration (by the POLES model) have been made 
available for the other models as input for the scenarios.  
 
Figure 4.2 summarises which variables are exchanged and how the STEPs models are linked 
to each other. In addition to fuel resource price and vehicle fleet from POLES, also fuel taxes 
by country from ASTRA and average emission factors are transferred to the local and 
regional models. The diagram illustrates how the internal coherence of the scenarios has 
been strengthened by means of the endogenously computed variables exchanged between 
the different models (actually from ASTRA-POLES to other models). In some cases these 
variables have replaced direct assumptions defined in the definition of scenarios.  

                                                 
3  Other fuels like Compressed Natural Gas or Liquefied Petroleum Gas are not modelled in STEPs as they have a 

minor share in the vehicle fleets. 
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Figure 4.1: The POLES – ASTRA iteration 
 

 
 
 
Figure 4.2: Data exchange between models in scenarios simulation 
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CHAPTER 5: The assessment methodology 
 

5.1 Outline of the MCA procedure 
 
This Chapter describes the MCA methodology which has been used in STEPs: An outline of 
this methodology is included in Figure 5.1. 
 
Figure 5.1: Outline of the MCA methodology 
 

 
 
 
The starting point for this methodology is a review of the main EU transport and energy 
policy documents, in order to derive the set of assessment criteria to be used in STEPs. The 
corresponding set of “performance indicators” links model outputs with assessment criteria. 
They are included in Table 5.1. 
 
The relative importance of each criterion has been defined according to the responses to a 
targeted questionnaire distributed by STEPs partners among key researchers and other 
relevant stakeholders. Subsequently, for each criterion, model-specific linear value functions 
have been built based on the extreme values of the corresponding performance indicators.  
 
For the four STEPs criteria categories: energy, environment, social and competitiveness, the 
MCA allows computing a score representing the performance of each scenario in each of 
these four categories, namely “energy”, “environment”, “social” and “competitiveness”. No 
aggregation of the corresponding four scores has been made in STEPs, mainly for two 
reasons. The first is that none of the models provides performance indicators for all the 
indicators, and therefore it is not possible to compute a “strict” global social utility value for 
each scenario. The second is to intentionally leave the decision maker with the final decision 
on the best scenario, depending on his/her trade-offs between the often conflicting scores 
obtained in each of the aforementioned four criteria groups.  
 
The objective of the research carried out in STEPs is to provide the decision maker with 
comprehensive information on the predicted effects of a set of, in a sense, plausible/  
possible changes in fuel availability and related policy responses. Political, social and many 
other factors beyond the scope of the STEPs project will presumably drive the decision 
makers selection of the package of policy measures to be implemented.  
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The assessment is carried out on the basis of the results of different models, with different 
geographical scales, initial assumptions and output indicators. Although a considerable 
effort has been made to homogenize the models output indicators, their results are not fully 
comparable. Hence, only broad comparisons across models, in terms of the observed 
direction of the effects,  are carried out in STEPs. 
 

5.2 Selection of assessment criteria 
 
In order to select the list of assessment criteria to be used in STEPs, a review of the major 
energy and transport related policy documents at a EU scale was conducted, as described 
below. 
 
The starting point for the selection of the criteria to assess STEPs transport and energy  
scenarios was the identification of the main concerns and policy targets of the European 
Union related to the aforementioned sectors.  
 
The growing importance of Energy and Transport sectors in the EU became clear in 1999, 
when the Commission created a specific Directorate-General for the management of Energy 
and Transport Policy. These two sectors share a number of fundamental 
characteristics(EC,2004a): 
 
§ they are essential to economic competitiveness;  
 
§ they contribute to social and territorial cohesion; 
 
§ each is the subject of important public service missions guaranteeing all users and 
consumers, wherever they may be on the territory of the Union, equal access, on equitable 
conditions, to quality services at affordable prices;  
 
§ they require substantial infrastructure with quality, inter-connected networks and the 
question of investments is vital to each; 
 
§ often organized in a monopolistic basis, they face similar problems when confronted 
with the integration of national markets and regulatory changes;  
 
§ both have a major influence in the quality of our environment and are subject to the 
same requirements in terms of safety and security; 
 
§ they each have a major international dimension. 
 
In summary, the main objective is that energy and transport contribute to sustainable 
development: making Europe both a homogenous area of economic development and an 
area where the environment in the broadest sense of the term is conserved. 
 
The following sections review the main concerns and policy targets of the European Union 
in terms of transport and energy related to the objectives of STEPs, which will constitute the 
main input for the selection of the assessment criteria. A complete list on EU’s legislative 
Acts on transport and energy sectors can be found in (EC, 2004a). It is beyond of the scope 
of this task to include them in this Deliverable. 
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Common Energy and Transport Policy 
 
The Common Transport Policy (CTP) has two basic goals: efficient, accessible and 
competitive transport systems - essential to growth and employment and to keep EU 
businesses competitive - and a high level of safety and environmental protection. 
Therefore the CTP Action Programme seeks:  
 
§ better integration of transport modes and greater use of environmentally friendly and 
energy-saving modes;  
 
§ stimulation of new technologies;  
 
§ promotion of a "Citizens’ Network" to provide high-quality collective transport of all 
kinds; 
 
§ fair competition between the different modes; 
 
§ improvement of road safety. 
 
EU’s main Energy Policy targets have been recently summarized in the Treaty establishing a 
Constitution for Europe Official Journal of the European Union, 310/01 of 16 December 2004 
(EU, 2004). 
 
“In the context of the establishment and functioning of the internal market and with regard 
to the need to preserve and improve the environment, Union policy on energy shall: 
 
§ ensure the functioning of the energy market,  
 
§ ensure security of energy supply in the Union, 
 
§ promote energy efficiency and energy saving and the promotion of new and renewable 
forms of energy”. 
 
(Article III-256, Section 10: Energy, Title III, Part III) 

Current activity in the fields of transport and energy is based on two major Policy 
documents: the White and the Green Papers: 
 
White Paper: European Transport Policy for 2010: time to decide (EC, 2001). It proposed four 
main priorities: 
 
§ adjusting the balance between the different modes of transport; 
§ implementing the trans-European transport network; 
§ placing the user at the heart of transport policy; 
§ managing the effects of transport globalisation. 
 
Green Paper: Towards a European strategy for the security of energy supply  (EC, 2000). It 
established three major strategic priorities:  
 
§ controlling the increase in demand, identifying two priority sectors : transport and 
construction; 
 
§ managing dependence on supply, no to maximise the Union’s autonomy on energy, 
but to reduce the risks involved in dependence; 
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§ ensuring that the internal energy market works well. 
 
Finally, the recently adapted Community Guidelines for the development of the trans-
european transport networks (EC, 2004c) include essential EU transport policy objectives. 
The following list constitutes a selection of the relevant objectives in the context of the 
STEPs project:  
 
§ ensure the sustainable mobility of persons and goods (…) under the best possible 
social and safety conditions, while helping to achieve the Community's objectives, 
particularly in regard to the environment and competition, and contribute to 
strengthening economic and social cohesion; 
 
§  be, in so far as possible, interoperable within modes of transport and encourage 
intermodality between the different modes of transport;  
 
§ cover the whole territory of the Member States of the Community so as to facilitate 
access in general, link island, landlocked and peripheral regions to the central regions and 
interlink without bottlenecks the major conurbations and regions of the Community. 
 
Current European Commission Concerns  
 
The main concerns from the EC on energy and transport issues have recently been stated in 
a Report from the Directorate of Energy and Transport (EC, 2004a). This document 
constitutes a starting point to structure the set of criteria to be included in the STEPs 
methodology. 
 
Europe’s transport system is dealing with important issues, such as:  
 
§ Traffic congestion reaching disturbing levels, with the existence of certain bottlenecks 
on the major intra-Community routes and its negative economic impacts;  
 
§ Lack of interoperability between modes and systems; 
 
§ Growing imbalance between different modes: growing air and road market shares and 
decreasing rail and sea modes; 
 
§ Traffic safety: although the situation in the EU15 has improved in recent years, the new 
Member States show alarming results.  
 
However, as the development of passenger and goods transportation is directly linked to 
economic growth, decoupling transport and GDP growth, while dealing with increasing  
mobility needs, is essential. In addition, enlargement and more intensive trade relations with 
neighbouring countries will both contribute to an intensification of trade flows. 
 
The rights of users and passengers are also of vital importance: European citizens should 
benefit from equal access to transport services under acceptable conditions. In this sense, 
the influence of the transport system on socio-economic disparities among regions is not 
clear and it can either reduce differences or introduce further spatial polarisation, i.e. 
increase or reduce cohesion. 
 
Regarding the energy sector many warnings have been issued, not only concerning the 
long-term  decline in world hydrocarbon reserves, but also the more intermediate threat of 
a reduction in the availability of crude oil on the markets - with the resulting pressure on 
prices- resulting in particular from the emergence of very substantial new consumers, such 
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as China. Extensive oil consumption, combined with the expected growth in demand for 
natural gas, will increase the Union’s dependence on imports from non-member countries.  
 
Apart from the question of physical supply, the price of energy, and more particularly of 
oil, will be another serious cause of concern for the EU, for its implications in terms of GDP 
growth reduction.  
 
It is also important to mention the international dimension of the transport and energy 
sectors in a growing globalisation and unstable geopolitical context. Given the current 
dependence on imports, the EU needs to strengthen its relations with the producing 
countries – in which the key element in energy cooperation is Russia-, and to play a more 
active role in certain international organizations.  
 
Finally, there is the fact that transport is a fundamental element of the problem of climate 
change and its consequences on the deterioration of the environment. In this sense, it is 
urgent to take proactive measures to reverse the growing trend in Greenhouse Gas (GHG) 
emissions to comply with the Kyoto Protocol agreed in 1997.  
 
All the above mentioned concerns have been translated into three essential dimensions: 
safety, security and protection of the environment (EC, 2004a): 
 
§ Safety and security of transport and energy supply systems: reducing the risks 
inherent in systems of mobility or supply, which have been increased by the globalisation of 
trade. These include:  
 
§ Safety in the mobility of goods and persons: in the last four years there have been 
important developments in transport policy standards, as well as the establishment of three 
European Agencies set up for the maritime, aviation and railway fields, and the set up of a 
group of experts to advise the Commission on the development of a European policy for the 
prevention of accidents in all modes of transport, including the transport of energy (oil and 
gas pipelines). 
 
§ Ensuring transport security: in response to the terrorist attacks of 11 September, a 
policy on security in the aviation and maritime fields has also been initiated, as they have 
been selected as potential targets of malicious action. 
 
§ Ensuring the reliability of the nuclear sector: dealing with all the risks, whether 
damages to human health (radiation protection), misappropriation and misuse of nuclear 
materials (security), or malfunctioning of installations (safety), as well as the environmental 
risks stemming from the disposal of radioactive waste.  
 
§ Making energy and transport a part of sustainable development: making Europe 
both a homogenous area of economic development and an area where the environment in 
the broadest sense of the term is conserved. The achievement of this overall objective 
entails:  
 
§ Preventing breaks in the energy system : this include the regulations needed for the 
completion of the internal market, the development of trans-European networks (mainly in 
terms of improving cross-border gas and electricity connections as well as transport), but 
also the reduction of the heavy structural dependence of EU on energy imports, by means of 
diversification of energy sources, promotion of energy efficiency and re-balancing between 
modes of transport to promote the least energy-consuming and emission-contributing.  
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§ Controlling demand for energy: including measures such as energy labelling, 
rationalising the cycle of production, distribution and use of energy, increasing energy 
efficiency at the stage of the final use of energy.  
 
§ Diversifying supply of energy: raising the share of new and renewable energy sources, 
promoting the use of substitute fuels (mainly biofuels), and financing the research and 
promotion of “more intelligent” energy, with policy packages intended to encourage 
greater demand management.  
 
§ Combating imbalances in the transport system: revitalizing rail transport, short sea 
shipping and inland navigation, supporting the progress of intermodality (e.g. MARCO 
POLO programme), creating essential infrastructures and technologies to make transport 
more efficient and fluid (e.g. GALILEO and ERTMS systems), or introducing pricing measures 
and infrastructure charging for a fair competition between modes. 
 
§ The rights of users and passengers: European citizens should benefit from equal 
access to energy products and transport services under acceptable conditions.  
 
STEPs Assessment Criteria 
 
The assessment criteria and corresponding performance indicators, -as defined in D5.1.-are 
included in Table 5.1. Four main criteria categories have been defined, namely energy 
(abreviated name for efficiency and security of energy supply), environmental, social and 
competitiveness.  
 
Table 5.1: STEPs criteria and performance indicators 
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5.3 Criteria weights 
 
Criteria weights have been defined through a targeted survey performed among experts, 
academics and stakeholders in the field of transport and energy. Criteria weights have been 
defined following a direct method, as it is explained in Deliverable 5.1 (see Nijkamp et al.,  
1990) for a review on existing weight estimation metholodogies), in which each respondent 
of the survey is asked to distribute a constant number of points (in our case 100) among the 
objectives distinguished in such a way that the number of points allocated to a criterion 
reflects its relative importance. The survey obtained a total of 89 responses.  
 
The respondents were also asked to define their role in the decision-making process, among  
the following categories: scientist, planner, administration, politician, citizen and other.  
 
In order to obtain a base weight profile the average of the responses from each country has 
been computed4 and their mean across roles has been computed in order to derive the final 
values. The resulting base set of weights is included in Table 5.2.   
 
Table 5.2: Base weight profile 
 

 
 
 
As none of the models provides results covering all the indicators,  each model’s weighting 
system is unavoidable different. For that reason, in each model, a 0 weight is assigned when 
the model does not provide values for the corresponding indicator/criterion, and then the 
weights are redistributed among the indicators actually produced, keeping the proportions 
of the four main criteria (energy, environment, social and competitiveness). The resulting 
particular set of weights of each model can be found in Annex 3.II of Deliverable 5.2. 

                                                 
4 Annex 3.I in Deliverable 5.2 includes the results of the country-specific weight profiles. 
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5.4 Value functions 
 
In order to transform the values obtained in each indicator into an utility value, linear value 
functions have been defined.  Figure 5.2 represents the role of the value function in the MCA 
procedure. The values of the performance indicators predicted by each model in each 
scenario have been included in Annex 4.I of Deliverable 5.2.  
 
The heterogeneity among models made difficult the definition of common value functions 
for all the indicators used in STEPs. Therefore, each indicator in each model has a different 
value function, which has been defined by each of the modellers.  
 
The value function assigns utility values varying from 0 (to the least preferred value) to 100 
(to the most preferred value) as Figure 5.2 shows. Least (X1) and most (X2) preferred values 
have been defined to represent points 10% beyond the extreme values of the performance 
indicators obtained by each model5. The definition of the two extremes points (X1, Y1) and 
(X2, Y2) of each value functions can be found in Annex 3.III of Deliverable 5.2. 
 
Figure 5.2: Value functions in the MCA procedure 
 

 
 

 
 
The last step in the MCA process is to apply the linear additive model, which multiplies the 
score of each indicator by its weight and aggregate s them to obtain the utility value 6 of the 
scenario considered. Figure 5.2 illustrates this explanation.   

                                                 
5 The specific characteristics of each model allows for some variations in this general rule. Hence, a certain degree of 

freedom has been left for modellers in the definition of the units in which indicators have been measured and 
the selection of the least and most preferred options. This holds, e.g., for some Dortmund indicators, which have 
been standardized in terms of per capita/day.  

6 As justified in Section 5.1., no “global” utility value has been computed in STEPs. Instead, a score representing the 
performance of each scenario in each of the four categories: energy, environment, social and competitiveness, 
has been calculated. 


