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Executive Summary 
 
CANTIQUE aims to inform policy-makers on the use of non-technical transport 
measures to improve air quality and reduce CO2 emissions. Non-technical measures 
cover a wide range of measures like public transport and inter-modality, traffic 
management, efficient road freight transport , pricing measures and other measures 
influencing drivers’ and travel behaviour. The target audience for CANTIQUE are 
policy makers on EU-, national and regional level as well as planners and 
consultants.  
 
Based on the available information about research projects and practical attempts on 
national and EU-level the environmental and economic effects of non-technical 
measures have been analysed and put into a scheme with the aim to make them 
comparable.  
 
The economic effects were analysed by different approaches using cost-benefit 
analyses (CBA) and cost–effectiveness analyses (CEA) that had to be defined 
previously in terms of economic, social and environmental effects. 
 
From the results of the analyses guidelines were developed for the implementations 
of non-technical measures. The transferability of the results to Central and Eastern 
European countries was investigated by a comprehensive analysis of the current 
situation in these countries including the recent development and the economic 
context. 
 
The details of the projects investigated, the approaches undertaken and the results 
achieved have been published in the previous deliverables of the CANTIQUE project 
referred to in this report. 
 
This document gives a summary of the scope, the approach undertaken, the results 
and the strategies to be adopted for the introduction of non-technical measures and 
points out the possible effects on local, national and EU level as well as the 
limitations that are to be considered for the introduction and the acceptance of non-
technical measures.  
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1 Introduction 

1.1 Introduction and objectives 

The main objective of CANTIQUE is to inform policy-makers on the potential of non-technical 
transport measures to improve air quality (AQ) and reduce emissions of greenhouse gases. 
 
The work involved the collation and synthesis of results from existing studies concerning the 
use and effects of such measures. The measures have then been ranked according to their 
cost-effectiveness, where sufficient quantitative data were available. 
 
This document gives a condensed extract of the measures taken into account, the 
methodology applied and the results obtained that are reported in comprehensive and 
detailed way by the former deliverables issued within the progress of the project:  
 
• D1 Baseline Report 
 
• D2: Structured Review of Non-Technical Measures 
 
• D3: List of most cost-efficient Non-Technical Measures 
 
• D4: Guidelines for the Selection and Implementation of  Non-Technical Measures 
 
• D5: Transferability of Non-Technical Measures to Eastern and Central Europe 
 
The papers presented by the authors in a workshop held in Rome in January 2000 on Non-
Technical Measures have been documented in a workshop report. 
 
 
1.2 CANTIQUE definitions 

There are two key definitions for CANTIQUE which reflect the scope of the project: 
 

CANTIQUE definition of non-technical measures 

Broadly speaking, CANTIQUE aims to cover all transport measures other than general 
fiscal measures and prescriptive measures affecting vehicle and fuel technology 
supply. 

 
CANTIQUE definition of emissions and air quality 

Species to be evaluated are CO2 and the gaseous pollutants governed by the 
European vehicle emissions standards and air quality Directives (expressed as total 
mass emitted, mass per vehicle-km, and mass concentration in ambient air). 

 
CANTIQUE includes fiscal measures specific to the transport sector such as road pricing 
and vehicle/fuel taxation. 
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For the measures two structures have been developed: 
• “solutions”, classified according to the effects of measures 
• “policy levers”, classified according to the modus operandi of measures. 
 
This inventory classifies measures as: 
 
• operational measures which affect the energy use and emissions per vehicle-km driven; 
• strategic measures that optimise the use of the vehicle itself, affecting the number of 

vehicle-km driven for a given transport demand (expressed as passenger-km/ tonne-km); 
• demand measures reducing the overall demand for travel (passenger-km/ tonne-km). 
 
 
 
Specific policy levers may operate on more than one of these measures. 
This approach divides policy levers into different categories according to the means of 
introducing/enforcing them.  Top-level categories are: 
• pricing policies and incentives; 
• taxes; 
• regulation; 
• infrastructure; 
• information and public awareness initiatives; 
• voluntary agreements; 
• institutional frameworks. 
 
 
 
 
1.3 Inputs from CANTIQUE workpackages 

WP1 
• inventory of measures: the current WG5 listing will continue to be used for AO2 purposes, 

but the inventory will be restructured for national/city purposes 
• review of methods for emissions and air quality modelling, showing how each measure 

needs to be evaluated - for city purposes 
• definition of the cost-effectiveness method to be used in CANTIQUE, with advice for city 

users on the practical application of this method (data requirements, limitations etc.) 
 
WP2 
• collation and review of existing data for modelling 
• collation and review of case study results 
• formulation of a consistent set of data for EU and city levels of application 
• characterisation of measures with respect to transferability, implementation barriers and 

political feasibility 
 
WP3 
• cost-effectiveness analysis and ranking of measures (subject to data availability) 
• assessment of most promising measures, individually and in bundles 
• indication of future research needs e.g. data collection, studies on implementation of 

measures 
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WP4 
• conclusions concerning the transferability of measures to Central and Eastern Europe, 

and local case study results 
 
WP5 
• contributions from external experts 
 
WP6 
• dissemination outputs, including briefing papers and newsletters 
• overall assessment of best practice for non-technical measures to reduce transport 

emissions 
 
1.4 Studies investigated for the CANTIQUE Project 

The experience, findings and results of the projects reviewed will feed the process of 
deriving recommendations for non-technical measures to improve air quality on 
European as well as on national, regional and local levels. The reviewing is 
completed by considering further effects – side-effects from a project’s own logic – 
like regional traffic impacts, economic effects and practical findings about the 
feasibility of particular measures. 

The following projects and studies have been examined for the CANTIQUE project: 

Table 1: Projects and studies selected for investigation by CANTIQUE 

§ ADONIS 
§ AIUTO 
§ An evaluation of transport measures to meet NAQS objectives 
§ CAPTURE 
§ City logistics Cologne 
§ CLEOPATRA TR 1012 
§ COST 321 
§ Effectiveness of alternatives to reduce traffic-related CO2 emissions up to 2005 
§ ESTEEM 
§ EUROTOLL 
§ GAUDI Project, the Trondheim Toll Ring 
§ INCOME 
§ MASTER 
§ Options to reduce NOx and NMVOC emissions 
§ Overall economic cost-effectiveness analysis of measures to reduce transport´s CO2 

emissions in Austria 
§ Overall economic evaluation of rationalizing measures in road transport 
§ QUARTET PLUS 
§ REFORM 
§ Road Pricing and Toll Financing 
§ SPARTACUS 
§ START 
§ SURFF TR 1053 
§ TRANSPRICE 
§ TRENEN II – STRAN 
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1.5 Selection Criteria 

For deriving recommendations for non-technical measures for reducing the emission 
of CO2 on European and global levels as well as reducing regulated pollutants (NOX, 
HC, CO, SO2, particles) on national, regional and local levels, it is essential to 
examine the scope of the available studies in detail. The analysis of CANTIQUE 
studies will also look at the effects on other objectives that influence the feasibility of 
using each measure (e.g. regional economic effects, externalities). The following 
table gives an overview over the indicators related to implementing non-technical 
measures and highlights the consideration of the environment in this context. 

Table 2: Indicators related to non-technical measures 

traffic-related impacts § vehicle, ton, passenger km 

§ modal split 

§ capacity usage, occupancy level 

§ dispersion of traffic peaks 

§ capacity of infrastructure 

§ operating costs 

§ travel time 

§ transport quality 

impacts on the environment and 
on traffic safety 

§ emissions of pollutants 

§ CO2-emissions 

 § Noise 

§ land use and separation effects 

§ accidents 

economic impacts § general economic profitability 

§ business economic profitability 

§ technology improvement and innovation 

social impacts § distribution of income 

§ mobility of user groups 

§ access to education and labour 

 

A characterisation sheet has been created in order to develop a sufficient screening 
process. In order to be able to assess the transferability of results later on, the scope 
and frame conditions of the studies have been investigated. 

§ In some studies, emissions and air quality are the major focus of research 
activities. Their findings can be adopted directly by CANTIQUE (including, if 
necessary, adjustments according to transferability restrictions). 
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§ There are projects not directly concentrating on emission effects but providing – 
to some extent – environmental effects as additional components. 

§ Some traffic-related output of projects allows for the extraction of the 
corresponding emission development from the original results. By modelling, 
road performance can be transformed into emission volumes and pollutant 
concentrations. 

§ Current environmentally oriented projects often operate with scenarios instead 
of single measures. This means that impacts are analysed in the light of well 
defined sets of measures and conditions.  

§ According to the transferability of results it has to be considered, whether these 
results have been obtained by real-life implementations, simulations or field 
trials. 

§ Research projects can provide descriptive insights or quantitative results. 

§ Concerning the quantities, information can either consist of volumes only or of 
complete evaluation schemes. 

Table 3: Assessment dimensions 

quantitative results § transport related output (vehicle kilometres, ton/passenger 
kilometres, ADTV, travel time, trips, others) 

§ environmental figures (emissions, air quality values, noise, land 
use) 

§ others (accidents, general economic aggregates) 

evaluations § Multi-Criteria-Analysis (MCA) 

§ Cost-Effectiveness-Analysis (CEA) 

§ Cost-Benefit-Analysis (CBA) 

 

1.5.1 Emissions and Air Quality  

In comparison to other polluters, emissions caused by road traffic currently play a 
significant part in affecting air quality. This is true especially for conurbations (local 
level). Climate change as well has become more and more a major part of the 
environmental impact discussion during the last decade. The alternating dimensions 
of traffic impacts on the environmental quality are given below. 
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Table 4: Traffic impacts on the environmental quality 

affecting... spatial aspect temporal 
aspect 

Reversible? 

climate change global developing 
slowly 

no 

air quality (human health, 
soil, vegetation) 

local/regional short as well as 
long term 

not in every case 

 

In addition to the spatial classification of emissions, the research into the ozone 
problem has caused a new categorisation of pollutants into direct and indirect effects 
(with and without a chemical transformation process). 

Table 5: Scope of pollutant emissions 

 local strategic 

direct air quality (NOx, CO, VOC) global warming (CO2) 

indirect ozone (O3) ./. 

 

The particular pollutant influence on air quality mainly depends on the concentration 
of NOx (nitrogen), SO2 (sulphur dioxide), CO (carbon monoxide), HC (hydrocarbon) 
and particle matter. Their impacts on human health and nature are scientifically 
investigated: 

Table 6: Emission components and their harmful impact on human health 

NOx symptoms of the respiratory tract, damage to lung tissue, increase of 
the mortality rate, plant damage, acidifying fallout (harmful to soil and 
buildings) 

SO2 effects comparable to NOx but even worse 

CO reducing the transport of oxygen to tissues 

HC various effects, e.g. cancerogenic effects 

particles increasing mortality rates 

CO2 global warming 

 

Going a step further, environmental damage causes lasting effects that - 
consequently - reduce the (productive) resource stock. Adopting the economic view, 
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this directly restricts the economic abilities and thus the level of welfare. This angle is 
taken up by evaluating emissions and air quality volumes. The process from emitting 
pollutants to evaluating its impacts is shown below: 

Figure 1: Process of evaluating pollutant emissions 

emissions 

air pollution, NOx, VOC, CO CO2 particulates, 
benzene 

global 
warming 

damages to 
vegetation smog damages to 

buildings 

damages to 
human 
health 

cancerogenity 

evaluation 

 

Source: Based on Rothengatter, W. et al., Entwicklung eines Verfahrens zur Aufstellung 
umwelt-induzierter Fernverkehrskonzepte als Beitrag zur 
Bundesverkehrswegeplanung, Forschungsvorhaben im Auftrag des 
Umweltbundesamtes, Berlin 1998, p. 28. 

 

1.5.2 Measures 

Due to the close co-operation with the AutoOil II Working Group 5 "Non-technical 
measures", the core of investigated measures is predetermined by their inventory of 
measures, extended by a couple of additional options. 

As pointed out earlier in CANTIQUE, two classifications of non-technical measures 

can be made - one focusing on the transport field in which measures are applied 

(corresponding to WG5-inventory), and one concentrating on the relevant political 

field. The latter is given in the next table. Which classification mode should be used 
depends on the viewpoint decision makers adopt in a definite situation. 
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Table 7: Classification of non-technical measures 

1) pricing road pricing  
 tariff policy in public transport  
2) taxes fuel tax  

 vehicle tax (emission related, integrated to 
fuel tax) 

 

 km-related lump sum in income taxation  
 kerosene tax  

3) infrastructure measures investment road (extension, removing bottlenecks,...) 
  rail (opening/re-opening of lines, high 

speed network) 
  non-motorised traffic (cycle path, 

pedestrian areas) 
 re-allocation rail (separating networks to particular 

services) 
  road (high occupancy lanes, bus lanes) 
 renewal / pavement management  
 construction site logistics  

4) operating / service measures rail transport high speed passenger services 
  international freight transport (freightways) 
 public transport opening new lines 
  service frequency 
  improving travel quality (service, safety,...) 
  new vehicles 

5) networking passenger transport park & ride 
  long distance transport (park & rail, holiday 

trains,...) 
  car pooling (short distance, long 

distance/car pooling agencies) 
  car sharing 
  mobility information, mobility agencies 
  substituting short haul flights 
 freight transport promoting combined transport 
  freight distribution centers 
  intermodal co-operation 

6) rationalising transport and 
logistics 

improving load factors (volume, weight)  

 improving transport performance 
(routing,...) 

 

 traffic saving structures / de-coupling  
 co-operations / re-structuring logistics  
 city-logistics  
 improving delivery conditions  

7) de-coupling (transport and 
economic growth) 

  

8) information- and communication-
related measures 

substituting transport needs (tele-
conferencing, tele-working,...) 

 

 road transport  
 public transport / rail  

9) competition / market structure free access to rail infrastructure  
 promoting regional railway companies  
 establish light rail services  
 establish competition in public transport  

10) institutional measures ecological regulations threshold values 
  fleet consumption standards 
 promoting new vehicle technologies  
 parking management  
 spreading rush hours (flexible working 
times, shop closing times, delivery 
times,...) 

 

 traffic supervision / dynamic traffic 
regulation 

 

 traffic restrictions (speed limits, traffic 
bans, pedestrian areas) 
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1.5.3 Parameters 

In the CANTIQUE context, parameters refer to changes in transport performance. 
They result from particular user reactions initiated through a given non-technical 
measure. They give as well a first impression on the workability of transport-related 
measures. Due to the CANTIQUE baseline, the assessment of non-technical 
measures concentrates on the following parameters: 

§ The most general way to describe transport reactions is the development of 

transport demand. Because of its generic character, transport demand is used 
in alternating definitions (transport volume, passenger/ton kilometres, vehicle 
kilometres). It is crucial to note that the different terms of demand have different 
consequences for the development of emissions and air quality. While taking 
into account the capacity usage of transport means, economic analyses of 
impacts on the transport sphere often deal with vehicle kilometres. 
Furthermore, vehicle kilometres are the best demand figure for deriving 
emissions (in combination with speed and some other factors). 

§ Often, improving intermodality is an important aim within transport policy. In that 

respect, modal choice is another parameter. The change of modal split in its 
relative expression does not provide direct information about the emission and 
air quality development. For this purpose, absolute values of transport demand 
of all transport modes are necessary, too. 

§ In contrast to the first parameters, vehicle ownership and fleet composition 
result from medium and long term reactions. Assuming no strict regulatory 
measures (e.g. prohibition of a particular motor technique), it will take several 
years until the market penetration of an environmental friendly technology is 
high enough to have measurable impacts on emissions. 

§ Mobility and driving behaviour characterise further options that transport 
participants can adopt to react to non-technical measures. They cover short 
term (e.g. personal speed limits and cruising manner) as well as long term 
reactions (e.g. particular origin/destination changes). 

Obviously, there are more or less strong interrelations between them which has to be 
seen in the light of a given transport policy strategy. Aspects that need to be 
considered when comparing impacts based on the parameters above are 
summarised below. 
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Table 8: Comparative parameters for impact analysis 

transport demand road: 

§ passenger/ton kilometres: volume*distance 

§ vehicle kilometres: passenger/ton kilometres/capacity 
usage 

In case of behaviour adjustments no simultaneous 
development. 

public transport: 

§ passengers 

§ passenger kilometres 

In case of demand changes, corresponding development of 
road traffic is not clear. 

modal choice Does not provide information about the effective performance 
of transportation. 

vehicle ownership and 
fleet composition 

Normally changing in the medium and long run only. 

mobility and driving 
behaviour 

Comprises short-term (individual cruising manner) as well as 
medium/long-term behavioural options (destination changes) 

 

In many studies regarding transport, measuring emissions as well as air quality is an 
exception. More often, indicators reflecting the environmental quality are isolated with 
the help of analytical methods and engineering tools. Doing so is less costly than 
direct measurement – either because data is already available/extractable from 
official statistics or can be gathered more easily. The shortcoming of using such 
indicators is the - sometimes quite rough – interrelation between indicator and 
emission respectively air quality. Especially averages provide a sufficient 
approximation for general area-wide use but not for local issues; the impacts of 
specific (local) user behaviour are completely lost. Further impacts that are not 
sufficiently revealed so far are users´ driving behaviour. The individual manner of 
driving has considerable consequences for fuel consumption and thus the emission 
characteristics. Average values cannot take this into account sufficiently. 

In practise there is comprehensive knowledge available about traffic development 
following definite measures (vehicle kilometres, passenger and ton kilometres, 
average hourly traffic volume). In comparison, there are less studies directly dealing 
with emissions and air quality. So the intention is to develop methods to conclude 
emissions and air quality from commonly used data basis.  
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In a couple of economic studies there are only two parameters used as input for 
ascertaining air quality. Both, average hourly traffic volume (AHTV) and speed, are 
directly linked by so-called v-Q-functions (Figure 2). These are based on engineering 
procedures and are defined for particular road categories. The average speed again 
determines the emission volume per vehicle category. 

Figure 2: Relationship between average hourly traffic volume and average speed 

AHTV Q
in veh/h

empirical section
transitional

section
congestion

0          Qmax

Vmin

 

Source: FGSV, Kommentar EWS-97, p. 46. 

 

1.6 Study Assessment  

In order to obtain a clear picture of the significance and transferability of results, all 
studies have to be checked against a set of criteria: 

§ The approach used for the assessment allows first conclusions about the 
reliability or objectivity respectively. 

§ Probable contrary and complementary effects of non-technical measures need 

to be considered as they determine the dimension of effects. 

§ The previous point is as well linked to the feasibility of transferring and 

comparing results. 

Studies to be incorporated into CANTIQUE have to be examined concerning their 
methods, the validity of the data used and their covered reaction patterns. 
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In general, the methods used in current research can be divided into quantitative and 
evaluation methods. Quantitative models are either transport models, simulation 
tools, surveys or other approaches to get input data for deriving emission volumes. 

Evaluation methods are usually classified as follows: 

§ A Multi-Criteria-Analysis (MCA) is quite uncritical regarding the data needs. It 
can be characterised as a subjective approach: The evaluation is based upon a 
set of target functions that are pre-set by the researcher. For CANTIQUE 
purposes, this approach is not relevant. 

§ Within a Cost-Efficiency-Analysis (CEA) the (implementation) costs of a 
measure are compared with its impacts. There is no need for monetizing effects 
which is the advantage in case of critical data availability. The CEA is the 
favoured approach within CANTIQUE. 

§ A Cost-Benefit-Analysis (CBA) has been applied in some projects relevant for 
CANTIQUE. Here not only the implementation costs of a measure are part of 
the evaluation; its impacts are also expressed in terms of money. The benefit 
side of a CBA is defined as the reduction of resource needs following a 
measure (i.e. given through a reduction of operating costs, time costs, noise 
costs, emission costs, accident costs). An overall-economic net benefit is 
realised, if the ratio of benefits to costs exceeds one. 

1.7 Current Situation 

Given the frame of CANTIQUE assessment and the stage of output, the crucial point 

is the coverage of measures through current research activities. There is wide-
spread knowledge about single or groups of measures, for instance pricing of road 
transport. Its various impacts are well documented; particular pricing designs have 
recently been assessed. On the contrary, there are measures that promise to enable 
improvements in the transport system but are either 

§ hardly extractable from the impacts of whole strategies (like advertisement 
campaigns in addition to tariff policy) or 

§ offer completely new options and that are therefore less explored yet (e. g. new 
technologies, deregulation). 

In general, the deliverables reviewed in CANTIQUE provide the following picture: 
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Table 9: Current research in short 

measures/strategies well investigated and (in principle) transferable, e. g. 

§ pricing measures, fiscal measures (especially addressing cars 

§ public transport improvements (tariff policies, supply extensions) 

§ telematics (urban traffic management, route guidance, ITS) 

measures/strategies less investigated and (in principle) transferable, e. g. 

§ telematics as far as it concerns the relevance of particular elements 

§ advanced freight systems (multimodal integration, co-operations, data 
exchange) 

measures/strategies rather unexplored and hardly transferable, e. g. 

§ measures addressing people’s awareness and attitudes, information 
campaigns 

§ measures promoting cycling and walking 

§ measures covering legal aspects, local development strategies and land 
use 

 

1.8 Transfer to the EU Strategic Level  

Since the strategies and measures for the reduction of pollutant emissions are 
developed in different projects and under varying circumstances, they (and the 
corresponding data as well) tend to be different in kind and scale. Moreover they are 
designed for implementation on different, mostly lower, spatial levels.  

Consequently, the general approach to transferability at the EU level consists in a 
generalisation process that simulates the effectiveness of a non-technical measure 
in the European context in the light of specific, national, traffic conditions, with the 
support of a structured transport database and a software tool. 

The general approach to transferability at the EU level can be outlined as follows: 
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FIRST STEP
Characterisation of
national contexts

SECOND STEP
Identification of the
NTMs

Relationship between
national contexts and
NTMs potential
impact

THIRD STEP
Calculation of the
potential impact

 

- Identification of the Non Technical Measures (NTMs)  

This is drawn directly from the output of WP2: based on the various studies and 
project outputs analysed in WP2, a set of NTMs are selected, for which modelled or 
empirical impact data are made available.  

In preparation of the generalisation step, those NTMs have been described 
according to two aspects: 

1. the relevant transport parameters or indicators (e.g., the percentage of vehicles 
kilometer saved); 

2. the unit performance (e.g., in the case of a measure aiming at the reduction of 
vehicle kilometers in a given context, what is the amount of emissions reduction 
achieved). 

The table below shows for each selected measures the indication of transport 
parameter and unit performance analysed.  

 
  

PROJECTS MEASURES UNIT
PARAMETERS VALUES PERFORMANCE

% Emission Saved

PARKING VEHICLE     -4%   -4,8% (Co)
AIUTO PRICING KILOMETERS   -3,9% (Nox)

ROAD PRICING VEHICLE -8%   -7,7% (Nox)
KILOMETERS

EUROTOLL CORDON VEHICLE -9,6%   -9,8% (Co2)
PRICING KILOMETERS   -7,9% (Nox)

SPARTACUS REDUCING 50% CAR PASSENGERS -6%   -3% (Co2)
TICKET PRICES KILOMETERS

QUARTET BUS/TRAM FUEL -2,2%   -2,2% (Co2)
PLUS PRIORITY CONSUMPTION   -2,3% (Nox)

TRANSPORT PARAMETERS
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The selected measures have been analysed in four urban areas both through model 
simulation and field trials. They can be considered as typical examples of non-
technical measures in the field of pricing policies (e.g., parking pricing, road pricing, 
cordon pricing) and modal shares policies (aiming to promote the use of public 
transport, e.g., ticket reducing and frequency doubling, bus/tram priority schemes). 

 

Calculation of the potential impact 

Assuming that the effectiveness of the NTMs (in terms of percentage of emissions 
saved) can be taken as an acceptable average estimation for generalisation 
purposes, it is then possible to calculate what would be the impact of a generalised 
application of the examined NTMs throughout the EU.  

Running the MURE model in two different scenarios set up at urban level can carry 
this out: 

1. In the first “ business as usual “ scenario, the results are related to a “static” 
context, based on the output from macro-economic and techno-economic models 
(MEDEE, etc) collected in a specific years (1995); 

2. In the second scenario at 2010 the results consider also the effect of expected 
yearly dynamic rates of variables such as car stock renewal, specific 
consumption, and average distance travelled.  

 

PROJECTS MEASURES LOCATION SOURCE
OF RESULTS

PARKING

AIUTO PRICING COMO MODEL
ROAD PRICING SIMULATION

EUROTOLL CORDON STUTTGART FIELD TRIAL

PRICING

SPARTACUS REDUCING 50% NAPLES MODEL

TICKET PRICES SIMULATION

QUARTET BUS/TRAM GOTHENBURG MODEL

PLUS PRIORITY SIMULATION
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The examination of results achieved through the first scenario give hints on present 
different non-technical measure performances in the light of national transport 
system characteristics. 

The results of the second scenario, mainly considered in their relationship with the 
first one, can be useful to evaluate the impact on non-technical measure 
effectiveness determined by the evolution of transport system structural 
characteristics around Europe. 

2  Methodology 

Deliverable 2 of WP2 has highlighted the complexity of establishing significant 

comparisons of the results obtained by different studies. Not all of these include 

explicit emissions evaluation or modelling and they provide quantitative answers 

obtained under different assumptions and using different approaches. Hence, one of 

the main conclusions of Deliverable 2 was that transferability from one scheme to 

another scheme is limited to a few case studies. 

Consequently we have applied the following methodology: 

1. Produce a list of non-technical measures and of combinations of measures which 
emerged as relevant from WP2; 

2. Add measures and complement the analysis to fill data gaps; 

3. Determine the (presumably positive) impacts of the above measures and their 
combinations as supplied by the different studies; 

4. Depict in table form the above quantitative results and then single out the measures, 
which do have significant impacts across the different studies.  This task entails an 
analysis of the quality of the data and an in-depth investigation of the sources whenever 
credibility is doubtful; 

5. Perform a cost-effectiveness analysis based on economic valuation of emissions benefits 
using state-of-the-art data from the EU ExternE project; 

6. Produce a report highlighting the most promising measure- and integrate it with data on 
the costs of measures implementation aiming at producing cost-effectiveness 
assessments. 

In the following tables we list all the non-technical measures, their likely impacts and 

the indication of the study (or source) of information. 
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Non-Technical Measures  
1. Park & Ride 
2. Car Pooling 
3. Dial-A-Ride 
4. Road pricing 
5. Parking pricing 
6. PT fare structure 
7. Access control, including Low Emission Zones 
8. Parking management 
9. Pedestrian and cycling 
10. Public transport measures (priority, increased frequency) 
11. Intelligent Transport Systems / Urban Traffic Control measures 
12. Ramp metering 
13. Staggered activity time 
14. Taxes (on fuel, vehicles) 
15. Fleet and freight management 
16. Tele-working 
17. Information to users 
 
 
 
Impact Indicators 
A. CO emissions 
B. CO2            " 
C. C6H6           " 
D. HC              " 
E. NOx            " 
F. Particulate " 
 
G. Vehicle-km  
H. Traffic volume (hourly average) 
I. Average speed 
J. Energy/fuel consumption 
K. Passenger, tonne-km  
L. Travel time 
M. Public transport use 
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Research Projects   
I. ADONIS 
II. AIUTO 
III. Evaluation (NAQS objectives) 
IV. CAPTURE 
V. CITY LOGISTIC COLOGNE 
VI. CLEOPATRA 
VII. COST 321 
VIII. Reduce CO2 emissions up to 2005 
IX. ESTEEM 
X. EUROTOLL 
XI. GAUDI 
XII. INCOME 
XIII. MASTER 
XIV. Reduce NOx NMVOC 
XV. Reduce CO2 in Austria 
XVI. QUARTET PLUS 
XVII. REFORM 
XVIII. Road Pricing & Toll (Oslo, Stockholm) 
XIX. SPARTACUS 
XX. START 
XXI. SURFF TR1053 
XXII. TRANSPRICE 
XXIII. TRENEN II - STRAN 
 

Cost data are available for projects: I, II, III, V, VI, X, XIII, XIV, XV, XVI (see List 3.3. 

above) as well as some of the additional sources of information (see beginning of 

Chapter 3), that is only about 50% of the projects. Consequently cost/benefit 

assessment will be limited in their scope. 

However, additional cost data are available (mainly for ITS measures) from ISFORT 

"Telecomunicazioni e informatica per i Trasporti", Il Mulino 1996, and from other 

sources, mainly in the UK (see above). These will be used to improve the depth and 

quality of the analysis. 

2.1 List of measures analysed and their classification 

According to available data a list of measures has been selected from the 

Deliverable 2 projects screening and further classified following the most common 

classes of solution and effects relevant at the city-level audience. 

As outlined in Deliverable 2, measures for the city-level audience can be structured 

into three top-level categories, according to the means used to introduce/enforce 

them: 

 



 CANTIQUE/Deliverable 6/Final 1/20 November 2000 Final report 
 

 
TÜV - ISIS - UoC  page 19 

 

• operational measures, affecting the amount of pollutants emitted per vehicle-km; 

• strategic measures, affecting the vehicle-kilometres driven per unit of demand 

(expressed in passenger*kilometres/tonne*kilometres); 

• demand measures, directly affecting the demand for travel (expressed in 

passenger*kilometres/tonne*kilometres). 

 

For policy levers that act upon transport solutions, this top-level categorisation has 

been broken down further by two levels.  They include a 1st level category that 

classifies non-technical measures in broad categories, and a 2nd level that clarify the 

issues. 

 

The 1st level categories considered here are: 

• Pricing policies, which include road pricing and parking charges. Examples are 

measures of road cordon pricing, congestion pricing, corridor pricing. 

• Regulation, including policy instruments such as zone access control / 

environmental zoning, parking regulation, speed limits, eco-vignette programs, 

urban planning regulation, as well as more general policies of deregulation of 

public transport services and liberalisation of transport infrastructures (rail 

networks). 

• Infrastructure, which cover all the investments made to enhance the transport  

system efficiency and sustainability, including new public transport services and 

infrastructure, modal interchanges, TEN infrastructures and high speed rail, cycle 

path and facilities, urban bypasses, high-occupancy and public transport lanes, 

rail freight freeways, traffic management systems and ITS applications. 

 

The 2nd level categories specify the following sub-categories related to the first one: 

• parking charges and road pricing relating to pricing policies;  

• technology oriented investment and urban freight management investment 
relating to the infrastructure; 
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• air quality responsive traffic control and regulations strategies in urban and freight 
transport fields relating to regulation area. 

A synoptic table follows with the indication of the non-technical measures analysed, 

the project reference, the top level categories at city level, location and further 

classifications. 

At the bottom of the table, two packages of non-technical measures are listed, in the 

fields of Traffic Demand Management and Intelligent Transportation Systems. 

 PROJECT MEASURE TOP LEVEL 
CATEGORY 

LOCATION 

1ST LEVEL CATEGORY PRICING POLICIES 
 2ND LEVEL SUBCATEGORY PARKING CHARGES 

1 AUTO OIL II Parking charges Strategic 
measures 

ATHENS 

2 AUTO OIL II Parking charges Strategic 
measures 

LYON 

3 AIUTO Parking charges Strategic 
measures 

COMO 

1ST LEVEL CATEGORY PRICING POLICIES 
2ND LEVEL SUBCATEGORY ROAD PRICING 

4 AUTO OIL II Road Pricing Strategic 
measures 

ATHENS 

5 NASQ Road Pricing Strategic 
measures 

LONDON 

6 EUROTOLL Cordon Pricing Strategic 
measures 

STUTTGART 

7 AIUTO Road Pricing Strategic 
measures 

COMO 

1ST LEVEL CATEGORY INFRASTRUCTURE 
2ND LEVEL SUBCATEGORY INVESTMENT 

8 AIUTO New lines, Public 
Transport Frequency 
Increase 

Demand 
measures 

COMO 

9 OVERALL 
ECONOMIC.. 

Integrated Telematic 
Systems 

Demand 
measures 

GERMANY- 
AREA WIDE - 

10 AUTO OIL II UTC-Improving traffic 
flow by increasing road 
capacity 

Demand 
measures 

ATHENS 

11 AUTO OIL II Bus lanes, priority  Demand 
measures 

ATHENS 

12 QUARTET PLUS ITC Demand 
measures 

TURIN 
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1ST LEVEL CATEGORY INFRASTRUCTURE 

2ND LEVEL SUBCATEGORY URBAN FREIGHT MANAGEMENT 
13 OVERALL 

ECONOMIC.. 
Freight Distribution 
Center 

Demand 
measures 

GERMANY- 
AREA WIDE - 

14 CITY LOGISTICS Freight Distribution 
Center 

Demand 
measures 

COLOGNE 

15 OVERALL 
ECONOMIC.. 

Increased of payload Strategic 
measures 

GERMANY- 
AREA WIDE - 

16 AUTO OIL II City Logistics  Demand 
meas. 

ATHENS 

1ST LEVEL CATEGORY REGULATIONS 
2ND LEVEL SUBCATEGORY AIR QUALITY RESPONSIVE TRAFFIC CONTROL 

17 NASQ Parking management Strategic 
measures 

LONDON 

18 OPTION TO REDUCE Traffic restrictions Strategic 
measures 

NETHERLAND 
-AREA WIDE- 

19 NASQ Low emission zones Strategic 
measures 

LONDON 

1ST LEVEL CATEGORY REGULATIONS 
2ND LEVEL SUBCATEGORY URBAN FREIGHT TRANSPORT 

20 CITY LOGISTICS Enlarging cons. Strategic 
measures 

COLOGNE 

21 CITY LOGISTICS Improvement supply 
condition 

Strategic 
measures 

COLOGNE 

22 OVERALL 
ECONOMIC.. 

Route planing Strategic 
measures 

GERMANY- 
AREA WIDE - 

PACKAGES OF MEASURES 
TRAFFIC DEMAND MANAGEMENT 

23 AIUTO Parking Pricing & Car 
Pool 

Strategic 
measures 

COMO 

24 AIUTO Parking Pricing & Dial 
a Ride 

Strategic 
measures 

COMO 

25 AIUTO Parking Pricing & 
Public transport 

Strategic 
measures 

COMO 

PACKAGES OF MEASURES 
ITS MEASURES 

26 QUARTET PLUS ITS- Packages Strategic 
measures 

STUTTGART 

27 QUARTET PLUS ITS- Packages Strategic 
measures 

GOTHENBURG 

28 QUARTET PLUS ITS- Packages & 
bus/tram priority 

Strategic 
measures 

STUTTGART 

29 QUARTET PLUS ITS- Packages & 
bus/tram priority 

Strategic 
measures 

GOTHENBURG 

 

Cost-benefit assessment follows for each cluster of policies. 
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2.2 Results of the classification of Projects and measures 

The methodology applied and the details of the cost–benefit evaluations and the 

effect for the same measures in the context of different cities and different countries 

described in D3.  

In this section an attempt is made to show the main cost-effectiveness results in a 

concise way . The attention is focused on specific pollutants cost-effectiveness 

values, with the aim to analyse for each pollutant a specific range of values in order 

to identify which can serve as a yardstick to find the “outliers”. 

The rationale that justifies this method of normalisation is that the impact of 

measures, and corresponding cost-effectiveness values, will inevitably differ in the 

manner in which they influence traffic level in different areas and at different scales.  

We are also trying here to produce a ranking of most cost-efficient measures, 

considering that only the analysis of a sufficient number of occurrences, in different 

contexts, can partially overcome the uncertainties underlying such a ranking policy 

process.  

So we have undertaken the analysis only for pollutants for which a fair number of 

occurrences are available: 

- Carbon dioxide (CO2) 

- Nitrogen oxides (NOx) 

- Carbon monoxide (CO). 

Carbon dioxide (CO2) 

The graph in the next page shows the range of cost-effectiveness evaluation, the 

values of which vary from 0.007 k Euros to 5 k Euros for 1 tonne CO2 reduced.  

High values in cost-effectiveness evaluation indicate a less-effective measure, which 

needs more resources for a unit-mass reduction of pollutant. 
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NON-TECHNICAL MEASURES 
COST-EFFECTIVENESS  ASSESSMENT PER 1 TONN. CO2 REDUCED 

- 000/EUROs 1995 prices-

0.016

0.025

0.060

0.120

0.147

0.167

0.168

0.314

0.513

0.527

0.555

0.568

0.666

1.482

1.519

2.701

5.026

0.007Parking charges (Athens)

Regulations Traffic Control (London Lez)

Parking charges (Lyon)

Regulations Traffic Control (London)

Road Pricing (Athens)

Infrastruc. Urban Freight Manag. (German-Payload)

Infrastruc. Investment (Cologne)

Road Pricing (Stuttgart)

Road Pricing (London)

Regulations Urban Freight Transport (German-Route)

Infrastruc. Urban Freight Manag. (Cologne)

Infrastruc. Investment (Turin)

Infrastruc. Investment (Athens Bus Lanes)

Infrastruc. Urban Freight Manag.(Athens)

Infrastruc. Urban Freight Manag. (German Avr.)

Infrastruc. Investment (Athens-Utc)

Regulations Urban Freight Transport (Cologne-Suppl. Cond.)

Regulations Urban Freight Transport (Cologne-Size Incr.)
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The graph shows that higher values can be observed in the cases of urban freight 

transport management policies, both in the field of regulatory measures and in the 

field of infrastructure measures (Athens-Urban Traffic Control). 

On the contrary, in the upper part of the graph, where more efficient measures are 

prevailing, parking charges and traffic regulation policies need less than 200 Euros 

per tonne reduced. 

Due to site-specific variables effect and considering the large range of cost-

effectiveness values recorded, the values less than 100 Euros and, in particular, 

more than 2000 should be considered out by the examination. 

The middle section of the graph shows that the most-effective policies which cost-

effectiveness values are comprised between less than 300 Euros per tonne and 

more than 100 Euros per tonne reduced, are prevailing in the field of pricing. 

Infrastructure measures, owing to the higher implementation costs need 

approximately 800 Euros, on average, to reduce 1 tonne of CO2, and are prevailing 

in the lower side of the graph.  

 

Nitrogen oxides (NOx) 

The range of cost-effectiveness values for NOx reduction can be observed in the 

graph on the next page. 

It varies between 100 Euros (regulation traffic control, i.e. traffic restrictions) and 722 

k Euros (Intelligent Traffic System package).  

The distribution analysis of values clearly shows the presence of few “outliers” both 

on the upper and lower part of the graph. 

In particular, the less cost-effective measures are mainly identified by packages of 

measures and infrastructure provision, which need more than 100 k Euros per tonne 

reduced. 
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 NON-TECHNICAL MEASURES 
COST-EFFECTIVENESS  ASSESSMENT PER 1 TONN. NOx REDUCED 

- 000/EUROs 1995 prices-

1.6

2.3

5.8

8.8

12.2

24.4

30.1

32.6

38.1

45.9

51.0

50.2

51.6

32.6

68.8

245.0

297.3

722.2

Regulations Traffic Control (Netherland Avr.)

Regulations Traffic Control (London Lez)

Parking charges (Athene)

Regulations Traffic Control (London)

Parking charges (Lyon)

Road Pricing (Como)

Road Pricing (Athens)

Road Pricing (London)

Infrastruc. Investment (Athens Bus Lanes)

Packages TDM (Como-Park Pricing&Car Pool)

Packages ITS (Stuttgart-Public)

Road Pricing (Stuttgart)

Parking charges (Como)

Packages TDM (Como-Park Pricing&Dial-a-Ride)

Infrastruc. Investment (Turin)

Packages ITS (Gothenburg-Public)

Packages TDM (Como-Park Pricing&Pub.Trans.Incre.)

Infrastruc. Investment (Athens-Utc)

Packages ITS (Stuttgart-Individual)

0.1



CANTIQUE/Deliverable 6/Final 1/20 November 2000 Final report 

TÜV - ISIS - UoC  page 26 

 

Nevertheless, to partially reinterpret their low effectiveness, it must be stressed 

that infrastructure investments and packages of measures that involve them, like 

public transport increase, reduce pollution for very extended periods of time  (even 

without considering other benefits, i.e. equity). 

The prevailing most-effective measures, considering with caution values too low, 

i.e. less than 100 Euros, are again in the pricing field, with an average of 

10 k Euros per tonne reduced of NOx. 

 

Carbon monoxide (CO) 

The range of cost-effectiveness values in the case of CO shows a distribution with 

less variability then CO2 and NOx, also due to the fact  that the number of case 

studies is smaller. 

Values range from 400 Euros (parking charges in Athens) to 26 k Euros 

(Infrastructure investments in Turin), with an average value  of 7.4 k Euros per 

tonne CO reduced. 

Specific cost-effectiveness values for each measure are shown in the graph on 

next page. 

In the lower part of the graph, less effective measures are represented by  

infrastructure measures, respectively in the field of Intelligent Transport System 

(Turin) and Public Transport facilities (Bus Lanes and priority at signals in Athens), 

and package of measures (Park pricing and Public transport frequency increase in 

the city of Como). The average cost-effectiveness value in these cases is 

approximately 19 k Euros per tonne reduced 

The most cost-efficient measures are represented by pricing measures, followed 

by regulatory measures (in the upper part of the graph). 
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 NON-TECHNICAL MEASURES 
COST-EFFECTIVENESS  ASSESSMENT PER 1 TONN. CO REDUCED 

- 000/EUROs 1995 prices-
0.4

0.6

0.8

0.9

2.4

2.9

3.0

3.8

3.8

9.1

12.2

14.9

17.6

25.5

Parking charges (Athene)

Regulations Traffic Control (London Lez)

Parking charges (Lyon)

Road Pricing (Como)

Regulations Traffic Control (London)

Packages TDM (Como-Park Pricing&Car Pool)

Road Pricing (Stuttgart)

Parking charges (Como)

Packages TDM (Como-Park Pricing&Dial-a-Ride)

Road Pricing (Athens)

Road Pricing (London)

Infrastruc. Investment (Athens Bus Lanes)

Packages TDM (Como-Park Pricing&Pub.Trans.Incre.)

Infrastruc. Investment (Turin)



CANTIQUE/Deliverable 6/Final 1/20 November 2000 Final report 
 

TÜV - ISIS - UoC  page 28   

2.3 Cost-benefit analysis 

As explained in the methodological section above cost-benefit analysis is carried 

out in order to  estimate the gains in terms of resource savings due to reduction of 

pollutant emissions and to compare them with the costs of abatement, i.e. the 

costs of measure implementation. 

This is mainly achieved through the attribution of a monetary value per emission 

abated.  

In order to compare studies, which have been analysed similar bundles of 

pollutants, the available case studies have been divided in two sets of measures 

with the same combination of emission saved: 

1. a  larger group (14 occurrences) considering CO and NOx together;  

2. a more restricted group (7 occurrences) with CO, NOx, VOC and CO2. 

2.3.1 CO and NOx 

The detailed figures from the analysis of the case studies analysed are given in 

Cantique D4. 

With reference to the measures analysed, the graph in the next page shows costs-

benefit ratio for reducing Co and NOx emissions.  

With a white colour are marked bars where cost-benefit ratio is less than one. In 

this case the economic meaning is that for 1 Euro invested the benefits are less 

than proportionate. 

On the contrary, with a grey colour are marked the measures which 

implementation allows gaining benefits more than proportionate to costs. 

In this group of measure are prevailing pricing and regulative measures. 



 

 

T
Ü

V
 - IS

IS
 - U

oC
 

 
page 29 

 

 NON-TECHNICAL MEASURES 
BENEFIT/COST RATIO ASSESSMENT FOR REDUCING CO AND NOx EMISSIONS 

- EURO GAINED PER 1EURO INVESTED  1995 prices- 

6.083

4.932

2.420

1.666

1.639

0.420

0.394

0.354

0.319

0.315

0.313

0.286

0.163

0.067

Regulations Traffic Control (London Lez)

Parking charges (Athene)

Road Pricing (Como)

Parking charges (Lyon)

Regulations Traffic Control (London)

Packages TDM  (Como-Park Pricing&Car
Pool)

Road Pricing (Athens)

Road Pricing (Stuttgart)

Parking charges (Como)

Road Pricing (London)

Packages TDM  (Como-Park Pricing&Dial-a-
Ride)

Infrastruc. Investment (Athens Bus Lanes)

Infrastruc. Investment (Turin)

Packages TDM  (Como-Park
Pricing&Pub.Trans.Incre.)
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2.3.2 CO, NOx, VOC and CO2 

This cluster of measures analyses the cost-benefit ratio for reducing four pollutants 

together: 

- carbon monoxide (CO) 

 -carbon dioxide (CO2) 

 -volatile organic compound (VOC) 

 -nitrogen oxides (NOx). 

Due to the inclusion of a major list of pollutants, case studies availability is reduced 

to 7 occurrences only.  

The detailed figures from the analysis of the case studies analysed are given in 

Cantique D4.  

The graph in the next page shows cost-benefit values for reducing CO, NOx, VOC 

and CO2 together. 

Due to lack of data with reference to this spectrum of pollutant, evaluation of 

measures must proceed with attention. 

Pricing and regulatory measures show high cost-benefit values (marked in 

grey), while infrastructure investments show the lowest value (0.255 Euro gained 

per 1 Euro invested). 
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NON-TECHNICAL MEASURES
BENEFIT/COST RATIO ASSESSMENT FOR REDUCING CO, NOx, VOC AND CO2

-EURO GAINED PER 1 EURO INVESTED 1995 prices-

10.676

9.300

3.573

2.507

0.710

0.482

0.255

Parking charges (Athene)

Regulations Traffic Control (London Lez)

Parking charges (Lyon)

Regulations Traffic Control (London)

Road Pricing (Stuttgart)

Road Pricing (London)

Infrastruc. Investment (Turin)
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2.4 Conclusions of the cost-benefit analyses 

As stated in CANTIQUE Baseline Report three main objectives are required from 

WP3 activity:  

1. cost-effectiveness analysis and ranking of measures (subject to data 

availability) 

2. assessment of most promising measures, individually and in bundles 

3. indication of future research needs e.g. data collection, studies on 

implementation of measures 

• The following table gives average cost-effectiveness values in kEuros per 

tonne reduced and shows that lowest cost-effectiveness values are mainly in 

relation to pricing and regulatory measures, with the notable exceptions of 

CO2 values, which are lower for pricing and infrastructure measures. 

 

• Cost-benefit analysis, although it was based on a smaller number of measures, 

has substantially confirmed this finding. 

•  The most promising measures, individually or in bundles, appear to be 

expected from the association of pricing and regulatory measures . This 

statement is also confirmed by expert opinions’ emerging from the 

questionnaire answer analysis (see Deliverable 2) 

POLICY
CO2 NOx CO

PRICING 0.127 25.562 4.326
INFRASTRUCTURE 0.704 120.857 20.183

REGULATIONS 1.663 3.669 1.492

PACKAGE-TDM  - 111.541 8.094
PACKAGE-ITS  - 278.994  -

COST-EFFECTIVENESS VALUES 000/Ton



CANTIQUE/Deliverable 6/Final 1/20 November 2000 Final report 
 

TÜV - ISIS - UoC  page 33  
 
 

 

• At this stage, the indication of future needs must only stress the lack of 

“package of measures” information. In fact, based on available data, packages 

of measures analysed are too scarce to allow robust conclusions. In order to 

identify the best combinations of measures, additional  work and research will 

be required. 

Nevertheless, there are a number of uncertainties in the results presented above. 

First , costs and impacts of local implementation measures are uncertain, being 

based on different methods and evaluation criteria.. This snag is balanced only in 

part by the large number of experiments and studies considered 

Second , in few cases, in order to maintain more information, the impact of 

measures in terms of emission saved has been based on simplifying assumptions, 

i.e. the same percentage of emission saved for different pollutants. In this case the 

results should be only taken as illustrative of the potential impact of particular 

measures. 

Third , the adoption of a more precise, but stringent cost-benefit approach  is 

deemed to be useful in order to inform policy makers at city level about the 

relationship between cost of implementation of measures and their effectiveness, 

i.e. emission reduced and relative monetary impact. No information is provided on 

additional costs incurred , i.e. time costs, and benefit, including eventually side-

effects. 
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3  GUIDELINES FOR THE SELECTION AND IMPLEMENTATION OF NON-
TECHNICAL MEASURES  

Guidelines are proposed on how to select and implement at the local level non 
technical measures aimed at reducing the emission of polluting gases in urban 
environments. A review is presented of the results of previous WP's, discussing 
pros and cons of defining cost/benefits considerations in terms of € saved/€ 
invested - or else as k€ spent in NTM/tonnes of pollutants abated. 

Measures and packages of measures are analysed based on their effectiveness 
and on the opinions of experts. The winners are Road pricing or Access limitations 
possibly linked to infrastructures improvements, followed by Parking management 
linked to improvements in public transportation. Essentially NTM's will present 
different problems and special application figures according to the type of city 
considered. This WP has defined  3 types of clusters of cities: 

• Highly congested cities, characterised by combination of high traffic density 
values and high percentage of car-users for mobility purposes; 

• Intermediate congested cities, with low traffic density but high use of cars; 

• Less congested cities, characterised by an intermediate level of traffic density 
with less use of car and high propensity towards use of public transport and 
other transport modes, i.e. cycling and walking. 

Evaluation of NTM's is carried out based on: 

• type of measures - notably pricing of fuel, parking road, disaggregated by type 
of cluster, parameters used or impact obtained 

• type of policy, in particular : modal shift measures, aiming to favour usage 
public transport mode (fostered by better fare structure or increased frequency 
of public transport); 

• regulation measures, mainly introduced by rules and regulations. 
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With reference to the average of emission saved (-6.9%), the non-technical 
measures related to pricing show the higher value (-10.6%), followed by modal 
shift policies (-4.2%) and regulations (-3%). Comparing effectiveness of policies by 
city clustering, it can be noted that in the high-congested cities pricing and 
regulative policies are most effective. Modal shift policies show higher values of 
emission saved in the intermediate congested cities, i.e. -4.6% against –3.9% in 
the high-congested cities. 

Finally the Mure transport software was applied to interpret the statistical data 
collected in a data base of all Non Technical Measures applied in Europe. A 
simulation tool  was realised in this way, apt to calculate potential impacts on a 
large scale on the situations prevailing in all Member Countries. 

As more fully indicated in the conclusions, wide ranging applications of NTM's to 
issues of air quality and the influence of transportation on it, cannot be planned on 
the basis of a generally valid handbook procedure. This is a typical systems and 
social engineering endeavour: a host of possible solutions have to be discarded 
due to local peculiarities and constraints or simply to the tyranny of time. The 
CANTIQUE approach provides a decision support system to avoid naive 
compromises and incorporate best practice systems thinking as applied with a 
mixed measure of success in many European cities. 

3.1 A methodological tool for non-technical measures evaluation: the city 
clustering scheme 

The impacts of non-technical measures mainly depend, ceteris paribus (i.e. 
assuming the consistency of user reactions, acceptability patterns, etc.) on 
different traffic situations as they are experimented in European countries and 
urban areas. The adoption of a clustering scheme is an attempt to classify cities in 
homogeneous groups, according to the similarity of their traffic conditions. Should 
such an approach prove successful, the clustering scheme may help in drawing 
conclusions at a more general level than those derived from individual 
observations, paving the way to a possible transferability process, whereby the 
experience of a given city may provide useful input to policy making in a different 
city context. 
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Local administrators could then gear the selection of priority options (NTMs) to 
their specific city configuration, based on the lessons learnt, and good practice 
achieved, by other cities belonging to the same cluster.  

The diagram below summarises the approach to the clustering exercise. 

 

 

 

 

 

 

 

The steps towards the definition of city clusters are in fact basically three: 

1. Identification of cities lending themselves to the clustering attempt, based on 
the European project survey carried out in Cantique D 2 The main selection 
criteria are: i) number and variety of NTMs analysed, and ii) availability of 
quantitative impact data.  

2. City classification, through the analysis of traffic condition parameters such as 
modal shares and car ownership rates, combined with other structural 
parameters, i.e. number of inhabitants and geographical spread. 

3. The third step, (i.e. the clustering proper, which is illustrated in detail in the next 
chapter), aims at the identification and validation of meaningful relationships 
between the cluster characteristics and the nature and level of the various 
impacts of NTMs (measured in terms of both traffic parameters variations and 
air quality impacts). 

The application of the first two steps above leads to the results shown in Table10. 
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Table 10: Description of the cities structural characteristics’  

CITY POPULAT. AREA DENSITY CAR 
OWNERSHIP 

TRAFFIC MODAL SPLIT 

  KM2 INH./KM2 RATES DENSITY    

    Cars/103 inh. Cars/km2 CAR PT OTHER 

TURIN 990.000    145 6.815 710 4.839 44% 24% 32% 

NAPLES 1.054.000 118 8.956 481 4.308 69% 22% 9% 

LONDON  7.074.000 1622 4.360 478 2.084 64% 30% 6% 

STUTTGART 554.000 207 2.675 575 1.538 60% 33% 7% 

COMO 86.000 38 2.269 676 1.534 60% 25% 15% 

SALERNO 144.000 59 2.429 519 1.261 53% 20% 27% 

ATHENS 3.150.000 1470 2.143 251 537 62% 37% 1% 

LYON 1.300.000 2600 464 446 207 49% 46% 5% 

GOTHENBURG 457.000 470 983 333 327 50% 20% 30% 

HELSINKI 979.000 340 2.846 311 884 27% 31% 42% 

BILBAO 995.000 450 2.250 307 691 13% 29% 58% 
Notes: 
The population of Helsinki, Bilbao, Lyon, London is related to Metropolitan Area 
Density data are related to city level, in the case of Lyon at Metropolitan Area level 
The car ownership rates are all related to city level 
Modal split data reference for private (car), collective (Public Transport) and other (Cycling, walking) modes: 
Helsinki, Bilbao, Naples (Spartcacus Project), 1995 
Athens, Lyon, London (Auto Oil II Programme Transport Data Base), 1995 
Turin, ATM, Local Transport  Agency, 1995 
Como, Transprice Project, 1995 
Gothenburg, Leda Data Base, 1995 
Stuttgart, IER, Universitat Stuttgart, 1998 

Prior to analysing parameters in view of city clustering, it is essential to investigate 
the relationship between selected structural characteristics of cities, such as their 
geographical spread and the patterns of modal choice. 

The Table below illustrates the relationship between the area of a city (in km2) and 
the mobility means used. The statistical correlation provides the following values 
(Table 11): 

Table 11: Statistical correlation between cluster parameters 

Between Correlation is 

Area - Public Transport %  0,82 

Area – Other % 0,46 

Area – Car % 0,11 
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Based on the high value  (>0.8) of the first correlation, an immediate, 
straightforward conclusion is that public transport has more % patrons in large 
cities. On the contrary, the correlation with other transport modes (walking and 
cycling) and with private cars does not appear to be meaningful. 

As illustrated by the different shades of grey in the Table above, the proposed city 
clustering is based on the identification of  three different groups of cities: 

1. a group of six cities, Turin, Naples, London, Stuttgart, Como and Salerno (light 
grey); 

2. a group of three cities, Athens, Lyon and Gothenburg (white) 

3. a group of two cities, Helsinki and Bilbao (dark grey). 

These three groups have in fact been identified on the basis of the combined 
pattern of two main indicators: 

• the traffic density parameter 

• the modal split structure 

The traffic density parameter (cars/km2) is calculated by multiplying car ownership 
rates (cars/inhabitant) by population density rates (inhabitants/ km2). It provides an 
estimate of potential traffic density in a certain area, and therefore a gross 
measure of theoretical congestion levels. 

Traffic density estimated as above is however based on the density of residents in 
a given area, and does not incorporate information on their mobility behaviour. In 
order to provide a more reliable – although, clearly, still very gross - indication on 
the actual level of congestion, it should therefore be supplemented by an indicator 
reflecting real transport patterns. Modal shares can play a relevant role in providing 
such supplementary information.  

Ultimately, the combination of these two parameters (traffic density and modal 
shares) allows for a more accurate assessment of the city congestion level.  

This then leads to the following considerations and remarks: 

First Group. 
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• The main characteristic of the first group of cities is the high value of the traffic 
density parameter, i.e. over 1,000 cars per square kilometre.  

• The first group of cities could be defined as highly congested inasmuch as it 
combines high traffic density values and a high propensity towards the use of 
private car (i.e. on average over 50%, from 44% in Turin to 69% in Naples.) 

• The above is further reinforced by the low propensity towards the use of public 
transport, with average values below 30% (from London: 30%,  to Salerno: 
20%). 

Second Group. 

• The second group of city shows, on average, low values of the traffic density 
parameter, ranging from 207 cars per square kilometres in Lyon to 537 in 
Athens. 

• On the other hand, the propensity to private car usage in these cities is high, 
ranging from 49% in Lyon to 62% in Athens, with an uneven pattern concerning 
the use of public transport, i.e. very high in Lyon (46%) and low in Gothenburg 
(20%), where other modes of transportation are preferred: e.g. walking and 
bicycling at 30%. 

• In summary, the second group of city could be characterised as an 
intermediate congestion level. 

Third Group. 

• The third group of cities, Helsinki and Bilbao, is characterised by intermediate 
values of traffic density, with 691 cars per square kilometre in Bilbao, and 884 
in Helsinki. 

• On the other hand, this group of city shows a favourable modal split towards 
non-congestion pattern: 

ü low use of car (on average, under 30%) 
ü intermediate use of public transport (on average 30%) 
ü high diffusion of walking and cycling (on average, 40%). 

• According to selected parameters this group of cities can then be defined as 
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less congested. 

In summary, city clustering by using traffic and structural city parameters, i.e. 
population and geographical spread, allows to identify three differentiated groups 
of cities: 

A. Highly congested cities, characterised by a combination of high traffic density 
values and a high percentage of car-users; 

B. Intermediate congested cities, with low traffic density but high use of cars; 

C. Less congested cities, characterised by an intermediate level of traffic density 
with less use of car and high propensity towards use of public transport and 
other transport modes, i.e. cycling and walking. 

The Table 6 summarises the cluster characteristics: 

Table 12: The city cluster characteristics 

 
 HIGHLY 

CONGESTED 
CITIES 

INTERMEDIATE 
CONGESTED 

CITIES 

LESS 
CONGESTED 

CITIES 
 

Traffic density High Low Intermediate 

Car usage High Intermediate Low 

Public 
Transport 
usage 

Low High Intermediate 

Other transport 
modes 
(cycling, 
walking) 

Low Intermediate High 

 

It is important to stress that due to extreme diversity of statistical sources, i.e. local 
agencies, National Statistics, European projects, etc., modal split data have been 
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probably collected according to different methodological basis. 

However, what is relevant at this step is to define  typical city groups which, 
overall, can be deemed representative of different congestion levels, on the basis 
of the average propensity to car use and of the specific average traffic conditions. 
Single data adjustment at city level should not substantially modify the city group 
characteristics. 

3.2 Selection and implementation of non-technical measures at city level 

 
3.2.1 Evaluation framework 
 
The evaluation framework for the selection and implementation of non-technical 
measures at city level can be illustrated as in the Figure 3: 

Figure 3: Evaluation framework for selection and implementation of NTMs 

 

 

 

 

 

 

 

 

 

 

 

The starting point of the evaluation process is the non-technical measures 
database, deriving from the extensive survey of non-technical measure 
implementation in Europe carried out in CANTIQUE Deliverable D2. 

The database allows for the analysis of non-technical measure impacts in terms of 
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both emissions saved and variations in the traffic conditions 

Moreover, the explicit representation of the city clustering parameters in the non-
technical measure database allows to gear the impacts analysis to the specific 
traffic conditions and city configuration. 

The dotted lines adopted for the illustration of the last step of the process 
(selection and implementation of NTMs) underline the qualitative nature of the 
process: guidance is provided to local authorities in the screening of potential 
policy alternatives, and in the orientation towards potentially effective NTMs. By no 
means such guidance can be considered as the result of a rigorous decision 
support process such as would be yielded by a full fledged, city specific, cost-
benefit analysis. 

3.2.2 Description of non-technical measures database 
 
The Table 13 in the next page shows a significant sample of the information 
selected from the non-technical measure database. 
The following information is provided in order to facilitate the reading and 
interpretation of the Table contents: 
Code:    It refers to the city cluster coding, as defined in Section 3 above 

(classifying cities where non-technical measures have been 
implemented). Code values are equal to 1 for cities highly 
congested, 2 for cities with an intermediate congestion level and 
3 for cities less congested. 

City: Identification of the city for which the corresponding NTMs has 
been put to trial (either through real life implementation or based 
on simulation exercises).  

Project: Primary information source (discussed, selected and analysed 
in D2). As can be observed, one or more measures may 
correspond to a given project, e.g. in the case of Spartacus, 
Auto Oil II, Aiuto, Quartet Plus, etc. Previous project 
Deliverables provide detailed information about the individual 
measures included in the database. 

 

Traffic parameter:  Each NTM is associated to at least one traffic parameter which 
is supposedly affected by measure implementation. Possible 
parameters are related to the traffic situation, i.e. change in 
average speed, vehicle*kilometre, passenger*kilometre, or/and 
to user behaviour, i.e. modal shift. Where available fuel 
consumption level is also shown. 
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Table 13: NTMs database 

 
 
 
 
 
 
 
 

CODE CITY PROJECT TRAFFIC IMPACT EMISSION SAVING NTM
TRAFFIC
PARAMETER POLICY

2 ATHENS AUTO OIL II -0,9% -0,4% PT BUS PRIORITY AVERAGE SPEED MODAL SHIFT
2 ATHENS AUTO OIL II -1,1% -0,4% PT BUS PRIORITY PASS.* KM MODAL SHIFT
2 GOTHENBURG ERTICO -7,0% -7,0% PT BUS PRIORITY FUEL_CONSUMP. MODAL SHIFT
1 COMO AIUTO -19,9% -14,4% PT FARE STRUCTURE FUEL_CONSUMP. MODAL SHIFT
1 COMO AIUTO -13,0% -14,4% PT FARE STRUCTURE VEHICLE *  KM MODAL SHIFT
2 ATHENS AUTO OIL II -0,3% -0,60% PT FARE STRUCTURE AVERAGE SPEED MODAL SHIFT
2 ATHENS AUTO OIL II -3% -0,60% PT FARE STRUCTURE PASS.* KM MODAL SHIFT
1 SALERNO AIUTO -1,4% -1,8% PT FARE STRUCTURE FUEL_CONSUMP. MODAL SHIFT
1 COMO AIUTO -0,9% -1,1% PT FARE STRUCTURE FUEL_CONSUMP. MODAL SHIFT
1 SALERNO AIUTO -1,0% -1,8% PT FARE STRUCTURE VEHICLE *  KM MODAL SHIFT
1 COMO AIUTO -1,0% -1,1% PT FARE STRUCTURE VEHICLE *  KM MODAL SHIFT
1 COMO AIUTO -0,8% -1,1% PT INCREASED FREQ. FUEL_CONSUMP. MODAL SHIFT
1 COMO AIUTO -1,0% -0,9% PT INCREASED FREQ. VEHICLE *  KM MODAL SHIFT
1 NAPOLI SPARTACUS -1,9% -1,0% PT INVESTMENT AVERAGE SPEED MODAL SHIFT
1 NAPOLI SPARTACUS -1,8% -1,0% PT INVESTMENT VEHICLE *  KM MODAL SHIFT
2 LYONE ESTEEM -10% -13,0% PT INVESTMENT VEHICLE *  KM MODAL SHIFT
1 STUTTGART QUARTET PLUS -3,5% -5,3% PT INVESTMENT MODAL SHIFT MODAL SHIFT
1 STUTTGART QUARTET PLUS -4,5% -5,3% PT INVESTMENT VEHICLE *  KM MODAL SHIFT
2 GOTHENBURG QUARTET PLUS -2,4% -2,2% PT INVESTMENT AVERAGE SPEED MODAL SHIFT
2 GOTHENBURG QUARTET PLUS -1,7% -2,2% PT INVESTMENT VEHICLE *  KM MODAL SHIFT
1 COMO AIUTO -6,3% -4,8% PARKING CHARGES FUEL_CONSUMP. PRICING
1 COMO AIUTO -4,0% -4,8% PARKING CHARGES VEHICLE *  KM PRICING
2 LYONE AUTO OIL II -22,0% -18,7% PARKING CHARGES PASS.* KM PRICING
2 ATHENS AUTO OIL II -20,0% -7,9% PARKING CHARGES PASS.* KM PRICING
3 HELSINKI SPARTACUS -1,2% -1,0% PARKING CHARGES VEHICLE *  KM PRICING
1 COMO AIUTO -13,0% -8,3% ROAD PRICING FUEL_CONSUMP. PRICING
1 COMO AIUTO -8,0% -8,3% ROAD PRICING VEHICLE *  KM PRICING
2 ATHENS AUTO OIL II -2,7% -4,1% ROAD PRICING AVERAGE SPEED PRICING
2 LYONE AUTO OIL II -11,0% -12,2% ROAD PRICING PASS.* KM PRICING
2 ATHENS AUTO OIL II -12,0% -4,1% ROAD PRICING PASS.* KM PRICING
1 STUTTGART EUROTOLL -10,0% -11,4% ROAD PRICING VEHICLE *  KM PRICING
1 LONDON INNER START -4,3% -7,0% ROAD PRICING VEHICLE *  KM PRICING
1 LONDON GREATER START -22,0% -34,0% ROAD PRICING VEHICLE *  KM PRICING
1 NAPOLI SPARTACUS -4,3% -3,0% CAR SPEED LIMITS VEHICLE *  KM REGULATION
3 BILBAO SPARTACUS -1,3% -1,00% CAR SPEED LIMITS VEHICLE *  KM REGULATION
3 HELSINKI SPARTACUS -6,0% -5,0% CAR SPEED LIMITS VEHICLE *  KM REGULATION
3 HELSINKI SPARTACUS -0,6% -1,0% LAND USE POLICIES AVERAGE SPEED REGULATION
3 HELSINKI SPARTACUS -1,0% -1,0% LAND USE POLICIES VEHICLE *  KM REGULATION
1 LONDON NASQ -4,0% -5,0% PARKING MANAGEMENT VEHICLE *  KM REGULATION
3 BILBAO SPARTACUS -1,2% -1,00% TELEWORKING SCENARIO AVERAGE SPEED REGULATION
3 BILBAO SPARTACUS -0,9% -1,00% TELEWORKING SCENARIO VEHICLE *  KM REGULATION
1 TURIN QUARTET PLUS -20,0% -5,00% UTC MEASURES AVERAGE SPEED REGULATION
1 TURIN QUARTET PLUS -3,0% -3,00% UTC MEASURES MODAL SHIFT REGULATION
1 NAPOLI SPARTACUS -8,5% -16,0% FUEL PRICING AVERAGE SPEED TAXES
1 NAPOLI SPARTACUS -16,3% -16,0% FUEL PRICING VEHICLE *  KM TAXES
3 HELSINKI SPARTACUS -15,5% -14,0% FUEL PRICING VEHICLE *  KM TAXES
3 HELSINKI SPARTACUS -15,8% -14,0% FUEL PRICING VEHICLE *  KM TAXES
3 BILBAO SPARTACUS -7,8% -6,0% FUEL PRICING VEHICLE *  KM TAXES
1 SALERNO AIUTO -5,8% -6,3% FUEL PRICING FUEL_CONSUMP. TAXES
1 COMO AIUTO -8,5% -4,4% FUEL PRICING FUEL_CONSUMP. TAXES
1 SALERNO AIUTO -5,0% -6,3% FUEL PRICING VEHICLE *  KM TAXES
1 COMO AIUTO -6,0% -4,4% FUEL PRICING VEHICLE *  KM TAXES
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Traffic Impact:  The column “Traffic Impact” reports on the percent variations of 
the relevant traffic parameter as recorded in the corresponding 
study/experiment (see above). It should be noted that in the 
specific case of average speed impacts, NTM implementation may 
generate a negative effect, such as e.g. in the case of the 
implementation of the bus priority measure in Athens, which 
appears to  lead to an increased congestion level, with a reduction 
of –0.9% in average speed.  

Emission saving:  Impacts, in percent values, of emissions saved as a result of the 
implementation of a measure. In order to facilitate comparisons, 
the emissions savings reported in database are mainly referred to 
a specific pollutant: CO (carbon monoxide). In the cases of 
Spartacus, Quartet Plus and Start projects, emissions savings are 
related to average values of pollutants. 

NTM: Identification of the measure as per the list of non-technical 
measures established in D2, and based on the review of 
European projects analysed in CANTIQUE. It provides information 
about measures for which some quantitative estimation of 
impacts, both in terms of emissions and traffic situation, is 
available. 

Policy: Policies are in fact intended here as the main categories of 
measures:  

1) pricing instruments, aiming to reduce emissions level from cars 
through economic instruments; i.e. road pricing, parking charges; 

2) modal shift policies, aiming to transfer passengers from private 
car to public transport modes. This group includes measures 
improving the public transport system from the supply side, 
through e.g. investments, bus lanes, increase of frequency, and 
demand side, e.g. modifying the fare structure;  

3) regulation, aiming to reduce emissions level through legislative 
and administrative rules, i.e. land use policies and car speed 
limits, including also measures aiming to the regulation of traffic 
flows, i.e. urban traffic control (UTC) measures. 

4) taxes, e.g. fuel price increase. This kind of fiscal measure is in 
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principle regulated at the national level (by national legislation, 
regulations etc.), with a local impact in terms of emission saved. 
Therefore, the implementation of this measure is normally not 
under the local authority control. 

 

Conclusions 

In the previous sections, quantitative analyses have been extensively carried out, in 
the attempt to provide practical evidence of how NTMs perform. As repeatedly stated 
in this Deliverable, however, the ultimate reliability of the quantitative evaluations and 
of the comparative analysis thereof is constrained by the limited availability and by 
the heterogeneity of the data on which it is based. 

In general, it should be stressed that, with few exceptions - i.e. road pricing and 
parking charges - individual, specific non-technical measures carried out in isolation 
provide low values of emissions saved. This should lead local authorities to the 
adoption of packages of measures, whose “optimal” composition should be defined 
according to the local, specific, set of cultural, economic and social conditions. 

3.3 Generalisation at European level 

3.3.1 Background and objectives. 

In the previous sections, non technical measures (NTMs) have been analysed on the 
basis of the evidence provided by city-specific studies and experiments. In carrying 
out their evaluation, account has been taken of the specific characteristics of the 
urban context in which they have been experimented. Linking the interpretation of 
the NTM performance to context dependent variables has thus allowed to formulate 
recommendations for priority setting, whereby the potential benefits of any given 
NTM have been found to vary, at times considerably, from one city to the other. 
These recommendations are directed to local policy makers. 

On the other hand, in the perspective of a (future) generalised implementation of 
NTMs in the EU, it is also important to provide some estimate, if only gross, of the 
overall potential of such measures to reduce the emission of pollutants and of GHG 
on a global european scale. It is the purpose of this Chapter. 

Clearly, any attempt to extrapolate from the evidence provided by city-specific 
experiments is intrinsically subject to a high level of uncertainty. The quantitative 
results obtained and presented below should therefore be considered as a rough 
estimate of the range of possible savings achievable through NTM. By no means, 
these figures should be taken as the result of a predictive exercise. 
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3.3.2 Calculation of the emission abatements for selected categories of NTMs 
 
The BAU (business as usual) scenarios. 
Based on the above, the estimation of the emission abatement at the overall EU 
level will ultimately focus on two main categories of non-technical measures: 

1. NTMs which, for a given level of travel demand, aim to reduce vehicle*kilometres 
travelled by private cars through a direct action on modal choice (thereby acting 
on the modal demand structure). 

2. NTMs which, through pricing instruments, aim to reduce passenger*kilometres 
travelled by private car (thereby also implying an increase in public transport) 

NTMs’ potential impacts are calculated with reference to the above mentioned BAU 
scenarios. Those mainly cover: i) car stock growth rates, ii) car specific energy 
consumption, iii) travelled distances, iv) market trends, v) collective mobility and 
goods transport growth rates based on historical data and vi) future energy usage 
estimates. 
Scenarios are developed for 10-year periods and provide outputs for the years 2005, 
2015 and 2025, based on the reference year 1995.  

Historical data on traffic growth rates for passengers and freight, collected on the 
basis of National Statistical Institutes, are mainly geared to Gross Domestic Product 
forecast. 

Vehicle stock growth trends are geared to the transport demand. growth pattern. As 
regards emissions levels, the BAU scenario incorporates the expected improvement 
of future vehicle technology,  in particular for emissions of carbon monoxide (CO), 
diesel particulate (PM10), nitrogen oxides (NOx) and volatile organic compounds 
(VOC). 

This leads, in the BAU, to an overall trend of reduced emissions from road transport 
between now and 2020 (with the exception of CO2)-figure 4-. 
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Figure 4:Road Transport emission in the EU, Index, 1995=100 

 

 
 
 
Although the magnitude of the non-CO2 reduction is greater in the road transport 
emissions forecast carried out by the Auto Oil II Programme1, the two scenarios 
appear to be largely consistent, as shown in the figure 6: 

Figure 5: Auto Oil II Programme: Road Transport Emission in the EU 

As for CO2, both scenarios predict a similar upward trend  (between 10 and 20%). 

                                                
1 The AOPII Cost Effectiveness study, Part III: The transport Base Case, August 1999 
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In spite of partially differing evaluations, both scenarios in fact seem to consider as 
realistic the possibility of partially de-coupling traffic emissions and economic growth, 
thanks to technical measures effects. 

The potential impact of NTMs. 
 
In addition to the Technical Measures’ impact which is incorporated in the BAU, the 

intervention scenarios simulate the additional abatement which can be expected 

from NTMs, through the application of the average values discussed above. 

The list of pollutants for which potential abatements are calculated in the simulation 
include both “global”, carbon dioxide (CO2), and “local” pollutant, namely: 

• NOx (combustion processes);  

• Carbon monoxide CO (incomplete combustion processes); 

• Volatile organic compounds VOCs; 

• Particulates (in particular from Diesel cars and combustion processes). 

The impact results in terms of emission saved are shown in the Table 33 2: 

Table 14: Simulation of NTMs reducing vehicle passengers kilometer in 2010 

 
 
 Concerning Modal Shift measures, the impacts of a generalised 4.2% 
vehicle*kilometre reduction over European urban areas are rather similar from one 
national context to the other, depending however on the type of pollutant: 

- in the case of carbon monoxide (CO), carbon dioxide (CO2) and VOC, the cross-
                                                
2 The analysis of vehicle and passenger*kilometre reduction represent in most cases two different 
ways to evaluate the impact on traffic condition of the same non-technical measure. The reason to 

TYPE OF POLLUTANT AU DK FIN FRA GER ITA POR SPA SWE UK
MEASURES

Urban CO2 4.0 2.9 4.0 3.8 4.0 3.9 3.7 3.9 3.8 3.9
MODAL Urban NOx 4.2 1.9 4.2 3.5 3.4 3.2 4.0 3.5 3.5 3.1
SHIFT Urban CO 4.2 4.1 4.2 4.2 4.0 4.2 4.2 4.2 4.2 4.2
-4.2% Urban VOC 4.2 3.8 4.2 4.1 3.8 4.1 4.1 4.1 4.1 4.1

vehicle*kilometer Urban PM 4.2 1.4 4.1 3.8 4.0 3.0 4.0 3.7 2.8 2.9
Urban CO2 14.6 5.5 14.8 12.8 11.7 10.5 10.6 10.0 8.8 14.3

PRICING Urban NOx 16.0 -6.4 16.0 9.4 -1.5 -2.8 14.4 -0.8 0.1 8.1
Urban CO 16.3 15.5 16.3 16.1 12.3 16.0 16.2 15.9 15.9 16.1

-16.3% Urban VOC 16.1 12.6 16.1 15.2 7.7 14.7 15.6 14.4 14.4 15.6
passenger*kilometer Urban PM 16.1 -12.1 15.9 12.5 11.0 -8.7 13.9 4.5 -16.0 7.3
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country spread of abatement values is relatively limited, ranging from –2.9% to –
4.0% for CO2, from -3.8% to 4.2% for VOC, while CO values are  practically 
constant at  –4.2%; 

- particulates, on the other hand, vary along a wider range, i.e. from -1.4% in 
Denmark to –4.2% in Austria. 

The close relationship between the emission of particulates and diesel combustion is 

a highly plausible explanation of such variations, which can be readily confirmed by 

considering the differences in diesel vehicles shares between the various countries. 

In fact, the urban areas of Denmark and Sweden, with the lowest share of diesel cars 

(respectively 5.2 and 3%), also have the poorest performance in terms of PM saved: 

-1.4 and –2.8%, as compared to e.g. to –4.2% in Austria, where the percentage of 

diesel car amounts to 23%. 

With reference to the impact of pricing policies, which, as explained above, are here 

simulated by a switch of 16.3% of passenger*kilometres from private cars to public 

transport, a conclusive interpretation requires additional attention, particularly for 

what concerns certain pollutants, namely NOx and Paticulates, for which highly 

diverging values are found across countries. 

Figure 6: Switching passengers from private car to public transport in Europe 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                                                   
analyse them separately is to allow the simulation both on the passenger behaviour side, i.e. transfer to 
public transport, and traffic volume reduction. 
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The figure6 shows that in Sweden, Italy, and Denmark, in the case of NOx and PM 

emissions, the switching of passengers to public transport in urban areas, without 

complementary counterbalancing measures, could produce an increase of 

emissions. A plausible explanation lies in pattern of the emission rates of national 

bus fleets, illustrated in the Table 34, which shows the unitary consumption level per 

million of passenger*kilometres in urban collective transport (1995 values) powered 

by diesel. 

Table 15: Urban collective transport unitary consumption Ktoe/109 Pass. - km 

 

 

With the exception of the United Kingdom, the high unitary consumption for urban 
collective transport in Italy, Sweden and Denmark probably accounts for a significant 
part of the negative performance of the simulated measures. 

Evaluation of the NTMs contribution to the attainment of the Kyoto targets: 
  
This section focuses on the potential contribution of non-technical measure 

implementation to the fulfilment of the Kyoto Protocol targets agreement. 

The possibly important role of a series of complementary measures at the national, 

regional and local level in the field of land-use planning and other “non-product” 

measures, has recently been highlighted in recent EU policy statements3. 

Although there is a widespread consensus on the positive effect that NTM 

implementation could produce, systematic evaluations of the quantitative extent to 

which such effects could practically amount have not been carried out so far. What 

follows is an attempt to provide some rough estimates for selected NTMs. 

The overall results of a recent baseline scenario established in the context of the 
                                                
3 See, among others, the Communication on transport and CO2: Developing a Community 
approach, COM(98)204, EU policies and measures to reduce greenhouse gas emissions: 

ITALY 30.73
UNITED KINGDOM 25.50
SWEDEN 25.00
DENMARK 20.00
SPAIN 18.00
GERMANY 17.90
PORTUGAL 13.00
AUSTRIA 10.70
FINLAND 10.00
FRANCE 5.70
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Shared Analysis project4 (2020 horizon) predict a CO2 growth by 7.5% for the whole 
of Europe, in contrast with the overall greenhouse reduction target of  –8% 
established in Kyoto. 

The Energy and Transport sectors are the main contributors to CO2 emissions. A 
breakdown by sectors (Table 35) in the emission of the main global pollutants for 
1994 shows the important contribution of the energy conversion sector (28 %), 
followed by industry (21%), transport (20 %)? and the residential sector (11 %).  

Table 16: GHG-Emission Estimates by Sectors Excluding CO2-emissions from Land-
use change and Forestry, 1994 / EU-15 

 

 

In the European member states, the share of CO2 in the total GHG (Greenhouse 
Gases) Emissions is expected to increase. 

In particular, the transport sector is expected to increase its CO2 emissions by 39% 
in 2010 (from 1990 levels). With a strong growth in electricity and heat demand, CO2 
emissions from power generation are projected to increase after 2010, while in the 
case of industry, emissions are expected to decrease by 12% over the same period5. 

                                                                                                                                                   
Towards a European Climate Change Programme (ECCP), COM(2000)88, 08-03-2000 
4 See http://www.shared-analysis.fhg.de 
 
5 EU policies and measures to reduce greenhouse gas emissions: Towards a European 

in t CO2-equiv. 1. Energy 2. Industry 3. Traffic and transp.4. Com. and inst. plants5. Residentials 6. Agr. and forestry 7. Waste Total

CH4 77.940.429 1.956.486 3.836.007 562.842 7.447.524 217.042.119 151.998.189 460.783.596

CO2 1.037.587.000 724.647.000 780.098.000 131.918.000 423.241.000 53.543 63.466.000 3.161.010.543

N2O 19.478.850 104.788.370 20.756.980 2.320.970 5.942.080 138.653.390 2.989.640 294.930.280

HG* 54.833.392 54.833.392

Total 1.135.006.279 831.391.856 804.690.987 134.801.812 436.630.604 355.749.052 218.453.829 3.971.504.268

1. Energy 2. Industry 3. Traffic and transp.4. Com. and inst. plants5. Residentials 6. Agr. and forestry 7. Waste Total

CH4 17% 0% 1% 0% 2% 47% 33% 100%

CO2 33% 23% 25% 4% 13% 0% 2% 100%

N2O 7% 36% 7% 1% 2% 47% 1% 100%

HG* 0% 100% 0% 0% 0% 0% 0% 100%

Total 28% 21% 20% 3% 11% 9% 5% 100%

*HG = Halogenated gases including HCFC, PCF, SF6, estimated by ISI, based on 1990 

ISI estimations of the distribution for Non-industrial combustion plants on Commercial and institutional plants, Residentials and Agriculture and Forestry for: 

Finland:   Estimates are based on the distribution (1990) of the First National Communications (p. 34) and the swedish distribution (residential / commercial) 
Italy:        Estimates are based on the distribution (1990) of the First National Communication (Table 4.4)
Portugal: Estimates are based on the distribution (1990) of the First National Communication (Table 1.A; p. 115)
Spain:     Estimates are based on the distribution (1994) of the Second National Communication (p. 45)

SOURCE: Ritter, Manfred (1997): CORINAIR 94. Summary Report. Final Version, Report to the European Environment Agency 

from the European Topic Centre on Air Emissions, pp. 67.
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The dramatically poor performance expected from the Transport sector is directly 

correlated with the strong increase in passenger*kilometres travelled by road (figure 

8), as currently forecast (with an expected growth of 20 to 150%, depending on the 

country), while the European average growth trend is 60%. 

The countries with the largest increase in passenger*kilometres are Portugal, Greece 

and Ireland, in view of their faster economic growth trends. Countries with a more 

moderate increase in activity are Denmark and Sweden, partially owing to a lower 

pace of economic growth but also to a more active transport policy in the past. 

Figure 7: Most recent European forecasts in the Transport Sector to 2020 

 

As clearly shown in the figure 8 below (which indicates whether or not Member 
States are on track with respect to their commitments), most member states currently 
find it increasingly difficult to control their greenhouse gas emissions. 

                                                                                                                                                   
Climate Change Programme (ECCP), COM(2000)88, 08-03-2000 
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A negative value shows an over-achievement and a positive value an under-
achievement. 

Figure 8: Monitoring progress towards the EU Kyoto targets 

 

Source: EU policies and measures to reduce greenhouse gas emissions: Towards a 
European Climate Change Programme (ECCP), COM(2000)88, 08-03-2000 

With the exception of Germany, United Kingdom and Luxembourg6, member states 
must clearly strengthen their domestic policies in order to achieve emission reduction 
targets under the burden sharing agreement. 

The role of non-technical measures under the burden sharing agreement 

In June 1999 the EU Member States agreed to meet jointly (i.e. globally averaging 
out), rather than individually, the Kyoto reduction target of 8%, so that the target for 
each Member State was adjusted from the uniform 8 % given in Annex B of the 
Kyoto Protocol to differentiated national values.  

The adjusted targets are: Austria -13,0%; Belgium -7,5%; Denmark -21,0%; Finland 
0,0%; France 0,0%; Germany -21,0%; Greece 25,0%; Ireland 13,0%; Italy -6,5%; 
Luxembourg -28,0%; Netherlands -6,0%; Portugal 27,0%; Spain 15,0%; Sweden 

                                                
6 Mainly due to German unification, the switch from coal to gas in UK, and the restructuring 
of the iron and steel industry in the case of Luxembourg 
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4,0%; and the UK -12,5%. 

The following scenario (Table 36) describes the development of GHG emissions (in 
kt CO2 equiv.) assuming no additional changes to current policies, i. e. assuming that 
the measures decided by the member states so far will be fully carried out. 

Table 17: Expected development of greenhouse gas emissions in kt CO2 equiv 

 

1 excluding land-use and forestry  
2 including all halogenated gases (HFCs, PFCs, SF6) 
3 on country level halogenated gases are excluded; on EU-level halogenated gases 
are included 
4 ISI estimates in italics 
5 EU-8: all data available for 8 EU-member-states,  
6 EU-13: estimates 2010 for Austria, Belgium, Denmark, Italy and Luxembourg; EU-
15: in addition estimates Greece and Portugal for 2000 and 2010 
Sources: W.Eichhammer, FhG-ISI, Integration of pollutant emissions into the 
Mure Database 
The total GHG emissions covered by the Kyoto Protocol (CO2, CH4, N2O, HFC's, 
PFC's, and SF6) in 1990 were about 4.148.780 kt CO2-equiv. in EU-15. If the Kyoto 
target reduction of –8% was accomplished, total GHG emissions would be 3.817.000 
kt in 2010. 

The following Table shows the CO2 emission levels in excess of those established 
within the Kyoto Protocol in 2010, compared to the above baseline scenario. 

The basic assumption is to apply target reduction values for total GHG, as reference 
values for reducing CO2 (since the total share of CO2 in the estimated total emission 
of GHG is about 90%). 

With no further political intervention the CO2 emissions exceeding the Kyoto standard 
at 2010 amount to 432 Mtonnes (Table18). 

Table 18: Comparison between CO2 emissions baseline scenario and Kyoto target in 
2010 by countries 

CH4 N2O CO2
1 Total of halogenated gases2 All GHG 3

1990 2000 2010 1990 2000 2010 1990 2000 2010 1990 2000 2010 1990 2000 2010
Austria 12.327 12.600 8.479 4 1.302 1.302 1.302 61.880 57.300 67.270 75.509 71.202 77.050
Belgium 13.146 11.130 9.042 8.649 9.424 9.424 115.800 125.200 125.886 137.595 145.754 144.352
Denmark 8.526 7.434 5.864 3.255 3.565 3.565 58.353 53.753 63.436 70.134 64.752 72.865
Finland 5.166 4.746 4.011 5.580 6.665 7.595 53.800 59.000 63.500 64.546 70.411 75.106
France 65.835 59.073 49.287 47.740 24.800 28.210 383.167 397.833 551.000 496.742 481.706 628.497
Germany 119.322 81.732 57.939 70.060 50.220 48.670 1.014.000 894.000 854.000 1.203.382 1.025.952 960.609
Greece 7.203 5.928 4.954 4.247 4.247 4.247 82.100 94.500 89.251 93.550 104.675 98.452
Ireland 17.031 17.577 17.619 9.114 8.060 8.091 30.719 34.998 40.775 56.864 60.635 66.485
Italy 81.900 69.321 56.331 37.014 38.316 38.316 423.776 482.440 460.687 542.690 590.077 555.334
Luxembourg 525 546 361 217 217 217 11.244 7.556 12.223 11.986 8.319 12.801
Netherlands 22.407 16.548 12.831 19.406 20.212 21.111 173.000 173.500 188.000 214.813 210.260 221.942
Portugal 5.586 4.597 3.842 3.255 3.255 3.255 38.689 54.274 42.059 47.530 62.126 49.156
Spain 45.801 49.476 50.379 29.140 29.140 29.140 226.423 258.247 282.440 301.364 336.863 361.959
Sweden 6.342 5.964 5.502 2.883 3.627 3.503 58.500 60.100 64.300 67.725 69.691 73.305
UK 92.442 67.765 59.892 34.627 13.299 15.748 580.000 550.000 595.000 707.069 631.064 670.640

EU-85 374.346 302.881 257.460 218.550 156.023 162.068 2.519.609 2.427.678 2.639.015 43.575 40.412 61.171 3.156.080 2.926.994 3.119.714
EU-136 490.770 403.912 337.536 268.987 208.847 214.892 3.190.662 3.153.927 3.368.517 55.306 52.734 78.419 4.005.725 3.819.420 3.999.364
EU-15 503.559 414.437 346.333 276.489 216.349 222.394 3.311.451 3.302.701 3.499.826 57.281 55.069 81.371 4.148.780 3.988.556 4.149.924
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In the following Table, the same values are compared with those derived from the 
CANTIQUE scenario, which assumes the generalised implementation of two typical 
non-technical measures in European urban areas characterised respectively by: 

• a 4.2% reduction of vehicle*kilometres; 

• a 16,3% reduction of passenger*kilometres due to a shift from private cars to 
public transport. 

As illustrated in the Table 38, the potential CO2 reduction of non-technical measures 

in the European urban areas is relevant, whereby the CO2.emission level could be 

reduced by as much as 27 Mtonnes, thus reducing the gap with the Kyoto targets to 

404 Mtonnes. 

CO2 CO2 CO2 CO2 EMISSIONS LEVEL 
COUNTRIES EMISSIONS EMISSIONS KYOTO EMISSIONS EXCEEDING KYOTO TARGET

BASELINE SCENARIO BASELINE SCENARIO TARGET AT 2010 ACCORDING TO
1990 2010 (K tonn) BASELINE SCENARIO

(K tonn) A B A-B

AU 61,880 67,270 53,836 13,434
DK 58,353 63,436 46,099 17,337
FIN 53,800 63,500 53,800 9,700
FRA 383,167 551,000 383,167 167,833
GER 1,014,000 854,000 801,060 52,940
ITA 423,776 460,687 396,231 64,456
POR 38,689 42,059 49,135 -7,076
SPA 226,423 282,440 260,386 22,054
SWE 58,500 64,300 60,840 3,460
UK 580,000 595,000 507,500 87,500
TOTAL 2,898,588 3,043,692 2,612,054 431,638
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Table 19: Comparison between CO2 emissions baseline scenario with NTMs 
implementation and Kyoto target in 2010 by countries 

 

 

Country by country the incidence of two non-technical measures is the Table 39. 

Table 20: Incidence of two NTMs on the CO2 emission in percentage 

 

Compared with the Kyoto target burden sharing agreement, the implementation of 
two non-technical measures (with reference to CO2 only), allows to gain as much as 
5 to 6.5% in UK, Italy and Austria. 

CO2 CO2 CO2 CO2 EMISSIONS LEVEL 
COUNTRIES EMISSIONS EMISSIONS KYOTO EMISSIONS EXCEEDING KYOTO TARGET

BASELINE SCENARIO BASELINE SCENARIO TARGET AT 2010 WITH NON-TECHNICAL MEASURES
WITH NON-TECHNICAL MEASURES IMPLEMENTATION

IMPLEMENTATION
1990 2010 (K tonn)

(K tonn) A B A-B

AU 61,880 66,555 53,836 12,719
DK 58,353 63,292 46,099 17,193
FIN 53,800 63,124 53,800 9,324
FRA 383,167 545,739 383,167 162,572
GER 1,014,000 844,842 801,060 43,782
ITA 423,776 457,145 396,231 60,914
POR 38,689 41,813 49,135 -7,322
SPA 226,423 280,691 260,386 20,305
SWE 58,500 63,730 60,840 2,890
UK 580,000 589,381 507,500 81,881
TOTAL 2,898,588 3,016,312 2,612,054 404,258

COMMITMENTS IN TRENDS TRENDS % OF GAIN

ACCORDANCE WITH ACCORDIND TO WITH NON-TECHNICAL

KYOTO PROTOCOL BASELINE SCENARIO MEASURE IMPLEMENTATION

(average of GHG) (Only CO2) (Only CO2)

A B A-B

AU -13% -25.0% -23.6% 5.3%

DK -21% -37.6% -37.3% 0.8%

FIN 0% -18.0% -17.3% 3.9%

FRA 0% -43.8% -42.4% 3.1%

GER -21% -6.6% -5.5% 17.3%

ITA -6.50% -16.3% -15.4% 5.5%

POR 27% 14.4% 14.9% 3.3%

SPA 15% -8.5% -7.8% 7.9%

SWE 4% -5.7% -4.7% 16.5%

UK -12.50% -17.2% -16.1% 6.4%
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In Denmark, Finland and France the gains are lower: 1% in Denmark, 4% in Finland 
and 3.1% in France. 

In Germany, the implementation of non-technical measures would further strengthen 
the positive trend towards the fulfilment of the Kyoto targets. 

In Sweden, the percentage gain is higher (16.5 %) and could allow reaching the 
Kyoto target (4%) by 2010. 

In Spain the achievable gain amounts to +7.8%, while in Portugal - which, according 
to the baseline scenario, shows an over-achievement - it could be further improved 
by about 3.5%. 

Conclusion of strategies for the implementations of non technical measures: 

As stated in the EU Communications, “Towards a European Climate Change 
Programme” “Key elements for the development of a successful package of common 
and co-ordinated policies and measures concern the reduction potential and the 
related abatement cost in the different policy areas”. 

The simulation of non-technical measure implementation clearly demonstrates their 
environmental effectiveness in European urban areas, in view of their capacity to 
both curb the growth of transport demand in certain areas and to reduce pollutants. 

Cost-effectiveness aspects, which are essential for political acceptability purposes, 
have to be evaluated at the national level since no general rule of implementation 
can be defined at the European level. 

With reference to the Kyoto targets, non-technical measures should be integrated in 
a comprehensive strategy in order to reduce CO2 emissions. 
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4 Transferability of non technical measures to eastern and central Europe

  

The CANTIQUE project was designed by the European Commission to inform policy 
makers on the use of non-technical transport measures to improve air quality and 
reduce emissions of greenhouse gases, mainly CO2. 
 
To extend the benefit of this project beyond the borders of the European Union, it 
was agreed to assess conditions of their transferability to Central and Eastern 
European Countries (CEECs) after the due checking of the corresponding present 
situation, not only because some of these countries are supposed to join the 
European Union in the medium and long term, but also because: 

Ø It is impossible to divide Europe into EU and non EU countries if continental 
integrated transport networks are scheduled in the future. 

Ø East-West corridors are becoming more and more important. 

Ø Air pollution does not stop at the EU border. 
 
This assessment is focused particularly on Czech Republic, Estonia, Hungary, 
Poland and Slovenia, considered as representative of the countries that would 
integrate the European Union in the medium term. 
 
The economic context given in those countries that recently switched from planned 
economy to market economy is a crucial point in considering the possibilities of 
implementation of non-technical measures for pollution reduction. 
 
Nevertheless a lot of different regulations of concerning air quality, technical 
regulations and fiscal measures have been already implemented.  
 
In various cities also non-technical measures of various kind have been already 
implemented. 
 
For details see Deliverable 5 :Transferability of non technical measures to eastern 
and central Europe 
 
 
4.1 Barriers to the implementation of new measures 

Although the situation in terms of economic development and urban transport 
situation differ from a selected country to the other, the synthesis of all the previous 
chapters may lead to the formulation of some paradoxes that may constitute 
obstacles for the successful implementation of technical and non technical 
measures. 
 
These paradoxes can be divided between technical, institutional, legal and 
economical aspects as follows: 
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4.1.1. Technical aspects 
Paradox No1: Car ownership 
The car fleet is strongly and quickly increasing with recent high Tech vehicles 
whereas the rest of the fleet is still remaining with old and polluting vehicles 
 
Thanks to economic growth, fleet renewal policies and psychological aspects of 
freedom regained, people are purchasing more and more private cars, leading to a 
car ownership rate which is equalling the rate for developed countries. Nevertheless, 
although wealthy people are buying imported cars of the last generation including the 
most recent technologies (electronic ignition, converters, etc.) most people can only 
buy old vehicles. Consequently, transport pollution still remains high. 
 
From this point of view, the first barrier is therefore a differentiated access to wealth 
that could increase and do not solve the issues of vehicle emissions in the short and 
medium term. 
 
Paradox No2: Deterioration of the urban transport system 
Although the urban transport networks were previously well developed and in 
spite of some supporting actions, there is a strong modal transfer to private 
cars and the situation of urban transport companies is now rapidly turning off 
 
Although urban transport was previously the dominant mode of transport in these 
countries and although the utilisation rate of public transport is still something that 
planners in Western Europe can only dream of, the political, economic and social 
changes have deeply affected all aspects of life of the population and the impact on 
the transport sector is already acutely visible, with related environmental, energy and 
space complications and with the severe problems of public transport companies, 
that have seen their government funding seriously reduced and the quality of their 
infrastructures and vehicles deteriorate. 
 
The second barrier is therefore the decreasing interest to urban transport services 
that necessarily suffers and contributes to the downward spiral (more private cars, 
less urban transport means, more private cars, etc.). 
 
4.1.2. Institutional aspects 
 
Paradox No3. Policies and strategies 
There is a real effort to develop strategies to improve air quality and to plan 
corresponding measures, but they are not implemented or without success 
and evaluation when implemented 
 
In spite of highly skilled staff in all the administrative bodies (many of them have 
been well trained in their countries and have received additional training abroad in 
countries concerned with emissions and air quality) as well as in the urban transport 
companies (all the technical and non technical measures are known thanks to their 
participation to international seminars such as those organised by the International 
Union of Public Transport), only few measures are implemented or are not evaluated 
when implemented. 
 
This statement can be explained by the following remarks: 
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Ø There is little relationship between the road transport authorities (Ministry of 
Transport, Road Transport Institutes, etc.) and environment authorities (Ministry 
of Environment, Environmental Agencies, etc.). 

Ø Very often, urban transport is addressed from a pure politician point of view and 
expected measures are imagined more to show that the political leading group is 
making practical actions than to address air quality and transport pollution. 

Ø In many countries, staff authorities are a replication of the diversity of a 
government coalition. Consequently, strategies may differ from one 
representative to an other and, due to frequent coalition changes, policy makers 
do not stay enough time in their position to sustain strategies launched. 

Ø At last, some big cities are a organised under a urban community scheme, 
without any coherency between action plans. 

 
The third barrier is therefore a lack of a unique and clear strategy at policy level. 
 
4.1.3. Legal aspects 
 
Paradox No4. Norms and regulation 
All the CEECs authorities are progressively tuning their norms and regulations 
about air quality, fuel quality and vehicle emissions (including their control), 
but there is no real enforcement. 
 
Although the norms and regulations are matching progressively the EU ones (even 
by decreasing of the previous limitations), the main statement is that there is no 
enforcement (e.g. the technical visits of vehicles are not properly done, smog alerts 
when existing are not applied, measurement equipment are obsolete or not 
operating, etc.). 
 
The fourth barrier is therefore a lack of enforcement and control. 
 
4.1.4. Economic aspects 
 
Paradox No5. Lack of funds 
Although the selected countries are quite complying with the economical 
requirement to become EU member, there are no funds to implement measures 
 
This paradox, illustrated by ritual sentences such as "environment concern is only for 
rich countries" or "our funds are requested for more urgent and accurate problems 
than transport pollution" may be also explained by the fact that local authorities, 
acquiring administrative responsibilities from national government, do not raise 
enough revenue to allocate to environmental measures. This situation is clearly 
illustrated in the selected countries where decision-making power has been 
transferred from national government to municipalities, without any control over the 
sources of financing, notably the fiscal system. Municipalities have been left without 
the financial means to support their newly acquired responsibilities. Along with 
decentralisation has come also a significant reduction in national subsidies for urban 
public transport. 
 
The fifth barrier is therefore a present lack of funds to implement measures to 
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improve air quality and to reduce transport emissions. 
 
 
Finally, all of the above mentioned barriers may certainly explain why so many 
initiatives have been undertaken in each selected country but without any apparent 
success and/or without any evaluation. 
 
4.2 Preconditions for transferability 

The reduced number in the CEECs of technical and non technical measures, as well 
as the lack of evaluated study cases for measures already implemented is 
definitively not a consequence of a lack of skills and know-how, but more of 
some delays in the institutional, legal and economical development. 
 
Consequently, it is assumed that the main precondition for the implementation and 
transferability of measures to CEECs will be a sufficient space of time to: 
 
Improve the characteristics of the car fleet 

The renewal policies of the car fleet launched in every country (c.f. the good example 
of Slovenia where all the private cars would be fitted with a converter in 2005) as well 
as the recent prohibitions to use lead fuel (Poland, Slovenia, etc.) would permit a 
relevant reduction of pollutants in the short term. 
 
Re-encourage people to use urban transport networks 

In spite of the lack of financing, many Municipalities are implement actions aiming at 
increasing the number of passengers through the improvement of comfort, the 
frequency of services (e.g. multi ticketing system, new metro lines, a metro website 
to choose the best route, etc. in Warsaw). 
 
Improve the policy framework 

The transferability of non-technical measures implies from CEE countries first to 
define a clear policy in the field of urban transport and environment through the 
redaction of a formal document describing the main objectives related to urban 
transport and environment, the measures that plan to be implemented to reduce air 
pollution in the cities, the investment budget for new infrastructures and the means of 
financing. 
Improve the institutional framework 

In all CEE countries, environmental institutions need reform. The top priorities for 
institutional changes should be: 

Ø Shifting responsibilities for environmental management from central to local 
authorities. CEE countries need to create strong local arms for national 
environmental agencies.  

Ø Increasing the co-ordination among ministries on environmental issues, 
particularly between the Ministry of Transport and the Ministry of Environment. 
According to OECD, the best would be to create formal mechanisms for co-
operation between ministries and environmental agencies. 
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Improve the enforcement of norms and regulations 

What is the use of laws, regulations and norms if users do not comply with. The case 
of the technical control of vehicles is relevant in this respect. Such a control is quite 
always considered as a tax and the control itself is not properly done, when it would 
be necessary to check about 100 points. 
Improve the economic instruments 

The CEE countries need to develop financing mechanisms to ensure the 
implementation of new infrastructure and the renewal of public transport. National 
authorities should ensure, in collaboration with municipalities, that necessary 
recurrent cost can be met, particularly from the fiscal system. 
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5 Conclusions and recommendations  

The choice of one Non Technical Measure (or of a package of NTM's) to modify the 
causal loop of mobility supply and demand and ultimately to improve air quality and 
maintain high levels of service for transportation, cannot be made according to 
simple, linear procedures. This is a typical systems and social engineering 
endeavour which has to rely on operations research, Cost/Benefit analysis, decision 
theory, surveys of users' preference an experts' opinions - as well as on managerial 
common sense ultimate decisions. Occasionally an entire class of possible solutions 
has to be discarded due to local peculiarities and constraints or simply to the tyranny 
of time. 

The CANTIQUE approach provides a decision support system to avoid naive 
compromises and incorporate best practice systems thinking as applied with a mixed 
measure of success in many European cities. 

 

Suggested steps for a methodical approach to NTM choice and implementation. 

1 Analyse the real nature of urban transportation issues and their impacts, 
documenting findings in a quantitative way (traffic volumes, O/D's, traffic 
densities, concentration of relevant pollutants) and providing time series for future 
reference 

2 define the NTM's most likely to show higher favourable impact, in one of the 
configurations experimented and documented (these will be found to be [the % 
values in parenthesis are typical emissions saved]: 

• in highly congested cities, pricing policies (-13.1%) and/or regulatory policies 
(-4.3%), as well as taxes (increase in fuel pricing); 

 
• in the intermediate congested cities, modal shift policies ( -4.6%); 
 
• in less congested cities taxes (increase in fuel pricing). ( -7%) 

but other measures (notably ITS (Intelligent Traffic Systems) and telematic 
information systems substituting transportation or mobility demand) may well be 
applied concurrently to satisfy local conditions. 

3 identify the packages or combinations of NTM's applied with best results in 
some cities 
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4 assess quantitatively (in a first rough approximation) investments needed and 
benefits reaped (suggesting various alternatives for establishing an accounting 
framework) 

5 design and implement a correct information campaign to familiarise 
stakeholders with actual statement of most critical issues for their city, expected 
trends, available choices, results of experience obtained in other European cities and 
of simulations (as described) 

6 define a limited, but significant urban area in which to introduce the selected 
NTM's in order to realise a pilot project aimed at better adapting the measures to 
local conditions and also at convincing stakeholders of their 
effectiveness/harmlessness 

7 implement the overall package of selected NTM's and gather complete data 
on steps taken and on impacts obtained, which (together with data mentioned in 
1.above) will permit to establish a before-and-after comparison 

8 compare results obtained with those reported from other cities (as 
documented above) and interpret discrepancies aiming at optimising overall impact. 

The general approach may be summarised as follows: 

In view of supporting decision-makers at the local level, these issues could provide 
useful inputs: 

in highly congested cities, characterised by high traffic density and strong use of 
cars, pricing policies as a means to control demand are more effective than other 
policies (such as e.g. those directly aiming at an increase of the modal share of 
public transport, or at optimising land use); 

in cities characterised by an intermediate congestion level (associated to a well 
established propensity towards the use of public transport), modal shift policies 
appear highly effective, probably owing to the “readiness” of the system to accept 
additional PT traffic and patronage; 

in less congested cities the average level of non-technical measures effectiveness is 
weakened by the overall traffic condition, i.e. less congestion, limited car usage level, 
high propensity to walking and cycling. Nevertheless, the impact of pricing policies 
could allow valuable emission savings (-7%), while the impact of regulatory policies is 
low: -2%. 

 

New experiments and interventions should also contribute indications of which 
directions of further experimentation and research are most likely to succeed and 
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permit a wider assessment of the overall (i.e. European) balance between 
investments made and results obtained. Whenever relevant issues appear to be 
unresolved and significant causal links are hard to be defined, indications will be 
formulated to delineate future research needs (complementing the contents of the 
next section). 
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6 Future research needs 

Future research should concentrate first on methodological issues (to determine the 
procedures most apt to analyse available data and to draw operational conclusions 
on best practices and more promising policies). Improved analysis methods should 
presumably improve the substantive knowledge of relevant processes and provide a 
larger quantity and better quality of data. 

1 - Improved Data 

Documentation of measures should be carried out possibly following guidelines and 
formats to be standardised in all member states.  

Formats should include:  

- definition of environment; 

- indication of investments;  

- information about current additional costs / savings for the determination of 
economic effects; 

- impacts (expressed as final values of air quality: type and absolute quantity of 
different pollutants - with a larger number of monitoring stations and an improved 
strategy for placing them in significant locations); 

- transport variables proper (vehicle*kilometres, passenger*kilometres, tonne*km, 
congestion, transit times). 

We stress, in particular, the lack of “package of measures” information. In fact, 
based on available data, packages of measures analysed are too scarce to allow 
robust conclusions. In order to identify the best combinations of measures, additional 
work and research will be required. 

 

2 - Methods 

- application of different transport models should be attempted and results 
documented. The results of the ATOM study, when available, should be 
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examined and exploited. 

- standardisation of data collection and policy formulation should be fostered in all 
member states, possibly recurring to a joint ISO-type approach. 

 

3 - Process knowledge 

- Environment impacts should be analysed based on improved data (see Sect.1 
above) and special care should be devoted to understanding actual mechanisms. 
In particular added foresight and theoretical/epistemological expertise should be 
enrolled to increase understanding of long term climatic variations - which 
according to world renowned experts are largely ill understood and hardly 
foreseeable 

- Impact on mobility and hence on secondary consequences of non transport 
policies (including overall societal change, globalisation, decentralisation, 
public/private integration, energy interventions) should be analysed. Probably 
relevant are going to be the results of 2.1.2/6 item in 3rd Call. Concerning the 
impact of land use, the results produced by the TRANSPLUS study will also have 
to be considered. 

- A subject needing a thorough treatment is substitution of transportation obtained 
by reducing the need for mobility, e.g. by spreading the use of tele-work and in 
general of telematic networks (shopping, communicating, studying, trading, 
bartering, acquiring information about the world on Internet) and by optimisation 
of the choice of locations for urban attractors. This last type of intervention entails 
a thorough system analysis to be carried out -- i.e. more than just a discursive 
land use type of approach. 

- This subject is going to be addressed by a number of ongoing studies and 
contracts, but relevant data are very scarce. A co-ordination of efforts having 
similar aims should be planned and implemented. 
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7 ANNEX :Glossary 

Abbreviation/Technical term Description 
Average speed Traffic parameter depending on changing traffic 

conditions. One commonly used procedure is to 
assign average speeds to certain categories of 
road (for example urban, rural, motorway) on 
the basis of survey data, by using speed/flow 
relationships or more general information such 
as speed limits in force. 

BAU Business As Usual scenario. It can be defined 
as the projection through time of actual trends, 
without further modifications. 

CO Carbon monoxide. Pollutant with damaging 
effect on human health, i.e. reducing the 
transport of oxygen to tissues 

CO2 Carbon dioxide. Major greenhouse gas with 
damaging impact to climate change 

COST-BENEFIT ANALYSIS A full economic evaluation is provided, i.e. not 
only the implementation costs of a measure are 
part of the evaluation; its impacts are also 
expressed in terms of money. An overall-
economic net benefit is realised, if the ratio of 
benefits to costs exceeds one. 

COST-EFFECTIVENESS ANALYSIS The evaluation of the (implementation) costs of 
a measure compared with its impacts (emission 
reduction). There is no need for monetising 
impacts, which is the advantage in case of 
critical data availability. 

GHG Greenhouse gas. The complex of gases with 
impacts on global warming. 

HFCs, PFCs, SF6 Halogenated gases increasingly used as 
substitutes for the ozone destroying. 

ITS Intelligent Traffic System measures. Series of 
measures characterised by extensive 
implementation of telematic applications, i.e. 
green waves, bus/tram priority, etc 

NOx Nitrogen oxides. Pollutant with symptoms on the 
respiratory tract, damage to lung tissue, 
increase of the mortality rate, plant damage, 
acidifying fallout (harmful to soil and buildings) 

NTMs Non-Technical Measures, defined as all 
measures/policies aiming to cover all transport 
measures other than general fiscal measures 
and prescriptive measures affecting vehicle and 
fuel technology supply. 

Passenger*kilometre Measure of traffic activity representing the 
movement of  a passenger over one kilometre. 
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PM Particulate matter. Fine particulate, i.e. PM 10 

with a diameter of less than 10 µm which 
increases respiratory disease and premature 
mortality.  

UTC Urban Traffic Control measures. Hierarchical 
intelligent control procedure for the urban traffic 
management through a traffic monitoring 
system. 

Vehicle*kilometre Measure of traffic activity representing the 
movement of a road motor vehicle over one 
kilometre. 

VOC Volatile Organic Compound. Pollutants including 
various Hydrocarbons, which damaging impacts 
on human health and natural environment. 

 


