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ABSTRACT

In current practice of transport policy three wesdges can be identified: Firstly, the links
between existing modelling tools and sustainabilijicators are inadequate. Secondly, the
existing modelling toolbox is incomplete, espegiallith respect to the impact of transport
policies on regional economic growth, on socialiggand on local environmental quality.
Finally, there has been a tendency to address mesasuisolation without an understanding
of interdependencies between measures. REFIT isogcp co-funded by the European
Commission within the Sixth Framework programmet tinees to repair these weaknesses
producing a comprehensive methodology for assesiegimpact of various transport
policies and strategies on sustainability. The abje of the REFIT study is to develop a
comprehensive assessment framework that links Earogransport policy objectives and
indicators to the growing pool of tools and exmaErtaccumulated within various European

research projects.

The framework is based on the application of maugltools, which are used to produce a
wide set of output, which in turn are processediedve a set of indicators belonging to
different domains. Within REFIT study Europe-widansport models (TRANS-TOOLS and
TREMOVE) have been combined with three models erkaid-hoc for calculating specific
indicators that are able to cover the economicgtingronmental and the social dimension of

transport system sustainability.

The economic module addresses the linkages betivaasport and economy, mainly in

terms of the effects of transport policy measurasregional GDP or employment; the
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environmental module, deals with health impactaiofpollution and traffic noise; the social
module handles the effects of policies on the $oside in terms of aspects like the

distribution of costs and benefits.

Selected outputs from the models are collected tii@ calculation of four groups of
sustainability indicators: transport system indicgt transport economic impact indicators,
transport environmental indicators and transpoctatondicators. These indicators are either

derived from the international literature or sulyatreated for REFIT project.

The REFIT methodology has been tested on a setaotgort charging policies for the
internalisation of external costs where the indicatllowed for highlighting some important

trade-offs between them.
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The REFIT framework for the Assessment of EuropEamsport Policies

INTRODUCTION

In current practice of transport policy three weadses can be identified: Firstly, the links
between existing modelling tools and sustainahbilitlicators are inadequate. Secondly, the
existing modelling toolbox is incomplete, espegialith respect to the impact of transport
policies on regional economic growth, on socialiggand on local environmental quality.
Finally, there has been a tendency to address mesasuisolation without an understanding
of interdependencies between measures. REEIA project co-funded by the European
Commission within the Sixth Framework programme thas to repair these weaknesses
producing a comprehensive methodology for assesisegnpact of various transport
policies and strategies on sustainability. The dbje of the REFIT study is to develop a
comprehensive assessment framework that links Earofransport policy objectives and
indicators to the growing pool of tools and expertaccumulated within various European
research projects. The project has involved seyemdhers from European countries:
Nederlandse Organisatie voor Toegepast Natuurwatappelijk Onderzoek (TNO-
Netherlands), Trasporti e territorio (TRT-Italy)ahsport and mobility Leuven (TML-
Belgium), Istituto di studi per I'integrazione dastemi (ISIS-Italy), Chiristian-Albrechts-
Universitat zu Kiel (CAU-Germany), Universitat Styart, Institut fur Energiewirtschaft und

Rationelle Energieanwendung (USTUTT-Germany).

! REFIT-Refinement and test of sustainability amulgavith regard to European Transport policies
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THE REFIT ASSESSMENT FRAMEWORK

The REFIT project aims to develop, test and vadigatmodelling tools-based” methodology
that, through the analysis of selected indicatemaples ex-ante evaluation of the European
Common Transport Policy considering the econommgjrenmental and social dimensions of

sustainability.

The starting point is the definition of the tranggmolicy, which constitutes the input for the
modelling tools, under form of assumptions on thki®/state of a set of variables (the policy
leverages of the models). The modelling tools arméd by theore models and thad-hoc
models and their main role is to produce sustalitgimdicators to provide synthetic
measures of the effects of transport policies @emgdomain. Indicators are policy sensitive
in the sense that their ingredients include vaesVhose value is affected by the policy
implementation. The effect of specific measuregeiserally reflected by a change of the

value or one or more indicators.
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The figure above shows the main components of pleeational framework; it includes four

main areas, which are described in detail below.

The “Policy” area includes the leverages that aexuo design the transport policies. On the
one side, leverages may modify the regulatory fraank of the transport system. The term
“regulatory” is used here in a wide sense to ineladt only elements like market regulation
(e.g. open rail market to competition), but als@swes which affect directly transport costs
like road pricing or environmental taxation, eta the other side, policies can include
measures concerned with the ‘*hardware’ side, thtitad improvement of infrastructures (e.g.
the implementation of new roads and rails on TENidors) as well as the technological

development (e.g. reduced emissions of pollutants transport modes). From a conceptual
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point of view, the definition of a policy implies‘eahange of assets” which might be either
positive (the creation of new assets, e.g. newsgrart infrastructures) or negative (resource
consumption, which is a reduction of assets). Toleyarea provides inputs to the core and

ad-hoc models of the “Transport System OperatiaX Wwithin the System Analysis area.

This area is the ‘engine’ of the operational frarogkywhere the input defined in the Policy
area is translated into raw output which will setveompute the indicators. The main

element in this area is the “Transport System Qjuara which includes:
- the core models, Trans-Tools and TREMOVE, and

- the ad-hoc models, which produce sustainabiitidators respectively for the economic,

environmental and social dimension.

Another component of this area is the definitiothaf “Exogenous development”. It includes
all those trends which are relevant to define tlodility patterns although these are not part
of the transport system (e.g. economic growth, fadfmn development, etc.) and also out of
control of the European transport policy maker.uksptions concerning such exogenous
elements enter as input in the modelling toolsalmv them to provide forecasts about the

development of transport demand and its effects.

The System Analysis area produces a wide rangeanitgative results. Such results are
transferred to the Indicator Processing area #@cticulation of the sustainability indicators,
which are either derived from the internationaritture or suitably created for REFIT
project. The indicators are grouped by topic: tpamssystem operation indicators, transport
economic impact indicators, transport environmeini@dicators and transport social
indicators. In some cases, the modelling outpdirectly translated into indicators while in
other cases additional processing is needed. Tdreredven if the ‘heart’ of the quantification

of impacts of the policies is in the System Anayaiea, the Indicator Processing area plays a
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key role as well. The produced indicators proviue lhasis for the assessment phase carried

out in the last area of the operational framework.

The Assessment area is the place where the indsca¢weloped in the previous steps of the
operational framework can be used to derive a fieshonse concerning the impacts of the
transport policies on the sustainability. In REFEexplicitly recognised that the
measurement of the impacts of transport policy iregua multidimensional approach.
Therefore the different domains (economy, enviromna&d society) are considered and
within each domain a wide range of indicators igilable. The Assessment area addresses
the task of using the whole set of indicators iteorto obtain a synthetic measure of

sustainability.

Therefore, in this area the values of the indicatoe collected into the REFIT operational
tool: it is the instrument where the indicators ga¢hered in a coherent way in order to
provide the policy makers with a clear overviewld indicators and their individual and
total response to a certain transport policy. ftams policies description and
implementation, output of the models, indicatorkiga of the policy grouped by domain,
indicators values of the policy compared to base @nd additional information for the

assessment.

THE MODELLING TOOLS

Modelling tools represent the instruments to sitauthe effect of the transport measures that
is to measure the change induced by a policy oida v&nge of variables. As already
mentioned, the REFIT “tool box” includes the tame models and three modules creaaded
hoc to analyse specific aspects, which are not adelddsyg the two main models in sufficient

detail by the core models with respect to the eosoopenvironmental and social dimension.
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The Trans-Tools/TREMOVE integrated model struciarecore of the quantitative
procedure: Trans-Tools is a network-based transpodel whereas TREMOVE simulates
aggregate demand and includes a detailed descriptitbeet development, fuel consumption
and emissions factors. They simulate the changecadiby a policy on a wide range of
variables and produce a set of data which areraitdecators themselves or the input of the

ad-hoc models.

Indicatively: the economic module addresses tHatjes between transport and economy,
mainly in terms of the effects of transport poliogasures on regional GDP or employment;
the environmental module, deals with health impatr-pollution and traffic noise; the
social module handles the effects of policies andbcial side in terms of aspects like the

distribution of costs and benefits.

The Trans-Tools model

Trans-Tools is a European transport network moaetiing both passenger and freight, as
well as intermodal transport. It's made of diffearemdules, which exchange information

according to a sequential approach. The main sutefea@re:
- freight demand model,

- passenger demand model;

- assignment models.

The different models are linked applying a numidezamversion routines. The model
framework allows feedbacks between the sub-modeistiieve equilibrium between supply
and demand. All model components are integratedAntGIS, which allow the user to edit,

operate and illustrate results from the same com@i@ibased platform.
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Thefreight demand is analysed in three steps: the trade model geaseitae matrices by
updating the ETIS origin/destination freight traogpmatrix which is used as an analogue
substituting of the trade relations matrix; the magplit model performs the mode choice by
estimating the market shares of the different madésansport for every O/D relation and
commodity group; the logistic model makes it polestb evaluate the impacts of changes in
the logistic and transport systems within Europeéhanspatial patterns of freight transport
flows, through changes in the number and locatfomavehouses for the distribution of

goods.

The passenger demand model tackles passenger transport modelling at Eurofesesh, and
covers the first three steps of the classic foep-stpproach, which are trip generation, trip

distribution and modal split.

Trip generation is modelled following the ASTRAnd SCENES approach: passenger trip
rates reflect the various specific patterns of tnigking behaviour of different population
segments disaggregated by NUTS 3 zone (1270 zagssklasses, employment status, car-
ownership status and three trip purposes: busipesste and tourism. After the generation,
these trips are distributed among destinationkertrip distribution process, that requires the
average generalized times which in turn dependhemtodal split stage results, through a

feedback mechanism.

In the third step the mode for the travel is chosevel costs, travel time and information
about the trip itself, like frequencies and numtieiransfers, are used to split the trips

between the modes. Subsequently, for each origstifdeion pair, the modal split model uses

2 SCENES European Transport Forecasting Model aapmeAded Module: Available on the Internet:

http://www.iww.uni-karlsruhe.de/SCENES. A detaildocumentation of the VACLAV model is reported by
Schoch (Schoch, 2004). A detailed descriptiorhnefASTRA model is provided by SCHADE (2004), avalda
on the internet: http://www.iww.uni-karlsruhe.d&RRA/summary.html
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a non-linear logit function to calculate the proitigbof selecting a modal alternative out of a

set of available modes.

The network assignment module produces the direct output from the Trans-Toolsleho
However, the models also generate level-of-sedata (LoS) as input to passenger, freight,
and logistic models in a feed back loop. In the NBSATOOLS model, transport networks are

defined at unimodal level and the following assigminrmodels are developed:
- road network (passenger and freight);

- rail network (passenger and freight);

- inland waterway (freight);

- air network (passenger).

The TREMOVE model

TREMOVE® is a transport and emissions simulation model ldgeel for the European
Commission. It is designed to study the effectdifférent transport and environment policies
on the emissions of the transport sector. The medath covers all relevant transport
modes, estimates the transport demand, the molitakisg vehicle fleets, the emissions of air
pollutants and the welfare level under differenligyoscenarios. It covers the 1995-2020

period, with yearly intervals.

The strength of the model is that it also enaldesssess the effects of environmental policies
on future vehicle fleets and on overall transperndnd and its modal split. The calculated

welfare effect of a policy then is not only deteneul by technology costs and emission

More information on www.tremove.org
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reductions, but also by effects on household migbildustry logistic processes and

government tax income from the transport sector.

TREMOVE consists of three inter-linked ‘core’ modsi a transport demand module, a
vehicle turnover module and an emission and fussomption module, to which a welfare

cost module and a life cycle emissions module leas ladded.

The transport demand module describes transpovsfénd the users’ decision-making
process when it comes to making their modal ch@ctarting from the baseline level of
demand for passenger and freight transport per ptbdenodule describes how the

implementation of a policy measure (or a packageedsures) will affect the baseline

allocation of demand across different modes arferéifit vehicle categories.

The output of the demand module consists in passddlgmetres (pkm) and ton kilometres

(tkm) that are demanded per vehicle category fyiv@n policy environment.

The vehicle stock turnover module describes homgbsa in demand for transport across
modes or changes in price structure influence tlehber, the age and the type of vehicles in
the stock. For each vehicle category, the evatutiothe detailed vehicle fleet and the related
number of vehicle-km is estimated. The vehicle lstoodule has been calibrated using

historical data on the vehicle stocks in the caamtconsidered.

The fuel consumption and emissions module is usedltulate fuel consumption and
emissions, based on the structure of the vehiolksthe number of kilometres driven by
each vehicle type and the driving conditions. Otgptom the vehicle stock and fuel
consumptions and emissions modules are fed bagkhetdemand module: as fuel
consumption, stock structure and usage influenagausosts and are important determinants

of transport demand and modal split.
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The TREMOVE model includes a lifecycle emissiond arwelfare cost module. The
lifecycle emissions module enables to calculate emissions during productfdoels and
electricity. Thus, the TREMOVE model does not atallge into account operational vehicle

emissions, but also those due to production ofdnel electricity.

Thewelfare cost module has been developed to compute the cost to so@sbcemted with
emission reduction scenarios in European urbamanelrban areas. The welfare effect of a
policy change is calculated as the discounted surhanges in utility of households and

costs of production, and benefits of tax recyclifigese benefits of tax recycling represent the
welfare effect of avoiding public funds to be cotled from other sectors, when the transport
sector generates more revenues. External costsgestion and pollution are also included

in the welfare cost.

The economic model

The economic model, CGEurope-R, is a multi-rediananputable general equilibrium
model covering the whole world. Computable GenErglilibrium models are a class of
economic model that use actual economic data imatst how an economy might react to

changes in policy, technology or other externaldes

CGEurope-R model is essentially neoclassical tnneawith two important deviations. First,
the production structure is similar to that comnbmthe new economic geography literature,
with two sectors: local goods, characterized bygoeicompetition, and tradable goods,
characterized by monopolistic competition, withrefiom producing a different variant of a
good. The consumer demand is correspondingly ctearaed by the “love for variety”.
Another important deviation from the perfectly cagtipve markets is the labour market
characterized by a certain degree of wage rigidibe country-specific values of the

unemployment elasticity of pay are taken from ibbk ¥fwage curve” literature.
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The feature that allows the model to assess impdd¢tansport policies is the explicit
incorporation of interregional trade costs. Thenges in these costs, occurring for example
due to the implementation of a certain road-prigogeme, would affect relative prices that
the economic agents face, and in the general bquiih framework that will give rise to the
whole series of interdependent adjustments of tiiasles, production and income in all

model regions.

Two components of trade costs are introduced: ti@ss or costs related to geographic
distance, and costs for overcoming impedimentatermational trade. The values for the
international trade impediments are calibrated withe model and include tariffs (not
relevant within EU anymore), but also, and moreantgmt, all costs stemming from non-
tariff barriers, like costs due to language differes, costs of bureaucratic impediments, time

costs spent on border controls and so forth.

An important component of the model is the capitability. This feature allows the effects
of policy change on regional GDP and regional ineqhater approximating the welfare
effects) differ quite substantially, because thméstic owners of capital are allowed to invest

abroad, when they are seeking higher returns.

The most important results for policy assessmenégged by comparative static analysis
using CGEurope-R are the monetary measures ofrralgieelfare effects of the evaluated
projects. They convert utility gains of regionaliseholds to monetary amounts by the
concept of equivalent variation. For small changelsative equivalent variation

approximately equals the change in the log realnme compared to the do-nothing scenario.

The environmental model

An ad-hoc environmental model has been producddmiihe REFIT project for modelling

the percentage of the urban population (per couimrghe EU that is exposed to a
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concentration of NO2 or PM10 that is exceeding Bhitivalues. The model estimates as

well the percentage of the urban population pentguhat is highly annoyed due to noise.

These indicators are determined on the basis aftpesure distribution in urban areas in
each country: a number of prototypical cases has bepped in a high level of detail and the

distributions found in these cases have been wsestimate the distributions in EU countries.

The inputs for the exposure assessment are ddtddevel derived from TREMOVE and
Trans-Tools. For each country TREMOVE model prosidetailed data on the type of
mileage per road (urban, non-urban, motorway)yvphicle type (cars, light duty, heavy duty)
and PM10 and NOx emissions per road category greldfarea (urban — non urban). Trans-
Tools provides data concerning networks (motorveaays main roads) and traffic flows

(passenger cars and trucks).

The social model

The social model called the European Model forAksessment of Income Distribution and
Inequality Effects of Economic Policies (EDIP) mnstructed using the Computable General

Equilibrium framework, which takes as a basis tbgam of the Walrasian equilibrium.

The EDIP model is designed to assess the effecsrmirete governmental policies. It
compares the situation without certain policy measa the situation with this measure. The
model assesses the relative changes in the maables of the model and the overall welfare
resulting from the policy implementation and caétat the effects of the policies over a
period of time, which is defined by the model usetakes as its main inputs the forecast of
the future development of the country’s populatiabpur efficiency, the total factor
productivity of the industrial and service sectdransportation costs by vehicle type and
distance class, car ownership costs, emissionsréaby type of emissions and world prices

by commodity type.
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The model includes the representation of the mea@maomic behaviour of the following
economic agents: several types of households diffetted by 5 income quintiles, 3 degrees
of urbanization and 6 family types; production sexdifferentiated by 23 NACE

classification categories; investment agent; fddgraernment and external trade sector.

The main outputs of the EDIP model are the relath@nges in a set of social inequality
indicators, including the inequality of income distition Gini coefficient, the amount of
people below the poverty line, the inequality amemnsity of poverty.

THE TRANSPORT SUSTAINABILITY INDICATORS

In addition to the classic set of pure transposteay operation indicators, the REFIT
methodology provides policy makers with a full setransport “sustainability” indicators,
encompassing the economic, environmental and sogct dimensions, which are the

specific focus of the REFIT project.

The complete set of indicators, which the REFIT eilixlg toolbox described above is able to

calculate, contains:

- 24 transport system operation indicators;

- 10 transport economic indicators;

- 59 transport environmental indicators includihg tol (Level of Internalisation);

- 9 transport social indicators.
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The indicators are computed both for macro-regaggregatiorisand for countries and allow
for the assessment of the effects of transportigsliand make comparisons with respect to a

baseline scenario.

Transport system operation indicators provide tii@mation concerning: infrastructure
consistency, passengers and freight transport ppeafaces, vehicle stock size etc. They are
computed mainly through the usage of Trans-ToodsTEREMOVE models output, and allow
assessing the effects of a specific transport p@ticange in modal shares, traffic volumes
etc.) on the “pure” transport domain; we will netall upon these indicators because, as

stated above, they are not the focus of the REFdthatology.

A small selection of the REFIT indicators, per edomain, is shown below.

The economic indicators

The economic sustainability of transport policies covers the requirementsstoosng and

durable economic growth, such as preserving firsmstability, a low and stable inflationary
environment, and capacities to invest and innovhtgefore the basic economic indicators of
policy impacts should include changes in e.g. ines@ind prices, revenues and expenditures

etc. Among the REFIT economic indicators it carfdaand:

- The GDP effects induced by transport policies which is expected to change e.g as a

consequence of faster connections provided by reavgport infrastructure (TENS).

In fact journey time savings and increased relighibr business travel represent a
productivity gain and contribute to GDP. Moreotiere are effects in the labour market that

may mean further effects of transport on GDP mis$gort directly or indirectly causes an

* The EU27 plus Switzerland and Norway; EUS-12 (Msmber States since 2004); EUS-15 (old Member
States).
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increase in labour supply. In this case GDP riggsibse time savings have an impact on the

labour supply decisions of individuals.

- TheHouseholds and Business transport expenditures: transport pricing and taxation policies
will clearly influence the budget spent by familfes transport, while the business

expenditures for transport services will be infloed by transport pricing and taxation
policies.

- Government net revenues. the net amount of funds (taxes — subsidies) ddisethe
government on transport activities will be diredtifluenced by any policy change of

transport prices and taxes.

The environmental indicators

The Environmental sustainability focuses on maintaining the integrity, productiatyd
resilience of biological and physical systems, angbreserving access to a healthy
environment. On the basis of the modelling toolsilable in REFIT the selection of

environmental indicators include as follows:

- Emissions of pollutants by transport mode: In REFIT the emissions are computed for,CO
CO, PM10, NQ, SGandNMVOC. Transport pricing and taxation measuresustglly
aimed also to reduce emission of pollutants in estegl areas; the same effect is expected
from the measures to improve urban transport. R&fividies for cleaner and more efficient

transport will improve the technology, and this sldocontribute to reduce emissions.
- Population exposure to emissions: the same measures which help to reduce emissions

in densely populated areas are obviously useftédace population exposure. In REFIT, it is
possible to calculate the population exposure t@ NEM10 and noise, expressed as

percentage of people highly annoyed consideringjitties imposed by the EU legislation.
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- Final energy consumption by transport mode: the most important policiesohtare
expected to influence energy consumption inclugerdionalisation of urban transport
and R&D driven technological improvement.
- Uptake of cleaner fuels: the uptake of cleaner fuels may be seed-up Imgp@rt pricing
and taxation measures, as well as urban transgtarhalisation measure, which will
make more convenient to use cleaner vehicles agid.fu

- Internalisation of external costs: this indicator represents the degree, to whiae$costs
caused by transport activities are carried by gerg) and it aims to assess the impacts of
policies on the coverage of social costs by thesusiis clearly linked to transport pricing

and taxation policies.

The social indicators

The Social sustainability emphasises the importance of high employmentarhing skills,
of safety nets capable to adapt to major demogeagid structural changes, of equity and of

democratic participation in decision-making.

The social impacts include the financial effectsraome distribution and equity concerns -
which would need to be considered alongside theeggde economic benefits of transport
policies — as well as the social impacts in teringigtribution of external costs and benefits,

e.g. the effects on people health, city liveabiitg..
This dimension is evaluated through the followingial indicators:
- Distributional impacts of transport policies: transport pricing and taxation policies are

expected to have different effects for differertame groups. This indicator is expressed

through three different indexes : Gini coefficieB& index - mean logarithmic deviation and
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Theil's entropy. Distributional effects is alsomegented in REFIT by the amount of people

that fall below the poverty line.
- Transport affordability index: any change of average trip costs due to trangpiming

and taxation policies will be directly reflected thys indicator, which could be defined as the

transport expenditure made by a household as amage of its income.
- Safety: the most important policies which should use théicator to monitor their
success are obviously the road safety measuresevmnalso the realisation of new

TEN infrastructures will have an impact on safegtised by the likely increasing volumes of
traffic which should however be at least parti@ynpensated by travelling on safer

infrastructures.

THE REFIT OPERATIONAL TOOL

The REFIT operational tool is the instrument whbeeindicators computed in REFIT are
gathered in a coherent way in order to providepibleey makers with a clear overview of the

indicators and their individual and total respottsa certain transport policy.

The operational tool is represented by Microsoftétxvorkbooks containing set of pivot
tables and graphs, which allow for a comprehensiblysis of the changes caused by the

policy for each sustainability domain.

Due to the high numbers of the indicators that REElable to calculate, synthetic
spreadsheets have been set up containing onlylasghaf selected priority indicator. Such
indicators have been chosen as main representativies full set of indicators for each
domain. Looking at the changes occurred to sucicahars with respect to a reference
scenario the user can have a quick impressionegbalicy impact before to explore all

indicators in detail.



The REFIT framework 20

In the next section some examples of the resutsmdd applying the REFIT methodology to

the transport policies are shown.

APPLICATION OF THE REFIT FRAMEWORK

The REFIT framework along with the operational tbale been tested by assessing different
policies of the internalisation of transport extdroosts. The objective of the policy here
considered was to internalise the five followingegralities: climate change, air pollution,
noise, accidents and congestion. The means tak®adoount to achieve an internalisation

policy is the introduction of new variable taxeslamarges.

Particularly, apart from a reference scenario (8deril from now on), two variants have
been considered in our exercise: the applicatiadhetharges on all vehicles (Scenario 4B
from now on) or only on HGV vehicles (Scenario 38rh now on). The year of the

simulation is the 2020.

As stated above, with thgiority indicatorsit is possible to get a quick idea of the overall
impact of the policies: the trade-off is visibledathe size of the changes in the small set of
these indicators allows the user to identify & tm®ad hierarchy between scenarios. The
indicators are reported in a way that higher vakigsespond to a more sustainable situation
starting from the reference case. Consequentihdrigure below, those indicators included
in the area edged by the reference case valuesalhawsening in terms of sustainability

comparing to the reference situation.
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Priority indicators

Traffic of road freight vehicles

Traffic of road passengers vehicles

Rail freight traffic

Amount of people that fall below the
poverty line

Actual demand/ capacity % in road

GE index - Theil's entropy network

Welfare effects induced by transpo

Fuel consumption from road traffic s
policies

Internalisation of external costs - HGV ernment net revenues from transpg

Internalisation of external costs.-"Ca Passenger accessibility measure

Total emissions of CO2 GDP effects induced by transport policies
Total emissions of PM

=——Scenariol Scenario4B = Scenario5A

The results in the specific case tested seem stiggdisat Scenarios 4B and 5A are
significantly effective in internalising externadsts, reducing congestion, emissions and
accidents while negative economic and social ingat not too large when compared to the

reference scenario.

Within theeconomic domain, the figure below shows the percentage changéfiR due to
scenario implementation, in comparison with themefice Scenariol. In this case, the results
suggest that the chosen pricing scheme in combimatith the revenue redistribution
proportional to GDP is disadvantageous for the memnber states, as they suffer relatively
more from increased charging. These negative sfaet brought about by the capital

outflow.
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GDP effects induced by transport policies

Subset of indicators|GDP effects induced by transport policies
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As mentioned above, the REFIT framework is ablealoulate 3&nvironmental indicators.

The NOx emissions, computed for each transport mergereported in the figure below.

Emissions of NOx per mode (1000 tons/year)
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The graph shows that the policy scenarios only maidly affect the emissions, mainly via a
decrease of road transport volume caused by théadd taxation. For non-road modes,

emissions stay more or less the same.

For each scenario, the REFIT operational tool aléoy a comparison by mode and types of
pollutant. In next graph we see that road trandpaids the highest share of total NOx

emissions of transport.

Share of emissions per mode and pollutant
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The environmental indicators related to populaggposure are computed by the REFIT ad-
hoc model. The differences in the scenarios foseaieported in the graph below, are due to
the different vehicle kilometres on the motorwagd anain roads, calculated by the Trans-
Tools model, and the vehicle kilometres on urbausocalculated by TREMOVE. The
hierarchy between scenarios is the same as fosgmsseven if the differences are more

subtle.
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Percentage of population exposure to noise
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Another indicator used in the REFIT framework is ttevel of Internalisation (Lol): this
indicator represents the degree, to which socistisccaused by transport activities are carried
by the users. It is computedthg ratio of private costs for a specific transpmer and the
social costs generated by this activity, usingltisic cost elements of the relevant transport
mode. The following graph shows the results fos thdicator where different scenarios are

compared by mode.



The REFIT framework 25

Scenarios for the Lol in 25 European countries

WEFIT
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The Lol increases significantly in the pricing Sagos: 4B and 5A reach a Lol above one,
which implies that social costs are lower than gevcost, i.e. more is paid by the users than

their costs they cause.

While cars have a high level of internalisation tonoycles show much smaller values and
additionally, the scenarios have no significantaetmpon the Lol. This implies, that (i) a huge
gap exists between private and social costs anthét the envisaged policies of the scenarios

have practically no impact with regard to cost-cage.

The aim of the scenarios analysed in our studfgsnternalisation of external costs through
different policy measures. Therefore transportataxes are changed in order to better
represent its real cost to the society. In geniecakase in the overall amount of taxes paid by
the individuals decreases their disposable incamdetlais leads to negative welfare changes
in the neoclassical approach. Social indicatorsestda different issue: in order for the
income inequality and poverty indicators to shogn#icant changes, the implemented policy

measures should have a strong impact upon theneefad income of two lower income
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quintiles. This is not the case for the scenarieshave tested since the taxes are significantly

increased only for the private transportation.

Three different indicators are computed as eacthasea different sensitivity. The Gini index
gives a very good overall measure of inequalityil@vhheil’s index gives a lot of information
on changes around the middle of the distributicshthie mean logarithmic deviation gives
more information on changes in the lowest incomatdes. However, there are no

differences in the direction of change betweendifferent inequality indicators.

Inequality indicators: Mean Logarithmic deviatiomdal heil’s entropy.

Subset of indicators|Distributional impact of transport policies
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On the European level, inequality increases shglas expected. There is no big difference
between changes in the index for the EUS-12 (newbéz States) and EUS-15 (old Member

States) or between the mean logarithmic deviat@hTheil’s entropy.

A different social indicator deals with safety. Téafety indicator shows if the analyzed
policy measure has an effect on traffic safetyngEU countries. This indicator is measured

by counting the number of fatalities: traffic sgfeicreases when this number of fatalities
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decreases. The number of fatalities is directlgtesl to the number of vehicle kilometers

driven by road transport.

CONCLUSION

The application of the REFIT framework for the asseent of the effects of the transport
policies provides a complete set of indicators congall the sustainability domains and
allows the user to analyse the policies impactsimultidimensional manner and identify

advantages and disadvantages of the measures thula

The test performed proved the indicators are exhau® provide a wide overview on the
effects of the internalisation of external costiqies: the indicators behave largely in
accordance to theoretical expectations; despitsithiarities of the tested scenarios, which
concerned different details in the implementatibthe same measure (transport charging),

the REFIT indicators proved able to discriminatesaen the different scenarios.

Even if such scenarios deal with transport pri@nd therefore economic and transport
indicators may be the first ones capturing usdtengion, environmental and social impacts
enrich the description of policy effects and addimation for a fair judgement of the

measures simulated.

Looking at the indicators, the user can find a amdtion that levying taxes and charges
brings about an increase of travel costs, but panegiate the impact of such increase on the

traffic performance as well as on the regional ecoic activity.

The average costs of transport trips is increas@odtrespond to the level of the external costs
associated with transportation: increase in trarispg burden decreases demand for
transport, which is reflected in reducing congestEmissions and accidents, but it also
increase the expenditures of both firms and houdeh®he social indicators reflect the effect

of increases in taxation, while the effect is piaipdimited for the poor population due to
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their lower consumption of transport services, amall increases in inequality and in poverty
can be noted. However, these effects are not agrtan as the economic effects on the

transport sector and differ between countries.

Since a trade-off exists among the different dinmrssof sustainability, the best alternative
scenario does not become apparent from indicadms the selection of the ‘most preferable
one’ is not part of the objectives of REFIT; instethe assessment framework offers several

detailed data that can be used for further analysis



