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Foreword 

Welcome to the                    (Common Information to European Air) Project and it’s Products. 

 

The project was conceived to support Cities and Regions in developing their responses to the Air 

Quality Reporting and Air Quality Action Planning requirements of the European Union’s Air Quality 

Directives, and to encourage the recognition of the Local Authorities roles in the forthcoming 

Directive. 

 

The                    Products cover : 

� City Annual Air Quality Reports;  

� Comparing Urban Air Quality across Borders;  

� Common Operational Website (COW);  

� Air Quality Management;  

� Communicating Air Quality; 

� Transferring a traffic-environmental models chain 

 

They focus on : 

• the assessment of comparable data 

• the impact of traffic on air quality in urban areas 

• Signposting measures for Air Quality Action Planning 

• Information for the public, local authority and professional users 

The materials in each of the CITEAIR Products have been assembled and developed, using the 

experiences of the 14 Project Partners enhanced by contributions from a User Group together with 

complementary European and National projects, in response to two successful workshops, an 

external review and a Conference. 

 

 

Publishing the documents in electronic format ensures that additional contributions may be added 

during 2007. Additional Funding has been provided by the INTERREG 3C programme to promote 

further workshops; to recruit further cities to the COW; to develop the Forecast Index for use with 

the Media; to involve the Members of the European Parliament, the Department Generale 

Environment and the European Environment Agency more closely with the CITEAIR initiative to 

strengthen the role of the Cities and Regions and encourage the embedding of the concept within 

the European Air Quality Management mechanisms. The CITEAIR initiative is leaded by Leicester 

City Council, where C.Eng.  MICE  MCIMgt Nick Hodges is the Technical Manager 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Citeair Project Partners 
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1 Executive Summary 

In Europe, urban areas are where most of industry and traffic are concentrated, and are home to almost 

80% of the population. Actions taken over the last decades to abate the worst air pollution from industry 

and traffic in European cities have improved the situation. However, increases in traffic over the same 

period have meant that poor air quality and noise pollution caused by road traffic is still of particular 

concern to many European citizens. 

In order to minimise the adverse effects of road traffic on the environment in Europe, a process of 

developing emission reduction techniques, mainly driven by the European Commission, has been taking 

place. It is obvious that newer vehicles will be much more environmentally friendly compared to older 

ones to meet these standards.  

 

In the long term period, substantial improvements in the urban areas can derive only by redesigning the 

mobility as a whole, involving both private and public transport sectors. Mobility redesign would require 

also interventions on infrastructures and road networks, as well as the relocation of industrial areas and 

offices in such a way to divert main traffic flows outside the city centres and the residential areas. This 

rational approach to mobility and city architecture design is desirable and should be perceived as a must 

“all through” Europe - and possibly worldwide. 

 

New concepts and tools to allow cities to assess the impacts of traffic on air quality and noise pollution in 

near-real time are thus necessary. The updated description of the traffic and environmental situation in 

urban and regional context as well as to assess the environmental efficiency of Traffic Demand 

Management Strategies (TDMS) prior to their costly implementation could assist Regions and cities in 

identifying compliance with the EU Directives associated with Air and Noise Quality Review and 

Assessment procedures. 

 

These tools, already tested in EU funded projects and applied under real-life conditions in European 

areas, have produced a valuable set of results and that constitute “toolkit” to support transferring 

initiatives towards other European regions and cities, of Decision Support System and towards the 

implementation of TDMS based on common approach across Europe. This is the scope of this 

document and it is one of the products of the CITEAIR project (see annex 1). 

In the following chapter 2 is developed the concept of  why transfer the experiences to another region in 

Europe. Today, European cities face the challenge to ensure quality of life and economic growth while at 

the same time controlling traffic and its related pollution. Strategies are needed to face traffic demand 

and the environmental problems, but rational procedures and technical tools suitable to elaborate 

effective solutions are too often missing. 

In particular in Italy, the setting-up of environmental plans, whose application has to permit the respect of 

EU air quality and noise threshold,  is a regional task. As a consequence, the transfer of HEAVEN DSS 

concept has to involve Italian Region and their co-operation with urban agglomerations inside. 

The development of an HEAVEN DSS in another region is based on the availability of infrastructures for 

real time traffic and air quality monitoring to be connected and integrated with the DSS models. This 

constitutes a basic requirement for the actual transferability of the HEAVEN DSS, that  is respected in 

Emilia-Romagna (ER) Region.  Emilia-Romagna is also a region with a lot medium-large cities 

disseminated across the Region, connected among them with a network of highways and main roads 

where the emission sources are distributed homogeneously across all the region in the Padania plane, 

one of the most polluted areas in Europe. All this suggested to the CITEAIR Consortium to test the 

HEAVEN approach for the first time in the Emilia-Romagna Region (RER).  

 

The main achievement of the HEVAEN project is clearly the development and successful demonstration 

and evaluation of the HEAVEN DSS and its application under real-life conditions.  Chapter  3 is 

describing the framework of HEAVEN IST project, carried out in the years 2001-5 in the V UE FP 

research plan by a lot of CITEAIR Consortium partners, where new concepts and tools to allow cities to 

assess the impacts of traffic on air quality and noise pollution in near-real time have been developed. 
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These innovative tools, merging monitoring and simulation systems by means of IST technologies, 

constitute an integrated, modular system which supports “tactical” and “strategic” decisions.  

In chapter 4, the HEAVEN experiences and  recent developments of the CITEAIR Consortium members 

(ATAC, AIRPARIF) directly involved in the Transfer activity to Emilia-Romagna are depicted. 

Afterthat, the “working model” of the transfer is explained, translating the scheme of competencies in a 

working model, ready in using technologies easily adaptable to changes, inter-comparing the 

effectiveness of various traffic measures,  emphasising environmental and traffic management directed 

at “hot spots”.  

The work in the transfer of the traffic-environmental modelling is addressed towards the objectives of 

carry out the design for Emilia Romagna (ER) Environmental DSS (Decision Support System), to 

transfer the knowledge and use of models, by Training on Models and preparing this transfer 

guidebook for the follower cities.  

In chapter 5, after a detailed description of the existing resources and of the need and willing in ER, a 

solution was identified. The analysis carried out in the Top-down design methodology and the Bottom-up 

implementation procedure, gave the result shown in  the next picture, where are shown the existing 

systems, indicated as “data inputs” – described in the next chapter and the works to be carried out by 

the Consortium partners STA, now ATAC, Airparif and the ARPA body in RER itself.  

 

 

Due to intense co-operation established inside the CITEAIR Consortium, was decided to implement  a 

real models chain in RER, able to cope with this scheme, in order to check its validity and consistence. 

Besides, an innovative tool, the DTA model, is under testing for the within-day Dynamic Traffic 

Assignment  (DTA) on road networks, addressing explicitly the simulation of queue spillovers, where a 

user equilibrium is expressed as a fixed point problem in terms of arc flow temporal profiles. Preliminary 

DTA results, as well as the configuration of the ER network used in the model,  are shown in different 

hours in a typical  working day.  

The implemented emission model characteristics are reported. The TEE model is also an innovative 

model, directly linked to traffic models outputs. It  also provides the necessary output data for the ADMS-

Urban dispersion model, used inside the environmental local body,  ARPA Emilia Romagna. 

Finally, in chapter 6, the difficulties and the solutions adopted for ER are analysed in critical terms in 

order to provide to the different European Region/Cities lesson the lesson learnt from this transfer 

experience, guaranteeing, under certain hypothesis, the transferability to other EU regions or cities. 
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2 Introduction 

2.1 The problem of European Cities and Regions and the HEAVEN DSS  

In most the European Regions and cities, where environmental conditions are critical and episodes 

happen on daily and seasonal bases, results are needed in the short terms and must be obtained by 

means of feasible and cost effective measures. The main question local authorities have to reply every 

day – “What is the best traffic demand management strategy we have to apply in our city in order to 

decrease traffic related emissions and to face the mobility demand increase”, normally generates 

answers that are compromises between urgent interventions for emergency situations, cost effective 

solutions and political fears for unpopular decisions. 

So, frequently temporary strategies are decided to face environmental episodes only, while structural 

and possibly more efficient solutions are delayed. For example it is becoming more and more a tradition 

to protect city centres and sensitive areas by forbidding traffic access completely or by applying partial 

limitations (based on kind of vehicles, alternate plates or time-of-day criteria), or to schedule preventive 

actions such as the “pedestrian days” during winter. 

But other questions arise that require a reply from local authorities: 

- Which are the actual effects of such measures? 

- Is there anything better to do in the short and medium terms? 

 

Actually, tools and instruments suitable to support public administrations, traffic planners, 

environmentalists and decision makers in their difficult tasks of designing and evaluating alternative 

TDMS are lacking.  

 

The overall goal of the HEAVEN IST project, carried out in the years 2001-5 in the V UE FP research 

plan by a lot of CITEAIR Consortium partners, was “To develop and demonstrate a Decision Support 

System (DSS) which can evaluate the environmental effects (air quality and noise quality - both 

emissions and dispersion forecasting) of Transportation Demand Management Strategies (TDMS) in 

large urban areas”. 

 

In the framework of HEAVEN, new concepts and tools to allow cities to assess the impacts of traffic on 

air quality and noise pollution in near-real time have been developed. These innovative tools, merging 

monitoring and simulation systems by means of IST technologies, constitute an integrated, modular 

system which supports “tactical” and “strategic” decisions.  

Through the application of the HEAVEN DSS it is possible for cities to: 

� obtain a near real time description of the traffic and environmental situation in urban 

agglomerations, 

� assess the environmental efficiency of already implemented Traffic Demand Management 

Strategies,  

� perform extensive scenario calculation and assess the environmental efficiency of Traffic Demand 

Management Strategies prior to their costly implementation and, 

� inform professional users and the public in near real time about the traffic and environmental 

situation  

� assist Regions and cities in identifying compliance with the EU Directives associated with Air and 

Noise Quality Review and Assessment procedures 

� assist decision makers in formulating policies with public participation 
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The HEAVEN DSS provides a concrete sustainability perspective and will improve the quality of life in 

European cities by reducing transport-related noise and air pollution. The HEAVEN DSS supports 

European cities in implementing existing and forthcoming EU legislation on air quality and noise. 

In addition to the system development and demonstration the HEAVEN DSS has been applied under 

real-life conditions in the project cities Berlin, Leicester, Paris, Prague, Rome and Rotterdam.  

 

The environmental impacts of already implemented traffic measures have been assessed. Furthermore 

the HEAVEN DSS was used for extensive scenario calculations where the environmental efficiency of 

various Traffic Demand Management Strategies has been assessed prior to their costly implementation.  

 

The traffic measures which have been considered in the framework of the project comprise for example 

changes of the vehicle fleet, access restrictions, speed limits, park-and-ride scheme and changes to the 

street network.  

Through the development of the HEAVEN DSS concept and the implementation of the local DSS 

demonstrators, HEAVEN has produced a valuable set of results that are transferable to other cities and 

that constitute “tools” to support the exploitation initiatives being undertaken and envisaged by the 

HEAVEN partners. 

 

The HEAVEN “toolkit” includes the following tools: 

� Comprehensive Decision Support System Concept, that allows partial or complete transfer to other 

application sites, according to the local characteristics, existing components and requirements. 

� Reference System Architecture with open interfaces, that offers flexibility and facilitates the 

integration with existing systems and models as well as further enhancements. 

� Range of validated Applications, that cover monitoring and modelling of air quality, noise and traffic, 

 

Through the development of the HEAVEN DSS concept and the implementation of the DSS in the 

project demonstration sites, a valuable set of results (“tools” was produced, able to support transferring 

initiatives towards other European regions and cities, towards implementation of TDMS based on 

common approach across Europe.  
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2.2 Why a transfer to another region? 

Urban areas are home to almost 80% of the European Union’s population and most of the industry and 

traffic is concentrated here. Emissions of air pollutants and noise caused by road traffic are of particular 

concern to many European citizens. At local, regional, national and EU level efforts are being 

undertaken to reduce these adverse impacts on citizens and the environment.  

In fact, the European Commission has already introduced a series of directives to improve air quality 

and to reduce noise levels. The Council Directive 1996/62/EC on Air Quality Assessment and 

Management (Framework Directive) and the associated Daughter Directives address the regular 

assessment of air quality through monitoring and modelling in urban agglomerations (< 250.000 

inhabitants), call for Action Plans to improve air quality and require public information. The Clean Air for 

Europe programme (CAFE) within the 6
th
 Environmental Action Plan is developed the thematic strategy 

for the further reduction of air pollution and its effects. Next to air quality, the problem of noise in densely 

populated areas is also of importance to most citizens. It is estimated that at least 20 % of EU population 

suffers from noise and its adverse effects on the quality of life. The Council Directive 2002/49/EC 

relating to the assessment and management of environmental noise obliges larger cities to produce 

noise maps, which indicate the number of people exposed to certain values of new harmonized noise 

indicators. On the basis of such noise maps, cities will have to develop Action Plans aiming to achieve 

noise limit values, which will be set on Member States’ level.  

Today, European cities face the challenge to ensure quality of life and economic growth while at 

the same time controlling traffic and its related pollution. Strategies are needed to face traffic 

demand and the environmental problems, but rational procedures and technical tools suitable to 

elaborate effective solutions are too often missing. 

 

In Italy, the setting-up of environmental plans, whose application has to permit the respect of EU 

air quality and noise threshold,  is a regional task. As a consequence, the transfer of HEAVEN 

DSS concept has to involve Italian Region and their co-operation with urban agglomerations 

inside. 

 

The main achievement of the HEVAEN project is clearly the development and successful demonstration 

and evaluation of the HEAVEN DSS and its application under real-life conditions.  

The HEAVEN DSS makes use of use a variety of existing infrastructure (e.g. traffic- and air quality 

monitoring networks), software tools (traffic and environmental models) and integrates them by means of 

IST technologies. The HEAVEN DSS is an integrated, modular system which supports “tactical” and 

“strategic” decisions.  

 

The innovative tools developed within HEAVEN, merging monitoring- and simulation systems by 

means of Information Society Technologies (IST), are integrated into a Decision Support System in 

order to:  

• Provide a better description in near real-time of the environmental impacts mainly induced by 

traffic and  

• Assist the cities in identifying Traffic Demand Management Strategies that reduce the 

impact of traffic the environment.  

The HEAVEN project contributes therefore to the implementation of the above mentioned EU 

regulations on air and noise quality by having developed and demonstrated new IST-environmental 

management tools. The application of the HEAVEN DSS in regions and large urban areas provides a 

concrete sustainable development perspective. It aims to improve the quality of life in European cities by 

reducing transport-related noise and air pollution through the identification of innovative combinations of 

efficient TDMS and integrated environmental Information Society Technologies.  

The application of the HEAVEN DSS will help regions and cities to meet established EU 

directives setting threshold values for air pollution and noise. 
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2.3 The choice of Emilia-Romagna for testing DSS transferability (RER) 

The development of an HEAVEN DSS in another region is based on the availability of infrastructures for 

real time traffic and air quality monitoring to be connected and integrated with the DSS models. This 

constitutes a basic requirement for the actual transferability of the HEAVEN DSS.  

So, in order to approach the HEAVEN DSS transferability issues from a consistent point of view, the 

local authorities involved in the case studies conduction have been made aware of the following practical 

aspects: 

• The implementation of the HEAVEN DSS is reasonable in the sites where the infrastructures for 

real time traffic and air quality monitoring already exist or are planned. 

• The HEAVEN DSS is modular and can grow in terms of functionalities and space coverage 

according to infrastructures development and enhancement.  
• The HEAVEN DSS modelling capabilities can reduce the size and optimise the location of the 

infrastructures actually necessary to monitor air quality and traffic. 

• In the sites where investment capabilities are limited and the infrastructures grow slowly, the 

HEAVEN DSS can start from the off-line operation and improve step by step according to the 

infrastructure development 

 

The analysis of these aspects contributed to the correct elaboration of the case studies and suggested 

considerations about the candidate sites for transferring. 

 

Considering that: 

 

� ER is a region with a lot medium-large cities disseminated across the Region, connected 

among them with a network of highways and main roads where the emission sources are 

distributed homogenously across all the region in the Padania plane, one of the most polluted 

areas in Europe. 

 

� ER Region has a consistent traffic modelling background and experience: to develop and 

update the Regional Integrated Transport Plan (PRIT), to finance of  new road infrastructures; 

to develop and manage Intelligence Transport System (ITS) and to analyse the logistic asoects 

of freight transport to improve the flows organisation, etc.; 

 

� ARPA (Regional Agency for health prevention and environmental protection in ER Region) has 

a consistent AQ modelling background and experience for environmental control, planning 

support and analysis: relevant analysis for healthcare and environment, preliminary 

environmental  investigation for projects approval, etc.; 

 

� ER Region is implementing a Monitoring Traffic System to continuously collect classified traffic 

data on the main roads  

 

All this suggested to the CITEAIR Consortium to test the HEAVEN approach for the first time in the 

Emilia-Romagna Region (RER).  

 

 

Figure 1: Mean tropospheric concentration of NO2 in 2004 for Italy 
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Details on RER context are reported anyway in chapters 3 and 4: what is now important to highlight is 

that a very high degree of inter-institutional co-operation is needed to build a really operational DSS.  

 

This operation was indeed very complicate but it can ensure an integrated approach to the 

environmental impacts of the mobility issue and can bring to step-by-step solution. 
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3 HEAVEN DSS  

3.1 The HEAVEN Project : objectives and methodology 

HEAVEN DSS combines near real-time traffic flow information into emission and dispersion models so 

as to determine the contribution of mobile sources to air quality and noise. In order to estimate 

emissions based on current traffic levels and on planned demand management scenarios, the system 

can operate on-line, based on current traffic and environmental information, and off-line, based on 

planned traffic and environmental conditions and pre-defined TDMS. 

 

Figure 2: The HEAVEN DSS general concept 
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Figure 1 above describes the HEAVEN DSS building blocks concerned with Traffic and Environment 

modelling and their connections, and provides a representation of the general concept of the HEAVEN 

DSS. This general concept can be briefly described through the following points: 

• The TDMS implemented in the urban area is expected to influence the traffic status in the 

network. Traffic is partially measured in near real-time via traffic detectors. These 

measurements contribute to the near real-time traffic status estimation performed through 

a network-wide traffic model. The dynamic traffic representation forms the input for the 

subsequent environmental models. 

• Emission models calculate the traffic related emissions for each link of the network for a 

number of primary pollutants based on measured and modelled traffic characteristics. The 

network-related traffic emissions are then fed into dispersion models to calculate air quality 

concentrations. This process considers emissions from stationary sources from emission 

inventories and data on background concentrations from monitoring networks when available. 

Depending on the type and the spatial scale of the dispersion model, other data (i.e., 

topographic, meteorological) will also be used in the modelling process. 

• The noise model makes use of much of the same traffic data input, together with additional 

information, including road surface data, topographical data, and data about the physical built 
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environment (i.e., surface attenuation by buildings, shielding, reflection, etc). The noise model 

also includes information concerning static sources. 

• The DSS building blocks “Traffic Detectors” and “Monitoring Sensors for Meteo, Air Quality, 

Noise” that are shown in the diagram are data suppliers. These blocks have to be processed 

and interpreted as the DSS interfaces between the system and the infrastructures and 

monitoring systems. 

• The results of the emissions, air quality and noise modelling and forecast are fed into the 

decision making process and together with the traffic and environment monitoring data 

contribute to the building of the Common Information Platform of the HEAVEN system. 

Contents of this platform are intended also for dissemination to professional users, as well as to 

the public. A specific channel has been foreseen for data exchange with the Health Authorities. 
 

HEAVEN was a user-driven project, in which the specific needs of European cities in the field of 
environmental monitoring and modelling are well considered. Exploitation prospects of the end products 
are enhanced, through the involvement of user groups in the process of the development, demonstration 
and validation of products. The three user groups public administration, decision makers and general 
public have been involved in the user needs analysis. 

Already at the early stage of the project the user groups have been approached to analyse the user 
requirements relating to the use of systems, data needs, requirements for technical system 
performance, user friendliness, possible soft- and hardware restrictions and legal issues. The main tool 
for performing the user needs analysis was a three-part questionnaires.  

The results from the user need analysis provided significant input to the process of system development. 
During the verification phase of the project a small sample of the users was involved by providing 
suggestions on how the product can be modified to better meet their needs. This feedback from the 
validation process enables industrial suppliers to exploit the system according to the real life use of 
prototype applications. 

3.2  System development 

The characteristics of the HEAVEN DSS were derived from system requirements – context, functional 

and non-functional requirements – which reflect the user needs identified by the User Needs Analysis 

and include operational and organisational requirements. The User Needs Analysis provided extensive 

and articulated requirements for each DSS demonstrator and highlighted different backgrounds (e.g. 

existing models and infrastructures) between the project sites. 

 

So, aiming at the implementation of demonstrators consistent with the common HEAVEN DSS concept, 

although duly customised according to the needs of the sites, and addressing system modularity 

and transferability issues, the project approached system design and development following a top-

down process : 

(a) To design at first a common Overall System Architecture consistent with the HEAVEN DSS and  

(b) (b) to derive subsequently the local DSS architectures from the common overall architecture 

taking care of the peculiarities and backgrounds of the sites.  

Figure 2 presents the main functional blocks of the HEAVEN DSS and the data flows that constitute 

the dynamic information chain between the functional blocks and the DSS Data Base. In this high level 

functional diagram, the DSS Data Base is conceived as the complete set of all the data repositories of 

the system, including the actual system data base as well as any file system implemented to store input 

data, intermediate data and output data of the DSS. According to this conceptual view, the DSS DB 

performs the elementary functions of data organisation, archiving and retrieval not explicitly identified in 

the DSS functional blocks that access the DB. 
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Figure 3: The HEAVEN DSS Overall System Architecture 
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There are three different categories of DSS interfaces. The Interfaces to Traffic, Meteo and 

Environment Monitoring that implement connections to the respective monitoring systems, and provide 

for the collection, organisation and storing in the DSS DB of the measurements, estimates and statistics 

obtained from such systems. The Interface to sources of Health, Static & Infrequently Updated Data 

represents the set of procedures to feed the DSS modelling processes with the data required. Through 

the Interface to Information Flow the tasks needed to extract from the DSS DB the information to be 

provided to the Common Information Platform users, and to deliver the information in the form expected 

by the users are managed. 

The DSS Modelling and Forecast Functional Blocks concerned with traffic and environmental 

modelling and forecast are grouped in three main functional blocks linked in a dynamic chain fed by the 

near real-time traffic and environmental measurements and modelled data. The three functional blocks 

as a whole perform the evaluation of the impacts on traffic, air quality and noise of the planned/actuated 

TDMS. These components are fully integrated in the HEAVEN system. This is because air quality and 

noise models rely on traffic data as inputs and therefore have to work in co-operation with the same 

modelling framework both in time and space. It is only through integration of legacy systems and 

models as in the HEAVEN project will users experience the huge potential. 

 

The DSS Operator Interface consists of a user-friendly environment that supports the operator activities 

concerned with the DSS maintenance and operation. For what is strictly concerned with the use of the 

DSS for TDMS evaluation and environment monitoring, three main sets of sub-functions are identified: 

• Information presentation and management,  

• Operator Intervention,  
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• Scenario results evaluation. 

The Scenario Definition identifies the context and the environmental conditions where the TDMS is 

actuated (or simulated) and evaluated. A scenario is defined as a set of coherent information related to 

a well-defined time period. It consists of traffic demand, available road network, possible traffic 

restrictions (or any other TDMS), near real-time traffic data, meteorological data, and environmental 

measurements. The scenario can be built supported by the DSS to record actuation conditions and 

impacts of an implemented TDMS. 

 

The overall system architecture described above has been used as a reference to derive the 

architectures of the site-specific DSS systems taking the peculiarities and backgrounds into account. 

Based on the site-specific system architectures, the  system development in each demonstration 

site has been undertaken by the local teams. 

3.3 The demonstration areas 

In addition to the system development and demonstration the HEAVEN DSS has been applied under 

real-life conditions in the project cities Berlin, Leicester, Paris, Prague, Rome and Rotterdam. The 

environmental impacts of already implemented traffic measures have been assessed. Furthermore the 

HEAVEN DSS was used for extensive scenario calculations where the environmental efficiency of 

various Traffic Demand Management Strategies has been assessed prior to their costly implementation. 

The traffic measures which have been considered in the framework of the project comprise for example 

changes of the vehicle fleet, access restrictions, speed limits, park-and-ride scheme and changes to the 

street network. The nature and the results of this application of the HEAVEN DSS across the project 

cities will be briefly described in the following. The following table provides an overview about the major 

implemented traffic measures and the scenarios which have been assessed by means of the HEAVEN 

DSS. A full reflection of the respective measures and the results are reported in detail in the project 

Deliverables D8.7 – D8.12. 
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Scenarios and Implemented TDMS 

City Scenario Implemented TDMS 

Berlin City wide long term scenario 2005, Euro III 

fleet 

Truck ban 

 City wide long term scenario 2010, Euro IV 

fleet 

Speed limit 30 km/h 

Leicester Air Quality Review and Assessment (2005) Air Quality Management Areas 

 Park & Ride scheme for A 5460 Air Quality 

Management Area 

 

 Park & Ride scheme for A 5460 Noise levels  

 Park & Ride schemes for the Leicester West 

Transport project 

The A47 Hinkley Road Park and 

Ride Scheme 

Paris  New bus lanes  

  Car free day 22 Sept. 2002 

Prague Master plan 2010 vs. alternative ringroad  

  One-way Smichow, traffic claming 

 Speed reduction from 70 to 50 km/h  

Rome Access restriction for non-catalyst cars  

 Closing of a main road  

Rotterdam New roads 80 Km/h speed limit on a highway 

 

3.3.1 Berlin 

The local measures truck-ban and 30 km/h speed limit were jointly implemented in the demonstration 

area Beusselstraße during the demonstration phase of the project. Prior to the implementation the 

HEAVEN system was used to calculate the likely effects these measures would have on air- and noise 

pollution. These calculation showed that a combined implementation of both measures would reduce 

PM10 by 13,1 % and NO2 by 16,3 % while the noise levels would be reduced by 5,7 dB(A).  

Two city wide long-term scenarios have been assessed by means of the HEAVEN DSS. The first 

scenario had a time horizon of 2005 and assumed that all vehicles would fulfil the Euro III emission 

standards. The second scenario addressed the year 2010 assuming that the entire vehicle fleet meets 

the Euro IV standards. For both scenarios the expected traffic volumes and the expected back ground 

concentrations for the respective year have been calculated. Theses scenarios were then compared to 

the situation in 1998 as a reference case. The analysis of the results shows that the PM10 pollution will 

be reduced by 16 µg/m
3
 as a result of the lower emission and the resulting background pollution. 

However, the PM10 concentration will remain high and will exceed the forthcoming limit values on a high 

number of street segments in Berlin. The Situation for NO2 will be very similar to the one for PM10. In 

certain areas in the inner city the roadside NO2 pollution can be decreased by more than 20 µg/m
3
. 

However, the pollution situation remains critical on certain streets in Berlin.  
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3.3.2 Leicester 

The initial task for the HEAVEN DSS was to support the Leicester Air Quality Review and Assessment, 

which designated several Air Quality Management Areas in December 2000. The Stage 3 identified 

Nitrogen Dioxide and Particulate Matter (PM10) as problem pollutants. Ozone is not covered by the 

current review, although it has also been identified as a problem for Leicester. A selection of Traffic 

Demand Management Strategies included in the Local Transport Plan were analysed. Annual NOx 

Exposure results for winter and summer conditions were analysed for Park & Ride proposals associated 

with the Leicester West Transport Scheme on the A6 Loughborough Road, A50 Glenfield Road and the 

A426 Aylestone Road for inter-authority negotiations and the public consultation process together with 

the A47 Hinckley Road scheme which is now operational. In addition annual NOx exposures using a 

street canyon model for a Par & Ride proposal on the A 5460 Narborough Road Air Quality Management 

Area. All results illustrated a reduction between Winter and Summer, as well as before and after P & R 

scheme. The AVTUNE Sound Noise Emissions model was also deployed on the A5460, identifying 

lower levels after implementation. The 20% speed reduction and No HGV’s scenarios required a revised 

assessment of the traffic flows as a result of the revised criteria. This resulted in peak hour spreading 

together with re-routeing which increased the overall exposure levels. An analysis of Winter and 

Summer data from the HEAVEN DSS and 13 Roadside Pollution Monitors. Output from over 4000 

receptor point annual average calculations was linked to a Geographical Information System to provide 

data for a statistical analysis assessing cohort study children locations throughout the day. 

 

3.3.3 Paris 

The City of Paris has implemented bus lanes which are physically separated from the other lanes in their 

present form during summer 2001. The use of the bus lanes is restricted to public transport, taxis, 

cyclists, police, emergency vehicles and cash transport. In the framework of HEAVEN three concerned 

streets: Rue de Rivoli (a section of 2.25 km, Boulevard de Sébastopol (1.28 km) and Boulevard de 

Strasbourg (0.63 km) have been studied. The study compared data from 3 periods : October 2000 

(before the implementation), October 2001 (just after implementation), October 2002 (one year after 

implementation). Each period was represented by data profiles for an average working day, the average 

day being extracted from the raw data of the first 3 weeks of the respective month. The investigation 

comprised the emissions of CO, NOx, PM10 and CO2 as well as air quality concentrations. 

The results for Rue de Rivoli, Boulevard de Sebastopol and Bouluevard de Strasbourg show that the 

emissions have diminished by amounts between 3 and 19 %. Depending on the street, the pollutant and 

on the period, the emissions thus amplify or attenuate the variation observed in traffic volume. The 

impact on air quality concentration is less pronounced than on the emissions. On the three sites, the 

results show a decrease in the pollutant concentration levels. The decrease is between 4 and 10 % for 

CO, between 2 and 4 % for NOx, and between 1 and 2 % for PM10. The decrease is weaker than for 

emissions, since the background levels are added. 

 

The HEAVEN DSS was also used for evaluating the impact of the car-free day "En ville sans ma voiture" 

of Sunday 22
nd

 of September 2002. On this day, access to six designated areas has been restricted to 

public transport vehicles, taxis, bicycles, low-pollution vehicles (GPL, electrical), vehicles on duty, 

vehicles for handicapped persons, and residents. Speed has been restricted to 30 km/h in these areas. 

The restriction lasted from 9 a.m. to 7 p.m. 

The impact on traffic is characterized, with respect to a normal Sunday, by a diminuition of 6 % of traffic 

within the City of Paris, and a diminution of 63 % in the restricted areas. Speed has increased by 6 % 

within the restricted areas. The most significant shift in traffic composition is given by a share of 4,6 % of 

buses in the restricted areas with respect to 0,9 % on a normal Sunday. 

 

In the time from 9-19 h the emissions of NOx, CO, Particulates, CO2 and VOC have been reduced 

between 47% and 30 % depending on the pollutant. in the restricted area The following table shows the 

variations in emissions. In the total City area an emission reduction between 15 – 10% has been 

observed. For all pollutants, the decrease in emissions is smaller than the decrease in traffic volume, 

due to partial compensation by higher speed and by a higher share of buses. The impact on street level 
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concentrations has been determined by hourly measurements on two sites. They show a decrease by 

up to 60 % during the restriction interval 

 

At the end of HEAVEN project, HEAVEN DSS was also used for evaluated scenarios we called black 

and write such as : 

 - there isn’t any two wheels on Paris, 

 - there isn’t any heavy duty vehicles, 

 - all the vehicles are EURO IV technology, 

 - 20% speed reduction, 

 - there isn’t any traffic. 

The main results are presented in the table above. 

 

O3 (summer) and NO2 (winter) maximum concentrations and relative 
difference (reference case vs scenario) 

  

 Reference 
case 

20 % speed 
reduction 

No heavy 
duty vehicles 

No two 
wheelers 

No 
traffic 

 Euro IV 
legislation 

            

Acute 
winter 
conditions  

307 ug/m3 320 
ug/m3 

4.2% 195 
ug/m3 

-
36.5% 

306.5 
ug/m3 

0.0% 49 
ug/m3 

-
84.0% 

155 
ug/m3 

-
49.5% 

Acute 
summer 
conditions  

250 ug/m3 251 
ug/m3 

0.4% 235 
ug/m3 

-6.0% 230 
ug/m3 

-
8.0% 

187 
ug/m3 

-
25.0% 

211 
ug/m3 

-
15.6% 

 
Since the year 2003, the HEAVEN DSS has been used for many scenario scheme studies such as the 
Ile-de-France protection plan. In fact, according to the French « Clean Air Act », major agglomerations 

and areas with AQ problems have to establish « Air Protection Plans »  (PPA) to achieve the EC AQ 

targets. The aim of this study was to quantify the impact of reduced emissions scenarios.  

 

HEAVEN DSS permits to calculate new emissions based on traffic scenario for 2010 and on ruled 

legislation for other kind of emissions. These new calculated emissions have been injected on air quality 

model. The main results on O3 and NO2 concentrations are presented on the maps below. 
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Figure 4:  Number of exceedences of the target value for O3 for 2010 and 2010 with PPA measures for good 

and bad dispersive meteorological conditions 
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On the previous figure, we can see : 

- a very low impact on the ozone concentrations, because of complexity of the physico-chemical 

phenomena involved in the formation of ozone  

- the impact of PPA on the number of exceedances of the European target value would be a light fall 

on the rural areas (5 – 30 hours)  
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Figure 5: NO2 concentrations estimated for 2010 and 2010 with PPA measures for good and bad dispersive 

meteorological conditions 

 

For NO2 concentration, the effect of PPA is more clear. reduction emissions measures permits to 

decrease concentration in the center of Paris but risk of exceedence of the 40 µg/m3 in 2010 still persist 

near Roissy airport and near traffic axes even for good meteorological conditions. 

 

 

3.3.4 Prague 

Prague Master Plan scenario has a time horizon of 2010 and assumes mayor changes in the Prague 

road layout were finished. The main impact on the distribution of the emission sources has the finished 

city ring road on the western diameter. New residential, shopping and leisure time zones as well as the 

zones for new jobs (office, light industries, etc.) will generate higher traffic demands, of which 

considerable part will be realised by car traffic. The Master Plan traffic solution should lead to rerouting 

of the transit traffic out of the city centre to the twofold ring road system, which consists of main 

‘motorway’ ring road and inner city circle. The latter ring is designed to reduce the inner city transit traffic 

which is now located at the main roads which cross the historical part of the city centre, while the 

motorway ring road should reroute the long-distance frail and individual transport. 

The calculation of the basic layout of the Master Plan provides the base case for any further 

investigations (e.g. the alternative ringroad) as well as reliable data on the emissions for stationary and 

mobile sources.  

The location of the ringroad the north-west of Prague has been subject of political and public discussion 

from the time when the idea of the ringroad appeared. Apart from the track anchored in the approved 

Master Plan document, the second alternative ringroad is being assessed and highlighted by its lobby 
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group. In order to compare the influence of both alternatives on the traffic loads, emissions and 

concentration levels, the calculation of this scenario was done by means of the HEAVAN DSS.  

Calculation of the traffic volumes showed that the difference between traffic loads in the most affected 

inner city road links in both alternatives is not high enough to cause considerable changes in the 

average air quality of the areas. Both alternatives result in minor differences of about 1% for NOx, CO 

and PM10 for the whole city area. But the main difference between the variants is in spatial distribution 

of emission sources, influencing the aspects as exposition of population, etc.  

In order to improve the traffic situation by reduction of congestions and make the overall traffic system 

more understandable for the drivers, the plan called “One-way Smichov” has been introduced in 2001. 

Within HEAVEN the impacts of implementation of the measure were evaluated. The implementation of 

the traffic measures was successful in terms of improvement of the congestions and the smoothness of 

the traffic flow, however, as the total amount of traffic crossing the modelled area remains similar, the 

implementation of the “One-way Smichov” scenario does not have any considerable effect in terms of air 

quality. 

A part of the ring road in the Barrandov district was chosen test the impact of a speed reduction from 70 

down to 50 km/h. Reduction of speed caused rapid decline of the attraction of the road for the drivers 

due to the time looses which resulted by 10%-60% (depending on the part of the road) decrease of the 

traffic loads on the restricted road, which was balanced by redistribution of the reduced traffic to the 

other part of the network. Evaluation of emissions for the restricted road segment showed that reduction 

between 10 and 18% depending on the pollutant are estimated.  

 

3.3.5 Rome 

In recent years the Municipality of Rome introduced a number of measures aimed at reducing air 

pollution and traffic through the restriction of the circulation of private vehicles. A recent measure is the 

ban of the most polluting vehicles into the historic city centre (the so called Internal Rail Ring) To 

evaluate the benefits related to the implementation of this access restriction to the demonstration area it 

has been decided to simulate a scenario assuming an 100% catalyzed fleet. Moreover, this is 

representative of the current situation because this kind of restriction has been imposed to the city “ring 

road” since January 2003. Thanks to HEAVEN it is now possible to evaluate the environmental effects of 

this measure in deeper detail. 

This analysis aims to describe the importance of having a DSS system able to evaluate real air pollution 

reduction on the network related to the implementation of a specific TDMS. In fact, the system allow to 

evaluate the real benefit related to the adoption of this access restriction policy assuming to carry out the 

comparison with the same demand, the same network configuration and the same meteo conditions. 

The analysis of the “before” and “after” scenario shows that imposing restriction on the fleet (assuming 

all vehicles as catalyzed) will impact positively on air pollution: in fact, a reduction of all the pollutant 

concentration has been evaluated: -35,5% for CO, -62,6% C6H6 and – 50,7% for PM10.  

Via Nomentana is a main traffic arteria located in the east side of the demonstration area. This street 

represents one of the main city road connecting the centre with many suburban small towns and it is 

characterized, especially during peak hours, by an high level of congestion. The closure of Via 

Nomentana of this road has been selected to evaluate how a specific action on the traffic network will 

impact on traffic and pollution in the short term. The evaluation of the environmental impact of this 

measure takes the whole area into account and is not limited on Via Nomentana only.  

The analysis focuses on CO, C6H6 and PM10 emissions and air quality concentrations and covers the 

whole area. In both cases the comparison shows that closing Via Nomentana will impact negatively on 

air pollution: in fact, an increase of all pollutant concentration in the area has been evaluated: + 28,9% 

for CO, + 49,3% C6H6 and + 18,7% for PM10. In the following tables results in terms of emissions and 

concentrations is reported. This is because it was assumed that the traffic in the area will be 

redistributed. Due to congestions higher emissions will occur for the entire area. 

 

3.3.6 Rotterdam 

A long term measure to solve air quality problems in the Overschie area could be the construction of 

additional roads providing a connection between two highways (A16 – A13) and the extension of 
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another one (A4). To extend the highway A4 to Schiedam would reduce the traffic on the A13 from 

roughly 150.000 vehicles/day to 90.000 vehicles/day. Linking A16 to the A13 north of the main 

residential areas and north of Rotterdam Airport would reduce traffic on the inner-city parts of the 

highways (A20 and A13). Construction of both roads would largely eliminate heavy-duty traffic on the 

A13 where it passes the Overschie area. For the scenarios as they have been calculated in the 

framework of HEAVEN a simple approach was adopted with a stepwise reduction of traffic densities 

from 150 to 90 and to 75 thousand vehicles. Results have shown that emissions of NO2 and Benzene 

would be reduced between 20 and 60 % while PM would se very low reduction only.  

Preliminary results of the test with an environmentally induced speed limit (from 100 to 80 km/h) in the 

Overschie demonstration area shows a significant impact. During weekdays it is estimated that the NOx 

concentration in the study period is decrease by 14 %. The results correspond well to the modelled 

predictions. 

3.4 Contribution to Community social objectives 

The high level objectives of HEAVEN to reduce traffic related air and noise pollution and to inform key 

actors and the public ensured that the project contributed considerably to the following community social 

objectives:  

� Improving the quality of life and health; 

� Protecting the natural environment; 

� Promote public participation and consultation; 

� Ensure the accessibility to information. 

   

Sustainable urban development and quality of life 

On the basis of the decision support systems developed in the HEAVEN project, regions and cities will 

improve their possibilities to implement short-term TDMS, which respond immediately to high 

concentrations of air pollution at “hot spots”.  

The project therefore identifies solutions to high levels of pollution; it identifies when short-term changes 

to reduce hot situations will be effective or identifies when more long-term solutions are required. 

Moreover, cities will use the decision support system as a tool for planning environmentally friendly 

transport management strategies for the whole city. 

The realisation of environmentally friendly TDMS, which reduce car traffic and thus the level of pollution, 

contributes significantly to a healthier and more environmentally friendly life in urban areas. A lower 

density of car traffic in certain areas will lead also to an upgrading of public spaces and therefore to a 

more socially friendly environment.  

 

Decrease health risks through information services  

The transport activities in urban agglomerations have adverse effects on the environment and on health, 

i.e. through air pollution and noise. Research on the reduction of vehicle related environmental burden 

as well as on the health impacts is essential for a sustainable development. Dealing with health impacts 

will ensure that both the health and environmental impacts are considered, along with the objectives of 

environmental improvement and economic development. 
HEAVEN provides near real-time information on air quality and noise in order to validate the health 
effects of air pollution. The efforts of HEAVEN are a first step towards building on-line information 
services on the exposure of health damaging pollutants at “hot spots” at a certain time and about the 
measures to be taken. The provision of data on potential health effects of traffic related pollutants allow 
health organisations to introduce near real-time information services to the public and to especially 
affected or sensitive population groups (i.e. asthmatics). By means of these information services, health 
authorities can warn the public of potential hazardous concentrations of air pollution and give 
recommendations of how people should respond in critical situations of high concentrations of pollutants. 
Consequently, improved data on health effects of traffic related air pollution can reduce the risk of the 
detrimental effects on health caused by high emission levels.  
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High quality information to the public and to professional users 

HEAVEN improved the data quality concerning existing air and noise pollution. A clear social benefit of 
the project can be seen in its support to making environmental data available to the public, media and 
authorities by finding new ways of data presentation through visualisation and interactive use. HEAVEN 
developed new solutions so that the huge amounts of environmental data can be used in the most 
efficient way and that essential information can be presented in an operable manner. As a result 
HEAVEN demonstrated possibilities of how the increasing demand of citizens to obtain access to high 
quality and up-to-date information on the status of the environment can be met.  

Enhanced public consultation and participation 

HEAVEN assists to the improvement of the overall relationship between citizens and public authorities, 
since this information policy allows the establishment of wider consultation processes and improves the 
transparency of decision-making processes. 

Within the HEAVEN project the demonstration of environment-oriented TDMS were accompanied by 
awareness raising campaigns. In order to raise the public acceptance of TDMS in general but also for 
specific user groups that might fear mobility restriction, the TDMS that have been demonstrated and 
their results have been discussed with the public and the affected user groups. Thus HEAVEN provided 
innovative solutions for public consultation and participation in transport policies, allowing individuals to 
see how their mode choice can impact the environment.  

Support decision-making processes for political action 

The availability of real-time data on environmental pollution means that public authorities will obtain 
support for facilitating the decision making-process for political action to reduce pollution. The project 
developed methodologies of how real-time traffic and environmental data can be used as a decision 
support for implementing different strategies of Transport Demand Management. This means that the 
effects of urban traffic as well as the effects of certain TDMS on health and the environment have been 
made more obvious not only to the planning authorities, but also to the public. Decision-makers are now 
more obliged to look at factual information when discussing different policy strategies and therefore the 
whole decision-making process became more transparent.  

Improved institutional co-operation 

The task to reduce traffic related environmental stress requires co-operation of the local and regional 

traffic and environment administrations. In all cities the environment and traffic administrations have 

closely co-operated in order to implement and validate environmentally friendly traffic management 

measures. This is an essential step towards the reduction of traffic-related pollution and supports the 

EU-directives to improve ambient air quality. The cities involved in HEAVEN were committed to the 

project objectives and the necessary work to be done in order to meet these objectives. The project 

actively stimulated the co-operation between the different administrations. The set up and review of air 

quality management plans in the light of local transport plans facilitated the co-operation especially 

between those who are responsible for traffic and environment. In addition consultation and co-operation 

took place with the local health authorities as part of the health database implementation. 
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3.5 Technical Roll-Out of HEAVEN components 

Through the development of the HEAVEN DSS concept and the implementation of the local DSSs, 

HEAVEN has produced a valuable set of results that constitute “tools” to support the transferring 

initiatives. 
 

The HEAVEN DSS Concept and Demonstrators 

The main tool is the HEAVEN DSS by itself, which is conceived to support the decision making 

processes by 

• facilitating the evaluation of the impact of the transport demand management 
strategies on traffic and environment, 

• integrating traffic and environment legacy systems, 

• and enabling near real time air quality, traffic and information management.  

The HEAVEN DSS Demonstrators are implementation of the DSS concept, developed according to 

specifications and solutions that depend on the characteristics and peculiarities of the Project sites.  

Such system concept allows partial or complete transfer to other application sites. 
 

The HEAVEN DSS Reference Architecture 

The HEAVEN DSS reference architecture has been designed starting from a deep analysis of user 

needs and technical requirements, and taking into account modularity and transferability issues. It is 

provided with open interfaces that offer flexibility and facilitate the integration with existing systems and 

models as well as further enhancements. 

 
New and enhanced Traffic and Environmental Models 

The implementation of the HEAVEN DSS concept in the sites has been conducted according to local 
needs and constraints. In particular in some sites existing traffic and environmental models have 
been adopted, in others new models have been acquired. In general the models have been enhanced 
and adapted to work on the basis of near real traffic, meteorological and environmental data. 

In general the environmental models adopted in the sites are different although provided with some 

common key features: 

• based on real time traffic data and meteorological information 

• provided with forecast capability 

• capable of background updating 

• featured with statistical post processing. 

As far as the traffic modelling is concerned, all the sites adopted models for Origin and Destination 

(O/D) matrix estimation and traffic assignment in the urban areas (in two sites traffic has been modelled 

in regional areas as well), the models are able to take into account local area closures and capacity 

restrictions, and the modelled data are on a hourly basis. 
 

 

Model Integration and Operation Schemes 

The implementation of the HEAVEN DSS concept in the demonstration sites led to different schemes for 

on-line and off-line integration and operation of traffic, air quality and noise models. 
The complexity of these schemes depends on the characteristics of the systems and models involved. 
The higher level of complexity has been achieved in Leicester where country wide, regional, city and 
local models operate for on-line and off-line applications.  
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Software Developments 

The implementation of the different demonstrators led also to site specific software developments. Some 

important development has been done taking care of future possible portability to new realities. This is 

the case of:Interfaces to legacy systems: 
In all the sites the HEAVEN DSS interaction with existing and new traffic monitoring and 
control systems, air quality, noise and meteorological monitoring systems, and with forecast 
models required the implementation of specific software interfaces. 
As a result, a significant set on interfaces have been developed that are ready to be ported 
because they are flexible to accommodate: 

• More and complementary data sources 

• On-line and off-line data 

• Different data accuracies and data bases 

Operator Interfaces based on common features: 

User friendly Operator Interfaces have been developed in the different sites according to a common 

concept: to develop a tool able not only to represent by nice diagrams the system outcomes, but also to 

support system management, on-line and off-line results analysis, TDMS definition and evaluation, 

scenarios definition, etc 

 

Information Platform and solution to interact with Citizens and Authorities: 

According to the site characteristics, the interaction of the HEAVEN DSS with citizens and Authorities 

has been implemented by specific media and solutions, in support of the concepts agreed in the Aarhus 

Convention 

 

Validated Scenarios and TDMS 

Demonstration in the sites is leading to the evaluation and assessment of different TDMS according to: 

• Sound traffic, environment and meteorological scenarios 

• Common criteria (impacts on traffic, air quality and noise) 

The TDMS being evaluated imply actions that all the sites are interested in: 

• Speed reduction 

• Traffic circulation restrictions 

• Area closures 

The set of validated scenarios is forming an important background knowledge to be used in new sites.  
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4 TRANSFERIBILITY   

4.1 Paris experience into HEAVEN  and recent developments  

4.1.1 Implementation of HEAVEN DSS in Paris 

In this chapter a technical description of the HEAVEN applications in Paris is given. In the first 
section the demonstration area is described, while in the second one the institutional and technical 
dependencies are analyzed. Finally, a description of the applications and their implementation time 
schedule is given. 

 

4.1.2 The demonstration area  

The demonstration area will comprise the whole Ile-de-France region. Main characteristics of this 
area are provided below. 
 

4.1.2.1 Physical characteristics and demography : 

 
The Ile-de-France region lies in the centre of the so-called Paris basin. It is a flat region with 
isolated hills. Paris, the capital of France, lies on the river Seine at an average of 62m above sea 
level. The geographical location of central Paris : 

• Longitude: 2° 20' E  

• Latitude: 48° 51' N  

 

The administrative Region of "Ile-de-France" covers an area of 12,073 km
2
 and has a population of 

about 11.07 million inhabitants (source : INSEE 1997). It contains about one fourth of the total 

population of France and represents about 29 % of the Gross Domestic Product and 22.5 % of the 

employment with about 5 millions employees. The city of Paris occupies 105 km
2
 and has a 

population of about 2.13 million inhabitants. The following figure shows the population density for 

the Ile-de-France region. 

 

Figure 6:  Population density 

 

Inhabitants / ha 
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4.1.2.2 Current transport situation 

The shift of population towards the outer suburbs is accompanied by an increase of 2% per year of 

road traffic and by a modal shift from public transport and pedestrian trips to car trips (presently 45 

% of trips are made by car). An extrapolation of current trends to 2015 results in an increase of 55 

% of the volume of traveller * km, 2/3 of them made by car. The main reasons for these trends 

include the ability to use the public transport network for trips from suburb to suburb, and the 

increasing number of trips other than between work and home. Also, the development of transport 

infrastructures and traffic management has led to an increase in the average speeds of motorised 

trips, and hence of their scope. Concerning public transport, frequently named problems are 

insufficient quality of service, multiple institutional responsibilities, and pricing systems adverse to 

inter modality. Goods transport is increasing and is mostly performed by road. 

From 1999 statistics, while there is only 0.79 million registered vehicles in the city of Paris, the 

entire Region of Ile-de-France contains 5.43 million registered vehicles. The total traffic volume is 

about 85.4 million vehicle x km/day in Ile-de-France region. The traffic trend in Paris is stable from 

1990 but the highways around Paris and the main roads support the grows of the traffic evolution. 

The composition of the running fleet has been estimated for the year 1998 : 71.1 % private cars, 

17.7 % light utilities, 7.7 % heavy duty vehicles (including buses) and 4.5% two wheelers. The large 

private car fleet can be broken up as follows :  

• 50.4% diesel  

• 26.6% non catalysed gasoline 

• 23% catalysed gasoline 

 

The Ile-de-France Region counts 45 000 km of primary roads in which 630 km are motorways. For 

comparison, underground represents 200 km and express trains network 487 km. 
 

The existing traffic monitoring networks cover a large part of the main road network. It uses 
inductive loops. 

Network Operator Coverage Inductive loops 

Urban road network City of Paris 200 km 2000 

Regional main roads and highways DREIF/SIER 650 km 2500 

 

The data are centralised in real-time by the respective traffic control centres. They are used for 
traffic management, for driver information by VMS, and for travel information services by the 
operators themselves (SIER) or by other travel and traffic information service providers. 

 

4.1.2.3 Meteorological conditions 
 
The Ile-de-France region benefits from a mild climate that is favourable to the dispersion of 
pollutants with the relatively flat topography making the climatic conditions over the entire Ile-de-
France Region quite homogeneous. Nevertheless, sunny periods with anticyclones and low wind 
speed combined with important thermal inversion conditions can limit the dispersion process and 
lead to pollution episodes (around 20 days per year in average). Some climatic indicators of Paris 
calculated over 30 years are given below: 

Temperature range: 2.5°C (av. Winter min.) to 23.7°C (av. Summer max.) 

Average yearly rainfall: 642 mm with 112 rain days / year 

METEO-France handles around 20 meteorological stations in the Ile-de-France region  
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Figure 7:  meteorological sites in the Ile-de-France region 
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4.1.2.4 Air quality network: 

 

To monitor air quality, AIRPARIF handles 46 air quality measurement stations in the year 2005. 

This network comprises a total of 116 automatic analysers and many measurement using diffused 

samplers. 

 

Figure 8: monitoring network in Paris and surrounding departments  
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Figure 9: monitoring network in the others department of Ile-de-France region 

)

:

:

:

)

:

)

)

)

:

!

!

!

!

!

!

!

!

ESSONNE

SEINE-ET-MARNE

VAL-D'OISE

YVELINES

Zone rurale Sud-Est - Forêt de FONTAINEBLEAU

Zone rurale Sud-Ouest - Forêt de RAMBOUILLET

VERSAILLES

Zone rurale Sud - BOIS-HERPIN

LES ULIS EVRY

MONTGERON

LOGNES

Zone rurale Est - SAINTS

MELUN

GONESSE Zone rurale Nord-Est - MONTGE-EN-GOELE

Zone rurale Nord - SAINT-MARTIN-DU-TERTRE

ARGENTEUIL

CERGY-PONTOISE

Zone rurale Nord-Ouest - FREMAINVILLE

MANTES-LA-JOLIE

Zone rurale Ouest - PRUNAY-LE-TEMPLE

Typologie des stations de mesure

)

:

!

Station urbaine

Station périurbaine

Station rurale régionale

 
   

 

Over the last 10 years in Ile-de-France region, levels for SO2, lead and black smoke have declined 

to levels that are consistent with European guidelines. The same cannot be said for ozone and for 

the ozone precursors like NOx and Benzene whose levels have not decreased significantly and 

remain the subject of particularly intense monitoring. In the past years, NO2 has been the pollutant 

which has provoked the entry of temporary emission reduction measures. Besides the 

concentration maximum, the annual average concentrations of NO2 is superior to the legal quality 

objective in some parts of the agglomeration. 
The ozone concentrations have repeatedly exceeded the threshold of 120 µg/m

3
 for the mean eight 

hours  in the past years especially during the hot year 2003. The highest ozone peaks are recorded 
in the rural zones of the region. The ozone pollution peaks are accompanied by relatively high 
average concentrations. 
Two further points of concern are the benzene concentration, which are more than twice as high as 
the legal quality objective and the particles. The legal limits relying on black-smoke measures are 
respected, but high concentrations of fine particles (PM10 and PM2.5) are observed in the vicinity 
of road traffic. 
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4.1.2.5  Emissions in Ile-de-France area 

 

Figure 10: Contribution of different sources to Ile-de-France emissions for the year  2000 
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The road transport appears as the dominating sector for the emissions of carbon monoxyde (CO), 
nitrogen oxides (NOx) and particles (PM10), with respective rates of 76,9 % (CO), 52,2 % ( NOx) 
and 36,2 % (PM10). It counts for VOC emissions with a contribution equivalent to that of the sector 
industry at about 30%. Industrial activities which emit VOC are : the use of solvents, paintings, 
glues by companies and domestic manners . 
 
For emissions of carbon dioxide ( CO2), it is the sector of the residential heater, the companies and 
the businesses that prevail with a contribution of about 39 %, transport occurring in the second 
position at the level of 29 %. 
 
For SO2, the emissions are widely dominated by the combustions of the branch of industry (in 55 
%, exits for 3/4 of the centres of production of energy) and also result from residential, commercial 
combustions and from companies (in 35 %) for the heater and the consumption of energy. 
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Figure 11:  NOx emissions in t/km2/year 

 

The NOx emissions map shows that the emissions are mainly concentrated in the dense urban 
area of the Ile-de-France region and on main urban traffic axes. This is in agreement with the fact 
that NOx emissions are mainly due by traffic (52%) and residential sector. 

 

4.1.2.6 Demonstration areas : model domains 
 
The demonstration area for the NO2 and O3 background pollution modelling is a domain of 180 x 
180 km2 containing the whole Ile-de-France region with a grid resolution of 6 km. More detailed 
information (zoom) is also available on a domain of 90 x 90 km2 containing the dense urban area 
(“agglomeration parisienne”), with a grid resolution of 3 km  (shown in figure below). 
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Figure 12: Back ground model domains  

 
 

 

The demonstration area for the CO, NOx, C6H6, Particulate Matter street level pollution modelling 
is the whole Ile-de-France main road network for the annual and  hourly traffic evaluation (see the 
graphic above).  
 

Figure 13:  Street level model domain 
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4.1.3 Institutional and technical dependencies of HEAVEN DSS 

4.1.3.1 The air monitoring system 

 

The French Air quality and rational use of energy Act 1996 stipulates that the French government is 

responsible for monitoring the quality of ambient air and its effects on the health and the 

environment in co operation with the local authorities. This law defines different dispositions in 

order to first get a better understanding and knowing of the air quality in France and then to 

improve it. Among these measures, one can quote:  

� knowledge reductions of the vehicles emissions of pollutants through the fuels 

improvement and the development of cleaner vehicles, 

� city planning actions aimed at reducing the pollutant emissions such as air protection plan 

which has been test using HEAVEN DSS system, 

� information of the population in case of pollution episodes (even traffic reduction in certain 

circumstances). 

Under the Air Act 1996, the French air quality monitoring system is mainly implemented throughout 

the following organisations and institutions : 

 

� The ministry for national and regional development and environment is responsible for drawing 

up regulations and monitoring policy such as the definition of : 

� the national air quality monitoring plan, 

� the conditions to be fulfil to display air quality information, 

� the conditions for the measurements and the networks in charge of these measurements. 

 

� The ADEME (Agency for the Environment and Energy resources) is a governmental 

organisation which deals with various environmental issues. It is also involved in air quality 

prevention. In this area, it has an intermediary position between the government and the local 

air quality monitoring networks. Indeed, it coordinates the actions and the development of 

those network through :  

� funding for the acquisition of new measurements devices, 

� the definition of measurement protocols, 

� the management of the national air quality database. 

 

� Monitoring and data processing are performed by the air quality monitoring associations which 

have to be approved by the government. All of them are non profit structures. As part of these 

structures, AIRPARIF is  responsible for monitoring air quality in the Ile de France area. Its 

missions are then to: 

� inform the authorities and citizens, 

� understand pollution phenomena, 

� forecast pollution episodes, 

� evaluate the impact of restriction measures. 

 

� The LCSQA (Central Laboratory for Air Quality) is responsible for providing technical 

assistance and support to the air quality monitoring networks. 

 

 



 

 

Transferring a traffic environment model chain to an European Region                                                          pag.36 

4.1.3.2 The traffic monitoring system 

 

The Ile de France area has a long term experience in traffic monitoring and has currently 

sophisticated systems for this purpose. Three systems monitor traffic in the Ile de France area : 

 

- the first one, in place since 1975, is operated by the City of Paris. This system contains 

188 measuring points along 35 km on Boulevard Périphérique, a complete ring road 

around Paris. 

- the second one, in place since 1980, is also operated by the City of Paris. This system 

monitors 170 km of the main road network inside the city of Paris (i.e. more than 2000 

points of measurement on 1200 crossings). 

- the last one is operated by the regional traffic department (DREIF/SIER). It covers 650 km 

of the main roads and highways of the remaining part of the Ile de France area (i.e. 2500 

points of measurement). 

 

4.1.4 Technical Roll-Out of HEAVEN components 

Paris HEAVEN system is constituted of many modules : interface, traffic modeling and emission 
modeling modules which take part of three main processes : data collection, input processing and 
modeling, information and dissemination of the results. A brief description of each modules is made 
here ; an explicit description having been done earlier in the D6.1. 

Figure 14:  Description of heaven DSS 
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4.1.4.1 Interface to air quality data sources 

 

The HEAVEN DSS is connected to the air quality database of Airparif using the local area network 

by the way of SQL requests. It acquires hourly air quality observed data of NO, NO2, O3, SO2 

corresponding to background monitoring sites and observed data of CO, NO, NO2, PM10, SO2, 
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C6H6 corresponding to traffic sites for the previous hours. The connections will be achieved 3 times 

per day. 

 

 

4.1.4.2 Interface to meteorological data sources (Météo-France) 

 

The HEAVEN DSS is interfacing with two different servers from the French Meteorological Office 

(Météo-France). 

From the first server (ftp.meteo.fr), the HEAVEN DSS acquires hourly meteorological observations 

for the previous day coming from some twenty monitoring sites located in Ile-de-France region. 

This acquisition is achieved every day at 11.15 a.m. (local time) using a ftp protocol. 

From the second server (SIRIUS1), the HEAVEN DSS acquires meteorological forecasts coming 

from the ARPEGE model. The connection is achieved three times a day by using a ftp protocol.  

 

4.1.4.3 Static data providers 

 

The HEAVEN DSS also uses static data provided by : 

 

- IGN :  topographical data 

- IFEN and IAURIF : land-use data 

- INSEE : social and economical statistics 

- IAURIF : streets typologies (“canyon”, “open”…) 

- EEA : MEET / Copert III methodology 

- INRETS/ADEME : national fleet data 

- DRIRE : annual emissions for industrial sources 

- ADP : annual emissions for aircraft traffic (below 900 m) 

 

4.1.4.4 Traffic observed data in Ile de France 

Ile de France traffic data (SIER) originate from two different systems named SIREDO and SIRIUS. 

SIRIUS and SIREDO are concentrated on a different MI2 node of the Ministry of Transport, and 

made available to Airparif through the national traffic information access node located at CETE 

Bordeaux. The MI2 node provides traffic flows, occupancy rates and speeds measured by 

electromagnetic sensors on the highway and national road network of the Paris region (144 

selected inductive loop). The update frequency is 6 minutes. 

 

4.1.4.5 Traffic observed data in Paris 

Paris centre traffic data originate from the information SGI server. Dedicated wires were installed 

between Airparif and City of Paris TCC for the traffic data acquisition. On line traffic data from 172 

selected inductive loops are then continuously sent to Airparif for near real-time traffic modeling. 

 

4.1.5 DSS database and system 

Air quality data, meteorological data, traffic data are stored in an oracle database 

 

4.1.5.1 The traffic modeling module 

The traffic modeling module is a new and innovative development that is specifically realised in the 

HEAVEN project. The module simulates a traffic status on an extended network. 

 

• The simulated traffic status consists of a traffic assignment from an origin/destination matrix 

that is as close as possible to the typical O/D matrix for the type and time of day in question 

(see figure above) for reference matrix assignments database). 

• The simulated traffic status reproduces, as closely as possible, a sample of pinpoint 

measurements of the real traffic status. 
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Figure 15:  Construction of traffic reference assignments database 
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The module takes as input : 

 - the traffic flows at 316 points obtained each hour through the interfaces to SIER and City of Paris 

 - the description of the road network (39945 oriented links) 

 - 258 traffic assignment matrices. 

 

The module produces a traffic assignment matrix that indicates traffic flow, speed and cold-vehicle 

percentage for 39945 oriented links of the road network of the Ile-de-France region. The simulation 

runs each hour, starting from the measurements taken during the recent hour and the typical O/D 

matrix corresponding to that hour (see figure above). It lasts about 20 minutes. 

Figure 16: Traffic modeling 
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4.1.5.2 The emissions modeling module 

 

This module provides pollutants emissions for the Ile-de-France and surrounding area. Emissions 

are calculated each hour, with a linear resolution for the traffic and spatial resolution of 1 kilometer 

square for total emissions. Following substances : carbon monoxide (CO), sulphur dioxide (SO2), 

nitrogen oxide (NOx), non-methane volatile organic compounds (NMVOC), carbon dioxide (CO2) 

and methane (CH4) are concerned. 

This module covers three main sub-modules : 

- traffic related emissions modeling module: This module is devoted to the calculation of the 

linear and grid square traffic emissions based on the Traffic Modeling Module outputs 

(traffic flow and speed for example), the fleet distribution and the emission factors, 

- other sources emission modeling module: This module is devoted to the calculation of the 

other sources emissions (industries, airports, diffuse sources like domestic heating or 

biogenic emissions. 

- merging module: This module is devoted to assemble both emissions. 

 

 

4.1.5.3 The background pollution modeling module 
 

Regional background dispersion modelling and forecast are provide by an operational system 

called “pollux”. It is based on the deterministic chemistry-transport model “Chimere”. Chemical 

mechanism describes the chemical behaviour of about 80 gaseous species, through almost  200 

reactions. The hydrocarbon degradation scheme is very similar to the EMEP gas phase chemical 

mechanism. 

 

Figure 17: Background concentrations  modeling system 
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The system is designed to be as simple as possible in order to fit the real-time constraints, i.e. it 

delivers O3 and NO2 quasi real-time evaluations every three hours and O3 and NO2 forecasts in 
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the early morning up to two days ahead. In order to satisfy this constraint, a major simplification is 

made. This simplification is based on the geographical character of the Paris area that allows us to 

assume that the meteorological variables can reasonably be represented by a large-scale 

meteorological model. This enables the use of operational forecasts issued in the main weather 

forecasting centers. We use here the ARPEGE weather forecasts from Météo-France. 

The background pollution imported into the model domain is coming from a set of back trajectories 

(called the back plume). For quasi real-time evaluation purpose, the system uses to modelised the 

day D concentrations, estimated emissions calculated on the basis of the traffic observations for 

the day D-1. It uses matrix evaluations for the day D, the D+A and D+2 forecasts.  

Using the emissions coming from HEAVEN DSS, meteorological variables and lateral boundary 

conditions, the chemistry-transport model CHIMERE calculates the concentrations fields of O3 and 

NO2 on a 6km x  6km grid over a domain of 180km x 180km and on a 3km x 3km grid over a 

smaller domain which covers Paris and surrounding departments (90km *90 km) for NO2  

The execution time of the process is about one hour on an IBM RS6000 platform. The outputs will 

be delivered in the form of graphics and tables to the DSS information platform, every 3 hours. In 

fact, we modify modelised concentration for the day D using assimilation process based on 

concentration observed over the 3 previous hours.  

 

4.1.5.4 The street level pollution modeling module 

Evaluation of air quality for each link of the whole reference network is already annually made at 

AIRPARIF by using the “Street” V.4 software. The objectives in framework of the Heaven project 

are : 

- to be able to evaluate air quality for each link of the whole reference network using a 

simplified version of the Street model V.4, 

- to be able to go down from an annual evaluation to a hourly evaluation based on the near 

real-time traffic, meteorological and background concentration data. For this second point, 

different approaches have been under investigations during HEAVEN project. 

 

Airparif doesn’t manage to describe hourly street NO2 and benzene concentrations using STREET 

V.4 software but, under the HEAVEN DSS development, uses other packages which permit to 

access hourly street concentrations. 

 

4.1.6 Information platform 

Information on near real time traffic flow, emissions data, proximity and background air pollution are 

put on AIRPARIF internet web site. For traffic and emission data, historical data are also provided 

on internet web site.  
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Figure 18:  Traffic information  

 
 

Figure 19: Emissions information 

 


