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Executive summary 

The objective of the REFIT study is to provide a set of sustainability indicators for assessing the 

effect of various policy packages of priority interest through state-of-art models at European scale.  

The objective of this deliverable is the development of the REFIT assessment framework of 

indicators and models that addresses sustainable development issues at European scale in their 

economic, environmental, and social dimensions. The assessment framework is designed to link 

sustainability objectives and assessment methodologies with practical tools and indicators in the 

area of transport research. 

In this task, the comprehensive set of sustainability objectives and indicators defined in the previous 

REFIT WP1 is linked with possible quantification methods and models. A distinction is made 

between:  

� indicators that cannot be addressed or can only be addressed in qualitative terms;  

� indicators that can be addressed by existing state of the art tools, no extra effort is needed; 

� indicators that may be addressed if extra effort is put into method evaluation module develop 

and 

� indicators that can only be addressed on the long run since their assessment needs a complete 

new modelling techniques. 

In brief, the deliverable contains the description of the methodology for assessing sustainability of 

European transport policies and the implementation of the REFIT framework to compute indicators.  

The methodology clarifies how the different pieces of the analysis are linked together (including 

inputs and outputs of each component of the system) in the REFIT operational framework, 

identifies the criteria to be followed for the definition of policy packages, for the implementation of 

these policies in the modelling tools, for using model output in building indicators, for identifying 

sustainability indicators, etc.  
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1 Introduction 

1.1 The REFIT project 

The objective of the study is to provide a set of sustainability indicators for assessing the effect of 

various policies/packages of priority interest through state-of-art models at European scale. The 

objective is therefore to develop, test and validate a “modelling tools-based” methodology that 

produces data on a set of identified indicators and that enables ex-ante evaluation of the European 
Common Transport Policy considering the economic, environmental and social dimensions of 

sustainability. 

Work Package 1 defined the ideal transport sustainability impact assessment framework and 

provided a list of transport sustainability indicators encompassing the economic, environmental and 

social impacts of transport policies. The aim of the subsequent REFIT work packages will be to 

refine as needed the available indicators and to develop new economic, environmental and social 

modules fully linked with the existing pan-European transport models TRANS-TOOLS and 

TREMOVE.  

1.2 Objectives of WP4 

In almost every recent paper on sustainable transport there is a statement about the underdeveloped 

"poor-relation" social dimension and lacking knowledge about the social aspects of sustainability. 

This is partly due to the fact that a lot of social indicators overlap with economical and 

environmental indicators.  Indeed, the social dimension is usually closely related to the two other 

dimensions.  E.g. the transport pollutant emissions are considered as an environmental impact, but 

the health effects can be considered as a social impact.  However, the health impact of air pollution 

is usually also considered within the environmental dimension, especially when using an impact 

pathway approach. Nevertheless, the social dimension cannot be narrowed to the “pure” social 

impacts.   

Another problem with the social impact is that a lot of these impacts are results of policies and 

evolutions other than those from the transport sector. An example of this is the effects of transport 

on employment. A first overview of social impacts is: 

o Accessibility (spatial and temporal) 

o Affordability (financial) 

o Safety and security 
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� Safety (accidents, damages) 

� Security (privacy, freedom of fear) 

o Working conditions for employees in the transport sector 

o Liveability, attractiveness and amenability of settlements and neighbourhoods 

o Equity 

o Participation, acceptance, option 

o Social cohesion, social capital, tolerance, solidarity 

Besides linking the existing three models to these themes, the work package will make a step 

forward in addressing the impacts of transport policy on:  

o Transport safety: Safety is an important component of the quality of life of citizens. Safety 

will be assessed by relating the transport demand network model output to a safety module 

that will be developed during this project.   

o Equity & income distribution: The second focus will be on equity and income distribution.  

This aspect considers the allocation of costs between different income classes. This indicator 

is used to justify efforts to keep transport costs “affordable” to disadvantaged lower-income 

transport system users. 

1.3 Objectives of the report and report structure 

In this report it will be investigated which elements in modelling related to the social effects would 

need to be improved. One of the conclusions of the ASSESS project was that there is no readily-

available modelling tools, which allow one to calculate the sustainability indicators related to the 

social dimension of sustainability. The present report identifies some solution for this problem and 

points out the remaining problems.   

In this report in chapter 2 an overview is provided of the REFIT methodology for assessing 

Sustainability of Transport policies. This chapter is based on the content of D2.1. In chapter 3, the 

possibilities and gaps of the existing models being considered in REFIT are analysed. Based on this 

the solutions for the gaps are formulated in chapter 4. This chapter will guide the activities of the 

remaining of WP 4. In chapter 5, the connection of the social dimension studied in this deliverable 

with the environmental (WP 5) and an economic (WP 3) dimension is described. The report is 

complemented by the annex with the updated indicators sheets. 
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2 Overview of the REFIT methodology for assessing 
sustainability of transport policies 

2.1 Conceptual framework for transport sustainability impact 
assessment  

Transport activities contribute to the formation of national income and wealth. They contribute also 

to the depletion of natural resources, for instance the energy consumed by the different transport 

modes, the land taken by road, rail, airports and ports infrastructures, etc. Transport emissions are 

one of the most important contributors to air pollution, particulate matter and CO2 accumulation. 

Human capital is depleted as a consequence of road and other transport modes accidents, as well as 

of health damages caused by transport air and noise emissions. 

According to the general sustainability assessment framework based on the weak sustainability rule 

– presented in REFIT Deliverable D1.1 - the transport sustainability impact assessment can be done 

by identifying the specific contribution of transport to the process of total wealth formation 
and the correlated concept of genuine saving1. This is indeed the concept of transport 
sustainability impact assessment presented in the diagram on the following page, reproduced from 

REFIT D1.1. At the core of the diagram there is the “transport production function” which 

transforms inputs of resources – capital, labour, land, energy etc. – into outputs – i.e. transport 

services – in order to satisfy the mobility needs (both passenger and freight). The latter are 

influenced by external developments – including for instance the ageing of population and the 

growing knowledge and leisure society - or policy trends as land use planning, integrated mobility 

demand management etc. The transport production function uses transport infrastructure and 

technologies that are subject to step changes depending on the flows of investments injected into the 

system and technological progress. The transport production function is also influenced by the 

existing regulatory framework. The output of the transport production function is the availability of 

transport infrastructure and the supply of transport services. 

The transport production sectors contribute to the formation of GDP, Gross National income and 

employment, as any other sector of the economy. Consumption of private and public transport 

services is also an important component of total consumption, and the deterioration of transport 

equipment and infrastructure is included in the consumption of fixed capital. Thus, transport 

                                                 

1
  The process of genuine saving computation is fully described in REFIT D1.1. 
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contributes firstly to the formation of gross and net national saving, the first components of country 

genuine saving computation.  

Then, continuing in the process of genuine saving calculation, the most relevant contribution of 

transport to the value of human capital is negative, i.e. the potential years of life lost due to the 

injuries and fatalities caused by transport accidents. Going downward in the computation process, 

transport is clearly a key consumer of energy and land resources, and a major source of pollutants 

and CO2 emissions.  

According to the proposed concept, an ideal transport sustainability impact assessment would 
require to consider for each EU country the genuine saving calculation process, and to enucleate the 

contribution of transport to the various steps, as summarized in the following table adapted from 

World Bank (2006). 
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Fig. 2.1 Concept of transport sustainability impact assessment 
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2.2 The operational framework 

The REFIT operational framework is aimed at producing a set of forecasting indicators for the 

assessment of European Transport Policies. The starting point is the definition of the policy 

packages, intended as an aggregation of individual policy measures, which constitute the input 

for the modelling tools, under form of assumptions on the value/state of a set of variables (the 

policy leverages of the models). The modelling tools are formed by the core models and the ad-
hoc models: the core models simulate the change induced by a policy package on a wide range 

of variables and produce a set of data which are either the input of the three ad-hoc models, 

which in turn produce the sustainability indicators respectively for the economic, environmental 

and social dimension, or are directly used to compute indicators.  

The core models are the two European based model TRANS-TOOLS
2
 and TREMOVE. Ad-hoc 

models will be developed to analyse specific aspects which are not addressed by the core models 

                                                 

2
  Note that the operational framework is valid also if other transport models are applied instead of 

TRANSTOOLS. In this case, the economic model of TRANS-TOOLS, CG-Europe, should be considered 

separately 
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in sufficient detail; these have the twofold aim of extending the quantification of (indirect) policy 

effects with reference to specific domains and processing direct outcome of the core models to 

produce indicators. Indicatively: 

o the economic module will consider the linkages between transport and economy, mainly 

in terms of the effects of transport policy measures on economic variables like GDP or 

employment; 

o the environmental module will be focused on health impacts of air-pollution and traffic 

noise; 

o the social module will consider the effects of policies on the social side, addressing 
aspects like distribution of costs and benefits. 

The main role of the modules is to produce sustainability indicators to provide synthetic 

measures of the effects of transport policy packages on given domains like economy and 

environment. Indicators will be policy sensitive in the sense that their ingredients will include 

variables whose value is affected by the implementation of policy packages. The effect of 

specific measures will be generally reflected by a change of the value or one or more indicators. 

Figure 2.2 shows the main components of the operational framework. It includes four main areas 

which are described in some detail below. 
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Fig. 2.2 The REFIT operational framework 
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2.2.1 The “Policy Packages” area 

The first area includes the leverages that will be used to design the policy packages. These 

leverages act on two main domains. On the one side, leverages may modify the regulatory 

framework of the transport system. The term “regulatory” is used here in a wide sense to include 

not only elements like market regulation (e.g. open rail market to competition) but also measures 

which affect directly transport costs like road pricing or environmental taxation, etc. On the other 

side, policy packages can include measures concerned with the ‘hardware’ side, that is the 

improvement of infrastructures (e.g. the implementation of new roads and rails on TEN 

corridors) as well as the technological development (e.g. reduced emissions of pollutants from 

transport modes). From a conceptual point of view, having in mind the conceptual framework 

developed in Work Package 1 and summarised in paragraph 2.1, the definition of a policy 

package implies a “change of assets” which might be either positive (the creation of new assets, 

e.g. new transport infrastructures) or negative (resource consumption, which is a reduction of 

assets). The Policy Package area provides inputs to the core and ad-hoc models of the “Transport 

System Operation” box within the System Analysis area. 

2.2.2 The “Systems Analysis” area 

This area is the ‘engine’ of the operational framework, where the input defined in the Policy 

Package area is translated into raw output which will serve to compute the indicators. The main 

element in this area is the “Transport System Operation”, which includes:  

� the core models, TRANS-TOOLS and TREMOVE, and  

� the ad-hoc models, which produce sustainability indicators respectively for the economic, 

environmental and social dimension. 

The components of the transport system operations are described in chapter 3. Another 

component of this area is the definition of the “Exogenous development”. It includes all those 

trends which are relevant to define the mobility patterns although these are not part of the 

transport system (e.g. economic growth, population development, etc.) and also out of control of 

the European transport policy maker. Assumptions concerning such exogenous elements enter as 

input in the modelling tools and allow them to provide forecasts about the development of 

transport demand and its effects.  

2.2.3 The “Indicators Processing” area 

The System Analysis area produces a wide range of quantitative results. Such results are 
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transferred to the Indicator Processing area for the calculation of the sustainability indicators. 

The indicators are grouped by topic according to the classification given in Work Package 1: 

transport system operation indicators, transport economic impact indicators, transport 

environmental indicators and transport social indicators. In some cases, the modelling output will 

be directly translated into indicators while in other cases additional processing will be needed. 

Therefore, even if the ‘heart’ of the quantification of impacts of the policy packages is in the 

System Analysis area, the Indicator Processing are plays a key role as well. The indicators 

produced will provide the basis for the assessment phase carried out in the last area of the 

operational framework. 

2.2.4 The “Assessment” area 

The Assessment area is the place where the indicators developed in the previous steps of the 

operational framework can be used to derive a final response concerning the impacts of the 

transport policy packages on the sustainability. In REFIT is explicitly recognised that the 

measurement of the impacts of transport policy requires a multidimensional approach. Therefore 

different domains (economy, environment, society) are considered and within each domain a 

wide range of indicators is available. The Assessment area addresses the task of using the whole 

set of indicators in order to obtain a synthetic measure of sustainability.  

However, this issue has not a neutral solution. The objective of REFIT is not to suggest to use 

one methodology instead of another one, but to provide the elements required for applying 

alternative methods. The choice of the methodology is left to the applications of the framework. 

So, in this area the values of the indicators are first collected from the different tools and made 

available in a coherent form (e.g. in terms of geographical scope and segmentation). Secondly, 

alternative paths for the overall sustainability assessment are indicated to the user in terms of 

rules for indicators selection, weighting, aggregation, etc. In doing so, for some methodology it 

is also indicated which additional information are required (e.g. to perform a Cost-Benefit 

Analysis, exogenous data about the cost of implementing the measures is needed as well as a full 

estimation of changes on the travel time side). 

As a preliminary step for the policy assessment, an operational tool made under the form of excel 

worksheet has been proposed and presented in detail in the section 4.5. 

This area will be better developed in the following WPs where the effects of transport policies on 

specific domain will be quantified and valuation methods will be described. 
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2.3 Modelling tools in the REFIT framework 

2.3.1 The REFIT framework 

Modelling tools represent the instrument to simulate the effect of the transport measures, that is 

to measure the change induced by a policy package on a wide range of variables. In the REFIT 

“tool box” the TRANSTOOLS/TREMOVE integrated model structure is the core of the 

quantitative procedure. In addition to these two models ad hoc models are considered in REFIT: 

1. an economic module will consider the linkages between transport and economy, mainly in 

terms of the effects of transport policy measures on economic variables like GDP or 

employment; 

2. an environmental module will be focused on health impacts of air-pollution and traffic noise; 

3. a social module will consider the effects of policies on the social side, addressing aspects like 

distribution of costs and benefits.   

In this section these core and ad hoc models are described very briefly. In Deliverable D2.1 of 

REFIT a more elaborate description is provided.  

2.3.2 The TRANS-TOOLS model 

TRANS-TOOLS is a European transport network model covering both passenger and freight, as 

well as intermodal transport
3
. The TRANS-TOOLS model is made of different modules, which 

exchange information according to a sequential approach, i.e. the origin/destination matrix 

produced by the passenger model is transferred to the modal split model, etc.. Feed back effects 

are taken into account, i.e. transport costs and times produced by the assignment model are fed 

back to the modal split model. The main sub-models are: 

o Freight demand model 

o Passenger demand model 

o Assignment model 

In additions to these main elements of the model system, the TRANS-TOOLS Model also 

includes a regional economic model based on CGEurope and impact models. The different 

                                                 

3
  The project has been developed within the 6

th
 Framework Program RTD for the Directorate General for 

Transport of the European Commission. 
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models are linked applying a number of conversion routines. The principle of the model in 

overview is illustrated in Figure 2.1. The model framework allows feedbacks between the sub-

models to achieve equilibrium between supply and demand. 

Figure 2.1 Overview of the TRANS-TOOLS model  

Economic model
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Trade Generation
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2.3.3 The TREMOVE model 

TREMOVE is a transport and emissions simulation model developed for the European 

Commission.  It is designed to study the effects of different transport and environment policies 

on the emissions of the transport sector.  The model estimates the transport demand, the modal 

split, the vehicle fleets, the emissions of air pollutants and the welfare level under different 

policy scenarios.  All relevant transport modes are modelled, including air and maritime 

transport.  The model covers the 1995-2020 period, with yearly intervals.   

TREMOVE predicts the overall emissions from the transport sector in different policy scenarios. 

The strength of the model is that it also enables to assess the effects of environmental policies on 

future vehicle fleets and on overall transport demand and its modal split.  The calculated welfare 

effect of a policy then is not only determined by technology costs and emission reductions, but 

also by effects on household mobility, industry logistic processes and government tax income 

from the transport sector. 

TREMOVE consist of 21 parallel country models, and one maritime model. TREMOVE consists 
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of three inter-linked ‘core’ modules: a transport demand module, a vehicle turnover module and 

an emission and fuel consumption module, to which we add a welfare cost module and a life 

cycle emissions module.  

 

An overview map can be found in the next figure. 
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2.4     Stepwise procedures for the evaluation of social dimension 
     using the REFIT framework 

European transport policy measures deal with several topics. For instance, looking at the list of 

policy measures included in the EC White Paper, one can find a number of interventions ranging 

from opening markets to enforcing rules about safety, from harmonising taxation to setting limits 

for pollutants in fuels and so on. Even if the REFIT framework aims at covering a wide range of 

policy measures, it should be recognised that everything cannot be handled. Following a 

classification developed in the ASSESS project (see Martens et. al., 2005) and adopted also in 
TRANS-TOOLS (Burgess et. al., 2006), transport policy measures can be classified into three 

main groups: 

1. Measures whose direct impacts can be simulated in the REFIT framework (e.g. infrastructure 

charging can be directly coded in the TRANS-TOOLS model); 

2. Measures whose impacts can be simulated only indirectly in the REFIT framework (e.g. 

liberalisation is expected to modify transport costs and only such modifications – quantified 

exogenously – can be coded in the models); 

3. Measures whose impacts cannot be simulated by the REFIT framework (e.g. the regulations 

concerning safety of third countries aircraft is out of the domain of all modelling tools in 

REFIT). 

Thus, a preliminary condition for using the REFIT models to compute indicators is to select the 

policy measures properly, i.e. those which can be dealt with in modelling terms. In principle, 

each measure could be assessed in itself. However, with the exception of some ‘big’ measures 

(e.g. an extensive application of social marginal cost pricing), in many instances, single measures 

have a very specific field of application. So, their impacts are in turn limited, especially at the 

scale of European models. 

For that reason, the modelling tools within the REFIT framework can be better applied for 

assessing measure ‘packages’ rather than single measures. Packages consist of more measures 

considered at the same time so that the input for the models (e.g. variation of costs for a given 

mode) is the sum of the single measures. 

Assuming that a policy package has been defined in general terms (e.g. liberalisation measures), 

the first action to be taken is the definition of the modelling input. Then, the steps required to 

perform the simulation within the REFIT framework are described in the following. 
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As far as policy packages involve several measures affecting the transport sector, their 

simulation requires to use all modelling tools in a co-ordinated way. Even if one simple measure 

is modelled, so that input could change in one model only, all tools are needed in order to 

compute all indicators required for the assessment. The models are independent tools, but a 

coherent simulation of policy scenarios requires that inputs are consistent across the models. 

Figure 2.2. provides a synthetic view of data flows between models. Policy simulation inputs are 

provided exogenously to the TRANS-TOOLS and the TREMOVE model, the former feeds the 

latter with data on transport demand and transport costs and both “core models” provide inputs 

for the ad-hoc models. The detailed output produced by TRANS-TOOLS about transport 

demand is translated in the format required by TREMOVE and transferred into this model to 

produce additional output concerning total emissions, welfare, etc. As a further step, detailed 

demand and cost data is suitably provided from TRANS-TOOLS to the environmental and the 

social ad-hoc models while other transport costs are transferred from TREMOVE to the 

economic ad-hoc model. 

So, in total, four endogenous data flows can be identified. Data flow 1 concerns the transfer of 

data from TRANS-TOOLS to TREMOVE, the other three data flows concern the output 

produced by the core models (TRANS-TOOLS and TREMOVE) fed into the ad-hoc models. 

The ad-hoc economic model, as described in the previous chapter, requires as input the cost of 

freight and business passenger transport between the modelled regions. More specifically, 

matrices of freight and business passenger costs (generalised costs, that is out-of-pocket plus 

time costs) are expected from TRANS-TOOLS. Costs must be aggregated over modes. As the 

logistic model and mode choice are based on discrete choice, aggregators must be the expected 

minimal costs corresponding to the respective choice model (logsum in case of logit, Monte-

Carlo averages in case of Monte-Carlo simulated stochastic user equilibrium). 

The ad-hoc environmental model requires inputs from both TRANS-TOOLS and TREMOVE. 

TRANS-TOOLS should provide demand data by mode and, while TREMOVE should be mainly 

the source for the emission factors. Demand data are requested in terms of vehicles per km 

travelled in each region. The modes considered are road (passenger and freight modes 

separately), rail and air. 

The ad-hoc social model uses data about costs and emissions in order to estimate a number of 

indicators to compare impacts on different social groups. The required costs data are expected 

from TREMOVE. Two cost elements are required: transport costs by vehicle type and distance 

class; car ownership costs. 



Contract No. TREN/06/FP6SSP/S07.56190/022578 – REFIT 

Refinement and test of sustainability and tools with regard to European Transport policies 

Deliverable 4.1: Assessing the social dimension of sustainable transport policy: an overview  

                                                                                   Final version 17 

Additionally, emission factors are requested to compute changes in welfare due to environmental 

conditions. Both elements are readily available from the TREMOVE output and as the ad-hoc 
social model is developed with the same methodology, the data flow between the two models 

should be straightforward.   
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Figure 2.2 Data flows within the TREMOVE modelling framework  
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An additional issue concerning the simulation of policy packages is how measures that can be 

simulated by more tools should be implemented. For instance, a variation of fuel taxes can be 

implemented directly in TRANS-TOOLS as well as in TREMOVE. So the question here is: 

when a measure can be implemented in more than one model, where it should be simulated in 

order to get consistent results across all the modelling framework?  

Building on the experience of the ASSESS project, the answer to the question is that a measure 

which can affect the results of the transport network model (TRANS-TOOLS) should be 

implemented in such a model. In TREMOVE and in other aggregated models, only measures 

concerning aspects not deal with in TRANS-TOOLS should be implemented. For instance, as the 

variation of fuel tax has an impact on modal choice it should be implemented in TRANS-

TOOLS which will transfer to TREMOVE demand data already including the impact of such a 

measure. TREMOVE will simulate directly only those measures of the policy package which are 

not relevant in TRANS-TOOLS (e.g. vehicle taxes).  

In other words, TREMOVE should work with demand “baselines” which already includes some 

policy measures e compute the further contribution of other measures. The same convention 

should be applied also for the ad-hoc models: input should come from the core models rather 

than being implemented exogenously.  



Contract No. TREN/06/FP6SSP/S07.56190/022578 – REFIT 

Refinement and test of sustainability and tools with regard to European Transport policies 

Deliverable 4.1: Assessing the social dimension of sustainable transport policy: an overview  

                                                                                   Final version 19 

the modelling tools within the REFIT framework have different features and therefore play a 

different role in the process required to simulate policy measures packages and compute 

indicators. Basically, the role of models can be summarised as follows. 

- The TRANS-TOOLS model simulates the interaction between transport demand and supply 

in detail at the European level and is therefore able to provide a number of results about 

impact on transport demand. Secondary effects of transport demand are also modelled (e.g. 

emissions, economic performance at regional level). 

- The TREMOVE model simulates the impacts of economic and technology policies (e.g. road 

pricing, public transport pricing, emission standards, subsidies for cleaner cars on the 

emissions) on the transport sector and on overall welfare. With respect to TRANS-TOOLS, 

the transport system is modelled in an aggregate form, but some specific modules, like the 

vehicle fleet module or the energy consumption module, deal with variables which are not 

addressed in TRANS-TOOLS or are addressed in a simplified way. 

- The ad-hoc models are developed to simulate specific circumstances and widen the level of 

detail of results available on economic, environmental and social impacts (e.g. distribution 

effects, noise exposure). 

Making reference to the list of indicators introduced in deliverable D1.2, models are able to 

provide the largest part of the indicators. In some cases, more models can compute one indicator, 

although the level of detail can be different. In other cases, indicators are not direct outcomes of 

the models, but can be computed using their results. Finally, some indicators of the D1.2 list 

concern variables which can be computed only at level of geographical detail which is not 

addressed by TRANS-TOOLS model. This is especially the case for land use indicators. 

A set of tables presented in deliverable D1.2 identify which modelling variable(s) are chosen to 

compute each indicators. In most of the cases, the correspondence between the indicator and the 

modelling variables is straightforward. In some cases, however, the indicator is not a direct 

output of the models, so further work is required. 

There are several indicators which can be computed in different models. In these cases, a choice 

is to be made between the alternative models, in order to avoid duplications. A criterion to make 

a choice is emerges considering that the procedure for the simulation of policy packages can be 

interpreted as a flow of data through the various modelling tools, starting from TRANS-TOOLS 

and finishing to the ad-hoc models. Each tool adds to the simulation its specific capability and so 

as the data flow proceeds, more impacts can be modelled. Therefore, as far as possible, 

modelling outputs should be extracted at the end of the data flow. For instance, despite TRANS-
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TOOLS is the transport model within the REFIT framework, some policy measures will require 

TREMOVE for being simulated. Therefore most of transport operation indicators will be 

extracted from TREMOVE and not from TRANS-TOOLS, because only from TREMOVE the 

full impact of measures on transport demand can be captured.  

Anyway, comparisons between the results of the different models could be envisaged during the 

calibration phase of the ad-hoc models in order to ensure that results concerning different 

domains (especially social and economic indicators) are broadly consistent to each other. 

The assessment of the policy packages should make reference to a given geographical scope 

where the policy measures are applied. In order to use different indicators for the assessment, all 

of them should be computed with the same geographical detail. The following two levels 

approach will be followed: 

- At the first level all indicators which can be computed from modelling outputs are produced 

for each country; 

- At the second level transport system operation indicators and environmental indicators are 

produced for the three region types: metropolitan city, other cities, non-urban. 

Some of the indicators are not direct outputs of modelling tools, but can be computed using 

modelling outputs (plus other variables sometimes). Furthermore, in the proposed list of 

indicators, there are some which do not have a clear correspondence to modelling outputs and 

others which are defined in such the way that it makes them not suited for the REFIT models 

capabilities or scale. 

In deliverable D2.1 the way to calculate several important indicators, which cannot merely be 

extracted from models is discussed. These include the calculation of accessibility index, 

internalization of external costs index, transport affordability index, freight and passenger 

transport costs, freight and passenger transport quality, stock of road vehicles and trade indicator. 

For other indicators, alternatives are available and at this stage a choice has not been made yet, 

so the discussion addresses the issues in general terms, with special reference to the contribution 

expected from the REFIT models.  
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3 Assessment and the social dimension: an overview 

3.1 Introduction 

This chapter provides an overview of the process of social assessment and highlights how the 

assessment is supported within the REFIT modelling framework. Our aim with presenting the 

overview is to reconcile the reader with the main ideas concerning the application of CBA for 

transport projects and policies.  

We do not describe the various operational guidelines available within Europe. There are many 

different guidelines available at Member State and European level. An overview of these 

guidelines is not needed for the understanding of this deliverable, but can be found in (HEATCO 

D3, 2005). 

3.2 Assessment approach 

The objective of the assessment is to provide a set of quantitative and qualitative decision 

variables that will guide and support policy-makers in taking decisions. The ultimate goal of the 

assessment is to analyse the positive and negative impacts associated with a given policy 

proposal, enabling informed political judgements to be made and identifying trade-offs in 

achieving competing objectives. 

The purpose of the social impact assessment process is to assess – in a systematic and organised 

way – the underlying issue or problem, the possible options for public intervention and their 

likely environmental impacts. 

In order to have the most broad, such an impact assessment must rely as most as possible on 

statistics, modelling results, indicators and qualitative analysis.  Ideally, a social impact 

assessment should be part of a full social cost-benefit analysis.  The aim is to inform policy-

makers with an objective and unbiased judgement of the likely impacts of different policy 

options. 

The first question in the impact assessment process relates to the identification and analysis of 

the issue(s) or problem(s) in one or more policy areas in social terms. 

One of the most thorough and up to date analysis can be found in the work from the Institute for 

Socio-ecological Research ISOE in Frankfurt. Departing from the basic characteristics of social 

phenomena and processes as well as from the postulate of social justice, EMPACHER and 
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WEHLING identify four core elements of social sustainability: 

• the provision of basic needs for all members of society, 

• the maintenance and development of social resources, 

• equal opportunities concerning access to resources and 

• the participation within social decision processes 

In recent years, the concept of “social capital” has attracted increased attention from economists, 

sociologists, and theorists in many other social sciences. According to the father of the concept 

R. Putnam, social capital refers to “features of social organisation such as networks, norms, and 

social trust that facilitate co-ordination and co-operation for mutual benefit. 

It is difficult to translate this into social indicators related to transport policy.  Therefore, in 

REFIT, the definition of “social impact” has been taken rather pragmatic, as in almost every 

recent paper on sustainability and sustainable development there is a statement about the 

underdeveloped social dimension and lacking knowledge about the social aspects of 

sustainability. 

Therefore, we focus the social impact on 2 pillars: the (broad) equity aspects and the safety 

aspects.  The reason for this, is that this gives the  

• best coverage of dimensions and aspects associated with the pertinent outcome of interest 

• strong and direct relation between the indicator and transport system 

• clear relation between the indicator, sustainability and sustainable transport 

• availability of good data 

 

Safety aspects include the cost of vehicle accidents to society.  Traffic safety researchers 
measure crashes, injuries, fatalities and damages. 

Accidents are one of the largest transportation costs. A portion is borne directly by the occupants 

of a vehicle involved in a crash, and so is considered an internal cost. This includes uninsured 

damages and insurance deductibles borne by motorists involved in a crash. Accident costs 

compensated by vehicle insurance are external to individual motorists but internal to motorists as 

a group. Other accident costs are broadly distributed through society, and so are considered 

external. These include uncompensated medical, disability, lost productivity and grief costs to 

people who are not vehicle occupants, crash avoidance costs to pedestrians and cyclists, and 

public costs for traffic safety programs and emergency services.  
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Effects on equity and inequality include all distributional aspects.  The social equity of policy 
changes and the implications for public acceptability depend e.g. on the effects on income 

distribution, regional development and employment. 

Equity refers to the distribution of resources and opportunities. It is a major issue in connection 

with the social dimension of sustainability, although the concept remains difficult and not easy to 

operationalise. In REFIT, we focus on the fair distribution of effects (e.g. air pollution, pricing) 

among population groups, income classes and regions.  t suggests that people with equal incomes 

and needs should receive a comparable share of benefits and cost.  

 

The process of a social assessment involves the systematic estimation of all significant effects 

and their orderly presentation to decision makers, allowing a fair insight into the project’s worth 

to society.   

3.3 Approach towards social assessment within the REFIT 
modelling framework 

The REFIT modelling framework allows a calculation of all categories of impacts described in 

the previous section:  

• At first, the transport volumes are calculated with TRANSTOOLS.  These transport  volumes 

are further processed in the other models. 

• A new model, EDIP calculates the effects on income equity. 

• A new model will be developed to calculate the effects on safety at the European scale. 
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4 Existing models for assessing the social dimension: 
possibilities and gaps 

4.1 Major sustainability indicators of the social dimension 

The following table provides the synthetic picture of the social indicators covered within the 

REFIT operational framework. The calculation of these social indicators and the required work 

to make this possible is the main topic of this deliverable. 

Tab. 3.1 Transport social indicators 

Code Indicator Variable Linkage to framework 

models 

SEDI Distributional impacts of 

transport policies 

change of inequality of income 

distribution (Gini coefficient) 

Ad-hoc social module 

SEAI Transport affordability index Number of trips x Average 

cost per trip /capita income 

Ad-hoc social module 

SEPTA Public transport accessibility  - 

SEEA Employment accessibility by 

income group 

Calculation based on trip 

lengths 

Ad-hoc social module 

SEASH Availability of basic services 

in a short distance from home 

 - 

SEAOH Availability of open areas in a 

short distance from home 

 - 

SOSA Safety Fatality rate: number of deaths 

per billion passenger/km 

Ad-hoc social module 

SOHE Health effects of air pollution  Ad-hoc environmental module 

4.2 The existing models: possibilities  

4.2.1 Main outputs of the models 

4.2.1.1 TRANS-TOOLS  
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For each of different scenarios the TRANS-TOOLS model can give output. Each scenario can be 

described in outcome on: 

• freight transport (tonnes per commodity, country, mode and logistics activity, and spatial 

development); 

• passenger transport (passengers per motive, country, mode and spatial development); 

• economic outcome of feedback processes (GDP change and welfare effect) – CGEurope; 

• network characteristics (number of freight and passenger vehicles in yearly value, AADT, 

and peak moments); 

• external effects related to network intensities (in terms of emissions and accidents). 

4.2.1.2 TREMOVE  

The output of TREMOVE is a database formed by four parts: Demand, Stock, Emissions, and 

Welfare output
4
. All the data are available for 21 European Countries. The model covers the 

1995-2020 period. 

The output demand is calculated by vehicle categories (14 types), trip Purpose (6), trip Distance 

(3), Region (3), network (6), peak and off-peak period. 

The output emission considers the elements listed in the table 3.1 and it is calculated by vehicle 

categories (14), fuel type (8), vehicle type (25), technology (54), region (3), network (6), peak 

and off-peak period. The three types of regions considered in the model run are metropolitan 

city, other cities, non-urban. 

The output stock is referred to 10 vehicle categories, fuel type (8), vehicle type (25), technology 

and vehicle age (60). 

The welfare model calculates the differences in Consumer Surplus, Producer Surplus, effect on 

government budget and differences in external costs. It refers to Region (3), country (21) and 

year (1995…2020). 

                                                 

4
  Detailed output schemes are provided in the annex of this deliverable. 
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Table. 3.2 Level of detail of TREMOVE and TRANS-TOOLS models 

Variable TREMOVE 

requirements 

TRANS-TOOLS segmentation 

Country EU25 + Switzerland 

and Norway 

EU25 + Switzerland and Norway and for freight all other 

European countries and other parts of the world as partner 

relations 

Region Metropolitan city 

Other cities 

Non-urban 

NUTS 3 regions for passenger demand and NUTS 2 regions for 

freight demand 

Trip distance Urban,  

Short distance,  

Long distance 

Network distance from origin region to destination region 

Passenger transport mode Slow 

Car 

Motorcycle 

Bus/Coach 

Metro/Tram 

Passenger train 

Plane 

Car 

Railway 

Air 

Freight transport mode Road freight vehicles 

Freight train 

Inland shipping 

Road freight vehicles 

Freight train 

Inland shipping 

Maritime transport 

Road passenger vehicle 

category 

Small car 

Medium/big car 

Moped 

Motorcycle 

Road passenger modes are not segmented into vehicle types 
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Bus 

Coach 

Road freight vehicle 

category 

Light duty vehicle 

Heavy duty vehicle 

Road freight mode is not segmented into vehicle types 

Road network Urban road 

Non-urban road 

Motorway 

Several different link types 

Time period Peak hours 

Off-peak hours 

Whole day 

Passenger trip purpose Commuting 

Business 

Non-working 

Business 

Private 

Tourism 

Freight commodity groups Bulk 

Bulk/general cargo 

General Cargo 

Unitised 

Eleven commodity groups based on NST-R chapters (10) + 

crude oil taken separately. 

Source: TRT based on ASSESS data and Chen, T.M., et al. (2005)5. 

For some indicators that can be computed in different models it will be necessary to choose the 

reference model, in order to avoid duplications. 

The choice of the reference model needs to be validated on the basis of quantitative 

computations that will be performed in the models later on in the project. As a general approach, 

a criterion to make a choice could emerge considering that the procedure for the simulation of 

policy packages can be interpreted as a flow of data through the various modelling tools, starting 

from TRANS-TOOLS and finishing to the ad-hoc models. Each tool adds to the simulation its 

                                                 

5  Chen, T.M., et al. (2005). Deliverable 3: Report on model specification and calibration results TRANS-

TOOLS (TOOLS for TRansport forecasting ANd Scenario testing) Deliverable3. Funded by 6th 

Framework RTD Programme. TNO Inro, Delft, Netherlands 
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specific capability and so as the data flow proceeds, more impacts can be modelled. Therefore, 

as far as possible, modelling outputs will be extracted at the end of the data flow. For instance, 

despite TRANS-TOOLS is the transport model within the REFIT framework, some policy 

measures will require TREMOVE for being simulated. Therefore most of transport operation 

indicators will be extracted from TREMOVE and not from TRANS-TOOLS, because only from 

TREMOVE the full impact of measures on transport demand can be captured. However, there 

well might be policies which can be dealt with using TRANS-TOOLS only. In such cases, this 

criterion would not be of practical use. 

4.2.2 Indicators that can be computed with the available REFIT tools 

In the following it will be discussed by indicator selected in WP 2 which input can be extracted 

from the core models. The indicators are described in more detail in the indicator sheets in the 

annex. 

4.2.2.1 Transport affordability index 

An affordability index could be defined as the fare expenditure made by a household as a 

percentage of its income. The index would be computed for various income groups and the 

results scrutinized with an open mind as to whether, using the evidence of the proportion on 

income spent on fares, they are reasonable, high or onerous. Affordability can be considered as 

the ability to make necessary journeys to work, school, health and other social services, and 

make visits to other family members or urgent other journeys without having to curtail other 

essential activities. 

The index is measured in percentage and it is calculated using the following formula: 

Affordability Index  = (Number of trips x Average cost per trip) / Per capita income 

The number of trips and average cost per trip as well as per capita income are available from 

TRANS-TOOLS. This indicator can be calculated using TRANSTOOLS.  

4.3 The existing models: gaps 

4.3.1 Indicators that cannot be computed with the available REFIT tools 

In the following it will be discussed by indicator selected in WP 2 which input can not be 
extracted from the core models and which partly should be calculated by ad-hoc models. The 

indicators are described in more detail in the indicator sheets in the annex. 

4.3.1.1 Distributional impacts of transport policies 
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Some transport policies or projects might deliver greater efficiency at the cost of distributional 

outcomes, which are not viewed as desirable. Road pricing or congestion charging – such as the 

London Congestion Charge (LCC) – provides a good example. 

The question is how distributional concerns can be considered routinely within the framework of 

transport sustainability impact analysis. A useful approach is that taken to include distributional 

aspects in the standard Cost-Benefit Analysis (CBA) framework. According to the standard CBA 

framework, the basic decision rule for accepting a project or policy is to gather a positive present 

value, as happens when the sum of all individuals’ benefits measured by the willingness to pay is 

more than the sum of all individuals’ costs measured by the willingness to accept compensation: 

PV(WTP) – PV(WTA) > 0. 

The distributional impact of transport policies can be expressed through the ad-hoc social 
model. A set of social inequality indicators include:  

o the inequality of income distribution Gini coefficient; 

o at-risk-of-poverty rate after social transfers, by household type; 

o relative at-risk-of-poverty gap; 

o long-term unemployment rate; 

4.3.1.2 Public transport accessibility 

The translation of accessibility from a concept into a measurement is especially complicated for 

public transit because of its inherent spatial and temporal constraints. There are two broad 

categories of public transport accessibility measures: those that measure the access to a public 

transport network and those that measure public transport accessibility to destinations.  

Gravity-based accessibility measures (see the “Accessibility measures” fiche) are used to analyse 

public transport times and generalised costs between origin and destination zones. For public 

transport, there are different ways to account for transit accessible opportunities and the 

proportion of the population in each origin and destination zone that can access them. Most 

practitioners use the crude approach of creating Euclidean buffers around public transport stops 

and stations and using area ratios or simply assign the same transit travel times for everyone in 

each zone. This indicator cannot be calculated neither by the core REFIT models nor by the 
ad-hoc ones. 

4.3.1.3 Employment accessibility 

As efficiency, reliability, and cost effectiveness persist as goals of transport systems, ensuring 
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equitable access to job locations, shopping centres, and other important destinations must be 

given more attention in transport policy agendas. Arguably, providing accessibility to job 

locations is the most important function of public transport systems. Poor transport can prevent 

people from taking up and keeping employment, and restrict their choice of jobs. Job vacancies 

are not always within reach of workless people, even when they are quite close. The main 

problems are: a lack of access to public or private transport, prohibitive costs of fares or running 

a vehicle to get to work, and limited travel horizons, which includes lack of knowledge about 

and trust in the available travel options. 

The success of public transport systems is determined largely by the accessibility they provide. 

Accessibility measures are discussed in the relevant fiche. However, as complement to 

traditional gravity type accessibility measures, a cumulative opportunity measure can be applied 

to measure employment accessibility. This counts the opportunities (jobs) available within a 

predetermined travel time or generalised cost threshold from a specific origin. The measure is 

formulated as follows: 

∑
∈

=
iNj

j
S
i EA           where         { }SCjN iji ≤=  

and S is some pre-specified travel time or generalised cost. An interesting and useful extension 

of the basic cumulative opportunities measure is to control for the number of resident workers in 

each zone. This allows a direct assessment of the workers/jobs match and is achieved by dividing 

the cumulative employment opportunities available to a given zone by its total resident workers. 
This indicator cannot be calculated neither by the core REFIT models nor by the ad-hoc 
ones. 

4.3.1.4 Availability of basic services in a short distance from home 

Access is defined as living within 300 m of basic service facilities. The basic services are defined 

as: 

o Primary public health services (general practitioner, hospitals, first-aid posts, family 

advice bureaux or other public centres supplying medical services), 

o Public schools (compulsory and kindergarten), 

o Food shops (bakeries and greengroceries) 

The indicator should be calculated for each of the 3 services separately. Access to basic services 

is important in a sustainable community for the quality of life and the viability of the local 

economy. 
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Having basic services close to home also reduces the need to travel. If basic requirements of 

food, health services and primary schools are not met, there is a failure to satisfy social needs. 

The absence of shops selling fresh fruit and vegetables is an indicator of social exclusion (e.g. in 

the UK) and a threat to health. 

The indicator is calculated as the number of inhabitants living within 300 m from basic services 

divided by the total number of inhabitants ( =  % of population). This indicator cannot be 
calculated neither by the core REFIT models nor by the ad-hoc ones. 

4.3.1.5 Availability of open areas in a short distance from home 

Public open areas are defined as public parks, gardens or open spaces, for the exclusive use of 

pedestrian and cyclists, except green traffic islands or dividers, and graveyards (see CRISP 

database). This indicator does not take the quality of the open area into account, because it is 

assumed that the open areas perform all in the same way the functions for which they are 

intended. 

The indicator is calculated as the number of inhabitants living within 300 m from open areas 

divided by the total number of inhabitants ( =  % of population). This indicator cannot be 
calculated neither by the core REFIT models nor by the ad-hoc ones. 

4.3.1.6 Safety 

The index is based on persons killed or injured in transport accidents. It comprehends road 

fatalities and injuries for passenger cars, powered two-wheelers, buses and coaches, cyclists and 

pedestrians, rail fatalities and injuries for passengers, rail employees and others. Persons killed 

are all persons killed outright or within 30 days, as a result of the accident. Person injured is any 

person who was not killed, but sustained one or more serious or slight injuries as a result of the 

accident.  

The fatality rate is defined by dividing the number of fatalities per transport mode by the 

corresponding number of passenger-km (generally expressed as the number of deaths per billion 

passenger-km). Persons killed are all persons who die within 30 days of the accident in which 

they were involved. This indicator should be calculated by the ad-hoc social model.  

4.3.1.7 Health effects of air pollution 

Evidence from epidemiological and toxicological studies on the effects of transport-related air 

pollution on health has increased substantially, although it is only a fraction of the total evidence 

on the effects of air pollution on health. A review of this evidence indicates that transport-related 

air pollution affects a number of health outcomes, including mortality, non-allergic respiratory 
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morbidity, allergic symptoms (such as asthma), cardiovascular morbidity, cancer, pregnancy, 

birth outcomes and male fertility.  

Epidemiological studies on the effects of air pollution on health most frequently use mortality as 

an indicator. Most of evidence, however, comes from studies on the effects of the pollution mix 

generated by a variety of sources, which include traffic, communal and industrial combustion, 

and long-range transport of air pollution. Identifying the effects related specifically to the 

pollution created by transport is a challenge.  

Within the “Cost-Benefit Analysis and the Environment: recent development” (OECD) the 

“value of a life year” (VOLY) - defined as the “value of statistical life” (VOSL) of someone of a 

given age divided by the remaining years of life expectancy – is used for evaluating the impacts 

of air pollution on human health. This indicator should be calculated by the ad-hoc social 
model. 

4.3.2 Which essential model outputs are missing? 

4.3.2.1 Missing outputs 

Summarising from the previous discussion on the (non) possibility to compute the indicators we 

find the following gaps that should be computed by the ad hoc models: 

o Income levels of different socio-economic groups 

o Consumption levels of different socio-economic groups 

o Governmental transfers to different socio-economic groups 

o Long-term unemployment rate 

o Fatality rate by type of transportation 

o Changes in the mortality rate and the “value of a life year” due to transport emissions 

4.3.2.2 The geographical detail in TREMOVE and TRANS-TOOLS 

The assessment of the policy packages should make reference to a given geographical scope 

where the policy measures are applied. In order to use different indicators for the assessment, all 

of them should be computed with the same geographical detail. The REFIT framework deals 

with the European transport policy, whose measures are mainly related to the European Union 

level and the member states level.  

Therefore, it seems reasonable that the indicators are computed for each EU country. Actually, 

given the features of the modelling tools, several indicators can be computed also for a sub-
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national level. However, there are some indicators which are only available for the countries and 

not for their regions. Furthermore, in most of the cases TREMOVE is the reference model for 

extracting the indicators and such a model does not provide regional data. The conclusion is that 

in order to have a complete set of results for the assessment, the reference geographical detail is 

the country. Calculations can take place on the network level by using input of TREMOVE on 

the TRANS-TOOLS network. These network results can be aggregated to regional and country 

levels. 

At the same time, several TREMOVE outputs are available for three region types (metropolitan 

city, other cities, non-urban). It is therefore reasonable that at least transport system operation 

indicators and environmental indicators are produced also for such a three region types.  

In summary, a two levels approach could be followed: 

• At the first level all indicators which can be computed from modelling outputs are produced 

for each country; 

• At the second level transport system operation indicators and environmental indicators are 

produced for the three region types: metropolitan city, other cities, non-urban. 

However, for some indicators such as e.g. the population exposure to noise, a different scale of 

detail could be expected.  Therefore, the geographical detail of the REFIT application of some 

indicators will depend for a large part on the specific requirements of the indicators. In general it 

can be stated however that a NUTS II regional level of detail is required. 
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5 Solutions for the gaps identified 

5.1     Other available modelling tools 

5.1.1 ASTRA model 

The ASTRA model employs a system dynamics approach for analyzing the impacts of the 

Common Transport Policy (CTP) including secondary and long-term effects.  It is composed of 

four sub-modules: macroeconomics sub-module (MAC), regional economics and land use sub-

module (REM), transport sub-module (TRA) and environment sub-module (ENV). The 

passenger and freight model are implemented such that they are formed by parts of REM, TRA 

and ENV. Each sub-module is divided into several sectors.   

In general, the ASTRA System Dynamics Model Platform (ASP) works as follows. The 

macroeconomics sub-module (MAC) estimates the economic framework data of the EU member 

countries included. The results from MAC (e.g. GDP, employment) are transferred to the 

regional economics and land use sub-module (REM). Within the REM basic data for transport 

demand modelling (e.g. population, car-ownership) is calculated. Both data comprise the input of 

the first two steps of the classical four-stage transport model: trip generation and trip distribution 

on the basis of the previously described spatial representation. The resulting transport demand is 

transferred to the transport sub-module (TRA), which includes the final two stages of the 

transport model: modal split and a simplified assignment. The environmental sub-module (ENV) 

is mainly fed by data from the TRA (e.g. traffic volumes). It includes the vehicle fleet models 

and models for description of changes in technology. Environmental indicators (e.g. CO2 

emissions) are calculated and the welfare consequences performed by the environmental impacts 

are estimated in the ENV.  Finally the aggregated welfare situation based on economic, social 

and employment indicators is presented. The model variables are calculated as time series from 

1986 to 2026, where the first ten years are used for initialization and calibration of the ASP and 

the forecasting period extends from 1996 to 2026.  

5.1.2 GEM-E3 

The GEM-E3 is an applied general equilibrium model, simultaneously representing 21 world 

regions/15 European countries, linked through endogenous bilateral trade. GEM-E3 aims at 

covering the interactions between the economy, the energy system and the environment. The 

model computes simultaneously the competitive market equilibrium and determines the optimum 
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balance for energy demand/supply and emission/abatement.  

The model exhibits a sufficient degree of dis-aggregation concerning sectors, structural features 

of energy/environment and policy-oriented instruments (e.g. taxation). For the electricity sector, 

the choice of production factors can be based on the explicit modelling of technologies. For the 

demand-side the model formulates consumer behaviour and distinguishes between durable 

(equipment) and consumable goods and services. The model is dynamic, recursive over time, 

driven by capital and equipment accumulation.  

The model formulates pollution permits for atmospheric pollutants and flexibility instruments 

allowing for a variety of options including: allocation (grandfathering, auctioneering, etc), user-

defined bubbles for traders and various systems of exemptions, various systems for revenue 

recycling.  

5.1.3 Emissions Prediction and Policy Analysis (EPPA) Model 

The EPPA model is a recursive-dynamic multi-regional general equilibrium model of the world 

economy; which is built on the GTAP dataset and additional data for the greenhouse gas and 

urban gas emissions. It is designed to develop projections of economic growth and 

anthropogenic emissions of greenhouse related gases and aerosols. The EPPA model can be used 

as a stand-alone model of the global economy for the study of greenhouse gas emissions and 

environmental policy. 

The EPPA model simulates the world economy through time to produce scenarios of greenhouse 

gases, aerosols, other air pollutants and their precursors, emitted by human activities. These 

emissions scenarios are input into a coupled model of atmospheric chemistry, climate and 

terrestrial ecosystems to produce scenarios of anthropogenic climate change and changes in 

atmospheric composition. A number of the features of the EPPA include: 

o A long simulation horizon (through the year 2100); 

o Comprehensive treatment of emissions of major greenhouse gases—carbon dioxide 

(CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), 

perfluorocarbons (PFCs) and sulphur hexafluoride (SF6); 

o Projections of emissions of substances with direct climatic impact such as aerosols 

from sulfates (SOx), black carbon (BC), and organic carbon (OC); 

o Similar treatment of other substances—nitrogen oxides (NOx), carbon monoxide 

(CO), ammonia (NH3), and non-methane volatile organic compounds (NMVOCs) 

that are important for the atmospheric chemistry of greenhouse gases; 
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o Spatial dis-aggregation for those gases that are not rapidly mixed in the atmosphere; 

and sectoral dis-aggregation sufficient to identify activities that emit GHGs. 

5.1.4 NEMESIS 

The New Econometric Model for Environment and Strategies Implementation for Sustainable 

development (NEMESIS) project aim at building an improved and user-friendly version of the 

former E3ME-model and at using it for energy and environment policies.  

E3ME (Energy-Environment-Economy Model for Europe) is a dynamic estimated time-series 

cross-section model of Western Europe covering the EU 15 member states and Norway and 

Switzerland. It is a fully integrated model with detailed sectoral coverage including 41 industrial 

sectors, 17 fuel users and 11 energy carriers. Data is based on Eurostat definitions and the 

current model is capable of forecasting and analyzing annual macroeconomic effects, energy use 

and emissions in the period up to 2020.  The E3ME model comprises of 22 sets of stochastic 

equations which determine the levels of economic variables such as output, consumption and 

energy use across the 19 E3ME regions. Each of these equations can be disaggregated across two 

dimensions (e.g. region and industrial sector).  The econometric technique used to specify the 

functional forms of the equations are the concepts of co integration and error-correction 

methodology, particularly as proposed by Engle and Granger (1997) and Hendry et. al. (1984). 

This approach enables the model to capture both long-term and dynamic, short-term effects of 

changes in the economy and policy. 

The main bulk of the work of the NEMESIS project was to build a new econometric model 

based on this E3ME model, following five main objectives: 

o To transfer the model in a true user friendly software, which implies to rewrite all 

equations and to check of all their formulation, to transfer the entire database and to 

check its consistency, and finally to re-estimate all behavioural equations, 

o To reshape the energy/environment module, 

o To implement some aspects of the recent economic theories developments such as 

Research and Development, innovation and spillovers, 

o To treat some policy cases related to greenhouse gas emissions control Strategies. 

5.1.5 PRIMES 

The construction of the PRIMES energy model started in 1993 and from the beginning the aim 

was to focus on market-related mechanisms influencing the evolution of energy demand and 
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supply and the context for technology penetration in the market. The PRIMES model was also 

designed to serve as an energy policy markets analysis tool including the relationships between 

energy policy and technology assessment. PRIMES is a modelling system that simulates a 

market equilibrium solution for energy supply and demand in the European Union (EU) member 

states. The model determines the equilibrium by finding the prices of each energy form such that 

the quantity producers find best to match the quantity consumers wish to use. The equilibrium is 

static (within each time period) but repeated in a time-forward path, under dynamic relationships. 

PRIMES is a general purpose model. It is conceived for forecasting, scenario construction and 

policy impact analysis. It covers a medium to long-term horizon. It is modular and allows either 

for a unified model use or for partial use of modules to support specific energy studies. The 

model can support policy analysis in the following fields: 

o Standard energy policy issues: security of supply, strategy, costs etc 

o Environmental issues 

o Pricing policy, taxation, standards on technologies 

o New technologies and renewable sources 

o Energy efficiency in the demand-side 

o Alternative fuels 

o Energy trade and EU energy provision 

o Conversion decentralization, electricity market liberalization 

o Policy issues regarding electricity generation, gas distribution and refineries. 

5.1.6 SASI 

The central task of the SASI project is to identify the way transport infrastructure contributes to 

regional economic development in different regional contexts. The SASI model is a recursive 

simulation model of socio-economic development of 201 regions in Europe subject to exogenous 

assumptions about the economic and demographic development of the European Union as a 

whole and transport infrastructure investments and transport system improvements, in particular 

of the Trans-European Transportation Networks (TETN). The model has six forecasting sub-

models: European Developments, Regional Accessibility, Regional GDP, Regional 

Employment, Regional Population and Regional Labor Force. A seventh sub-model calculates 

Socio-Economic Indicators with respect to efficiency and equity. For each region the model 

forecasts the development of accessibility, GDP per capita and unemployment in one-year 
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increments until the forecasting horizon 2016. In addition, cohesion indicators expressing the 

impact of transport infrastructure investments and transport system improvements on the 

convergence (or divergence) of socio-economic development in the regions of the European 

Union are calculated. 

As the model does not contain a full transport sub-model, it does not take account of network 

congestion or inter-modality of transport networks. 

5.1.7 POLES 

The POLES model is a simulation model for the development of long-term (2030) energy supply 

and demand scenarios for the different regions of the world. The model is developed and 

maintained by DG JRC/IPTS. The development of the model and of the corresponding scenario 

studies intends to fulfil five main objectives: 

 

� Detailed world energy system scenarios 

� Strategic areas for emission control policies 

� Analysis of RTD strategies 

� Assessment of Marginal Abatement Costs for CO2 emissions and simulation of emission 

trading systems 

� Impacts on international markets and price feedback. 

 

The importance given to price mechanisms, either in the national modules or in the international 

modules, in fact allows for the study of different interconnected issues such as the consequences 

of emission control strategies on the price of internationally-traded fuels and on the producers 

revenues or on the corresponding negative price-feedback's in the consumer countries. It can be 

noted at last that the detailed treatment of price-effects in each part of the model also allows for 

the simulation of internalisation strategies through prices and the use of eco-taxes.  

 

The model structure corresponds to a hierarchical system of interconnected modules and 

articulates three level of analysis: 

 

i. international energy markets ; 

ii. regional energy balances ; 

iii. national energy demand, new technologies, electricity production, primary energy 

production systems and CO2 sectoral emissions. 

 

The dynamics of the model corresponds to a recursive simulation process, common to most 
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applied models of the international energy markets, in which energy demand and supply in each 

national / regional module respond with different lag structures to international prices variations 

in the preceding periods. In each module, behavioural equations take into account the 

combination of price effects and of techno-economic constraints, time lags or trends. 

5.2 Actions during REFIT 

5.2.1 Data collection and statistical analysis 

Various national and European statistical sources are used for the construction of the database, 

used for the calibration and estimation of the coefficients of the social module. EuroStat is the 

main source of the statistical data for the model. The database for the social module is 

constructed for the year 2004.  

Major elements of the social module database include the national accounts, supply and use 

tables, results of the national households’ survey and the transport-related data from TREMOVE 

model. The national accounts, supply and use tables in NACE95 classification are available from 

EuroStat for all the EU25 countries. Similar data for the rest of the European countries has been 

requested from the national statistical offices. The delivered data was usually of a good quality 

but was not always had been consistent with the NACE95 classification. Thus we needed to 

make the respective changes to the structure of the data.  

The results of the households’ budget survey were available from EuroStat only for the EU15 

countries. For the rest of the countries in the social module we have requested the data from the 

national statistical officers and are waiting to receive it.  

The collected socio-economic data for the European countries is used to construct the Social 

Accounting Matrices (SAM) for all the EU27 countries. These data matrices are the basis for the 

construction of the socio-economic general equilibrium models for the countries.   

The data on the economic transactions between different economic agents summarized in the 

form of the SAM is combined with the data on transport flow, transportation costs (time and 

monetary) and with the data from the households’ budget survey for the construction of the EDIP 

model for each of the EU29 countries.   

5.2.2 Construction of the new modelling tools 

5.2.2.1 Social module 

The social model called the European Model for the Assessment of Income Distribution and 

Inequality Effects of Economic Policies (EDIP) is constructed using the Computable General 

Equilibrium (CGE) framework, which takes as a basis the notion of the Walrasian equilibrium.  
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Walrasian equilibrium is one of the foundations of the modern micro economics theory.  

CGE models are a class of economic model that use actual economic data to estimate how an 

economy might react to changes in policy, technology or other external factors. A model consists 

of (a) equations describing model variables and (b) a database (usually very detailed) consistent 

with the model equations. 

The model equations tend to be neo-classical in spirit, assuming cost-minimizing behavior by 

producers, average-cost pricing, and household demands based on optimizing behavior. A CGE 

model database consists of tables of transaction values and elasticities: dimensionless parameters 

that capture behavioral response. The database is presented as a social accounting matrix (SAM). 

It covers the whole economy of a country, and distinguishes a number of sectors, commodities, 

primary factors and types of households. 

The EDIP model has a single structure for all EU countries. It is one model with 27 different 

versions, which are estimated using the country-specific social accounting matrices for the 

EU27. The structure of the SAM does not differ between the countries and it corresponds to the 

structure of the EDIP model.    

CGE models utilize the notion of the aggregate economic agent. They represent the behavior of 

the whole population group or of the whole industrial sector as the behavior of one single 

aggregate agent. It is further assumed that the behavior of each such aggregate agent is driven by 

certain optimization criteria such as maximization of utility or minimization of costs.  

The EDIP model includes the representation of the micro-economic behavior of the following 

economic agents: several types of households differentiated by 5 income quintiles, 3 degrees of 

urbanization and 6 family types; production sectors differentiated by 23 NACE classification 

categories; investment agent; federal government and external trade sector.  

The EDIP model is a dynamic, recursive over time, model, involving dynamics of capital 

accumulation and technology progress, stock and flow relationships and backward looking 

expectations. A recursive dynamic structure composed of a sequence of several temporary 

equilibriums. The first equilibrium in the sequence is given by the benchmark year. In each time 

period, the model is solved for an equilibrium given the exogenous conditions assumed for that 

particular period. The equilibriums are connected to each other through capital accumulation. 

Thus, the endogenous determination of investment behavior is essential for the dynamic part of 

the model. Investment and capital accumulation in year t depend on expected rates of return for 

year t+1, which are determined by actual returns on capital in year t.  

Behavior of the households is based on the utility-maximization principle. Household’s utility is 
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associated with the level and structure of its consumption. Each household spends its 

consumption budget on services and goods in order to maximize its satisfaction from the chosen 

consumption bundle. Utility of the household is maximized under the budget constraint, where 

the household’s consumption spending is equal to its income minus income tax and the 

household’s savings. Households in the EDIP model receive their income in the form of wages, 

capital rent and transfers from the federal government. The governmental transfers consist of the 

unemployment benefits and other transfers.  

The level of the unemployment benefits, received by the household, depends upon the level of 

unemployment associated with this particular household type. The unemployment in the 

economy is modeled according to the Phillips curve, which links the level of the real wage in the 

economy to the unemployment level. According to the Phillips curve the higher is the real wage, 

the lower is the unemployment level.  

Behavior of the sectors is based on the minimization of the production costs for a given output 

level under the sector’s technological constraint. Production costs of each sector in the EDIP 

model include labor costs, capital costs and the costs of intermediate inputs. The sector’s 

technological constraint describes the production technology of each sector. It provides 

information on how many of different units of labor, capital and of the 23 commodities, traded in 

the economy, are necessary for the production of one unit of the composite sectoral output.  Each 

sector in the economy may produce more then one type of commodity and the combination of 

these different commodities corresponds to the sectoral composite output.  

The EDIP model adopts the assumption of the average costs pricing in combination with the 

assumption of the Dixit-Stiglitz monopolistic competition between the firms inside each sector. 

Under the Dixit-Stiglitz monopolistic competition framework, it is assumed that each sector 

consists of a number of the identical firms, each producing a unique specification of a particular 

commodity. The same type of the commodity, produced by an individual firm, is slightly 

different from the same type of commodity, produced by other firms inside the sector.  

These differences in the commodity specification give individual firms a certain monopolistic 

power over the consumers. Certain consumers prefer certain specification of the commodity and, 

hence, they are prepared to pay a bit more for it.  The monopolistic power of the individual firms 

results in the deviation from the marginal costs pricing rule of perfect competition. The producer 

prices are now equal to the sector’s average production costs and depend upon the number of the 

individual firms, which operate on the market.      

Under the assumption of the imperfect competition (monopolistic competition in case of the 

EDIP model) the total sectoral production costs consist of the variable costs and of the fixed 
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costs. The sectoral variable costs are equal to the marginal output costs multiplied by the sectoral 

output level. The sectoral fixed costs depend upon the number of the individual operating firms 

and are equal to the number of firms inside a sector multiplied by the fixed costs per firm.  

Zero profit condition should hold for each of the 23 NACE sectors and it states that the variable 

production costs plus the fixed production costs are equal to the total revenues of the sector. The 

zero profit condition defines the equilibrium number of the individual operating firms in each 

sector. The number of firms is such that any new firm entering the market causes negative profits 

for all the firms in the sector. Increase in the number of the firms operating in a particular 

industrial or service sector is beneficial for the consumers since it provides them with the better 

choice opportunities.   

The outputs of the domestic sectors are either consumed inside the country or exported abroad. 

Each of the 23 domestic sectors chooses how much of its output to sell inside the country, how 

much to export to the EU25 and how much to export to the rest of the world. The proportions, in 

which the total output of each sector is split between these three possibilities, depend upon the 

relative prices of the commodities inside the country and on the world market.  

An Armington assumption on international trade is adopted in the model. According to this 

assumption the commodities produced by the domestic sectors for the consumption inside the 

country and for the consumption outside of it have different specifications. In order for the sector 

to be able to switch its technological process between producing these two different 

specifications of commodities, it has to overcome some adjustments. The degree of difficulty and 

feasibility of such adjustment is represented by the constant elasticity of transformation (CET) 

elasticity of substitution between producing commodity for the domestic use, for export to the 

EU25 and for the export to the rest of the world. The higher is this elasticity of substitution the 

more feasibly and easy the adjustment technological process described above. Than the 

proportions, in which the total output of each sector is split between the three possibilities, 

depend not only upon the relative prices of the commodities inside the country and on the world 

market but also upon the CET elasticity of substitution.  

Domestic sales of each of the 23 types of commodities composed of the commodities produced 

by the domestic sectors, those imported from the EU25 and those imported from the rest of the 

world.  According to the Armington assumption, the same type of commodity produced by the 

domestic sectors, imported from the EU25 or imported from the rest of the world has different 

specifications and, hence, cannot be treated as a homogenous good. Domestic consumers have 

different preferences for these three specifications and can substitute between them in case the 

relative prices of the specifications change. The substitution possibilities between these three 
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commodity specifications are represented by the Armington elasticity of substitution and vary 

between the types of commodities. The shares in which commodity is bought from the domestic 

producers, from the EU25 and from the rest of the world are determine by the relative producer 

prices of the commodity inside the country, in EU25 and in the rest of the world as well as by the 

Armington elasticity of substitution.  

The equilibrium prices of all commodities and capital are defined by the market equilibrium 

conditions. Under the market equilibrium the sum of demands for a particular commodity is 

equal to the sum of its supplies. Due to the existence of unemployment the labor market is 

assumed to be in disequilibrium such that the equilibrium labor prices is determined by the 

equality between the sum of the sectoral labor demands and the total labor endowment in the 

economy minus the unemployment.  

The model incorporates the representation of investment and savings decisions of the economic 

agents. Savings in the economy are made by households, government and the rest of the world. 

The total savings accumulated at each period of time are invested into accumulation of the 

sector-specific physical capital, which is not mobile between the sectors. The stock of this capital 

at each period of time is equal to the last period stock minus depreciation plus the new capital 

accumulated during the previous period of time.  

The total investment into the sector-specific capital stock is spent on buying different types of 

capital goods such as machinery, equipment and buildings. The concrete mixture of different 

capital goods used for physical investments is determined by the maximization of the utility of 

the investment agent. This is an artificial national economic agent responsible for buying capital 

goods for physical investments in all the domestic sectors.  

The EDIP model incorporates the representation of the federal government. The governmental 

sector collects taxes, pays subsidies and makes transfers to households, production sectors and to 

the rest of the world. The federal government consumes a number of commodities, where the 

optimal governmental demand is determined according to the maximization of the governmental 

consumption utility function. The model incorporates the governmental budget constraint. 

According to this constraint the total governmental tax revenues are spend on subsidies, 

transfers, governmental savings and consumption.  

Finally, the model includes the trade balance constraint, according to which the value of the 

country’s exports plus the governmental transfers to the rest of the world are equal to the value 

of the country’s imports.  

Households and domestic sectors use transport services in their consumption and production 
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activities. The transport services represented in the EDIP model are differentiated by the three 

distance classes (long, short and urban) and 14 main vehicle type categories. The vehicle 

categories include both freight and passenger vehicles, which operate on road, rail, inland 

waterways and air. Each type of transport service is associated with the particular after tax price, 

which includes VAT taxes and other taxes.  Public transport and freight transport services are 

produced by several national transport sectors, namely road, rail, inland waterways and air 

sectors. These sectors use labor, capital and commodities, for example fuels and vehicles, as 

inputs to their production. Passenger transportation by car is produced by the households 

themselves using fuel and car vehicles. In order to own a passenger car vehicle a household has 

to pay the car ownership costs, which include different types of taxes, such as registration taxes, 

for example.  

The EDIP model employs the concept of a variable expenditure function with quasi-fixed 

durable goods (car vehicles) as arguments in order to derive a demand system for nondurable 

goods (fuels) in prices of the nondurables, in the stocks of durables and in variables expenditure. 

Investment demand for durables and their desired stocks (car stocks) are determined inside the 

model. The desired stock of cars in the EDIP model depends upon the development of the 

demand for transportation and the car ownership costs.   

All production activities and in particular the transportation activity is associated with emissions 

and environmental damage. Environmental quality is one of the main factors of the households’ 

utility function. Changes in the levels of emissions have a direct impact upon the utilities of the 

households.  

Detailed emissions can be calculated for transportation using the TREMOVE emission module. 

As mentioned earlier, the TREMOVE emission module is very detailed and considers various 

transportation modes, technologies, fuel types, road types etc. The link between the demand 

module and emission module ensure that policy measures influence the overall emission factor. 

For the emissions of other sectors, another, more simplified approach is suggested. Still, instead 

of using a general fixed emission factor, it is the objective to add some other factors to make 

influence by policy measures possible. 

The welfare of each household type (population group) in the EDIP model is calculated as the 

equivalent variation measure and depends upon consumption of commodities, consumption of 

leisure and the level of environmental quality.   

5.2.2.2 Safety module 

Safety is an important component of the quality of life of citizens. REFIT will develop a module 
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that is able to estimate impacts of general transport policies on transport safety. This module 

produces a safety policy-empty forecast, i.e. what happens when no further policy actions on 

transport safety are taken but the transport sector changes as a result of external developments or 

other non-safety related policies. In the ASSESS project a simplified method was used that made 

use of a common relation between the (time dependent) number of fatal crashes Nf(t), the 

mobility M(t) and their ratio, the fatality rate rf(t) and derived rf(t) from time series. Estimates 

were made per country (EU25). To make more accurate estimates, the project will include more 

dependent variables, in particular we will differentiate the mobility data with regard to 

modalities, with regard to vehicle types used, and with regard to type of infrastructure 

(urban/non-urban). All this data can be derived from models like Transtools/Scenes or 

Tremove. Moreover, the project will include other variables which are relevant and if data is 

available, for instance a variable related to the number of new driver licences issued in a year, 

representing the share of (in)experienced drivers in a country. The selection of variables to 

improve the estimation method is however dependent on data availability and therefore this will 

be determined during the project. To start from the state of the art knowledge in this area and to 

capture as much data as available we will make contacts with other EU-projects dedicated to 

road safety, notably SafetyNet (especially the second work package on Risk Exposure Data), the 

Network of Excellence on Advanced Passive Safety of which TNO is also consortium leader 

(especially the working group on Real-world Accident & Injury Data), RIPCORD and IN-

SAFETY. When prevalence of existing behaviour (e.g. the amount of driving whilst fatigued) in 

a particular country is not well known, reasonable assumptions shall be made.   

Within REFIT EDIP will be developed at the national level. A further development on the NUTS 

II or even NUTS III level could be possible but would require more time and budget than 

available in this project still leaving a large uncertainty on whether a proper result will be 

achieved. It therefore has been chosen to focus here on the national level and guarantee a certain 

outcome. If and where possible in this REFIT project some first steps for a further extension to 

the NUTS II level will be analysed. 

5.3    Actions to be taken up later 
Public transport accessibility 

The quality of the public transport access depends upon the quality of the infrastructure of a 

particular city as well as upon the density of public and private transport in the city. This 

indicator can be assessed only with the transportation model describing the city network and the 

transportation flows on it. None of the REFIT models include the representation of such urban 

transport network and hence they are not able to calculate the value of this sustainability 



Contract No. TREN/06/FP6SSP/S07.56190/022578 – REFIT 

Refinement and test of sustainability and tools with regard to European Transport policies 

Deliverable 4.1: Assessing the social dimension of sustainable transport policy: an overview  

                                                                                   Final version 46 

indicator. However, the indicator can be calculated using the existing transportation network 

models for the major European cities.    

Employment accessibility 

Employment accessibility depends upon the quality of the infrastructure of a particular city as 

well as upon the density of public and private transport in the city. This indicator can be assessed 

only with the transportation model describing the city network and the transportation flows on it. 

None of the REFIT models include the representation of such urban transport network and hence 

they are not able to calculate the value of this sustainability indicator. However, the indicator can 

be calculated using the existing transportation network models for the major European cities.    

Availability of basic services and open areas in a short distance from home 

These two indicators require a microscopic representation of the geographic space including the 

open areas, location of different types of services, location of the residential areas etc. This level 

of details is not incorporated into any of the REFIT modelling tools. However, the integrated 

transportation and land-use models of the European cities contain this detailed information and 

can be used for the calculation of the two availability indicators.  

5.3.1 Further modelling developments 

Integrating environmental and social dimensions 

Several factors play a role in assessing the distributional effects of policies. E.g. an increased 

purchase price for cars, due to the introduction of emission standards, is likely to reduce car 

ownership in poorer households due to increased purchase cost. On the other hand, improved air 

quality due to policy measures can be unequal for different social groups.  

Different policy measures can have different distributional effects:  

• Taxes: literature shows that environmental taxes tend to be (weak) income regressive yet 

research seems to be inconclusive. Distributional effects also depend on the way of 

revenue recycle. 

• Tradable permits: distribution effects depend on the choice of allocation of the permits 

and the way the revenue is recycled. 

• Subsidies: distribution effects remain unclear. 

Although these policies examples are rather general (in fact focused on environmental policy), it 

is shown that depending on the type of policy measure, different distribution effects can be 

expected. This is likely to be also the case for transport policy. 
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When focussing on transport policy, more specific, transport policy aiming to improve noise 

exposure or air quality, we can observe several effects: 

Returning to the example of air quality in England and Wales, researchers studied the 

distribution effects of improved air quality (without examining the reason for the improvement). 

Different levels of improvement could be observed between different social groups: The more 

deprived benefited proportionally more from the improved air quality. Again, different levels of 

distribution between cities could be observed. These differences can be explained by the same 

factors as explained above, for air quality (namely population density, air quality, etc.) 

It is the objective, when modelling this socio-environmental link, to allocate, on a detailed level, 

the environmental “goods” and “bads”, which have been calculated in previous steps, over the 

different social groups, in the model these are the 5 income-classes. This distribution will add a 

new dimension when calculating the indicators. 

Literature about distributional effects is plenty, unfortunately quantitative analysis which can be 

used to add to the REFIT modelling framework is scarce, especially in a European context. 

Further work will be needed to identify key indicators to relate with distributional effects 

(household income, housing prices,…) and understanding the complex web of feedback 

mechanisms, with a focus on transport policy options.  

Different distributional effects, which have been shown in previous research, will need to be 

evaluated and the ones that are relevant and applicable in the framework of REFIT will need to 

be identified. 

Refining the geographical scale of the social ad-hoc model 

Under the REFIT project we will develop the ad-hoc social model, used for the calculation of the 

sustainability indicators of the social dimension, for the EU29 at the national level. This means 

that the model allows for calculating each of the social indicators per European country. Given 

the good data availability at the REGIO EuroStat statistical database, it is in principle possible to 

refine the geographical dimension of the ad-hoc social model to NUTS2 or even NUTS3 

geographical level.  Disaggregation of the social model to NUTS2 or NUTS3 level requires large 

amount of data work involving the construction of the interregional trade flows, regional 

economic accounts of households and firms etc. and cannot be done within the budget and time 

schedule of REFIT.    
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6 Connection of the social dimension with economic 
and environmental ones  

6.1 Links between social and economic dimensions  

There exist several major channels through which social and economic dimensions of transport 

sustainability is interrelated: 

o Consumption of transport services by socio-economic groups 

o Productivity of labour 

o Location decisions of the households and firms  

o Availability of labour resources 

Each socio-economic group is associated with the specific consumption pattern and preferences 

with respect to the transportation services. Poor households, in general, consume more public 

transport services, whereas rich households use more private cars. Rural households leave in the 

areas with lower density of public transport network and, hence, need to use more private car for 

their trips. Households leaving in the densely populated areas, such as major European cities, 

have better possibilities for using the public transport and less dependent upon the use of private 

cars. Large families prefer using a private car for their travel trips, since it gives them more 

flexibility and comfort.  

The distribution of income between different socio-economic groups influences the economic 

performance of transport sector via the diversity of their consumption preferences associated 

with the consumption of transportation services. Redistribution of the income from rich 

households to poor ones via the income tax results in a certain increase in the consumption of the 

public transport services. This is explained firstly by the fact that poor households prefer use of 

public transport to the use of private car. Secondly, it is explained by the fact that poor 

households mostly live in the densely populated areas with the good level of the provision of the 

public transport services. In case a subsidy is given to the rural households, it results in the 

increase in the use of the private car, which is the predominant type of transportation for this 

type of households.   

Changes in the consumption levels of the different types of transportation services, resulting 

from the changes in income distribution between the socio-economic groups, lead to the 
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respective changes in the demands for the particular transportation services. These demand 

changes influence the performance of the transportation sector and in particular its production, 

consumption of intermediate inputs and its value added.  

Changes in the economic conditions influence the performance of the transportation sector and 

the price levels of different services it produces. Given that diverse socio-economic groups buy 

different amount and types of the transportation services, they will be influenced in a totally 

different way by the changes in their price levels. An increase in the governmental subsidies to 

the public transport sector will bring the most benefits to the urban households and the poor 

households, which consumer most of the public transport services. Changes in the prices of the 

private cars coursed by for example changes in the import taxes will have the most influence 

upon the rural households, large families and the rich households, whereas other socio-economic 

groups will stay uninfluenced.  

The productivity of labour is directly influenced by the economic conditions in which different 

socio-economic groups live, their ability to receive health services, buy quality food, exercise 

and have enough rest. The quality of labour, in particular its health, is directly influenced by the 

performance of the transport sector via the noise and accidents. It is well-known that labour 

productivity is the major factor of an efficient production of any sector in the economy and in 

particular of the transportation sector. The link between the social and economic factors related 

to labour productivity is not that strong as in case of the households’ consumption activities but 

it is relevant for the comprehensive analysis of the sustainability issue.  

Any economic activity happens in space and, hence, depends upon the availability of the input 

factors such as labour, intermediate goods and capital at the particular geographic location. 

Quality and availability of the transportation services has a major influence upon the location 

and commuting decisions of the different socio-economic groups. These decisions are in their 

turn closely linked with the availability of labour at a particular production location. The absence 

of sufficient labour supply leads to diminishing production activities and has an influence upon 

the gross domestic product and value added.  

Decisions of the firms to locate themselves in space are also influenced by the availability and 

quality of the transportation services at different geographical locations. This leads to the 

situation of high unemployment in the remote areas and negatively influences the socio-

economic groups leaving in there.  

Accidents associated with the transportation activity lead to deaths or the lost of full physical 

health for a lot of people each year.  It is true that different socio-economic groups are under a 

different level of the risk of transportation accidents. The risk of accidents depends upon the 
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residential location of the socio-economic groups and their preferences for various types of 

transportation services. Accidents lead to a significant loss of labour resources in Europe and 

hence negatively influence the economy.  

6.2 Links between social and environmental dimensions  

Income and environmental quality is closely related. Several empirical studies have 

demonstrated that: 

o The existing distribution of the environmental “bads” is regressive across income groups 

o The environmental policy (in particularly transport-related) is distributionally  biased  

The simple fact of income inequality is sufficient to produce differential environmental 

conditions faced by rich and by poor, provided that en environmental quality varies with the 

geographical location. Since an individual’s willingness to pay for the environmental quality is 

an increasing function of an individual’s income, then regardless of the costs of supplying this 

quality, the rich will buy a higher level of the environmental quality then the poor, given that 

they have a possibility to relocate.   

The willingness to pay for environmental quality correlates positively with income, so richer 

people will ‘buy’ environmental quality (in ways of housing decisions etc.). Yet, the unequal 

distribution is not per se linear, e.g. for air quality in England and Wales studies show that the 

most deprived are exposed to a higher air quality burden then average deprived (as can be 

expected according to the willingness to pay principle). However, the least deprived also bear a 

higher then average air quality burden which can be explained trough other factors (e.g. 

proximity to services etc.) 

Other dimensions may influence the level of distribution as well. The effect of reducing 

emissions of transportation may well have little effect on air quality, so distributional effects 

concerning impact of transportation will be marginal (this is not the case for noise). Also, in the 

example of air quality in England and Wales, different levels of distribution effects were 

observed between different cities. The reason for this is unclear, but can be linked to several 

other factors like population density, level of air quality (equity will be greater in areas with 

good air quality), geographical constraints,… 

Distributional effects of environmental impacts are not straightforward. When looking at 

transportation, focus must lie on distribution effects of noise and air quality, probably limited to 

an urban environment.  

 



Contract No. TREN/06/FP6SSP/S07.56190/022578 – REFIT 

Refinement and test of sustainability and tools with regard to European Transport policies 

Deliverable 4.1: Assessing the social dimension of sustainable transport policy: an overview  

                                                                                   Final version 51 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7 Annex 

Tab. A.1 Transport social indicators 

 Indicator Variable Unit Linkage to 

framework models 
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change of inequality of 

income distribution 
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Dimensionless EDIP Country 
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Transport affordability 

index 

Number of trips x 

Average cost per trip 

/capita income 

Dimensionless EDIP Country 

Employment 

accessibility by income 

group 

Calculation based on 

trip lengths 

 EDIP Country 

Safety Fatality rate: number of 

deaths per billion 

passenger.km 

1000 individuals EDIP Country 
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Health effects of air 

pollution 

  Ad-hoc 

environmental 

module 

Country 
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Tab. A.2 Distributional impacts of transport policies 

Code Distributional impacts of transport policies 

SEDI  

Description 

Some transport policies or projects might deliver greater efficiency at the cost of distributional outcomes, which are not 

viewed as desirable. Road pricing or congestion charging – such as the London Congestion Charge (LCC) – provides a 

good example. Under the LCC from February 2003, those motorists wishing to enter the congestion charge zone 

around central London during designated peak hours on any weekday now pay a uniform charge. Although the cost-

benefit appraisal of the LCC scheme – carried out on behalf of the Greater London Authority – indicated that its net 

benefits were likely to be positive, congestion charging has a number of distributional outcomes. One particular 

concern is that rationing road-use to the “highest bidders” – while according to the GLA’s cost-benefit appraisal is a 

more efficient use of economic resources – means that those motorists who cannot afford the charge are “forced” to use 

public transport or simply not to make their journey at all. In the case of the former option, public transport systems 

might become overcrowded causing a disamenity to new and existing users. 

Calculation method 

The question is how distributional concerns can be considered routinely within the framework of transport 

sustainability impact analysis. An useful approach is that taken to include distributional aspects in the standard Cost-

Benefit Analysis (CBA) framework. According to the standard CBA framework, the basic decision rule for accepting a 

project or policy is to gather a positive present value, as happens when the sum of all individuals’ benefits measured by 

the willingness to pay is more than the sum of all individuals’ costs measured by the willingness to accept 

compensation: PV(WTP) – PV(WTA) > 0. 

One explicit way to include distributional concerns in the CBA framework is by writing the net social benefit (PV) 

calculation as follows. Assume, for simplicity, that a project will affect only two individuals. Taking account of the 

distribution of gains and losses could be achieved by assigning a weight (ai) to the net benefits received by each 

individual: i.e. PV = a1 PV1 + a2 PV2. 

An important feature of conventional CBA is now apparent. It assumes that a1 = a2 = 1; that is, weights of unity are 

assigned to the net benefits of individuals regardless of who it is that receives a unit of benefit or suffers a unit of cost. 

If we interpret these weights, ai, as providing a numerical description about the preferences of society regarding 

distribution then the conventional approach amounts to a judgement that it is of no consequence how net benefits are 

distributed. By contrast, if distribution is not optimal there is a rationale for varying the weights assigned to the net 

benefits of different individuals if these differences reasonably can be argued to reflect legitimate distributional and 

equity concerns. Assuming for instance that governments want to avoid decreases in the welfare level of the “poorer” 

groups, welfare decreases for these groups should have a higher weight than welfare decreases for the other groups. 
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Levels of such weighting factors will be based on literature survey (e.g. Mayeres 2001). 

Data availability and territorial level 

The indicator is based on the application of the CBA framework, which requires the collection of ad hoc data about the 

costs and benefits of specific projects or policies and their distribution across different categories of users and 

population groups. 

Calculation in the REFIT framework 

The distributional impact of transport policies can be expressed through the EDIP model. Main outputs of the EDIP 

model include the relative changes in:  

- a set of social inequality indicators including:  

- the inequality of income distribution Gini coefficient; 

- at-risk-of-poverty rate after social transfers, by household type; 

- relative at-risk-of-poverty gap; 

- long-term unemployment rate; 

Unit of measurement 

Dimensionless 

Spatial detail in REFIT 

Country  

Classification of the indicators according to the REFIT framework 

b. Indicators that can be addressed by the REFIT ad hoc models: 

Distributional impacts of transport policies: EDIP    

Policy sensitiveness 

TRANSPORT POLICIES 

Transport pricing and taxation: the shift from labour taxation to increasing taxation of transport activities will have 

important distributional impacts. 

OTHER EU POLICIES 

Regional policy: the distributional impacts of transport policies may have important consequences for social cohesion 

and the effectiveness of regional policies. 
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Tab. A.3 Transport affordability index  

Code Transport affordability index  

SEAI  

Description 

An affordability index could be defined as the fare expenditure made by a household as a percentage of its income. The 

index would be computed for various income groups and the results scrutinized with an open mind as to whether, using 

the evidence of the proportion on income spent on fares, they are reasonable, high or onerous. Affordability can be 

considered as the ability to make necessary journeys to work, school, health and other social services, and make visits 

to other family members or urgent other journeys without having to curtail other essential activities. 

Calculation method 

The index is measured in percentage and it is calculated using the following formula: 

Affordability Index  = (Number of trips x Average cost per trip) / Per capita income 

 

Data availability and territorial level 

Each of the studies that have addressed the issue of affordability has taken its own perspective on what income 

measure to use (income or expenditure based, individual or household income , gross or disposable income, etc.) and 

on what fare measure to use (actual expenditure in most cases, but theoretical or average expenditure in others), and 

most have use a measure of poverty that is specific to the local circumstances (although about half have used a quintile 

or decile of the income distribution). 

 

Problems of interpretation limit sharply the use of empirical affordability indices for out-of-city and out-of-country 

comparisons, short of some form of category analysis to eliminate the impact of essential local features such as the 

urban structure, transport alternatives available, the regulatory arrangements, cost recovery policy, and price/subsidy 

aspects for other essential goods and services. Moreover, the first and most important data is the proportion of total city 

income received by the poorest section of the population (typically the lowest quintile). This data is not available on a 

systematic basis. However, surveys are available for some cities, and these suggest that the city income distribution is 

indeed similar to that at the national level. 

 

Geographical coverage: existing data on affordability are from Latin America, Buenos Aires, Sao Paulo, Belo 

Horizonte, Mumbai, Delhi Islamabad, Eastern Europe, United Kingdom, France, Kyrgyz Republic, Beijing and 

Nanjing, Wuhan (China), some African Cities, Australia and United States. While the most recent studies have been 

done in South America, South Asia, Eastern and Western Europe, Africa, East Asia and Australasia (see The World 

Bank Group – Transport Papers). 
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Calculation in the REFIT framework 

The number of trips and average cost per trip are available from TRANS-TOOLS; 

Per capita income can be extracted from CGEurope-R. 

Unit of measurement 

Dimensionless 

Spatial detail in REFIT 

Country   

Classification of the indicators according to the REFIT framework 

a. Indicators that can be addressed by the REFIT core models: 

Transport affordability index  :TRANSTOOLS; 

c. Indicators that can be addressed by the REFIT ad hoc  models 

Transport affordability index: CGEurope-R 

Policy sensitiveness 

TRANSPORT POLICIES 

Transport pricing and taxation: the harmonisation of taxes on energy products and passenger cars, as well as the 

introduction of transport pricing measures at local level, may have a considerable impact on the affordability of some 

transport modes (namely heavily taxed car use) for the lower income groups. 



Contract No. TREN/06/FP6SSP/S07.56190/022578 – REFIT 

Refinement and test of sustainability and tools with regard to European Transport policies 

Deliverable 4.1: Assessing the social dimension of sustainable transport policy: an overview  

                                                                                   Final version 57 

Tab. A.3 Employment accessibility by income group 

Code Employment accessibility by income group 

SEEA  

Description 

 

Calculation method 

 

Data availability and territorial level 

 

Calculation in the REFIT framework 

 

Unit of measurement 

 

Spatial detail in REFIT 

  

Classification of the indicators according to the REFIT framework 

 

 

 

 

Policy sensitiveness 
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Tab. A.4 Traffic accidents, fatalities and injuries 

Code Traffic accidents, fatalities and injuries 

SOSA Safety 

Description 

The index is based on persons killed or injured in transport accidents. It comprehends road fatalities and injuries for 

passenger cars, powered two-wheelers, buses and coaches, cyclists and pedestrians, rail fatalities and injuries for 

passengers, rail employees and others. Persons killed are all persons killed outright or within 30 days, as a result of the 

accident. Person injured is any person who was not killed, but sustained one or more serious or slight injuries as a 

result of the accident (see Transport accident fatalities - TERM 2001 fact sheet). 

Even though road fatalities per year have fallen by 29 % since 1990, they still numbered almost 40’000 in 2001. The 

number of road injuries in 1999 was 2 % lower than in 1990, but this number has been rising since 1993. Hence, 

further limiting the number of deaths, while the overall passenger and freight transport volumes are expected to 

continue their growth, demands further development and implementation of accident preventing policies. Road is the 

least safe transport mode (road accidents represent the main cause of death for persons under 45). Aviation and rail are 

the safest transport modes. 

During recent decades, a considerable effort has been made to reduce the number and severity of transport accidents, 

including educational programmes, limitation of permitted blood alcohol level, speed limits, technical measures such 

as safety belts and airbags, and traffic control measures. 

Calculation method 

The fatality rate is defined by dividing the number of fatalities per transport mode by the corresponding number of 

passenger-km (generally expressed as the number of deaths per billion passenger-km). Persons killed are all persons 

who die within 30 days of the accident in which they were involved. 

Data availability and territorial level 

The data are collected yearly by Eurostat and the EC Energy and Transport DG (CARE data).  

Geographical coverage: EU-15 (Belgium, Denmark, Germany, Greece, Spain, France, Ireland, Italy, Luxembourg, the 

Netherlands, Austria, Portugal, Finland, Sweden, United Kingdom) and Iceland, Norway and Switzerland. 

Temporal coverage: from 1996 to 2000. 

Last update: 2002. 

Calculation in the REFIT framework 

Such indicator is measured by the fatality rate expressed in number of deaths per billion passenger.km. The EDIP 

model will run these data. TRANS-TOOLS might provide a proxy of such indicator  

Unit of measurement 

1000 persons 
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Spatial detail in REFIT 

Country   

Classification of the indicators according to the REFIT framework 

b. Indicators that can be addressed by the REFITad hoc models: 

Traffic accidents, fatalities and injuries: EDIP 

Policy sensitiveness 

TRANSPORT POLICIES 

Road safety: to halve the number of deaths on the EU roads by 2010 is an explicit goal of the Transport White Paper. 

This goal is targeted by a number of specific road safety measures. 

TENs network: specific actions aim to harmonise minimum safety standards for the rail and road tunnels. Moreover, 

an overall rail safety process provides better management and exploitation of the safety aspects in the railways sector. 

The number of traffic accidents or fatalities by transport modes can be used therefore to monitor possible 

improvements after the introduction of the safety measures. 

OTHER EU POLICIES 

Research: as far as safety is concerned, the development and exploitation of new electronic devices and software 

systems, including the utilization of advanced satellite navigation system, may help to enforce safety regulations (e.g. 

speed limit control), to prevent accidents by installing early warning systems or to reduce the impacts of accidents. 
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Tab. A.5 Health effects of air pollution 

Code Health effects of air pollution  

SOHE Change of mortality and morbidity  

Description 

Evidence from epidemiological and toxicological studies on the effects of transport-related air pollution on health has 

increased substantially, although it is only a fraction of the total evidence on the effects of air pollution on health. A 

review of this evidence indicates that transport-related air pollution affects a number of health outcomes, including 

mortality, non-allergic respiratory morbidity, allergic symptoms (such as asthma), cardiovascular morbidity, cancer, 

pregnancy, birth outcomes and male fertility (see “Health effects of transport-related air pollution”, WHO). 

Environmental policy affects human health in many ways. Firstly, by reducing environmental risks to lives; secondly, 

it may improve the health of those living with a disease; finally, it may reduce the stresses of living. One of the key 

actions on EU Sustainable Development Strategy (see “On the review of the Sustainable Development Strategy. A 

platform for action”, Communication from the Commission to the Council and the European Parliament) consists of 

coordinating research into the links between environmental pollutants, exposure and health impacts to improve the 

understanding of what environmental factors cause health problems and how best to prevent them. Within the 

“Thematic Strategy on Air Pollution” three scenarios were build up, based on the best scientific understanding of 

emissions, atmospheric transport, and the human health and environmental impacts of air pollution. For what concerns 

human health, the EU Strategy aims at achieving the following improvements by 2020 relative to 2000: 

• 47% in life expectancy lost from exposure to particulate matter (PM2,5); 

• 10% fewer cases of acute mortality from exposure to ozone. 

Calculation method 

Epidemiological studies on the effects of air pollution on health most frequently use mortality as an indicator. Most of 

evidence, however, comes from studies on the effects of the pollution mix generated by a variety of sources, which 

include traffic, communal and industrial combustion, and long-range transport of air pollution. Identifying the effects 

related specifically to the pollution created by transport is a challenge. 

Within the “Cost-Benefit Analysis and the Environment: recent development” (OECD) the “value of a life year” 

(VOLY) - defined as the “value of statistical life” (VOSL) of someone of a given age divided by the remaining years of 

life expectancy – is used for evaluating the impacts of air pollution on human health. In this context the indicator is 

often used to evaluate an environmental policy that lowers both the average level of pollution and the average exposure 

over a lifetime and exposure to the peaks in acute episodes. 

Data availability and territorial level 

International and multi-city studies provide an opportunity to link disparate patterns of associations detected in various 

cities with differences between cities in the contribution of various sources to pollution. 
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Studies have investigated the association between transport-related air pollution and mortality. The multinational EC-

funded APHEA2 (Air Pollution and Health: a European Approach 2) project included data from 29 European cities. It 

reported the combined estimate for an increase in the daily number of deaths associated with a 10-µg/m3 increase in 

daily black smoke concentration as 0.6%. 

In contrast, the National Morbidity, Mortality and Air Pollution Study (NMMAPS) in the United States found no 

evidence for modification of the association between PM and daily mortality by nitrogen dioxide. 

Another study on air quality and morbidity in Sweden (see “Air Quality and morbidity: Concentration-response 

relationships for Sweden”) investigates the morbidity impacts of air pollution when pollution may affect both the 

likelihood and duration of respiratory problems. The relationship between comparatively low pollutant levels and 

respiratory ailments is estimated using Swedish data, and the change in “respiratory-related restricted activity days” 

(RRAD) due to a unit change in NO2 is calculated. The results suggest that it is a challenging task to set air quality 

standards for environments where modest increases in pollutant concentrations may significantly prolong respiratory 

health problems for the most vulnerable individuals. 

Geographical coverage: various. 

Temporal coverage: various. 

Calculation in the REFIT framework 

The environmental module will provide the health effect provoked by the exposures to traffic noise and air pollution 

(NO2 and PM10) in a number of cities with a high level of detail. 

Unit of measurement 

? 

Spatial detail in REFIT 

Metropolitan/urban/non urban  

Classification of the indicators according to the REFIT framework 

b. Indicators that can be addressed by the REFIT ad hoc models: 

Health effects of air pollution : Environmental model /  EDIP ad hoc model 

Policy sensitiveness 

TRANSPORT POLICIES 

R&D for a clean and efficient transport: the diffusion of cleaner vehicles should help to reduce air pollution and the 

related health effects.  

Urban transport: the same can be said for all those urban transport measures which help to rationalise the usage of 

cars and will reduce the exposure of people to adverse health impacts. 

OTHER EU POLICIES 

Health and consumer protection: as this policy area aims to avoid human diseases’ growth and to hinder sources of 

danger to human health, it can clearly benefit from any reduction of the exposure of population to pollutants caused by 

transport. 
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