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Summary 

Introduction 
In 2002, the international WERD (Western Europe Road Directors) organisation, subgroup Road 
Research agreed on the start of an international air quality platform for road directors. This seemed 
quite useful as national road directors within Europe faced the same problems regarding the 
feasability to meet the European air quality directives for 2005 (concerning Particulate matter) and 
2010 (concerning NO2). The Dutch Road and Hydraulic Engineering Division (DWW) agreed to 
take the lead in the organisation of this process. The platform consists for the moment of nine 
active member states. For future projects, national road directors of EU countries, which have not 
participated so far in the air quality group, are welcomed to join the group. 
 
This report is the first joint product of the air quality platform, with contributions from Austria, 
France, Germany, The Netherlands, Norway, Sweden and the United Kingdom. The main goal of 
the report is to combine national experiences with measures to improve the air quality near 
highways. This report does certainly not claim to address every known measure, but hopes to give 
an overview of some national efforts and experiments to improve the local air quality. For the 
purpose of this report, it was decided to describe not only effective air quality measures, but also 
the ones that were found not to work at all. 
 
The participating organisations to the CEDR air quality group made their own choice in the topics 
to be described. Each organisation stays responsible for the content and quality of their 
contribution. Each contributor was asked to describe one measure extensively (more than 5 pages) 
with a reader in mind who is not familiar with the local or national situation. Next to the long 
contributions, contributors could voluntarily describe one or more other measures shortly in order 
to possibly inspire readers. The respective concept chapters were peer-reviewed within the group.  
 
In 2004, the umbrella organisation of the WERD group is extended with the inclusion of Eastern 
European countries into the EU. Hence, the name of the group is adapted to the new situation into 
CEDR (Conference of European Directors of Roads) as CEDR air quality group. 
 
 

The Austrian Ecopoint system 
Primarily as a result of the growth of freight transport on roads, problems linked to alpine transit 
routes have increased during the last two decades. Those regions are for various reasons very 
sensitive to pollution. The mostly effected region is the Brenner route, where 80% of all transit 
traffic through Austria passes.  
 
In addition to noise, emissions of nitrogen oxides (NOx) have become a major concern. Although a 
number of technical improvements in vehicle technology have been made, NOx emissions from 
heavy-duty vehicles have not been reduced enough to compensate for the increased number of 
vehicles. Therefore the negative impacts on the environment continue to increase, although it was 
assumed that technical improvements would also bring environmental improvements. 
 
For this reason the Austrian Ecopoint regulation was set in 1993 with the target of reducing NOx 
emissions to 60% of the 1992 value within the next ten years.  
 
This report shows the time trend of NOx levels in the Brenner region, the influences of the 
Ecopoint system had on that situation and the effects of transit traffic that can be seen in this area. 
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It also shows that the target of 60% NOx emissions reduction have not been reached in the last 10 
Years. 
 
 

The Swedish Environmental zones 
An assessment is presented of the effects on emissions and air quality of the environmental zone in 
Stockholm. In the environmental zone heavy-duty trucks and busses (>3.5 tonnes) travelling in the 
zones must generally not be more than 8 years old. The assessment is based on an emission model 
and a dispersion model.  
 
The measure is estimated to reduce NOx emissions with about 10% compared to the emissions 
without the zone. The corresponding reduction of the total NOx concentrations is estimated to be 
0.5% to 2% of the total NOx levels. For particulate matter the heavy-duty vehicle emissions have 
been reduced by 40% due to the implementation of the environmental zone. The reduction of the 
ambient concentrations determined as PM0.2 (mass of particles with a diameter less than 0.2 µm) is 
estimated to be between 0.5% and 9% in the area. 
 
 

The Dutch Speed limit reduction with a trajectory-control system 
A speed limit of 80 km/hr was introduced on a three km stretch of highway A13 as a measure to 
decrease air pollution and noise contribution caused by this highway to its near surrounding. This 
part of the A13 is used by about 140 000 vehicles per day. Speed limits were enforced by an 
automatic trajectory speed limit control system, about 1 % of the vehicles violates the speed limit 
and receives a fine. The assessment of air quality before and after introduction of the measure was 
based upon a combination of measurements and modelling.  
 
Continuous monitoring of NO, NO2 and PM10 by active measurements was performed at three 
different locations in Overschie, measurements before 2002 were used to have a 
zero-measurement of the air quality near the highway.  
 
An hour-to-hour line-source model was applied to compute the contribution of traffic emissions at 
the A13 to the air quality in the area Overschie. 
 
The enforced speed limit is effective in reducing the fluctuations in traffic speed on the highway 
A13 right across the area Overschie. The measure is estimated to reduce the average emission per 
vehicle, by 15-25% for NOx  and by 25-35% for PM10. 
 
 

The English Variable Speed Limit Project 
Variable Speed Limits (VSL) have been implemented in the UK on the busiest section of the 
London Orbital Motorway (M25) which carried about 180,000 AADT during the study.  It was 
hoped that flow breakdown resulting in stop/start driving would be reduced.  It was also hoped 
that this smoother driving style with fewer periods of heavy acceleration and deceleration, would 
result in lower emissions.  Two studies examined the impact of VSL between Junctions 12 and 15 
on vehicle emissions.  The first used an instrumented vehicle to measure the vehicle’s performance 
on a second by second basis during peak hours whilst the second used a traffic model to simulate 
each vehicle’s movements.  Both sets of data were then entered into the MODEM emissions factor 
database for light duty vehicles to estimate the emissions.  
 
The studies have found that VSL schemes can marginally reduce total emissions of CO2, CO, HC 
and PM compared with the scenario of no scheme being in place.  However, these reductions are 
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restricted to instances where the VSL is effective at controlling speeds and smoothing the flow of 
traffic.  Beyond, this, especially when traffic flows are high, breakdown in traffic flow prevents the 
VSL from controlling speeds.  However, if lower speed limits are introduced well before congestion 
starts, they could be more effective in reducing emissions of NOx and PM10 as this would result in a 
speed decrease. 
 

The German Monitoring project on noise wall 
The exploration of the influence of a noise protection wall on the air quality nearby a motorway in 
North Rhine-Westphalia / Germany showed a reduction up to 5% for NO2 and up to 20% for NO 
at a distance of approx. 200m. 
 

The French Town and village bypass project 
In France, the evaluation of air quality improvement due to the construction of a by-pass project is 
made through modelling during Environmental Impact Assessment. 
 
Starting with a spatialized air quality initial state (in-situ measurements and modelling), the 
evolution is modelled according to two scenarios : air quality if the project is not built and if it is 
built. The net theoretical impact of the project on air quality is computed by substracting the 
resulting air quality scenarios ("with bypass" – "without"). 
 
What we observed, is that the efficiency of by-pass in relieving pollution by reducing congestion in 
downtowns is limited. When the by-pass is constructed in an already urbanised suburb the 
improvement of air quality is due to a reduction of pollution peaks in the downtown. But at the 
same time, air quality is degraded and pollution peaks increases in the urbanised suburb. 
 
When the by-pass is constructed in a rural suburb, the improvement may be more evident. In a 
general way, technical automotive improvements are more likely result in improvement of air 
quality than the by-pass itself. To our knowledge, feedback studies (measurements) on the real 
efficiency of a by-pass on air quality has never been made in France. 
 
 

The Norwegian Environmental impacts of traffic diversion measures in Oslo  
The environmental impacts of road traffic diversion measures in Oslo East have been studied by 
means of a research programme stretching over 15 years. A road construction project including a 
bypass with two separate tunnel stages provided ideal conditions for studying relationships 
between traffic management measures, traffic flow changes, changes in environmental exposures 
and human reactions.  
 
Important results from this research are that the major local environmental benefits were reaped 
not as much from the new traffic system, but because of the supplementary measures the new 
road system was made possible. The most important of these supplementary measures was closing 
the city area, not only for through traffic but also roads between the highway system and central 
city areas.  
 

Overview 
The report is meant to give an overview of national experiences with measures to improve the air 
quality near highways. As local circumstances of the measures vary, the described effectiveness of 
the measures by the authors need not be the case in other circumstances. Hence, general 
conclusions on the relative effectiveness of the air quality measures are not given. 
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1. Introduction 

1.1 Project organisation 

In recent years, international WERD (Western Europe Road Directors) subgroup Road Research 
meetings have been held on a regular basis to inform their members, national road organisations 
of Western Europe, on a variety of subjects like noise, air quality and sustainability indicators. The 
main objective of these meetings is to establish a common agenda of road directors, co-ordinate 
financing and help avoid parallel or conflicting project developments in the member states. 
 
In 2002, it was concluded in the DERD (Deputy European Road Directors, successor of WERD) 
Research group that many similarities exist for the role of national road directors concerning air 
quality targets of the European first daughter directive [1], the problems the road directors are 
facing in this view and the strategies they have to develop. It therefore seemed very useful for air 
quality experts of these organisations to meet on a regular basis, in order to exchange information 
and to find the similarities or differences in national approaches to meet the standards of the EU 
Air Quality daughter directives. The objective of these periodically held meetings would be to learn 
from each other and to stimulate discussions on the problems and solutions of its members 
regarding the feasibility to meet the European air quality standards. The Dutch Road and Hydraulic 
Engineering Division (DWW) agreed to take the lead in the organisation of this process. 
 
For this platform, air quality experts of the original 15 EU countries, as well as Norway, Iceland and 
Switzerland were invited to join. Of these 18 countries, nine countries were present on the first air 
quality meeting in Schiphol, The Netherlands. The countries present were Austria, France, 
Germany, Iceland, Ireland, The Netherlands, Norway, Sweden and the United Kingdom.  
 
The object of this first meeting was to have a mutual introduction for all participants, to make an 
inventory on national approaches to meet the EU directive and R&D activities, and to conclude on 
possibilities and limitations to continue these meetings. The findings of the meeting were that most 
of the participating countries were experiencing or expecting problems with the feasibility to meet 
the EU directive for NO2 and/ or PM10. All the participating countries were very much interested in 
further cooperation on the subject of air quality. This cooperation would have to be efficient and 
cost-effective; with communication mostly by email. Consequently, in a second meeting, a 
proposal was discussed for a first common project. This current report is the product of this first 
international air quality project. 
 
The main goal of the report is to combine national experiences with measures to improve the 
quality near highways. This report does certainly not claim to address every known measure, but 
hopes to give an overview of some national efforts and experiments to improve the local air 
quality. For the purpose of this report, it was agreed on not only to describe effective air quality 
measures, but also the ones that were found not to work at all. This may be of interest to readers 
as much as the descriptions of the measures that are effective. 
 
The report has specifically focussed on the pollutants NO2 and PM10 and to a lesser extent to 
ozone. Other air pollutants of the EU air quality daughter directives are not addressed. This has 
been done, as a decrease of the NO2 and PM10 pollution levels to below the limit values will locally 
need substantial policy effort for many countries within Europe.  
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In 2004, the umbrella organisation of the WERD group has been extended with the inclusion of 
Eastern European countries into the EU. Hence, the name of the group is adapted to the new 
situation into CEDR (Conference of European Directors of Roads) as CEDR air quality group.  
 
The CEDR air quality group has proven its use and will proceed with projects on the exchange of 
knowledge on air quality issues. For future projects, EU countries, which have not participated so 
far in the air quality group, are invited to join the group. 
 

1.2 Legal context: The EU air quality directives 

The European Union has in the past decennium been working on the formulation of air quality 
directives. These air quality directives consist of a coordinate ‘framework directive on ambient air 
quality assessment and management’ with a general description of procedures and several 
‘daughter directives’ in which the details for the specific components are worked out [1]. The 
objectives of the air quality framework directive (1996/62/EC) are to: 
 

• Define and establish objectives for ambient air quality in the Community designed to 
avoid, prevent or reduce harmful effects on human health and environment as a whole, 

• Assess the ambient air quality in Member states on the basis of common methods and 
criteria, 

• Obtain adequate information on ambient air quality and to ensure that it is made available 
to the public, inter alia by means of alert thresholds, 

• Maintain ambient air quality where it is good and improve it in other cases. 
 
The framework directive describes common assessment criteria and defines limit values and 
threshold values and mentions 13 components for which limit values will be described in 
succeeding daughter directives: 
 

1. Sulphur dioxide 
2. Nitrogen dioxide 
3. Fine Particulate matter such as soot 
4. Suspended particulate matter 
5. Lead 
6. Ozone 
7. Benzene 
8. Carbon monoxide 
9. Poly-aromatic hydrocarbons 
10. Cadmium 
11. Arsenic 
12. Nickel 
13. Mercury 

 
Up to 2004, three consequent daughter directives have been released: 
 

• The first daughter directive (1999/30/EC) on limit values for sulphur dioxide, nitrogen 
dioxide and nitrogen oxides, particulate matter and lead in the ambient air [2], 

• The second directive (2000/69/EC) on limit values for benzene and carbon monoxide in 
ambient air [3],  

• The third daughter directive (2002/3/EC) on limit values for ozone in ambient air [4]. 
 



 Examples of Air quality measures within Europe 
 
 

 

 

1.3 Emission sources and health risks of NO2 and PM10 Page 10 of 167  

In an upcoming fourth daughter directive, limit values on Arsenic, Cadmium, Nickel, Mercury and 
Polycyclic Aromatic Hydrocarbons (PAH) in ambient air, will be released. 
 
In the daughter directives, limit values, margins of tolerance and alert thresholds are defined for air 
pollutants, as well as quality demands for air quality assessments with models and measurements. 
Limit values are concentration levels, which may not be exceeded after a certain period (2005 or 
2010). Margins of Tolerance (MoT) are levels, higher than the limit values, which decrease every 
year to the level of limit values. When a MoT is exceeded, plans have to be made obligatory by 
governments to decrease air pollution levels again as soon as possible. The MoT stimulates the 
anticipation of governments towards the limit values. The MoT also prevents unnecessary action in 
situations where the air quality is expected to improve by generic policy. MoT’s are in the daughter 
directives only defined for NO2 and PM10. Alert thresholds are concentration levels above which 
health risks for humans are expected. When these thresholds are exceeded, measures have to be 
taken, and the public has to be informed. 
 
An overview of some of the Margins of Tolerance and limit values of the daughter directives is 
given in Table 1 and 2. 
 

Table 1 Margins of Tolerance for NO2 and PM10 in µg/m3. 

 Type 2004 2005 2006 2007 2008 2009 2010 
NO2 Yearly avg. 52 50 48 46 44 42 40 
NO2 Hourly avg. 1 260 250 240 230 220 210 200 
PM10  Yearly avg. 42 40      
PM10  24-hourly avg2. 55 50      
1 exceedance 18* per year allowed 
2 exceedance 35* per year allowed 
 

Table 2 Limit values for NO2 and PM10 in µg/m3 . 

 Type Value To be met in  Exceedance 
NO2 Yearly mean 40 2010 Not allowed 
NO2 Hourly mean 200 2010 18* per year allowed 

PM10 Yearly mean 40 2005 Not allowed 
PM10  24-hourly mean 50 2005 35* per year allowed 
 

1.3 Emission sources and health risks of NO2 and PM10  

Note this paragraph is primarily based on [5]. 
Particulate matter air pollution refers to microscopic airborne particles that can travel into your 
lungs and cause a variety of respiratory problems. These particulates are 10 microns or less in size 
and are found both outdoors and in homes and work places. They are referred to as ‘PM10 ‘ 
(particulate matter 10 microns or less in diameter) and even smaller particles ‘ PM2.5  ‘ (less than 2.5 
microns in diameter) which can penetrate even more deeply into the lungs. 
The fine fraction contains secondarily formed aerosols, combustion particles (exhaust fumes of 
cars, electricity power stations, wood burning) and recondensed organic and metal vapours. 
Secondarily formed aerosols originate from chemical reactions between gases.  Secondarily formed 
sulphate and nitrate particles are usually the dominant components of fine particles. The courser 
fraction contains earth crust material, sea salt, fugitive dust from industries and roads (wear and 
tear of car tires, brakes, roads and winter sand in traffic). 
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Fine particles are strongly associated with mortality and hospitalization for cardio-pulmonary 
disease. PM2.5 is believed to be more health relevant than the courser fraction in  terms of 
mortality and cardiovascular and respiratory endpoints. This does not imply that the coarse fraction 
of PM10 is innocuous. A recent study shows that also road dust gives health effects. According to 
the study road dust increase respiratory symptoms and respiratory hospital admissions. [5,6] Long 
term exposure to current ambient PM concentrations may lead to a  marked reduction in life 
expectancy. 
 
Nitrogen oxides (NOx) consist of a mixture of Nitrogen dioxide (NO2) and nitrogen monoxide 
(NO). Combustion of fuels is the main source of ambient NOx. Traffic, industry (mainly fossil fuel 
powered electrical power plants) and households (heating) are the main sources. Normally the 
larger part of the emission consists of NO. Under ambient conditions NO2 is formed from NO. NOx  

is a precursor for a number of secondary air pollutants, including nitric acid (the nitrate part of 
secondary inorganic aerosols) and photo oxidants including ozone. 
 
Health risks from nitrogen oxides may potentially result from NO2 itself or its reaction products 
including O3 and secondary particles. Epidemiological studies of NO2 exposures from outdoor 
air are limited in being able to separate these effects. Additionally, NO2 concentrations closely 
follow vehicle emissions in many situations so that NO2 levels are generally a reasonable marker 
of exposure to traffic related emissions. Short term effects of ambient NO2 levels alone on the 
lungs are minimal or undetectable. A short term effect of NO2 at levels found in road tunnels is 
mild inflammation of the lungs. The epidemiological studies provide some evidence that long-term 
NO2 exposure may decrease lung function and increase the risk of respiratory symptoms. 
 
 

1.4 Local and generic air quality measures 

Improvement in the local air quality near (high-) ways can be achieved in different ways. 
Concentrations can decrease due to generic measures (measures which are taken internationally, 
nationally or regionally) or measures which are taken locally. Part of the underlying text is a 
translation and reproduction from a preliminary study for the Dutch Innovation Programme Air 
Quality [7]. 
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Figure 1 A theoretical concentration profile of a busy road. Though limit values are locally 

exceeded near this road, measures to decrease the background concentration can 
be taken, as well as local measures to decrease the emission contribution of the 
local traffic. 

Basically, there are several possibilities to improve the local air quality near roads. They can be 
described as a source-effect chain: 
 

1. Decreasing traffic emissions 
2. Decreasing other emissions sources 
3. Changing driving behaviour 
4. Tackling transfer of emission to surrounding 
5. Protect at receiver’s end 

 
These methods of approach can be used for generic measures and for local measures. Based on 
this categorization, 15 directions for solutions can be described when traffifc air pollutants need to 
be decreased near roads. Obviously, the categorisation is slightly arbitrarily. Table 3 shows this 
categorisation. 
 

Table 3 General categorisation of air quality solutions near roads. 

Point of action: Theme for air quality measures Generic measures Hotspot measures 
Source Traffic A: Faster cleaner 

B: Volume limitation 
C: Effort on technique 

  
  
  

  
  
  

Source Other D: Other traffic (train, ship, etc.) 
E: Other sources (agriculture, households, 

abroad) 

  
  

 

- 
- 
 

Driving 
behaviour 

F:  Speed limit reduction and 
homogenision of flow of traffic 

  
  

  
  

Transfer G: Passive shielding 
H: Active dilution of concentrations 

- 
- 

  
  

Receiver I: Environmental planning of buildings 
J: Relocation (for example of schools) 
K: Medical care 

- 
- 
- 
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The categories or themes will be briefly clarified: 
A Faster Cleaner 

This category of measures can be characterised as discouriging traffic with relatively high 
emissions per km and stimulating traffic with relatively low emissions per km; stimulating 
the replacement of old trucks (Euro 0, Euro 1) by newer, relatively less polluting truck 
engines (Euro 3, Euro 4,..). This can be done generic (by for instance a fiscal measure) or 
locally. An example of the latter one is the local prohibitation of vehicles, which do not 
meet Euro 3 specifications. 
 

B Volume Limitation 
These measures influence the traffic intensities on certain locations or on larger traffic 
networks. The point of departure is that the reduction of driven km contributes to the 
decrease of traffic emissions. Examples of volume limitation are the prohibition of certain 
vehicle categories on locations and road approach limitation. 
 

C Effort on Technique 
This category has a certain overlap with ‘Faster Cleaner’ but distinguishes mainly by the 
more advanced techniques, which have not or hardly found their way  to the consumer 
market. Examples are hybrid vehicles or vehicles with fuel cells. Measures within this 
category are meant to stimulate the development and market introduction of the 
techniques. 
 

D Other Traffic and Transport Sources 
Next to traffic, other emissions also contribute to local high concentrations, by way of the 
background concentration. Measures of this category are for instance aimed at railway and 
ships. An example is the sharpening of emission demands for inland shipping. 
 

E Other Emission Sources 
Other sectors than traffic and transport, national or foreign, contribute to concentratins 
next to a road, by way of the background concentration. Measures within this category 
aim at decreasing these contributions. 

 
F Speed limit reduction and homogenisation of traffic flow 

The emissions of a vehicle are partly determined by the speed and flow dynamics of the 
traffic. Decreasing the dynamics (acceleration and braking) and stimulation of a constant 
speed of roughly 80 km/hour can expectedly for many road types lead to a decrease of 
emissions per km. A speed limit reduction is more effective with strict enforcement. 

  
G Passive Shielding 

Measures within this category influence the transfer of traffic emissions to the surrounding 
of the road. Examples are noise walls and tunnels. Noise walls have a diluting effect, 
roughly comparable to chimneys. Tunnels partly relocate traffic emissions to the tunnel 
mouth. 

 
H Active dilution 

Active dilution of concentrations is also related to the transfer of traffic emissions to the 
surrounding. Active dilution could occur with removal by suction devises, blowing devises 
or with innovative techniques, like catalytic roads or catalytic noise wall surfaces. 

 
I Environmental Planning of buildings 
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Measures in this category do not influence concentrations near the road, but are aimed at 
the decrease of exposure of people to high concentrations. Examples are the creation of 
zones next to roads without residential allocations. 

 
J Relocation 

Measures in this category consist of relocation of buildings and objects, which are close to 
the road, to place further away. An example is the relocation of sensitive objects like 
schools and hospitals to locations further of the road. 

 
K Medical Care 

Measures in this category decrease the health risks of air pollution. They do not influence 
the concentration levels or the amount of exposure. An example would be a program to 
increase the general public health, in order to decrease the health effects of air pollution. 

 
The described air quality measures in the report will be presented in a similar categorisation to this 
source-effect chain. 
 

1.5 Project set-up and report outline  

The set-up of this report was concluded upon at a collective CEDR air quality meeting in 2003. 
The participating organisations to the CEDR air quality group made their own choice in the topics 
to be described. Each organisation stays responsible for the content and quality of their 
contribution. Each contributor was asked to describe one measure extensively (more than 5 pages) 
with a reader in mind who is not familiar with the local or national situation. Background 
information and the local situation on air quality, costs and (direct and indirect) effects of the 
measure could be addressed when the information was available. Next to the long contributions, 
contributors could voluntarily describe one or more other measures shortly (half a page). The 
respective concept chapters were peer-reviewed within the group, after which the authors could 
fine-tune their contributions. 
 
The topics that are described by the contributors are short listed in Table 4. The characterisation of 
the measure according to one of the 15 categories of the source-effect chain (chapter 1.4) is also 
given. When the described measure does not fit in with the source-effect chain categorisation, it is 
characterised here as ‘Remaining topics’. There were no contributions for category E (other 
emission sources), D (Other transport sources), J (Relocation of receptors) and K (Medical care). 
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Table 4 Survey of categories and topics in this report. 

Category and Topic Country Short/Long 
A: Faster Cleaner   
Tax differentiation of vehicle types Germany Short 
B: ‘Volume Limitation’   
Limited admittance of cars on highways dependent on emissions/ 
ecopoint system 

Austria Long 

Environmental zones with age limit for certain vehicles Sweden Long 
C: ‘Effort on Technique’   
Studded tyres Norway Short 
Study on reduction of road dust: studded tyres Sweden Short 
Use of CRT and EEV in buses of the public short-distance traffic 
(example: BVG Berlin) 

Germany Short 

F: ‘Speed limit reduction and homogenisation of traffic flow’   
Establishment of a traffic guiding system Germany Short 
Speed limit reduction on a highway in urban area The Netherlands Long 
Changing driver behaviour  The Netherlands Short 
Variable speed limit depending on traffic flow United Kingdom Long 
Active traffic management United kingdom Short 
G: ‘Passive shielding’   
Influence of noise walls on air quality France Short 
Monitoring project on noise wall Germany Long 
Air cleaning in tunnels for PM10 and NOx Norway Short 
H: ‘Active diluting’   
Vegetation near roads to improve local air quality The Netherlands Short 
Study on reduction of road dust by cleaning roads Sweden Short 
I: ‘Environmental planning’   
Effects of traffic by-passes France Long 
Environmental impacts of traffic diversion measures in Oslo Norway Long 
L: ‘Remaining topics’   
Modeling of traffic management and speed reduction Germany Short 
The Model project Hagen Germany Short 
Measures in Berlin in connection with the HEAVEN project Germany Short 
Short-term abatement measures on peak ozone concentrations The Netherlands Short 
Air Quality forecasting Norway Short 
Investigation in Salzburg, Austria of concentrations of nitrogen 
dioxide (NO2) exceeding EU limits in low ambient temperatures 

Austria Short 

 
The topics will be presented in the next chapter. A list of the authors and their email addresses is 
given in Annex 1. 
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2. International contributions to air quality near roads 

2.1 Varying taxation of motor vehicles 

 
Author: A. Baum, Federal Highway Research Institute / Bundesanstalt für Straßenwesen (BaSt), 
Germany. 
Contact: Baum@bast.de 
 
Short  contribution. 
Category A: ‘Faster cleaner’ 
 
Differentiating tax rates for different car types and fuel types can influence the behaviour of 
consumers regarding air pollution caused by traffic. In Germany, cars with low emissions of 
pollutants – determined by standardised measuring methods – are favoured by road tax. Vehicles, 
that are not or just a little emission-reduced, are on the other hand charged heavier. 
 
The accumulated costs of buying and operating cars are shown in table 1. 
 

Table 1 Taxes in Germany for car owners. 

Tax / fee Type of vehicle Costs Unit 

Value-added tax All 16 % % of purchase price 

Registration fee All 26 Euro per vehicle 

Road Tax Passenger car (gas) 6,75 Euro per year and 100 cm3 

Road Tax Passenger car (Petrol engine) 5,11 – 25,36  Euro per year and 100 cm3 

Road Tax Passenger car (Diesel engine) 13,8 – 37,58  Euro per year and 100 cm3 

Road Tax Lorry 6,42 – 63,40  Euro per year and 100 cm3 

Eco-tax & excize Petrol 65,45  

(due of eco-tax: 15,34) 

Eurocent/l 

Eco-tax & excize Diesel 47,04 

(due of eco-tax: 15,34) 

Eurocent/l 

 
In the following paragraphs the differences in motor vehicle taxes are discussed. 
 

Euro 3 and Euro 4 vehicles 
Owners of cars, of which the exhaust gas behaviour satisfy from the day of their first registration 
for traffic on public roads at least the requirements of Euro 3 or Euro 4 according to the directive 
98/69/EG, have to pay less road tax. 
 
3-litre- and 5-litre-cars 
Owners of cars, of which the carbon dioxide-emissions – determined according to directive 
93/116/EG –don’t exceed 90 g/km (3-litre-car) or at first registration before 1.1.2000  120 g/km 
(5-litre-car), have to pay less road tax. Cars, that fulfil all of the conditions for a tax exemption as 
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a 3-litre-car/ 5-litre-car and Euro 3/ Euro 4 together, get the respective addition of the named 
exemptions. 
 
Other privileged types of driving systems 
To the use of alternative fuels (e.g. natural gas or rape oil) and to hybrid vehicles the named rules 
for vehicles with combustion engine (Otto and Diesel) are applicable equally. Additional privileges 
are not intended. 
Cars, which exclusively have drive by an electric motor, that is fed mainly by a mechanic or 
electromechanic accumulator are exempted from tax from the day of their first registration for five 
years.  
 
Supplementary equipment 
The supplementary installing of exhaust gas cleaning techniques is supported dependent on the 
reached reduction of pollutants possibly by a lower tax rate (compare with survey of tax rates). 
Preconditions are an adequate effective technology and the regular entry in the registration papers 
of the vehicle. The specific exhaust gas regulations including the obligatory measuring procedures 
are to be observed. 
 
Results of taxation 
At the example of eco-tax (see table 1) it could be observed the decrease of fuel consumption and 
tonnage in goods traffic after implementation in 1999 and its successive enhancement. 
Furthermore there was an increase of use of public transport and commercial transport by railway. 
Particularly the eco-tax established in 1999 and fuel prices have an effect on the consumer and 
driving behaviour of car owners. Two surveys about these issues pointed out that 63 % car buyers 
let affect by high fuel prices and for 89 % the environmental sustainability rank first for buying 
decision. 
In general tax relief for low emission cars respectively implementation of tax with reference to 
environment can influence the behaviour of car owners and as a consequence the emission of 
pollutants. 

For instance the use of a gas-fueled car may save several of thousands Euro in comparison with 
petrol or Diesel engines for a period under consideration of 6 years by tax saving and at a reduced 
fuel-rate.  
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2.2 The Austrian Ecopoint system 

 
Authors: E. Pucher and A. Kampfer, c/o Vienna University of Technology, Institute for internal 
combustion engines and automotive engineering / Institut für Verbrennungskraftmaschinen und 
Kraftfahrzeugbau, Austria. 
Contact: ernst.pucher@tuwien.ac.at 
 
Long contribution. 
Category B ‘Volume limitation’ 
 

Abstract 
As a result of the growth of freight transport mostly on roads, problems linked to alpine transit 
routes have increased during the last two decades. Those regions are for various reasons very 
sensitive to pollution. The mostly effected region is the Brenner route, where a high share of all 
transit traffic through Austria passes. 
 
In addition to noise, emissions of nitrogen oxides (NOx) have become a major concern. Although a 
number of technical improvements in vehicle technology have been made, NOx emissions from 
heavy-duty vehicles have not been reduced enough to compensate for the increased number of 
vehicles. Therefore the negative impacts on the environment continue to increase, although it was 
assumed that technical improvements would also bring environmental improvements. 
 
For this reason the Austrian Ecopoint regulation was set in 1993 with the target of reducing NOx 
emissions to 60% of the 1992 value within the next ten years.  
 
This report shows the time trend of NOx levels in the Brenner region, the influences of the 
Ecopoint system had on that situation and the effects of transit traffic that can be seen in this area. 
It also shows that the target of 60% NOx emissions reduction have not been reached in the last 10 
Years. 
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2.2.1. Heavy duty vehicle (HDV) transit on air quality in Austria 
 

Development of HDV Traffic 1980-1999 
Freight transport has grown dramatically during the past two decades, both internally in the EU 
and externally for trade. Changes in production and supply systems, increasing distances and low 
load factors have resulted in a 55 % increase of freight-km between 1980 and 1998, with the 
largest annual growth in road transport (3.9 % on average). Trucking now accounts for 43 % of 
total freight transport (33 % in 1980).  
 
As a result, road freight transport exerts significant environmental pressures. In the EU in 
1998, 25 % of carbon dioxide (CO2) emissions, 39 % of acidifying emissions (nitrogen oxides, 
NOx) and 52 % of particulate matter (PM10) emissions from transport were generated by HDVs 
[Lit. 1]. 
 
The increase in freight transport is even more dramatic in some alpine regions.  In the alpine region 
from Mont Blanc/ Fréjus to Brenner HDV tonne-km increased by 292 % between 1980 and 1998. 
The development of transalpine freight transport and the shift from rail to road transport are 
shown in Figure 1. [Lit. 1] 
 

 
Figure 1 Development of transalpine freight transport (Mont Cénis-Brenner) 1980-99 [1] 
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Development of Pollutant Emissions in Austria 
Figure 2 shows the development of NOx, PM10 and CO2 emissions from 1980-99 in Austria. A 
significant reduction in emission of PM10 from HDVs due to the tightening of emission laws can be 
seen.  
 

 
Figure 2 Development of NOx, PM and CO2 emissions in Austria 1980-99 

 

A different trend can be seen in NOx emissions. Although a number of improvements in vehicle 
technology have been achieved, emissions of NOx from HDVs have not been reduced enough to 
compensate for the increased number of vehicles. Therefore negative impacts on the environment 
continue to increase, although it was assumed that technical improvements would also bring 
environmental improvements. The share of road freight transport (light-duty vehicles (LDVs) and 
HDVs) of the transport-related NOx emissions in Austria has increased significantly from 33 % in 
1988 to 51 % in 1999 [Lit. 1]. 
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The number of routes where transit can pass through the Austrian Alps from north to south and 
vice versa is limited. These routes are: 
 

• Reschen (federal road B315) 
• Brenner (motorway A12/A13) 
• Felbertauern (federal road 108) 
• Tauern (motorway A10) 
• Schoberpass (motorway A9/federal road B138) 
• Semmering (motorway S31, federal road B306) 
• Wechsel (motorway A2) for Austria. 

 
Most of the alpine road transit travels on the Brenner route. 
 
For this reason a closer look at the traffic and emissions situation on the Brenner route is necessary. 
 

Brenner Route 
The Brenner route connects Munich with Verona passing through Austria for 110 km. The Brenner 
pass at the border between Austria and Italy is at an altitude of 1 374 m — which is the lowest 
natural crossing of the alpine arc. 
 
Within Austria, the Brenner transit route consists in the lower Inn valley motorway A12 (75 km) 
between Kufstein (German border) and Innsbruck (altitude 540 m, capital of the Tyrol), and the 
Brenner motorway A13 (35 km) in the Wipp valley between Innsbruck and the Brenner Pass 
(Italian border). The lower Inn valley is quite flat and broad (2 km wide) and densely settled; the 
Wipp valley is comparatively steep and less densely inhabited.  
 
Figure 3 shows the growth of transit freight transport on the Brenner route in the past 40 Years. 
 

 
Figure 3 Growth of transit freight transport on the Brenner route from 1960 to 1999 

 
The number of vehicles passing by traffic counters in Matrei and Vomp in 1998 is shown in 
Table 1. 
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Table 1a Brenner route annual averaged daily traffic in 1998 (total traffic per 24 hours) 
measured by the automatic traffic count in both directions [Lit. 6] 

Counter name JDTLV PAB SLZ LKW gesamt 
(without PAB) 

Solo LKW

Matrei/AUT.45 4758 787 3419 3971 552
Vomp/AUT.46 7936 - 4745 - 2200*
* estimated values – no detailed counting results available.  
 

Table 1b Legend to table 1a 

Counter name Description 
JDTLV Sum of all vehicles with large wheelbase (caused through inductive counting) (HDV 

per 24h)  
PAB Passenger cars with trailer or busses (part of  JDTLV) 
SLZ Tractor-trailer units or articulated lorries (part of HDV total) 
LKW gesamt Sum of solo trucks, tractor-trailer units, articulated lorries 
Solo LKW Truck without trailer 
 
Looking at the effects of traffic on the Brenner route on ambient air quality, NOx emissions — a 
key traffic-related pollutant — are the most important. On the Brenner route NOx are only directly 
emitted by motor vehicles, as the railway is electrified and the traction of the trains is totally 
electric.  
 
Road traffic is responsible for about 66 % (8300 tonnes) of the total NOx emissions (12 600 
tonnes in 1996) in Tyrol (Schneider, 1999). Of the 8300 tonnes of NOx emissions caused by road 
traffic in Tyrol, 2800 tonnes can be attributed to the Brenner route (motorway A12 in the lower 
Inn valley, A13 in the Wipp valley), of which HDVs account for 1850 tonnes and transit HDVs for 
1130 tonnes. 
 
In the lower Inn valley which is the central settlement region in Tyrol between Kufstein and 
Innsbruck, traffic emissions (3700 tonnes) account for 61 % of total NOx emissions (6100 tonnes), 
of which 59 % (2200 tonnes) can be attributed to the motorway A12, which accounts for 36 % of 
total NOx emissions. HDVs contribute 22 % (1 320 tonnes) and transit HDVs 11 % (660 tonnes) 
to total NOx emissions in the lower Inn valley. 
  
Figure 4 shows the relative amounts of NOx emissions from road traffic in the lower Inn valley in 
1996. Sections 1 + 2 represent road freight transport (HDVs) on the motorway A12; sections 1 + 2 
+ 3 represent total NOx emissions on the motorway A12. 
 
A calculation using the traffic data from Table 1 comes to the results shown in Table 2 for different 
types of emissions along the complete Brenner route as well as the two highly in gradient differing 
sections Inn valley (lower) and Brenner pass (higher gradient)  [Lit. 6]. 
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Figure 4  Relative contributions to NOx emissions from road traffic in the lower Inn valley 

in 1996 

 

Table 2 Emission of Pollutants caused by HDVs on the Brenner Route in 1998 

 
 Inn valley Brenner-pass Total 

CO2  [tons/year] 153000 60400 213000 
HC  [tons/year] 148 61 209 
NOx  [tons/year] 1445 645 2090 
PM  [tons/year] 55 25 81 

 
The following formulae were used for this calculation: 
 
MK = fK * kLN * kHüM * NFzg * L 
with 
MK  emitted mass of one component of the exhaust gases during a period in grams or 

kg, 
fK emission factor of one exhaust component and vehicle class in grams per km, 

adjusted to the specific situation ( Motorway- transit route), 
kLN  correction factor for street gradient , 
kHüM correction factor for altitude above sea level, 
NFzg number of vehicles during a specific period of time and 
L length of a stage. 
 

MKG = Σ MKi  (i =1,2) 
with 
MKG total mass of a given exhaust component emitted by all vehicle types in a period 

of time. 
 
The calculations were made for 8 sections of the Brenner route shown in Table 3. 
The emission factors were found in the “Handbook of Emissions Factors (Handbuch 
Emissionsfaktoren)” [Lit. 12]. 
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Table 3 Viewed distances on the Brenner route 

Location Kufstein Jenbach Innsbruck east Schönberg Matrei Nößlach Gries Brenner

Altitude [m] 499 563 574 1030 992 1360 1270 1374
Distance to next 
location [km] 

40 34 12 8 8 3 4 0 

Gradient [%] 0,2 0 3,8 -0,5 4,6 -3 2,6 - 
 
The development of NOx emissions from HDVs was researched by the Government of the Tirol 
region (Amt der Tiroler Landesregierung) [Lit. 4].In this study detailed emissions calculations have 
been made for two selected cross-sections of the Brenner route: 
 
• Vomp on the section Kufstein-Innsbruck located in the Inn valley (motorway A12) 
• Plon on the section Innsbruck-Brenner located south of Innsbruck (motorway A13) 
 
Table 4 gives, for the lower Inn valley (A12) and the Wipp valley (A13): 
 
• Total NOx emissions in tonnes per kilometre (tons/km) 
• NOx emissions from road freight transport (HDVs) in tons/km 
• NOx emissions from HDVs transiting Austria in tons/km. 
 

Table 4 NOx emissions from road traffic on the Brenner route [4] 

  A12 lower Inn valley (tons/km) A13 Wipp valley (tons/km) 

Year Total HDVs Transit HDVs Total HDVs Transit HDVs 

1980 44,7 15,9 n.a. 31,3 18,3 n.a. 
1991 44,8 24,3 11,4 33,3 24,8 20,3 
1995 42,6 25,2 13,4 37,4 29,3 24,0 
1999 40,1 25,9 13,6 36,9 29,9 24,2 

 
In the Wipp valley (Plon, A13), despite lower total transport volume, NOx emissions per km from 
HDVs are higher than in the Inn valley because of the road gradient. 
 
Until the early 1990s estimates of NOx emissions of HDVs in Vomp (A12) and Plon (A13) paralleled 
road transport volumes. From about 1992 until 1999 NOx emissions from HDVs showed only slight 
growth, which did not correspond with the much higher growth of road freight transport. The 
effect of stricter emission standards for HDVs introduced in 1991 with Euro I and later Euro II 
clearly shows a decoupling of NOx emissions and transport volume. Nevertheless the gain through 
stricter standards was counteracted by the growth rate of road freight transport. 
 
Emissions forecasts for the next 10 years show a decline in total traffic emissions in the lower Inn 
valley (A12) from 40.1 t/km in 1999 to 35.2 t/km in 2005 and 26.1 t/km in 2010. The 
contribution from transit freight transport will increase from 33.8 % (1999) to 39.1 % by 2005 
and 41.9 % by 2010 [Lit. 4]. On the A13 a reduction of traffic emissions from 36.9 t/km in 1999 
to 36.6 t/km in 2005 and 29.1 t/km in 2010 is expected; the share from transit freight traffic will 
increase from 65.4 % in 1999 to 67.1 % by 2005 and 67.0 % by 2010. [Lit. 5]. 
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Tauern Route 
The same results as shown in Tables 1-3 are also available for the Tauern route A 10 between 
Salzburg and Villach (Tables 5-7) [Lit. 6]. 
 

Table 5a  Viewed distances on the Tauern route part 1 

Location Salzburg / south Golling Eben i.Pongau Tauerntunnel 
(south portal) 

Altitude [m] 425 483 856 1328 
Distance to next location [km] 21 33 29 16 
Gradient [%] 0,3 1,1 1,6 -1,6 
 

Table 5b  Viewed distances on theTauern route part 2. 

Location St.Michael Katschbergtunnel 
(St.Georgen) 

Spital a.d. Drau Villach 

altitude [m] 1075 1226 560 501 
Distance to next location [km] 9 27 33  
gradient [%] 1,7 -2,5 -0,2  
 

Table 6a Tauern route annual averaged daily traffic in 1998 (total traffic per 24 hours) 
measured by the automatic traffic count in both directions. 

Counter name JDTLV PAB SLZ LKW gesamt (without PAB) Solo LKW

Katschbergtunnel/AUT.67 3251 - 1400* - 400* 

Niedernfritz/AUT.106 4586 1139 2692 3447 755 

* estimated values – no detailed counting results available.  
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Table 6b Legend to table 6a 

Counter name Description 
JDTLV Sum of all vehicles with large wheelbase (caused through inductive counting) (HDV 

per 24h)  
PAB Passenger cars with trailer or busses (part of  JDTLV) 
SLZ Tractor-trailer units or articulated lorries (part of HDV total) 
LKW gesamt Sum of solo trucks, tractor-trailer units, articulated lorries 
Solo LKW Truck without trailer 

 

Table 7 Emission of Pollutants caused by HDVs on the Tauern Route in 1998. 

 Total emission
CO2  [t/year] 139000
HC  [t/year] 138
NOx  [t/year] 155
PM  [t/year] 61

 

2.2.2. Environmental Reactions on Pollution from HDVs 

Sensitivity of Mountainous Areas 
Mountainous areas react much more sensitively to pollution than lowland areas and so have to be 
handled with more care than other regions. Reasons for this increased sensitivity are [Lit. 1]: 
 

• Traffic flows through the Alps are concentrated in a limited number of routes, mostly in 
narrow valleys.  The morphological shape (U- or V-shape) and the narrowness of these 
valleys lead to a situation where emissions from combustion cannot escape; ambient air 
pollution along these valleys is often as severe as in an urban area. The particular 
meteorological conditions, especially in the inner-alpine valleys (a tendency towards 
inversion in winter and at night exists: Cold air lies on the ground of the valleys and is 
separated from hot air warmed by sunshine on the mountains by a layer of fog. Pollutants 
are trapped in the cold layer below the fog; Little wind but local wind systems due to 
thermo cline; higher amounts of precipitation along the northern side of the Alps and 
therefore higher deposition of pollutants) impede the rarefaction and the transportation of 
pollutants. Studies show that the same traffic load contributes to a three-times higher 
concentration of NOx in the ambient air in mountainous areas than in lowland areas due to 
the meteorological particularities. In mountainous areas during nighttime in summer, the 
emissions of a road vehicle induce a six-times higher load on the ambient air quality than 
during daytime. 

• Mountainous areas provide aesthetic and recreational landscapes, high biodiversity of 
species and habitats embedded in sustainable land-use systems. Mountains extend through 
different altitudinal zones and have a wide variety of habitats. They include — in the 
remotest regions in Europe — the last retreat for animals with large habitats. The extreme 
physical conditions let mountains become a fragile environment, where natural 
phenomena, often increased by human land uses or misbehaviour, interfere with people’s 
activities and then cause natural hazards. Therefore those regions need to be treated 
carefully. 

• In the mountainous regions, the permanent settlement area covers only a small part of the 
whole area and so the concentration of inhabitants, especially in some Alpine valleys, can 
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reach urban levels. Transport infrastructure has a relatively high share of land use and is 
inevitably situated close to living and recreation areas. 

• One important function of forests covering the slopes of Alpine valleys is to protect local 
settlements from avalanches, mudslides, and erosion. Any impairment of this function may 
have disastrous consequences. 

• Noise also has a significant environmental impact in mountainous areas. The morphological 
shape of the Alpine valleys means that noise emissions are intensified (an effect 
comparable to an amphitheatre).  

 

NOx Concentrations around the Brenner Route 
High NOx emissions pose the major air quality problem in the Inn valley and the Wipp valley. 
To assess the impact of road traffic emissions on local air quality, data from the following 
monitoring sites have been used: 
 
• Gärberbach: in the immediate vicinity of the A13 (10 m away) south of Innsbruck; 
• Vomp: next to the A12 (5 m from the roadside) between Hall in Tyrol and Schwaz; 
• Hall in Tyrol: approximately 200 m from the A12 on the outskirts of Hall, separated from the 
motorway by the Inn river; 
• Innsbruck centre, Fallmerayerstrasse, which is affected mainly by local urban emissions. 
 
These monitoring sites show a decline in annual mean NO2 and NOx values from 1989 to 1996, 
followed by a slight increase. Table 8 gives the annual mean values for NO2 at these four 
monitoring sites for the years 1993 to 1999 in micrograms per cubic metre (µg/m3). Exceedances 
of the threshold value set in Directive 1999/30/EC — 40 µg/m³ as annual mean value — are 
shaded in grey. 
 

Table 8  Annual mean values of NO2 at monitoring sites in Tyrolean valleys (µg/m3) 

  1993 1994 1995 1996 1997 1998 1999 

Gärberbach    40 39 38 42 
Hall in Tyrol 41 36 39 39 37 38 43 
Innsbruck centre 38 40 40 35 43 40 42 
Vomp           54 61 

 
The WHO (World Health Organisation) guideline value for the protection of vegetation of 30 
µg/m3

 as an annual mean — identical to the EC threshold value for the protection of vegetation — 
was exceeded at all monitoring sites in the Inn valley and the Wipp valley during this period. 
Directive 1999/30/ EC requires NOx monitoring only at a distance of 5 km or more from 
motorways. Nevertheless, the severe forest damage observed in the Tyrol may be at least partially 
attributed to high NOx levels. 
 
The EC threshold value set for the one-hour mean (200 µg/m3, 18 exceedances allowed per year) 
has not been violated at the Tyrolean monitoring sites. The Vomp monitoring station exceeds the 
upper assessment limit, defined as the sum over the last five years, with only two years’ NO2 data. 
Exceedances of threshold values set in Directive 1999/30/EC require, according to the Air Quality 
Framework Directive 96/62/EC Art. 8, measures to be taken in order to improve air quality in the 
lower Inn valley. 
 
Nitrogen oxides (NOx) are emitted mainly as NO (> 90 %) and then converted to NO2 by 
oxidation. The NO concentration (daily mean values) at Vomp and Gärberbach corresponds closely 
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to the daily number of HDVs. The influence of the other vehicles is comparatively small. The 
lowest daily mean values of NO are observed on Saturdays and Sundays, when a weekend ban on 
HDVs is in force (from 14.00 hours Saturday to 22.00 hours Sunday). In summer the average NO 
concentration is lower than in winter. 
 
Nitrogen dioxide, which is formed from NO by oxidation with some time delay (depending mainly 
on ozone concentrations), shows a less pronounced correlation with local NOx emissions. 
Meteorological parameters, which trigger the dilution of NOx, are of major importance. However, 
the most pronounced influence arises from the concentration during the last 24 hours. This is 
obviously due to the strongly depressed exchange rate of air masses in the Inn valley, especially 
during winter and at night. 
 
Furthermore, the following are key parameters for pollutant dispersion and actual concentration 
level within these particular alpine regions: 
 
• The temperature lapse rate (i.e. vertical temperature gradient) 
• The frequency as well as the extension of temperature inversions 
• The wind speed. 
 
All these factors result in higher concentrations of air pollutants at night, in the winter and during 
periods with low wind speed. 
Further, the topographic situation in Alpine valleys is of major importance for the dispersion of 
pollutants. Compared with extra-alpine areas, horizontal dilution is hampered by the surrounding 
mountains. The occurrence of a valley wind circulation system with upward wind during the day 
and downward wind at night might favour local pollutant accumulation. The conditions in the Inn 
valley are exacerbated because it lies in an east-west direction, i.e. parallel to the Alpine ridges, 
and therefore large-scale air exchange with the extra-alpine lowlands from south to north and vice 
versa is inhibited. These factors are responsible for comparatively high pollutant levels in the Inn 
valley in relation to local emissions. 
 
Scientific studies have been undertaken in order to estimate the influence of topographic and 
specific meteorological conditions in the Alpine valleys compared with extra-alpine flatlands [Lit. 
7]. It is estimated that for per unit NOx emissions, the maximum (morning) NOx concentrations are 
roughly nine times higher in the Inn valley than in the Vienna basin (urban area). 
 
On the other hand, the Wipp valley in the Austrian federal province of Tyrol and the Eisack/Isarco 
and Etsch/Adige valleys in southern Tyrol (Italy) are oriented north-south — i.e. at right angles to 
the Alpine ridges — which enables a better large-scale air exchange with extra-alpine regions, 
especially during föhn episodes (a hot southerly wind on the northern slopes of the Alps). 
Therefore pollutant emissions have a lower impact on the Wipp, Eisack and Etsch valleys than the 
Brenner route.  
 
In the Tyrol region the total nitrogen deposition reaches values up to 30 kilograms per hectare per 
year (kg/ha/a), which is considered harmful for conifers and for high Alpine ecosystems in the long 
term. The critical load for eutrophication is 10 to 12 kg/ha/a. The consequences are a 
destabilisation of the ecosystem by malnutrition and a shift in species composition. As a result, a 
growing share of timberland and protective forest is damaged [Lit. 3] 
 

Forest Damage 
In the last two decades forest damage [Lit. 8], both in timber areas (‘Wirtschaftswald’) and in 
protective forest (‘Schutzwald’) increased slightly (Figure 5). The state of the protective forest 
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(essential to avert avalanche and soil erosion) has given particular reason for concern over the last 
few years. The proportion of damaged trees rose from about 40 % to 60 % between 1995 and 
1999. Tree damage can be attributed to a combination of locally high NOx concentrations, high 
ozone levels, acid sulphur and nitrogen deposition and high eutrophying nitrogen deposition.  
 
Furthermore, forests at the slopes of the Inn valley are crucial for protection against avalanches 
and erosion, and so represent an essential condition for human habitation of these areas. 
 

 
Figure 5 Development of forest damage in the Tyrol region from 1981 to 1999 

 

2.2.3. Ecopoints System 
The Ecopoint system was adopted in 1992 and came into operation on January 1st 1993 (and was 
continued largely unchanged after Austria’s EU accession in 1995). It sought to reduce NOx 

emissions starting from the base year of 1991 by 60 % by the year 2003. The number of units 
driving through Austria should also be limited to 108 % of the 1991 level. A limited number of 
Ecopoints that decreased each year were attributed annually to the European Community (number 
of Ecopoints is shown in table 9). If the 108% level was exceeded the number of Ecopoints for the 
next year was further reduced. These Ecopoints were split-up between the member states 
following a distribution key. A community reserve of 3,34% was held back for countries with acute 
demand for Ecopoints. Each country also was obliged to return the Ecopoints not needed to the 
reserve. 
 

Table 9  Number of ecopoints for each year [10] 

Year
Percentage of 

Ecopoints
Ecopoints for the 15 

member states 

(Reference)1991 100% 23.556.220 
1995 71,7% 16.889.810 
1996 65,0% 15.311.543 
1997 59,1% 13.921.726 
1998 54,8% 12.908.809 
1999 51,9% 12.225.678 
2000 49,8% 11.730.998 
2001 48,5% 11.424.767 
2002 44,8% 10.553.187 
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2003 40,0% 9.422.488 
 
Each heavy goods vehicle (weighting more than 7.5 tonnes, and registered in the Community) had 
to pay a number of Ecopoints for each transit trip through Austria. The number of Ecopoints 
depended on the emission characteristics of the truck. A deciding factor was the NOx emissions 
level of a truck. The emission of 1 g NOx per kilowatt-hour (kWh) meant 1 Ecopoint. Therefore the 
member states issued a COP (“Conformity of Production”) document for each HDV admitted after 
October 1st 1990 which reports the number of Ecopoints needed (EU emission limiting values are 
shown in table 10). Vehicles that had no COP document had to pay a standard number of 16 
Ecopoints.  
 

Table 10 EU emission limits in (g/kWh) 

 Name Valid from NOx HC CO PM 
Euro 0 1988 14,4 2,4 11,4   
Euro 1 1992 8,0 1,1 4,5 0,36 
Euro 2 1996 7,0 1,1 4,0 0,15 
Euro 3 2000 5,0 0,66 2,1 0,1 
Euro 4 2005 3,5 0,46 1,5 0,02 
Euro 5 2008 2,0 0,46 1,5 0,02 

 
The Ecopoint system was first based on a system where the points were placed on ecocards. This 
required systematic border controls including stamping the cards. This became impossible in a 
Europe without borders, which made a telematic, based electronic system necessary. It came into 
force on April 1st 1998 and included an “ecotag” in each vehicle. The ecocard was situated behind 
the windscreen and contained the COD Data that included the necessary number of Ecopoints 
needed for a transit trip. Entering Austria the driver had to signal the system via a button on the 
ecotag to determine whether or not Ecopoints had to be paid for that trip [Lit. 9]. 
 
The Ecopoint system was valid until December 31st 2003. Negotiations about a follow-up 
regulation between Austria and the EU failed, so there are no transit regulations in force now.  
 

2.2.4. Effects of the Ecopoint System  
 
The European Commission evaluated the Ecopoint system in 2000. This showed that the Ecopoint 
system had had a very positive effect on encouraging road haulers with lorries registered in the EU 
to use environmentally friendly lorries to transit Austria. Table 11 shows a huge shift from HDVs 
with 6 or 7 Ecopoints to HDVs with 4 or 5 Ecopoints. The last row of table 11 shows the change in 
Ecopoints per HDV: from an average of 6,74 Ecopoints per HDV first term of 2000 to 5,45 
Ecopoints per HDV at the last term of 2001 due to the introduction of the Euro III emission 
regulation. The target of a 60 % reduction of NOx emissions had, however, not been achieved 
and there was no evidence to show that the level of total emissions from lorries transiting Austria 
would remain stable if the Ecopoint system were abolished on December 31st 2000. The emissions 
of HDVs did even rise because of the higher number of vehicles that couldn’t be compensated by 
better emission levels as can be seen in Figure 2. The Commission therefore recommended that the 
Ecopoint system should continue in operation until December 31st 2003. It also recommended the 
system should be revised by removing the upper ceiling on trips per year (the ‘108 % clause’) 
without prejudice to the primary goal of the Ecopoint system, namely a 60 % reduction in 
emissions [Lit. 1]. 
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Table 11 Development of Ecopoints per HDV in 2000 and 2001 

  1st term 2000 2nd term 2000 1st term 2001 2nd term 2001 

Ecopoints/HDV 
Number 
of HDVs 

Allotment 
in % 

Number 
of HDVs

Allotment 
in % 

Number 
of HDVs

Allotment 
in % 

Number 
of HDVs

Allotment 
in % 

4    
 

11 0,2
 

454 8,6 
 

774 17,9

5 
  

663  12,7
 

1.456 32,6
 

2.337 44,1 
 

2.180 50,5

6 
  

1.271  24,3
 

945 21,2
 

758 14,3 
 

372 8,6

7 
  

2.929  56,1
 

1.877 42
 

1.557 29,4 
 

885 20,6

8 to 15 
  

302  5,8
 

150 3,4
 

157 3 
 

86 2

16 
  

61  1,1
 

28 0,6            32 0,6 
 

19 0,4

Total 
  

5.226  100
 

4.467 100
 

5.295 100 
 

4.316 100
Ecopoints/HDV 
average 

6,74 6,26 5,83 5,45 
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2.3 The Swedish environmental zones  
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Long contribution 
Category B: ‘Volume limitation’ 

 
 

2.3.1. Local situation on air quality in Sweden 
Air quality in Sweden has improved significantly in built-up areas between the 1980s and the end 
of the 1990s and levels of the most important air pollutants have more than halved during this 
period (carbon monoxide, sulphur dioxide, volatile organic compounds, poly aromatic 
hydrocarbons and heavy metals). The levels of nitrogen dioxide (NO2) have been reduced by 39% 
since 1986/87 up to 2003, according to a population weighted concentration index. This trend is 
mostly due to the decrease of vehicle emissions. The level of sulphur dioxide has been reduced by 
86% and the level of soot by 55% during the same period and level of benzene have fallen with 
80 % from 1992/93. For particulate matter (PM10) there is no such index available, as there is a 
lack of relevant data. For PM10 (and PM2.5) there is no significant trend in any direction at street 
level in the large cities according to their rather short series of measurements. 
 
Despite this improvement, air quality standards are still exceeded for some of the parameters. The 
standard for PM10 and NO2 will in 2004 be exceeded in many places in urban areas, mainly due to 
road traffic. In the last 2-3 years the NO2-levels have increased slightly, but it is still too early to 
talk about a change in trend. Sweden Road Administration (SRA) calculations show a continuing 
decrease in emissions from road traffic, despite the increase of the transport mileage on roads.  
 
In general, concentrations of NO2 in urban background air expressed as the 98th percentile of the 
hourly mean figure are 50 - 60 µg/m3, but at certain locations they are considerably higher, 
reaching about 90 µg/m3. Expressed as the 98th percentile, concentrations at street level in many 
towns are estimated to be over 70 µg/m3; and in larger towns and cities 90 µg/m3 is frequently 
exceeded. As a rule, annual mean concentrations in urban background air are 10 – 20 µg/m3. 
Mean concentrations of ground-level ozone during the summer are 60 - 70 µg/m3. The interim 
Swedish target of 120 µg/m3 is exceeded on a few occasions at all stations. 
In rural areas, concentrations of particles expressed as PM10 are 8 - 17 µg/m3. They are 14 – 
23 µg/m3 in urban background air and 35 - 44 µg/m3 in the street. During winter and springtime 
the levels of PM10 can reach much higher values in many cities, with diurnal means over 200 
µg/m3. Long-range transport and re-suspension of particles at street level add substantially to 
concentrations.  
 
Sweden has implemented the EU directive 1996/62/EC and 1999/30/EC with air quality standards. 
The standards for some of the regulated pollutants have been improved or should be met earlier in 
Sweden compared to the directive (NO2 and SO2). For ambient air there are standards of nitrogen 
dioxide, nitrogen oxide, sulphur dioxide, carbon monoxide, benzene, lead and particles in Sweden. 
There is also an old standard limit for soot still in force. The standards for NO2 and for PM10 are 
difficult to achieve near traffic in many build-up areas and near to heavily trafficked highways. The 
standard for the 24-hour mean is the most difficult one to meet for both NO2 and PM10. For this 
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reason the government has enjoined the County Administrative Boards in Stockholm and in 
Göteborg, together with key players, to produce proposals for an action plan that deals with the 
problem of NO2 in ambient air. The requirements for PM10 has only been set for Stockholm so far 
(se some of the proposals in part 2, “Reducing PM10 - emissions from road dust”). 
 

2.3.2. Environmental zones 
In Sweden, the municipalities have the formal responsibility for air quality management in the 
cities. In many cities in Sweden road traffic is the main source of most air pollutants. In 1996, 
Stockholm, Göteborg and Malmö, the three largest cities in Sweden, introduced environmental 
zones in the city centres. The main purpose was to speed up the transition to cleaner traffic, 
improve air quality and to some degree reduce noise. In 1999 Lund also introduced the 
regulations. 
 
As an example of this measurement we present an assessment of the effects on emissions and air 
quality of the environmental zone in Stockholm in the text below1. Assessments have been carried 
out in other cities too, but this is estimated to be the most extensive. An air quality management 
system with a detailed emission database and an air quality dispersion model were used to 
compare a situation without the zone, with the current situation year 2000 with the zone. A 
scenario with no illegal heavy-duty vehicles in the zone is also included.  
 
Assessments of the effects on emissions and air quality due to the environmental zone in 
Stockholm, Göteborg and Malmö were made one year after the regulations were introduced 1996. 
It showed a more positive air quality response than this calculation presented here. There are 
differences between the cities, so the results shown here should be seen as an example and not 
totally applicable for the other cities.  
 
Vehicle regulation 
All heavy-duty trucks and busses (>3.5 tonnes) travelling in the zones must not be more than 8 
years old, this corresponds in 2004 approximately to the Euro I emission standard (EU-directive 
91/542/EEC Level A). Other vehicles that may travel in the zone are: 
 

• Vehicles from 9 and 15 years old that have been retrofitted with a certified emission 
control device. Approved control devices are catalytic converters in combination with 
particulate traps. 

• Old vehicles where the motor has been replaced with a new. 
• Vehicles that only very seldom travel within the zone. They need a special permit from the 

Road and Traffic Administration of the city. 
 
The Swedish Motor Vehicle Inspection Company is responsible for the approval of the vehicles 
with or without retrofitted emission reduction kits.  
 
The zone in Stockholm has been in force since 1996 and a new regulation was implemented from 
year 2002. The effectiveness of the zone in Stockholm is evaluated in a special control programme 
including visual inspections during four times per year at two sites in the city centre. Each time 
around 100 trucks and busses are registered. Based on the visual inspections a database has been 
created that includes information on the age, weight, vehicle length, emission control system and 
model of each vehicle. During the year 2000, 470 vehicles were registered in the database. All 

                                                     
1 from Swedish experience with low emission zones. C. Johansson and L. Burman, Environmental and Health Administration in 

Stockholm. 2001. 
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trucks and buses should have a sticker placed on the windshield. Illegal driving in the zone may 
result in a fee enforced by police authorities. 

 
Figure 1 Map showing the Environmental zone area of Stockholm (in yellow). Major roads 

(indicated with their names on the map) have been exempted from the zone 
regulations. 

 
Calculated emissions 
The calculations are based on a detailed emission database administered through a Regional 
Association for Air Quality Management of the counties of Stockholm and Uppsala2. The database 
includes 4 500 road-links for which traffic volume, speed, vehicle composition, driving conditions 
etc. are defined. There are 45 road types, each containing information on the temporal distribution 
of 5 vehicle types. The estimates of total traffic volumes are primarily based on measurements in 
situ. Such measurements are of different kinds: regular automatic traffic counting by the local 
traffic and street authorities within municipalities, automatic traffic counting on main roads by the 
Swedish Road administration and manual surveys of traffic volumes. Traffic volumes on major 
roads are taken from information provided by the Swedish Road administration. For other roads 
information in the database relies on the traffic volumes estimated from the measurements 
administered by the local municipalities. Heavy-duty vehicle (HDV) emissions in the zone are based 
on the control program described above. 
 

                                                     
2  see www.slb.mf.stockholm.se/lvf 



 Examples of Air quality measures within Europe 
 
 

 

 

2.3 The Swedish environmental zones Page 36 of 167  

There are five vehicle types within the zone: 
 

1. Light-duty gasoline cars 
2. Light-duty diesel cars 
3. Medium-duty gasoline trucks (<3.5 ton) 
4. Heavy-duty diesel trucks and buses (>3.5 ton) 
5. Ethanol buses 

 
For each vehicle type there are six different categories corresponding to different emission 
standards. The additional emissions due to cold starts in the model are large for small roads (a 
journey of about 10 km for each cold start) and almost zero for motorways (a journey of about 
200 km for each cold start). Cold start emissions are implemented as line sources distributed along 
different road types. 
 
Table 2 shows that 1.6 ton/year, or 12%, of the total vehicle exhaust emission of particulate 
matter was due to exhaust emissions from heavy-duty vehicles (trucks and buses) in the 
environmental zone 2000. The single most important vehicle category is gasoline cars with 53% of 
the total exhaust emission of particulate matter in the zone. For NOx 32% (170 ton/year) of the 
total exhaust emission was due to heavy-duty vehicles, and 65% (346 ton/year) was due to light-
duty exhaust emissions. 
 

Table 2 Total emission in the environmental zone of Stockholm and average emission 
factors for road traffic in the zone area. The emission factors are averages for the 
traffic composition and driving conditions during year 2000 with zone regulations. 
For particulate matter only exhaust emissions are included. NOx concentrations 
are expressed as NO2. 

 Particulate matter NOx 

Vehicle type g per vehicle km Tons/year g per vehicle km Tons/year 
Light duty gasoline car 0.018 7.0 (53%) 0.85 330 (62%)
Light duty diesel car 0.15 3.3 (25%) 0.74 16 (3.0%) 
Medium-duty gasoline 
trucks (<3.5 ton) 

0.056 1.2 (9.4%) 0.85 18 (3.4%) 

Heavy-duty diesel trucks 
and buses (>3.5 ton) 

0.071 1.1 (8.1%) 5.7 86 (16%) 

Ethanol buses 0.054 0.5 (4.0%) 8.4 84 (16%) 
Total - ~13 - ~540 
 
Most of the exhaust particles from diesel and gasoline vehicles have diameters less than 2.5 µm 
and almost all are less than 10 µm. Winter of road dust and other particle sources such as particle 
emissions due to wear of brake linings have not been included in these emissions, since they are 
not affected by the environmental zone regulations. (But winter is included in the dispersion 
calculations; see below). The emission database includes information on point and area sources in 
the two counties. It is updated yearly through a co-operation between the municipalities and two 
regional bodies that are members of the Association. 
 
Model calculations 
A Gaussian dispersion model is used to calculate annual concentrations. A climatology with 360 
weather cases have been created based on 10 years of meteorological measurements in a 50 meter 
mast in the southern part of the city. The average concentration of these 360 cases represents the 
annual average. 
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Model calculations of NO2 

The Gaussian dispersion model does not consider the photochemistry of NO, NO2 and O3. Instead 
an empirical relationship has been utilised to convert calculated concentrations NOx to NO2 

concentrations. This procedure is used for long-term average values and has been validated by 
comparing with measured NO2 concentrations at a number of sites in the county of Stockholm. 
 
Model calculations of particulate matter (PM10 and PM0.2) 
The total PM10 annual concentration was calculated as the contribution from all local sources plus 
the concentration in background air as measured at a rural site 75 km south of Stockholm. Based 
on model calculations and measurements it has been found that the contribution from winter of 
road dust to PM10 was about equal to that from the total exhaust emission of road traffic. Due to 
the low emissions and concentrations of SO2 and the short residence time of the air in the urban 
area of Stockholm the contribution of locally emitted SO2 is assumed to be negligible for PM10 

concentrations in this region. 
Emitted NO2 may, under favourable conditions, be converted to particulate nitrate and thereby 
contribute to the local PM10 levels. This is not considered in the model calculations. The total 
annual concentration of PM10 is converted to PM0.2 based on measurements of the particle size 
distribution at a roof level site during March 2000. It was assumed that the fraction PM0.2 was the 
same in the whole city and representative for the annual average. 
 
Emission scenarios 
Three different scenarios have been considered: 
1. Present situation (year 2000) with environmental zone 
2. Year 2000 without the zone 
3. Year 2000 with the zone but no illegal vehicles (100% of the heavy-duty vehicles drive 

according to zone regulations) 
 
Emissions year 2000 
The total heavy-duty traffic volume in the zone was 25 million vehicle kilometres (Mvkm). This is 
about 5% of the total traffic volume (500 Mvkm). The average age of these vehicles was 6 years. 
The inner city was trafficked by 250 ethanol driven buses constituting 11.5 Mvkm/year. The 
average age of the buses was 4 years. Most the traffic volume was due to new vehicles that also 
had the lowest emission factors. 
During year 2000 visual inspections of 470 vehicles showed that about 90% of the heavy-duty 
trucks were driving in accordance with the regulations for the zone (Figure 2). Most of these trucks 
and buses (80% of all vehicles) were 1992 – 2000 year models. Ten percent were older vehicles 
that had installed certified exhaust control device or vehicles with a new motor. The buses were 
mainly ethanol driven buses part of the local network of the city of Stockholm. Only five percent 
of the heavy-duty vehicles were diesel buses (transfer- and tourist buses). 
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Figure 2 Heavy duty vehicle composition according to manual control of 470 vehicles in the 
zone in January, April, July and October 2000. 

 
Particulate matter 
Figure 3 shows the emissions of exhaust particulate matter from different groups of heavy-duty 
vehicles with the zone 2000. To be able to compare the emissions with and without the zone, the 
same fractions for the respective groups (e. g. “illegal vehicles”, “exhaust after treatment”) were 
applied on the vehicle fleet without the zone. The distribution between the groups was obtained 
from the manual inspection programme in 2000. 
 
The emission of exhaust particles from heavy-duty vehicles in the zone 2000 were about 40% 
lower as compared to a situation without the zone (Figure 3). The most important effect is due to 
the decrease of the number of old trucks in the vehicle fleet leading to about 30% lower emissions 
of the approved vehicle group (“Approved 2000 – 1992”). For the trucks that had installed 
exhaust after treatment the reduction in emissions was 87%, but since there total emission is 
smaller the contribution to the total emission reduction is only about 10%. The manual inspection 
program has shown that 10% of the trucks drive illegally in the zone. These old trucks are 
estimated to give rise to about 25% higher total PM emissions as compared to a situation with no 
illegal driving. It has been estimated that about one third (3.4 Million vehicle km) of the total 
traffic volume of the inner city buses would have been due to diesel buses without the zone. The 
zone regulations have led to the replacement to ethanol buses, resulting in a 50% reduction of the 
emission from all inner city buses. 
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Figure 3.  Emission of particles with and without the zone 2000 from heavy-duty vehicle 
categories inside the zone area. To be able to compare the emissions with and 
without the zone, the same fractions as determined with the zone, for the 
respective groups (e. g. “illegal vehicles”, “exhaust after treatment”) was applied 
on the vehicle fleet without the zone. 

 
NOx emissions 
For NOx the effect on heavy-duty vehicle emissions is not as large as for particulate matter. Most 
of the reduction in emissions is due the decrease of the number of old trucks in the vehicle fleet 
leading to about 25% lower emissions of the approved vehicle group (“Approved 2000 – 1992”). 
There is also a small reduction due to the replacement of motors in old trucks. Installation of 
exhaust after treatment equipment on old vehicles does not have any effect on the NOx emission. 
The emission factors for new ethanol buses are 30% lower than the emission factor for diesel 
buses. The overall effect is that the NOx emission from heavy-duty vehicles is 10% lower in the 
zone as compared to a situation without the zone. 
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Figure 4 Emission of nitrogen oxides (ton NO2/year) from heavy-duty vehicles inside the 
zone for three different scenarios. To be able to compare the emissions with and 
without the zone, the same fractions as determined with the zone, for the 
respective groups (e. g. “illegal vehicles”, “exhaust after treatment”) was applied 
on the vehicle fleet without the zone. 

 
Concentrations due to all road traffic in the zone 
Firstly, calculations were made to see the total contribution to the ambient concentrations of 
particulate matter and NOx of all vehicle emissions within the zone. For NOx the contribution of 
the total road traffic in the environmental zone varies from 1% of the total concentration in the 
suburban areas to 76% of the total concentration in the centre of the city (see Table 3). The 
population weighted1 average concentration due to road traffic within the zone is 15 µg/m3. This 
corresponds to 36% of the population weighted total concentration of the inner city of Stockholm. 
Exhaust emissions of NOx due to heavy-duty trucks within the zone contribute with 2.5 µg/m3 

(population weighted mean concentration) while the light-duty vehicles (cars and light-duty 
trucks) contribute with 10 µg/m3. These values correspond to 17% and 67% of the total 
concentration within the zone, respectively. Exhaust emissions from ethanol buses contribute with 
2.6 µg/m3. 
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Table 3 Calculated contributions to the concentrations of NOx and particulate matter from 
exhaust emissions due to road traffic within the environmental zone 2000. The 
values represent roof level and the resolution is 100 x 100 metres. The upper 
value is a population weighted average and the values within brackets correspond 
to the minimum and maximum values inside the model domain. 

 Absolute contributions [µg/m3
] Relative contribution to the total 

concentration without environmental zone.
 All road 

traffic 
Only heavy 

duty vehicles 
Only cars 
and light 

duty trucks

All road 
traffic 

Only heavy 
duty vehicles 

Only cars and 
light duty 

trucks 
NOx 15.3 

[0.4 – 61] 
2.5 

[0.1 – 10] 
10.2 

[0.2 – 41] 
36% 

[1% - 76%]
7% 

[0.2% - 
13%] 

26% 
[0.5% - 48%]

PM0.2 0.392)
 

[0.01 – 
1.6] 

0.0412)
 

[0.001 – 
0.16] 

0.322)
 

[0.008 – 1.3]
35%1)

 

[1% - 
100%3)] 

3.8%1)
 

[0.1% - 
13%] 

29%1)
 

[0.8% - 
100%] 

1) Percent of total PM0.2 concentration. PM0.2 has been estimated based measured particle number distribution assuming 

spherical particles with a density of 1.5 g/cm3. 

2) Only exhaust particles are included in the calculations and all exhaust particles are assumed to be less than 0.2 µm in 

diameter. 

3) In a small area in the city centre the contribution becomes more than 100% due to uncertainties in the calculations (see 

text). 

 
For particulate matter exhaust emissions due all to road traffic in the zone contribute with a 
population weighted average concentration of 0.39 µg/m3. The population weighted PM0.2 
concentration was 1.1 µg/m3. The average contribution from exhaust emissions due to road traffic 
in the environmental zone was 36% of the total PM0.2 concentration (Table 3).  
Exhaust emissions from trucks give a population weighted concentration of 0.041 µg/m3, 
corresponding to 3.8% of the total PM0.2 concentration in this area. This may be compared with 
the contribution due exhaust emissions of particulate matter from light-duty vehicles of 0.32 
µg/m3 (29% of the total PM0.2 concentration). 
 

Reduction in concentrations due to the zone 
A summary of the calculations of the effects on the concentrations of NOx and particulate matter is 
given in Table 4. The table shows how much lower the concentrations is (1) with the zone 2000 
and (2) with a fully implemented zone (i. e. no illegal vehicles) as compared to a situation with no 
environmental zone. All values are annual averages and refer to roof level. 
 
In the situation with the zone 2000 the population weighted NOx concentration is calculated to be 
0.52 µg/m3 lower as compared to a situation without the zone (Table 4). This corresponds to 1.3% 
of the total concentration with the zone 2000. It is about 20% of the reduction that would be 
obtained if all exhaust emissions from trucks and buses in the zone were eliminated. The fact that 
there are 10% heavy-duty vehicles that drive illegally in the zone does not make much difference. 
For particulate matter the concentration in the current situation with the zone is calculated to be 
0.032 µg/m3 lower compared to the situation without the zone. This corresponds to ca 3% of the 
total population averaged PM0.2-concentration. It is 44% of the maximum possible reduction if all 
exhaust emissions from heavy-duty vehicles would be eliminated. If there would be no illegal 
heavy duty vehicles driving in the zone, the reduction would have been 0.043 µg/m3, as compared 
to the situation without the zone. This corresponds to ca 61 % of the maximum possible 
reduction, i. e. If all exhaust emissions due to heavy-duty vehicles would be eliminated within the 
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zone). The largest effects of the zone are calculated in the centre of the city, which is the most 
densely populated part of the area and where most people work. 
 

Table 4 Calculated reductions in the concentrations of NOx and particulate matter due to 
the introduction of the environmental zone in Stockholm. The values represent 
roof level and the resolution is 100 x 100 metres. The upper value in bold is a 
population weighted average and the values within brackets correspond to the 
minimum and maximum values inside the model domain. 

 Reduction in the current situation 2000 
compared to situation without the zone 

Reduction in a situation with 100% legal 
vehicles 2000 as compered to a situation 

without the zone. 
 µg/m3 % µg/m3 % 
NOx 0.52 

[0.07 – 1.8] 
1.3% 

[0.6% – 2.2%] 
0.60 

[0.1 – 2.5] 
1.5 

[0.7% - 2.5%] 
PM0.2 0.032 

[0.05 – 0.11] 
3.0% 

[0.5% – 9%] 
0.043 

[0.05 – 0.15] 
4.0%1) 

[0.5% – 12%] 

1) Calculated as percentage of total PM0.2 concentration 

 
The environmental zone in Stockholm has reduced both emissions and ambient concentrations of a 
number of pollutants. However, even though the effects on the total emissions from heavy-duty 
vehicles may be substantial, the corresponding effect on the concentrations may be very small 
compared to the total concentrations due all sources. For NOx heavy-duty vehicles account for 
32% of the total emissions within the zone area. Due to the implementation of the environmental 
zone the emissions from heavy-duty vehicles have been reduced by about 10% compared to the 
emissions without the zone. Even though new heavy-duty vehicles have lower NOx emissions, 
exhaust after-treatment has little or no effect on the emissions. The corresponding reduction of the 
total NOx concentrations is estimated to be 0.5% to 2% of the total NOx levels. Most of the NOx 
emission in the zone area comes from light-duty gasoline vehicles (~60%). 
 
For particulate matter the heavy-duty vehicle emissions have been reduced by 40% due to the 
implementation of the environmental zone. The importance of this for the ambient concentration 
depends on which fraction of the particulate matter that is used as reference. The reduction of the 
ambient concentrations determined as PM0.2 (mass of particles with a diameter less than 0.2 µm) 
due to the implementation of the environmental zone is estimated to be between 0.5% and 9% in 
the area. 
 
The reduction compared with the total levels of PM10 is much less since a substantial part is due to 
winter of road dust and long-range transport. It seems likely that the environmental zone has led 
to a significant reduction of the particle number concentration. This is due to 2 reasons: 
 

• Measurements in a road tunnel in Stockholm and other data show that the emission from 
old heavy-duty diesel vehicles without exhaust filter is much larger than light-duty gasoline 
vehicles, and that new heavy-duty vehicles and old vehicles with filters emit much less 
particles than old. 

• The total particle number concentration close to roads inside the zone is predominately due 
to local emissions from road traffic — the number concentration in background rural air is 
several orders of magnitude lower. 

 
The lack of data on the physical and chemical properties of urban PM have made it difficult to 
explain correlations between PM and various health effects as observed in epidemiological studies. 
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It is not yet known which property of the urban aerosol that is most important from a health point 
of view, but respiratory health effects are associated with the number of ultra fine particles. The 
target parameter in air quality regulations in Europe refers to PM10. In Stockholm, and probably 
many other cities in Northern Europe, exceedances of the daily average limit value (50 µg/m3, 
allowed to be exeeded only 35 times per year) is mainly due to road dust re-suspension during late 
winter and spring. Exhaust emissions of particles from local road traffic have a very small 
contribution to PM10 concentrations during these periods. 
 
Finally, it should be pointed out that the effect of the low emission zone on air quality is likely to 
be large when compared to other actions that are possible for the local city administrations to 
implement. Most of the potential actions that have been examined lead to much less than a 
percent reduction of total air concentrations. 
 
The conclusion is that the environmental zones in Stockholm, Göteborg, Malmö and Lund have 
reduced both emissions and ambient concentrations of a number of pollutants. The cities estimate 
that the measurement, according to a population-weighted calculation, has economic benefits for 
the society, due to lower health- and environmental costs. From the point of view of business 
economics, the costs of changing the vehicle fleet prematurely (or retrofitting) in Stockholm, was 
for the first year (1996-97) calculated to 3,9 Million Euros. In Göteborg it was calculated to 1,5 
Million Euros and in Malmö 1,2 Million Euros.  
 
Recently (in 2003) there have been calculations for the action plan to meet the standard for NO2 in 
Stockholm. The conclusion of this was that if the zone regulation were changed, so that even 
private cars without catalytic converters were included, the levels of NO2 could fall by 5-6% on the 
inner city roads. This measure is one of the proposals in the action plans for Stockholm and 
Göteborg, but it will need a change of the legislation and that is not decided yet. 
 
A recent study by Forsberg and Segerstedt (2004) shows that also road dust gives health effects. 
According to the study road dust increase respiratory symptoms and respiratory hospital 
admissions. 
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2.4 Studded tyres: Information campaign3 

 
Authors: Martin Juneholm and Håkan Johansson, Sweden Road administration, SRA. 
Contact:  martin.juneholm@vv.se 

hakan.johansson@vv.se 
 
Short contribution 
Category C: ‘Effort on technique’ 

 

Problem description 
PM10 concentrations in many of the cities in Sweden are characterized by significant peaks during 

winter and early spring. In Stockholm diurnal mean values reaching well over 200 µg m-3 are 
common during dry episodes. Mainly because of the use of studded tyres and winter sanding, 
wear particles from road pavement, tyres and winter sanding dominate PM10 composition during 
the period when the environmental quality standard is exceeded.   
 

Reducing studded tyre use by 50%.  
Information campaign. Studded tyre charge/subsidy.  
Studded tyres are banned in many countries today (e.g. Canada, Germany, France, Japan). In some 
northern countries, though, they are allowed during the winter season because of their safety 
advantages during icy road conditions. Studs have been made lighter and fewer to reduce the 
pavement wear, but still more than 100 000 tons of pavement material is worn off Swedish roads 
each year. In Norway, the PM10 problem connected with studded tyres has been discussed since 
the 80s. In Oslo, Trondheim and Drammen information campaigns and studded tyre charges have 
been used during different periods. PM10 studies have shown that on an annual basis a 10 % 
reduction in studded tyre frequency results in 1 µg m-3 less PM10. Measurements in Stockholm 
support the connection; on a diurnal basis 10 % fewer studded tyres reduce PM10 by at least 
5 µg m-3. A charge, like in Norway, can only be implemented after a change in the legislation. This 
process normally takes a long time, and therefore legislation cannot be introduced before 2005. 
Meanwhile, an information campaign is proposed. Studded tyres are highly regarded in Sweden 
and about 70 % of Stockholm cars use them during winter. An information campaign must 
therefore concentrate on describing the health and environmental problems connected with the 
use of studded tyres and also emphasize the road administrators’ intentions and ability to maintain 
road friction through improved winter maintenance. If a halving of studded tyre use can be 
accomplished, it is estimated that PM10 concentrations will be reduced by 20-25 % on a diurnal 
basis. 
 

 
 

                                                     
3 The Stockholm County Administrative Board has compiled a programme where measures proposed for Stockholm County have 

been ranked according to current knowledge of their proved or supposed potential to reduce PM10 emissions in the Stockholm 

region. This is a short presentation of some of the measures and the current knowledge about their potential. M. Gustafsson, 

Swedish National Road and Transport Research Institute, VTI, 2004 
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2.5 Taxation to decrease use of studded tyres 

 
 
Authors: Pål Rosland, Jørn Arntsen, Norwegian Public Roads Administration. 
Contact: paaros@vegvesen.no 
 
Short contribution 
Category C: ‘Effort on technique’ 

 
 
In Norway, the use of studded tyres has since the 1960’s been a major 
contributor to friction and road safety on snow- and ice-covered winter-
roads. The unfortunate side of the use of studs in tyres has been heavy 
asphalt wearing and dust-production. These small metal spikes in car 
tyres have changed a lot over the years. They are now much smaller and 
lighter than before, and therefore the asphalt wear has decreased. But 
the dust production has not decreased enough to eliminate the problem 
of mineral dust in ambient air. Dust production from studded tyres is on 
occasion by far the largest contributor to exceeding air quality guidelines 
nearby the main roads. Typical in a pollution episode of particle matter, 
the coarse fraction will completely dominate near by the mean roads. 
This is a problem we share with other northern countries.  
 
In the 1990’s it was calculated that 80% of the traffic in the largest 
cities should use non-studded tyres to achieve acceptable air quality 
without increasing serious accidents. This national goal should be 
fulfilled within the year 2002. To speed up the transmission to use non-studded tyres a fee has 
been charged in the cities of Oslo and Trondheim. Each car that uses studded tyres within the 
cities must pay a fee of approximately 4 Euro a day, or approximately 120 Euro a year. Purchase of 
non-studded tyres has been subsidised. 
 
This measure has been effective. In two years, the use of non-studded tyres increased from 50 to 
80% in Oslo. In Trondheim, the use of non-studded tyres increased from 35 to 63% percent since 
the fee first was introduced 5 years ago. 
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2.6 Use of CRT and EEV in public buses at BVG Berlin 

 

Author: Anja Baum, Federal Highway Research Institute (BASt), Germany. 
Contact: baum@bast.de 
 
Short contribution 
Category C: ‘Effort on Technique’ 
 
The association of German transport companies (Verband Deutscher Verkehrsunternehmen, VDV) 
has accepted the supreme European exhaust gas standard EEV (Enhanced Environmentally Friendly 
Vehicle) as orientation standard for its buses. The conference of national environmental ministers 
in addition to that wants to take care, that the EEV exhaust gas standard will be introduced as a 
criterion for the support of allocations of financial subventions of the Federal Government for the 
improvement of the traffic situation in the municipalities. 
 
To give an idea of the significance of bus emissions, the annual NOx and PM10 emission of buses 
and total traffic in the whole urban area of Berlin is shown in table 1 for the year 1999. 
 

Table 6.1 NOx and PM10 emission of buses and total traffic in Berlin for the year 1999 in 
tons per year (SenStadt, 2001). 

Air pollutant Total emission Emission of buses 
NOx 12 434 1 168 
PM10 1 632 111 
 

Example 
At the transport services of Berlin since 1999 omnibuses are equipped with especially effective 
particle-filters, so called CRT-filters (CRT – Continuously Regenerating Trap), and since this time, 
as a precondition for the use of CRT-technology, run only with sulphur-free fuel. The CRT-filter 
absorbs on an average about 96 % of all soot-particles. 
 
Meanwhile 1.000 buses (about 2/3 of the whole fleet) were upgraded. Emission reductions were 
determined of about 75 % for PM and of about 12 % for NOx (environmental report BVG Berlin, 
2001). 
 
Since the middle of 2003 25 additional omnibuses are in use, which fulfil the exhaust gas standard 
EEV and therewith remain under the Euro 5-standard, valid as of 2008. Experiences in connection 
with the use of the EEV-busses have to be gathered in the current practical application. 
 
EEV is cost-effective. Also without government aid the environmental additional costs are 
marginal. Furthermore they will be compensated by reduced risk of costs e.g. resale of the 
vehicles. The Ministry of Environment grant government aid for at least 5 and maximal 50 buses 
with EEV-standard (according to directive 99/96/EG) and pass-by noise type test value according 
to 92/97/EWG. 
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2.7 A traffic guiding system at LfU Bayern/Bavaria 

 

Authors: Anja Baum, Federal Highway Research Institute (BASt), Germany. 
Contact: baum@bast.de 
 
Short contribution 
Category F: ‘Speed limit reduction and homogenisation of traffic flow’ 
 
At the BAB A6 in the south of Nürnberg an installation for lane influencing with variable traffic 
signs was established in October 1996. The traffic guiding system is able to give several speed 
limits depending on the traffic situation. This system also gives warnings of traffic jams, rain, fog, 
slippery conditions, road works and other dangers in good time. Using this system it is possible to 
achieve a constant flow of traffic. At this road section the ADT at this time was 60.000 vehicles per 
24 hours with a share of lorries of about 16 %. In the two weeks before starting the lane-
influencing installation as well as in the two weeks afterwards in all 22 rides in flowing traffic were 
practised for measuring of emissions with a car equipped with a 1,8-litre injection-engine. The 
measuring parameters speed, fuel consumption and the vehicle longitudinal acceleration were 
continuously recorded and their mean values were compared with each other in regard to driving 
direction and traffic lane. 
 
Further measurements of immissions at distance of 15 m from the edge of the pavement were 
carried out for the purpose of the continuous recording of the air pollutant components carbon 
monoxide (CO), nitrogen oxide (NO), nitrogen dioxide (NO2), ozone (O3), toluene, benzene and 
o-xylene. 
 

Results 
By the use of lane-influencing devices and along with graduated speed limits fuel savings and 
reductions of emissions can be achieved. As well the capacity of a road can be improved by better 
utilisation of the lanes. 
 
Calculations showed CO2-decreases on both lanes of 3 to 11% depending on the side of the lane. 
However measurements identified in part a decrease of fuel consumption and CO2-emissions on 
the right lane in spite of a slow rise of speed. 
 
Immission measurements showed under similar meteorological terms and traffic conditions a 
decrease of CO (11%) and hydrocarbons (18 – 36%) as well as NOx (18%). At the same time NO 
decreased (34%) whereas NO2 increased (13%). 
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2.8 Speed limit reduction with a trajectory-control system 
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Long contribution 
Category F: ‘Speed limit reduction and homogenisation of traffic flow’ 

 

2.8.1. Local situation on air quality in the Netherlands 
 
The air quality in the Netherlands is monitored in two different ways; by measurements and by 
modelling. Measurement sites for many components have been placed in ‘background locations’ in 
rural areas as well as in cities and near roads. Modelling of air quality in the Netherlands on a 
regional scale, takes place with emission inventories, which are used as input for national 
dispersion models. In this chapter, we have focussed on NO2 and PM10.  
 
An overview of the spatial dispersion of the yearly average NO2 and PM10 concentration in the 
Netherlands in 2001 is given below [1]. The overview is composed from a model output, which is 
calibrated on the measurements from the Dutch Air Quality Monitoring Network. The result can be 
interpreted as a regional nationwide distribution of yearly averaged concentrations of NO2 and 
PM10. The map is made, based on 5*5 km grid cells for PM10, and based on 1*1 km grid cells for 
NO2. Local exceedances, as for instance close to a highway can hence not be determined in this 
overview. 

 

  
 

Figure 1 Calculated annual mean NO2 (left) concentration and annual mean PM10 
concentration (right) in the Netherlands in 2001 (Source: RIVM, Yearly overview 
of Air Quality in the Netherlands in 2001 [1]). 

 
The limit value for the annual mean (40 µg/m3) for NO2 concentrations was exceeded in a 
confined number of urban areas. According to the model calculations, the exceedances of the 
annual mean limit value of NO2 occurred along road lengths (highway as well as secondary roads) 
of about 2000 km. 
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Despite the slowly decreasing PM10 concentrations over the years, the daily mean limit value 
(50 µg/m3, max. 35 days exceedance permitted) is still exceeded in a large part of the Netherlands 
(mostly the south and the eastern part of the country). The limit value for the annual mean 
(40 µg/m3) for PM10 was exceeded in a confined number of urban areas. 
 
A more detailed overview of NO2 concentrations at highways for a part of the Netherlands is given 
below (with appreciation for the publishing permission of the Province Zuid-Holland [2]).  
 
Figures 2 and 3 show modelled NO2 concentrations for 2000 and 2010 near highways. In 2000, 
near quite some highways in this area, limit values for NO2 were exceeded. The forecasting of the 
situation in 2010 shows, that it is expected that near some highways, limit values for NO2 will still 
be exceeded with current and planned legislation and policy. 
 

 
Figure 2 Modelled annual mean NO2 concentrations along highways in the province Zuid-

Holland for the year 2000. 

Highway 
A13 
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Figure 3 Modelled annual mean NO2 concentrations along highways in the province Zuid-

Holland for the year 2010 with the realistic scenario ‘Reference Raming’. 

 

2.8.2. Main issues and background information 
The province ‘Zuid-holland’, which is shown in above overviews, is the one with the largest 
number of air quality bottlenecks in The Netherlands. Yearly averaged urban background 
concentrations of NO2 currently sometimes amount to around 35 µg/m3, as in this urban 
agglomeration of Western Holland many industries as well as a large harbour area is situated, close 
to densely populated areas.  
 
Most of the highways in this area are very actively used, causing high traffic emissions. On a 
location 50 m next to a highway in this area, the measured emissions of NO2 are for 25% caused 
by sources outside the region (large-scale background), for 25% by sources inside the region 
(regional background) and for 50% by local traffic sources as on the highway. 
 

2.8.3. History 
The highway A13 is a heavily used highway, with an average of 140.000 vehicles or more per 24 
h, including roughly 10% heavy-duty trucks. It cuts across the centre of Overschie (near the city 
Rotterdam) and large blocks of apartments are situated next to the highway. The local community 
of Overschie organised itself as the residents became increasingly annoyed of the nearby traffic 
noise and also became worried over the impacts of the local air quality on their health.  
 
The local community of Overschie collected many protest signatures of people living near the 
highway, undertook various kinds of action (even threatened to block the highway) and talked 
extensively with the local, regional and national government in order to get them to take measures 
to reduce the harmful side effects of the local highway, preferably on short notice. The different 
levels of government finally indulged in the requests and studied on shortterm solutions for the 

Highway 
A13 
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people living next to the highway. The study resulted in the implementation of a pilot project, as 
described below. 

2.8.4. Concept and implementation  
This chapter is mainly based on the published report of TNO-MEP [3]. In May 2002, the 
Netherlands authorities introduced a pilot on highway A13 directed to maintain the maximum 
speed limit at 80 km/hr. The purpose of this measure was to decrease traffic-related levels of the 
air pollution and noise disturbance in Overschie, a municipality of Rotterdam. Research by the 
Netherlands Research Organisation TNO showed, that traffic moving at a constant, moderate 
speed emits less air pollutant compared to traffic with high speed fluctuations or driving 120 km/hr 
or more.  
 
A ‘trajectory-control’ system was set up over a 3 km stretch of the A13 in Overschie. A constant 
traffic flow was ensured by an automatic speed check to see whether the limit of 80 km/hr over 
the 3 km stretch was exceeded. Next, by assignment of the Netherlands Directorate-General of 
Public Works and Water Management, TNO in cooperation with the Environmental Protection 
Agency Rijnmond DCMR performed research on the impact of the ‘ 80 km/hr measure’ on the air 
quality in Overschie. 
 

 
 

Figure 4 Overschie traffic boards announcing the speed reduction. 

 

2.8.5. Costs and results 
The implementation costs of the measure amounted to 1.2 million euros. For this amount, a 
trajectory control system of traffic in both directions was set up. Sixteen cameras are used in total 
on the four driving lanes; a computer system is designed to calculate the average speed on the 
trajectory and to automatically send a fine to car owners when the speed limit is exceeded. 
Exploitation costs roughly amount to 0.8 million euro per year (included police surveillance). On 
the other hand, considerable income for the state is obtained as drivers exceeding the speed limit 
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are consistently fined in a close to 100% detection rate. Roughly 1 percent of the vehicle owners 
passing, receive a fine; which on a normal weekday could easily add up to 1500 fines per day.  
 
The measure was implemented in order to decrease air pollution and noise contribution of the 
highway A13 to its near surrounding. The assessment of air quality before and after introduction of 
the measure was based upon measurements and modelling.  
 
Continuous monitoring of NO, NO2 and PM10 by active measurements was performed at three 
different locations in Overschie; one at 500 m west of the A13 (“background location”) and the 
other two respectively at 50 and 200 m east of the highway A13. The difference in the 
measurements on the downwind locations, related to the background location, formed the traffic-
related contribution of the A13. The measurements before 2002 were used to have a zero-
measurement of the air quality near the highway. The measurements were continued between 
April 2002 and April 2003. Hence, the measurement period includes the periods of one year before 
and one year after the introduction of the measure. In addition, between April 2002 and April 
2003 the NO2 concentrations were monitored with passive samplers at more than 30 locations in 
Overschie. The results of which provide information on the spatial resolution of NO2 
concentrations in Overschie. Finally, at a limited number of locations, black smoke and 
concentrations of elemental and organic carbon (EC and OC) were measured.  
 
An hour-to-hour line-source model was applied to compute the contribution of traffic emissions at 
the A13 to the air quality in the area Overschie. Meteorological data and traffic data on the 
highway A13 were obtained from the Meteorological Services KNMI and the Directorate General 
of Public Works and Water Management. Traffic data concerned actual detection by road-loops of 
the number, category and speed of vehicles before and after the measure. TNO provided emission 
factors specifically derived for the highway A13 traffic before and after the measure. The hour-to-
hour model was used to generalise the measurement data for the whole neighbourhood of 
Overschie (instead of only the measurement locations at 50 and 200 m east of the highway). The 
passive NO2 sample measurements were used to validate the spatial variability of the hour-to-hour 
model results in the Overschie neighbourhood. 
 
The measurements and model results were analysed in order to get insight in  
 

1. the hour-to-hour contribution of traffic on the A13 to air quality in Overschie at 50 and 
200 m east (downwind) of the highway; 

2. the decrease of the traffic contribution of the A13 to the air quality in Overschie and the 
improvement of the air quality for the yearly mean of NO2 and PM10; 

3. the spatial distribution of the air quality in Overschie for NO2 and particulate matter.  
 
Figure 5 shows the calculated annual mean NO2 concentrations as iso concentration contours. 
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Figure 5 Concentration isocontours 45, 50, 55 en 60 µg/m3 in Overschie of the annual 

mean NO2 concentration in the period march 2002 – march 2003.  

 
In figure 5, the locations of the passive NO2 samplers are shown, as well as the measurement 
locations for the continuous NO2 measurements (E1 and E2 east of the highway and the 
background location E3 west of the highway). 
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Figure 6 The diurnal hourly calculated NO2 concentration, with western winds (all hours 

with wind direction between 200º and 300º and wind speeds larger than 2 m/s) at 
50 and 200 m distance of the highway A13 in Overschie; before implementation 
and after implementation of the measure. Especially late in the afternoon with 
high traffic intensities the influence of the highway A13 on air quality is the 
largest, as specifically in the afternoon, NO is transformed into NO2. 

 
The main findings and conclusions of the study are as follows: 
 

• Trajectory speed control has been effective in reducing the fluctuations in traffic speed on 
the highway A13 right across the area Overschie and also in prevention of exceedance of 
the speed limits (especially during the night). And so traffic flows efficiently through 
Overschie even while the number of vehicles has increased. The measure is estimated to 
reduce the average emissions per vehicle, with 15-25% for NOx  and 25-35% for PM10. 

• Measurements of the NO2 and PM10 concentrations on locations at 50 m and 200 m east 
of the highway A13 indicate that the air quality has improved during westerly winds for 
NO2 with 5 µg/m3 (50 m) and 3 µg /m3 (200 m), and for PM10 with 4 µg /m3 (50 m) and 1 
µg /m3 (200 m). These results illustrate that the 80-km/hr measure has a positive impact 
on the air quality in Overschie. 

• Measurements of NO2 concentrations in Overschie with passive samplers indicate that local 
traffic affects the spatial variation in air quality. At a distance of 250 m or more from the 
A13, the impact of the emissions is no longer detectable in Overschie. 

• Measurements of ‘black smoke’ and elemental/ organic carbon, as indicators for the 
contribution of the A13 to soot in the air in Overschie, show that black smoke is an 
adequate indicator for the spatial distribution of soot. Annual black smoke concentrations 
at 50 m of the A13 are twice as high than at 200 m. Therefore, black smoke 
concentrations seem a better indicator for traffic-related particulate matter emissions in 
Overschie than PM10. In the framework of health-related research, it is suggested to 
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perform more black smoke measurements near roads, highways, waterways and harbours, 
which are important sources for soot emissions. 

• Model calculations were used to assess the effect of the measure on the contribution of 
the A13 to the air quality in Overschie, as well as the impact on the total air quality. The 
derived contribution of the A13 on the air quality in Overschie up to a distance of 200 m 
for NO2 was 25% and for PM10 34%. The improved total air quality up to a distance of 
200 m from the A13 was calculated as 7% maximum for NO2 and 4% for PM10. 

• A combination of speed reduction, a reduction of traffic dynamics and a relocation of 
congestions explains the improvement in air quality. The travelling time over the whole 
traject near Overschie has not been changed, but the original congestion in the middle of 
Overschie have been relocated to the edges of the area where the measure has been 
taken. The reduction in air quality is mainly caused by the relocation of congestions, and 
to a lesser extent the direct result of reduction in traffic dynamics and speed reduction. 
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Figure 7 The separate effects of decreasing traffic dynamics, speed reduction of 100 km/hr 

to 80 km/hr and the relocation of congestion at Overschie on NO2 and particulate 
matter ambient concentration according to model calculations. Lower percentages 
are related to lower emissions (and thus a larger influence on air quality). 

 
• The estimated emission reduction, the measurements of air quality both by passive 

samplers and continuous monitoring equipment, and the model calculations all provide 
consistent data on the air quality. 

• It should be emphasised that the findings are specific for the area Overschie. At other 
locations, for example due to a different ratio of passenger cars versus trucks, different 
congestion conditions, different traffic dynamics or a different ration contribution traffic 
emissions versus background, the impact of a trajectory speed control measure may be 
quite different from the situation in Overschie. It is recommended for each location to 
perform specific research (and obviously this will be less elaborate than in Overschie) 
before introducing a speed control measure.  
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• Overall, it is concluded that the trajectory-speed control is an important instrument to 
reduce the environmental impact of road traffic before more source-orientated measures 
are available (e.g. less polluting vehicles; ‘clean’ fuels, less road traffic). 

 

2.8.6. Other environmental effects 
Next to reduction of levels of air pollution, the measure also causes substantial noise reduction. 
Before implementation of the measure, cars were frequently high speeding over the highway in the 
night, causing noise complaints in the neighbourhoods. After implementation, speeding did not 
happen anymore. The precise reduction in noise levels was difficult to establish by measurements 
only, as the speed limit reduction at Overschie roughly coincided in time with the implementation 
of noise-reducing ZOAB road surface. All in all, at a location 150 m west of the highway, it is 
estimated that due to the speed reduction measure only, an average reduction of 1,5 dB(A) was 
established. The implementation of ZOAB at this location was not expected to influence the found 
air quality results. 
 

2.8.7. Future plans 
The measure of speed limit reduction in Overschie is concluded to have a substantial impact on the 
environment; the measure will hence be continued on the current location.  
 
At the same time, an extensive study is executed on other possible highway locations where the air 
quality measure also could be implemented successfully. Based on an air quality scenario study of 
the RIVM [4] and the number of houses in the vicinity of the highways, nine highway locations 
have been selected where the limit value for NO2 will not be met in 2010 or even in 2015 with 
current and planned legislation and policy. These nine highway locations have the highest priority 
of the Netherlands Directorate-General of Public Works and Water Management for improvement 
of the local air quality.  
 
As part of this extensive project, first an indicative study was done to check whether the chosen 
speed limit really was the best one [5]. The choice of 80 km/hr at Overschie was made in a very 
short time; it was not scientiffically based and it was not sure whether 80 km/hr would be the 
perfect choise if all the consequences were considered. Possibly, a speed limit of 100 km/hr with 
trajectory speed control might be effective as well. Hence, a study was conducted for the 
Overschie location and for an ‘average other location’ with current knowledge to see what the 
impact of different speed limits 80, 90 and 100 km/hr with or without trajectory speed control 
would be on the environement and traffic. The conclusions of the study were that generally the 
largest impact on local air quality would be achieved with the measure of 80 km/hr with trajectory 
speed control. The reduction in air pollution is explicitly dependent on the local (air quality) 
situation and meteorological conditions and thus very situation-dependent. The obtainable 
reduction in air pollution will expectedly become somewhat larger in the future, as emissions from 
current new cars are more sensitive to changes in driving speed than emissions from old cars. A 
decrease in traffic dynamics will then lead to a larger effect on air pollution. Another important 
note is that the positive results on air quality within the area of speed limit reduction might partly 
be counteracted by phenomena on the borders of the speed limit area. It is well imaginable that a 
decrease in congestion within the speed limit area leads to an increase of congestion at the borders 
of the same area. 
 
After completing this study, a study was started on the consequences of implementation of the 
Overschie speed-reduction measure on the priority nine highways locations specifically. This study 
has lead to policy choices to implemend speed limit reduction at five locations in the Netherlands 
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in the end of 2005. Next to the topic of air quality, also noise, travel duration and road safety was 
taken into account. A practical limitation of implementation of the measure on locations is the 
capacity at the ministry of justice needed to maintain the speed limit. 
 
The speed limit measure at Overschie is not the only effort in the Netherlands to improve air 
quality levels near highways. The Dutch government is very aware of the existing difficulties in 
meeting the limit values of the first daughter directive. According to a study of a Dutch research 
institute CE [6], meeting the limit values of the EU directives could cost the Dutch government 
roughly a billion euros. As this was considered socially unacceptable, an Innovation Programme Air 
Quality (IPL) has been started recently with a budget of twenty million euros for four years. Its 
goal is to stimulate the search for and development and implementation of cost-effective traffic-
related measures to realise the air quality levels of the EU air quality directives in time.  
 
It is not a project to ‘invent’ new measures, but to develop and test promising measures that will 
improve air quality near highways in a cost-effective way and can be implemented before 2010. 
Within the project, innovative pilot projects will be started on different locations in close 
cooperation with local authorities. Possible directions for innovation within the project are the 
search for clever combinations of promising measures; for ways of dismantling possible barriers for 
implementation and for the effort to make different stakeholders work together. 
 
In 2004 the IPL has started with the formulation of a top list of promising air quality measures, the 
elaboration of possible measures in project details and the selection of locations and partners for 
pilot projects. At the pilot locations, measures will be realised on a small scale, tested, fine-tuned, 
monitored and evaluated. 
 
The project IPL is expected to finish in 2008, after which the positive results of the pilots could be 
implemented at highway locations within the Netherlands, in time for 2010 when the NO2 limit 
value has to be met. The possible implementation of measures is not included in the financing of 
the current IPL project, and will be funded additionally. The (interim) results of the IPL will be 
exchanged with other countries by means of the CEDR air quality group. 
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al., 2002, RIVM report 725301008/2002. 
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2.8.9. Further reading in English 
 

Attainment of EU NO2 standards in the Netherlands, implementation of the 1st 
daughter directive, Folkert, R.J.M., Eerens, H.C., Odijk, M., Van Breugel, P.B., Van 
Bree, L., 2002, RIVM report 725601009/2002. To be downloaded at: 
http://www.rivm.nl/bibliotheek/rapporten/725601009.html 

 
Preliminary assessment of air quality for sulphur dioxide, nitrogen dioxide, nitrogen 
oxides, particulate matter, and lead in the Netherlands under European Union 
legislation, Van Breugel, P.B., Buijsman, E., 2001, RIVM report 725601005. To be 
downloaded at: 
http://www.rivm.nl/bibliotheek/rapporten/725601005.html 

 
Composition and Origin of Airborne Particulate Matter in the Netherlands, Visser, 
H., Buringh, E., and van Breugel, P.B., 2001, RIVM report 650010029. To be 
downloaded at: 
http://www.rivm.nl/bibliotheek/rapporten/650010029.html 

 
On health risks of ambient PM in the Netherlands, Executive summary, Buringh, E. 
(ed.), and Opperhuizen, A. (ed.), 2002, RIVM report 650010033. 

 
Preliminary assessment of air quality for ozone in the Netherlands under EU 
legislation, Hammingh, P., Folkert, R.J.M., Smeets, C.J.P.P., 2002, RIVM report 
725601008. To be downloaded at: 
http://www.rivm.nl/bibliotheek/rapporten/725601008.html 
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2.9 Changing driver behaviour 

 
Author: P. van Breugel, Road and Hydraulic Engineering Division (DWW), The Netherlands. 
Contact: p.b.vbreugel@dww.rws.minvenw.nl 
 
Short contribution 
Category F: ‘Speed limit reduction and homogenisation of traffic flow’ 

 
New developments in engine technology have made possible a new, more efficient way of driving, 
which also proves to have significant positive effects on fuel consumption, CO2 emissions and 
traffic safety. To be able to make fully use of the benefits of the new style of driving, a 
government program was started in the Netherlands.  
 
The New Driving Force program focusses on the following issues: 
 

• Driving style of professional drivers 
• Driving school curricula 
• Puchasing behaviour (e.g. car labelling) 
• Tyre pressure 
• Fuel saving in-car devices (like cruise-control) 
• Cost-effectiveness 

 
Although it is important to start at the very beginning to teach drivers a desirable driving style, it is 
also important to train current owners of a driver’s licence. They have been taught a driving style, 
which does not fit today’s engine technology. For example, many drivers change gear at far too 
high revs. Over the last decades, engines of passenger cars, lorries and busses have changed 
dramatically, while driving styles of most drivers have not moved with the times. Driving in a 
slightly different way that complements new engines will give benefits in cost savings, safety and 
comfort. With the right training in driving style, drivers can save an average of 5-10% on fuel. 
Some drivers even reach savings of over 20%.  
 
The ‘golden tips’ for the new style of driving are: 
 

• Change gear as soon as possible, at low revs (1500 - 2500) to the highest gear possible; 
• After changing gear, press the accelerator just as much as is needed to keep up fluently 

with the surrounding traffic; 
• When decreasing speed, let your car roll for as long as possible in the highest gear possible 

without declutching. 
 
It is possible for professional drivers to take courses in this new driving style. 
 
The government and several consumer and retailer organisations also introduce an energy label for 
new passenger cars, which indicates the relative fuel consumption and the amount of CO2 
emissions of a car. In the relative fuel consumption the fuel consumption of a particular vehicle is 
being compared to the average consumption of cars of similar size. The energy label for cars is 
similar to the label used for washing machines and refrigerators. The color yellow means that the 
fuel consumption is average, red means it uses more fuel, and green means it uses less than 
average. 
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Tyre pressure is also a large influence on for car emissions. If the pressure is too low, the tyre 
resistance and fuel consumption increases drastically. Driving with low tyre pressures is also unsafe 
because of the negative influence on road-holding and brake behaviour. If the tyre pressure of all 
cars in the Netherlands were at the correct level, an amount of over 100 million litres of fuel per 
year could be saved. In the Netherlands, the issue of tyre pressure is brought to the attention of all 
drivers in an annual Tyre Check campaign in which drivers of passenger cars and vans is offered 
the opportunity to get their tyres checked free of charge. 
 
Several in-car devices as econometers, onboard computers, cruise controls and speed and 
revolution limiters have proved to save fuel and sometimes even to increase traffic safety. In field 
tests, drivers were able to save up to 10% fuel on average. That is why Dutch government 
stimulates the fitting in and use of fuel saving in-car devices by means of tax reduction and 
subvention. 
 

References 
 
More information on the The New Driving Force topic in the English language can be found on the 
website www.ecodrive.org. or  http://www.hetnieuwerijden.nl/frameset11.html 
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2.10 Local Air Quality Management near Trunk Roads in England 

 

Author: Michele Hackman, Highways Agency, Federated House (1A), London Road, Dorking, 
Surrey, RH4 1SZ, England.   
Contact: Michele.Hackman@highways.gsi.gov.uk 
 
Long contribution 
Category F: ‘Variable speed limit depending on traffic flow 

 

Summary 
Two approaches were taken to assess the effect of VSL on emissions. One used an instrumented 
vehicle to log vehicle speeds throughout the scheme and the other used a simulated traffic model 
to model vehicles at an individual level. Both used the MODEM emissions database. Although the 
numerical results from the two studies cannot be compared directly, the broad conclusions that can 
be drawn are similar.  
 
The VSL schemes can reduce total emissions of CO2, CO, HC and PM compared with the scenario 
of no scheme being in place.  However, these reductions are restricted to instances where the VSL 
is effective at controlling speeds and smoothing the flow of traffic.  Beyond, this, especially when 
traffic flows are high, breakdown in traffic flow prevents the VSL from controlling speeds.  The 
effect of the VSL on emissions and hence on air quality will depend upon the number of hours in 
the day when the VSL is operating and is effective. Realistically it is unlikely to result in more than 
a few percent reduction in daily emissions due to the small number of hours in the day when it is 
likely to be effective.    
 

2.10.1. Introduction to Local Air Quality Management in England 

The trunk Road Network 
The Highways Agency (HA) is an executive agency of the Department for Transport (DfT) and is 
responsible for managing, maintaining and improving the strategic road network in England on 
behalf of the Secretary of State for Transport. The English strategic road network is valued at over 
£65 billion and comprises some 5,130 miles/8,255km of trunk roads including motorways. 
Carrying a third of all road traffic in England and two thirds of all heavy freight traffic, with over 
170 billion vehicle kilometres of journeys undertaken each year, it provides a vital service to 
commerce and industry and has a major impact on the lives of individuals and communities. It is 
currently divided into 'core' and 'non-core' roads.  The types of road comprising the core network 
vary greatly within and between regions – from single carriageway roads carrying less than 10,000 
vehicles a day to motorways taking 200,000 vehicles a day. The core network comprises less than 
2.5% of England's roads but it: 
 

• Links the main centres of population and economic activity.  
• Provides access to major ports, airports and rail inter modal terminals.  
• Joins peripheral regions to the centre.  
• Provides key cross-border links to Scotland and Wales and between regions.  
• Forms part of the UK Trans-European Road Network.  
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The remaining 'non core' network caters more for regional and local needs and is in the process of 
being de-trunked (i.e. management transferred to local highway authorities). The de-trunking 
programme is progressing well and is expected to be completed by March 2006.   
 

National Air Quality Policy 
Part IV of the Environment Act 1995 required the Government to produce a national air quality 
strategy containing standards and objectives and measures to achieve the objectives. The Act also 
laid the foundations for the system of local air quality management.  
 
The Air Quality Strategy for England, Scotland, Wales and Northern Ireland  (AQS) contains a 
national air quality strategy that sets out policies for managing ambient air quality.  The first 
version was published in 1997 and was revised in 2000. The primary objective of the Strategy is to 
make sure that everyone can enjoy a level of ambient air quality in public places, which poses no 
significant risk to health or quality of life. It sets health-based standards. It identifies what needs to 
be done at international, national and local level to achieve the objectives. It provides a framework 
that allows all stakeholders to identify the contributions they can make. The Strategy was prepared 
according to the following principles: 
 

• It should provide the best practicable protection to human health and the environment 
• The objectives should be based on European Union (EU) limit values, World Health 

Organisation guidelines or the UK’s Expert Panel on Air Quality Standards’ 
recommendations  

• It should comply with the EU Air Quality Daughter Directive but allow for stricter national 
objectives for some pollutants 

• The objectives should also reflect the practicability of the measures needed to reduce 
pollutants, their costs and benefits and other social and economic factors 

• It should take into account, as far as possible, developments in European legislation, 
technological and scientific advances, improved air pollution modelling techniques and 
increased understanding of economic and social issues 

 
The objectives in the Air Quality Strategy have been incorporated into Regulations except for those 
that are for regional issues such as ozone or for the protection of vegetation.  The EU limit values 
have also been incorporated into Regulations. The two sets of criteria are compared in Table 1 for 
the pollutants that are of most concern near roads, that is nitrogen dioxide, PM10 and carbon 
monoxide. The main difference between them is that the Air Quality Strategy objective for 
nitrogen dioxide is to be achieved five years earlier than the EU limit value.   
 

Table 1 Comparison of EU limit values with the Air Quality Strategy (AQS) objectives for 
the three main vehicle derived pollutants. 

Pollutant Parameter  Limit AQS Objective 
Year 

EU Limit Value 
Year 

Annual mean 40 µg/m3 2005 2010 Nitrogen dioxide 
99.8th %ile of hourly 
averaged concentrations 

200 µg/m3 2005 2010 

PM10 90th%ile of 24 hour means 50 µg/m3 2004 2005 
 Annual mean 40 ug/m3 2004 2005 
Carbon monoxide Maximum 8-hour mean 10 mg/m3 2003 2005 
 
Local Air Quality Management requires local authorities periodically to review and assess the 
current and future quality of air in their areas. A local authority must designate an Air Quality 
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Management Area (AQMA) if any of the objectives set out in Regulations is not likely to be met in 
its area in the relevant period. The Government has prepared a programme and issued guidance on 
when and how the review and assessments are to be carried out.  The AQMAs need to be at least 
as large as the exceedance areas. Some local authorities have taken the view that the whole 
borough should be declared. If the objectives in Regulations are likely to be exceeded, an Air 
Quality Management Area should be declared and an Action Plan covering the designated area 
prepared setting out how the authority intends to exercise its powers in relation to the designated 
area in pursuit of the achievement of the objectives.  
 

Air Quality Management Areas 
There are approximately 330 local authorities in England. Of these about one third have declared 
AQMAs. 66 local authorities have declared AQMAs that include at least one HA road. 97% of all 
of the declarations are for roads with the majority being for nitrogen dioxide and about one third 
also being for particles.  The majority of London boroughs have declared an AQMA, these are due 
primarily to vehicle emissions. In London, the HA operates the tail ends of the M11, M4 and M1 
whilst the majority of roads are operated by Transport for London.  Approximately 8 million people 
live in AQMAs in London. The centres of major cities such as Birmingham, Manchester, Bristol, 
York, have been declared which will include a significant number of people. Although the number 
of AQMAs declared near HA roads is large, the number of people living in those AQMAs is small 
as the majority of the HA network is rural although it does pass through some densely populated 
areas such as the M60 in Manchester, the M6 in Birmingham and the m32 in Bristol.  
 
A large range of international, national and local policies affect air quality at any given location. 
Improving air quality requires action at all levels of governance. The EU and other international 
bodies are responsible for international product standards such as vehicle and fuel standards. The 
EU vehicle emission limits are expected to reduce NOx emissions from the average vehicle by 60% 
between 2000 and 2010. These vehicle emissions reductions are the driving force behind air 
quality improvements in the UK.  At a national level, various government departments are 
responsible for policies that impact on air quality such as fuel duties, energy policies and land-use 
planning policies.  At a local level, local authorities are responsible for assessing air quality and 
preparing action plans to try to achieve the objectives. At an individual level, businesses, public 
transport operators and individuals are responsible for their fuel consumption and travel decisions.  
Action is required at all levels to improve air quality.  
 

The Role of the HA 
The HA has produced a guidance document on how it can assist with local air quality management 
that can be accessed from the HA website (www.highways.gsi.gov.uk).   
 
These measures can broadly be broken down into: 
 

a) Those resulting from strategic planning. This is primarily carried out through Multi-modal 
studies and Route Management Strategies. Multi-modal studies examine the role of all 
transport modes in the area to identify the contribution that each can make to solving the 
problems of the corridor and meeting the objectives for sustainable development. They 
also examine demand management measures. The Department of Transport makes 
recommendations as to which schemes within the multi-modal studies should go ahead. 
The HA then assesses those that affect the trunk road network in more detail and 
implements appropriate schemes.  Route Management Strategies are about making better 
use of the existing roads by taking a strategic approach to the maintenance, operation and 
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improvement of its network. The process considers how to integrate roads planning with 
other transport and planning decisions.  

 
b) Infrastructure improvements- road widening, bypasses, junction improvements and traffic 

management measures, these can reduce congestion, minimise emissions or locate the 
traffic further from properties.  

 
c) Encouraging travel change- promoting integrated transport and sustainable travel  

 

2.10.2. Local Measures- Traffic Control 

Variable Speed Limits 
One of the areas that we felt has the most promise to reduce emissions and have other 
environmental benefits and so warranted closer investigation is that of controlling the movement 
of traffic, that is, encouraging it to travel at a constant speed. Vehicles that travel with lots of 
acceleration and deceleration are likely to have higher emissions than those that travel at a 
constant speed.  
 
One of the potential mitigation measures that we have assessed is variable speed limits (VSL). A 
study was carried out in 1995 when the first variable speed limits were introduced onto the 
motorway that circles London, the M25. The study was carried out by the Transport Research 
Laboratory (TRL).  

2.10.2.1 Junctions 10 –15 of M25 

The variable speed limits were introduced on the south western quadrant of the M25 between 
Junctions 10 and 15.  This section of the motorway carries some of the highest traffic flows.  The 
purpose of this scheme was to try to avoid the stop / start driving that occurs during periods of 
heavy congestion such as morning and evening peak periods.  By reducing the speed limits from 
70 mph (112 km/hr) to 60 mph (96 km/hr) or 50 mph (80 km/hr) depending upon the amount of 
traffic, it was hoped that lowering the maximum speed would even out traffic flow and reduce the 
amount of time spent in stop/start driving.  
 

 
 

Figure 1 The M25 Variable Speed Limits in operation 
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Three approaches were taken to estimating the effect of the scheme on air quality. The first 
involved driving an instrumented car through the scheme to record the vehicles speed on a second 
by second basis.  The second involved using a traffic simulation model. The results from both of 
these studies were then related to emissions.  The third approach was to measure kerbside ambient 
air quality. However, the changes in traffic flow and meteorology over the monitoring period were 
found to be greater than the change in concentrations so this assessment is not discussed further.  
 

Assessment using Instrumented Vehicles 
Vehicle speed data was collected by driving an instrumented car through the scheme at speeds 
typical of those of other vehicles on the motorway at the time. The speed was recorded on a 
second by second basis from the speedometer cable. Logging was carried out during four different 
periods.  Phase 1  (30 March 1995 – 12 April 1995) was carried out before the implementation of 
the VSL scheme. Phase 2 (9 October 1995- 25 October 1995) was carried out a few weeks after 
the scheme became operational and Phase 3 (10 January 1996-23 January 1996) and 4 (8 May 
1996-22 May 1996) were four and eight months after the scheme was implemented. Logging was 
carried out during morning (commencing at 07:00-07:30 hrs) and evening (commencing at 15:00-
15:30 hrs) periods during normal working days and Sundays. Logging carried on until the required 
sets of routes had been completed. On Sundays, logging started at approximately 14:00 hrs to 
record the build up of traffic as people returned from London. 
 
A number of drivers from TRL were used for the logging work.  The drivers were instructed to 
select a vehicle on joining the motorway and to maintain a similar speed to it or during congested 
conditions to follow the vehicle in front.  The actual vehicle speed was up to the discretion of the 
driver although they avoided any vehicles that were travelling at unrepresentative speeds. During 
each route, the driver was required to mark node points on the data logger at junctions to assist 
with analysis of the data. Some of the analysis showed that during congested conditions when the 
VSL were not operational, there was a tendency for vehicles to start the trip at high speed, reach 
congestion and then decelerate sharply, and then accelerate and decelerate for the rest of the trip.  
The average vehicle speeds in each phase were calculated for all of the trips and for the morning 
(07:00-09:00 hrs) and evening peak periods (17:00-19:00 hrs). The average speeds were lower 
with the VSL in operation. The results are shown in Table 2. 
 

Table 2 Average Vehicle Speeds (km/hr) During each Phase and relative decrease in speed 
compared to Phase 1. 

Time period Phase 1 Phase 2 Phase 3 Phase 4 
All 93 77 

-17% 
75 
-20% 

71 
-24% 

07:00-09:00 81 76 
-6% 

64 
-21% 

69 
-15% 

17:00-19:00 86 77 
-10% 

78 
-9% 

58 
-32% 

 
An example of two of the logged trips is shown in Figure 2.  One trip starts at a high speed until 
congestion causes the speed to decrease.  Halfway along the link, heavy congestion causes the 
vehicle's speed to decrease further to below 60 km/hr.  A large acceleration and a further number 
of small accelerations and decelerations follow this.  In comparison the second trip shows the aims 
of the variable speed limits,  the vehicle travels at a slower but almost constant speed, maintaining 
80-90 km/hr throughout the link. 
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Figure 2 Speed Profiles for a Congested and Smooth Trip 

 
Information on speed was used with the MODEM emissions model to estimate emissions and fuel 
consumption for light duty vehicles. The emissions assessed were carbon monoxide (CO), carbon 
dioxide (CO2), total hydrocarbons (THC), oxides of nitrogen (NOx) and fuel consumption (FC). The 
MODEM emissions model was developed as part of the European DRIVE project. The emissions 
tests were carried out on a sample of approximately 150 vehicles over a series of driving cycles 
that had been developed from actual in-use vehicle data to represent typical urban driving 
conditions. During the analysis, the best factors relating to the vehicle’s emissions were found to 
be the vehicle’s instantaneous speed and the product of the speed and acceleration (proportional 
to the load on the engine). The resulting factors were in the form of tables for speed (0 to 
90 km/hr in 10 km/hr increments) and speed x acceleration (-15 to 15 m2/s3 in increments of 
5 m2/s3).  Data was not available in MODEM for heavy-duty vehicles so emissions from these 
vehicles had to be estimated using average speeds.  
 
However, there were two additional shortcomings with the MODEM emissions model that were 
overcome. The first was that the highest speed in the database was 90 km/hr whereas the 
motorway speed limit is 112 km/hr. The second was the coarseness of the speed and speed x 
acceleration tables, which could result in large step changes over short trips. To overcome these 
shortcomings, a series of high-speed tests were commissioned and a new set of emission factors 
derived. A high speed driving cycle was developed based on the logged data and was used to test 
a variety of vehicles. In addition two of the MODEM test cycles were used to enable a comparison 
to be made with the MODEM emissions data. The data was then analysed to improve the 
resolution to 1 km/hr increments for speed and 1 m2/s3 for speed x acceleration. The data showed 
relatively low emissions at low speed and low acceleration and higher emissions at high speed 
under high acceleration.  
 
The total emissions for a particular trip were estimated by summing the emissions for each second 
of the trip for each vehicle category. This was then divided by the length of the trip to give the 
emissions in g/km.   
 
The overall emissions from each vehicle type were calculated for Phases 1 and 4. The change with 
the VSL scheme is presented in Figure 3.  There was little change in CO2 emissions and fuel 
consumption apart from diesel vehicles which showed a small decrease. CO emissions decreased, 
particularly for catalyst vehicles although there was an increase for diesel vehicles. Both NOx and 
PM10 emissions decreased for all of the vehicle types assessed. HC emissions increased apart from 
the small and medium catalyst vehicles.  
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Figure 3 Change in Emissions per Vehicle Category: All Conditions. 

 
The emissions when average speeds were less than 80 km/hr during Phase 1 (before VSL was 
operational) and Phase 4 when and the VSL were set, are shown in Figure 4 for each vehicle type.  
It showed that there was a decrease in emissions and fuel consumption with the VSL except for 
hydrocarbons and NOx from small catalyst cars and NOx from small non-catalyst cars.  
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Diesel: Medium Diesel: Large  
Figure 4 Change in Emissions per Vehicle Category: Average Speeds less than 80 km/hr in 

the “before” case compared with VSL signs switched on in the “after” case.   

 
National fleet composition was used to aggregate the changes for each vehicle type to estimate 
the overall change in emissions. The change in emissions in Phase 4 compared with Phase 1 are 
discussed below.   
 
Figure 5 is based on all of the data collected during Phases 1 and 4. There was little change in CO2 
emissions and fuel consumption, however, emissions of CO, NOx, and particles decreased by 10-
15% although HC emissions increased by 18%. However, some of this change would have been 
due to different average speeds during each of the phases.  
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Figure 5 Overall Change in Emissions -All Conditions. 

 
The data was also analysed when average speeds were less than 80 km/hr during Phases 1 and 4 
and the VSL was operational during Phase 4.  By analysing this smaller dataset, it was hoped to get 
an indication of the effect of the smoother traffic flow on emissions during congested conditions 
rather than the effect of the change in average speed.  The VSL resulted in a decrease in emissions 
of CO of 13%, CO2 of 5%, THC of 10% , particulate from diesel of 3% and fuel consumption also 
decreased by 6%. There was little change in emissions of NOx. The results are shown in Figure 6.  
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Figure 6 Overall Change in Emissions: Average Speeds less than 80 km/hr. 

 
The differences in the results for the all conditions analysis (Figure 5) versus the average speed less 
than 80 km/hr analysis (Figure 6) indicates that the increases in hydrocarbons and decreases in 
NOx and PM10 with the VSL  over all conditions could be due primarily to the reduction in high 
speed (> 80 km/hr) driving. 
 
During periods of free-flow or very heavy congestion, the VSL would have had little effect on 
traffic flow and emissions. During free-flow the VSL would not have been set. Under very heavy 
conditions, the traffic may be travelling at speeds much lower than the minimum speed that can be 
set and hence the VSL would have no effect.  Under periods of light congestion, the VSL can help 
smooth the traffic flow resulting in lower exhaust emissions for most pollutants except NOx for 
which there was no effect.  However, if under very light congestion conditions, the VSL reduces 
the number of vehicles travelling at more than 80km/hr, then the VSL could be effective in 
reducing NOx and PM10 emissions.  
 



 Examples of Air quality measures within Europe 
 
 

 

 

2.10 Local Air Quality Management near Trunk Roads in England Page 72 of 167  

Assessment using Traffic Simulation Model 
The Paramics traffic simulation model was used to model the Variable Speed Limit scheme. 
Quadstone Ltd, the producers of the software, was commissioned to carry out the assessment for 
this scheme. Two scenarios were modelled, with speed control and without speed control.  The 
traffic demand for the network was simulated by a matrix of origin/destination movements. During 
the simulation, vehicles were released from the origin zone and made their way towards the 
destination zone. The simulations were run over 24 hours but as demand data was only available 
for 07:00- 19:00 hrs, the results were analysed for 07:00-20:00 hrs, a slightly longer period than 
the demand data period to allow the last vehicles to reach their destination.  The northbound and 
southbound carriageways were assessed separately.  The same MODEM emission factors as were 
used for the instrumented vehicle study were also used for the simulation study.  
 

Table 3 Paramics Results for Northbound Carriageway, emissions in kg, fuel consumption 
in litres. 

Parameter Difference with VSL With Speed control Without  speed control 
 % Total %variation Total %variation 
NOx +1.5 337 2.6 332 1.9 
PM10 +2.6 16 2.0 15 1.1 
CO2 + 0.5 50101 4.4 49849 4.2 
CO + 0.3 2926 4.3 2917 3.8 
HC + 1.1 739 4.0 731 3.1 
Fuel Use + 0.5 23450 4.5 23332 4.1 
 
 

Table 4 Paramics Results for Southbound Carriageway, emissions in kg, fuel consumption 
in litres. 

Parameter Difference with VSL With Speed control Without speed control 
 % Total %variation Total %variation
NOx -1.3 264 1.1 267 2.6 
PM10 +0.3 13 1.1 13 0.8 
CO2 -3.6 33392 2.5 34624 3.4 
CO -3.6 1996 2.0 2070 3.6 
HC -2.4 526 1.9 539 3.4 
Fuel Use -3.5 15690 2.4 16241 3.4 
 

Table 5 Paramics Results for Both Carriageways, emissions in kg, fuel consumption in 
litres. 

Pollutant Difference with VSL (%) Total emission with 
speed control 

Total emission without 
speed control 

NOx +0.3 601 599
PM10 +1.5 29 28185
CO2 -1.2 83493 84473
CO -1.3 4922 4987
HC -0.4 1265 1270
Fuel Use -1.1 39140 39573
 
The overall change in emissions from both carriageways between 07:00 and 20:00 hrs was 
marginal with a 1% decrease for CO2, CO and fuel consumption, a 1% increase for PM10 and less 
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than 1% change for NOx and total hydrocarbons. The changes predicted with the traffic modelling 
study were expected to be smaller than those from the instrumented vehicle study due to a larger 
number of inter-peak hours where no change in emissions is expected, having been included in the 
simulation study.  
 
However, there was generally a small decrease in emissions from the southbound carriageway but 
a small increase from the northbound carriageway.  Closer examination of the simulation results 
showed that speed controls were activated on the southbound carriageway during the evening 
peak period (16:00 –20:00 hrs)  and on the northbound carriageway in the morning peak period 
(07:00 –12:00 hrs). Comparing the peak periods with and without speed control showed a marked 
decrease in emissions for the southbound carriageway (although the difference for NOx and PM10 
were less noticeable). This was because the speed control had maintained speeds at around 64 – 
96 km/hr whereas with no speed control, speeds had dropped to around 32 -64 km/hr.  However, 
there was little difference in the emissions with and without speed control for the northbound 
carriageway in the morning peak period, this was because there was little difference in the speed 
with and without the speed control.  
 

2.10.2.2 Junctions 15 –16 of M25 

A further study into the effects of VSL has been completed for an extension of the variable speed 
limits to Junctions 15-16 of the M25. This is the adjoining section of motorway to the north of the 
previous survey area.  The assessment was carried out in the same way as the previous study using 
instrumented vehicles. However, no modelling was carried out for this assessment. Two surveys 
were undertaken in advance of the engineering works over the periods 20 June to 4 July 2000 and 
14 to 28 March 2001. These “Before” surveys were followed by two surveys between 6 to 20 
March 2002 and 3 to 17 July 2002, after the variable speed limits became operational. 
Approximately 70 hours of measurements were made during each of these surveys. The 
monitoring was undertaken during peak periods as before.  In the northbound direction, the 
average speed was typically in the range 80-110 km/hr during the morning session whereas on the 
southbound section, some of the morning average speeds were much lower, with the range being 
20-110 km/hr. The southbound section was generally congested during the morning whilst the 
northbound section was relatively free flowing. During the afternoon, the situation was reversed 
with congested traffic on the southbound section. The variation in these average speeds was only 
marginally reduced after the VSL were implemented.  
 

Table 6 Average Speed (km/hr) Measured During the Surveys 

 “Before” 
Summer 2000 

“Before” 
Spring 2001 

“After” 
Spring 2002 

“After” 
Summer 2002 

M25 
northbound 

84 78 85 82 

M25 
southbound 

75 75 77 79 

 
The northbound section of the M25 had consistent reductions in emissions during the afternoon 
peak period, however, during the morning period when traffic was more congested, the emission 
changes were more varied with one pollutant having an increase and the others a decrease overall. 
The changes in emissions on the southbound carriageway were not as consistent as those on the 
northbound carriageway and resulted in slightly less change overall than the northbound 
carriageway.   
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Table 7a Overall Change in Emissions During Peak Hours- M25 northbound 

  CO CO2 HC NOx FC PM 
AM -0.2% -1.1% 2.7% -3.1% -1.1% -0.2% Light 

duty PM -9.6% -7.4% -16.2% -3.0% -7.6% -5.0% 
AM -1.4% -2.9% 0.5% -1.1% -2.9% -0.3% Heavy 

duty PM -3.1% -4.0% -0.6% -2.2% -3.9% -1.5% 
AM -0.3% -1.4% 2.1% -1.8% -1.3% -0.3% Total 
PM -9.2% -7.1% -14.2% -2.5% -7.3% -2.6% 

Total -5.4% -4.5% -8.2% -2.2% -4.6% -1.4% 
 

Table 7b Overall Change in Emissions During Peak Hours- M25 southbound 

  CO CO2 HC NOx FC PM 
AM -2.3% -0.4% -1.0% -1.5% -0.5% -0.4% Light 

duty PM -8.7% -5.9% -14.4% -0.9% -6.1% -5.7% 
AM 0.0% -0.6% -0.1% 0.0% -0.5% -0.1% Heavy 

duty PM -3.1% -1.7% -4.5% -1.6% -1.7% -3.8% 
AM -2.2% -0.5% -0.8% -0.5% -0.5% -0.2% Total 
PM -8.4% -5.4% -12.7% -1.3% -5.7% -4.3% 

Total -5.4% -2.9% -6.6% -0.9% -3.1% -2.2% 
 

2.10.3. Conclusions 
 
Variable Speed Limits (VSL) have been implemented in the UK on the busiest section of the 
London Orbital Motorway (M25) which carried about 180,000 AADT during the study.  The speed 
limit on the M25 is normally 70 mph (112 km/hr) but during peak hours, the traffic becomes very 
congested so by implementing lower speed limits during peak periods of 60, 50 and 40 mph 
depending on the traffic flow, it was hoped that flow breakdown resulting in stop/start driving 
would be reduced.  It was also hoped that this smoother driving style with fewer periods of heavy 
acceleration and deceleration, would result in lower emissions.  Two studies examined the impact 
of VSL between Junctions 12 and 15 on vehicle emissions.  The first used an instrumented vehicle 
to measure the vehicle’s performance on a second by second basis during peak hours whilst the 
second used a traffic model to simulate each vehicle’s movements.  Both sets of data were then 
entered into the MODEM emissions factor database for light duty vehicles to estimate the 
emissions.  
 
The instrumented vehicle method indicated that when the VSL was in place, there was, overall, 
little change in emissions of CO2 and fuel consumption, 3% decrease in CO emissions, a 10-15% 
decrease in CO, NOx, and particles but an 18% increase in HC emissions.  These changes are the 
likely result of lower traffic speeds.  The data was, therefore, also analysed for average traffic 
speeds <80km/h both before and after imposition of the VSL.  This provided an indication of the 
effect of the smoother traffic flow on emissions during congested conditions rather than the effect 
of the change in average speed.  The VSL resulted in a decrease in emissions of CO of 13%, CO2 
of 5%, THC of 10%, particulate from diesel of 3% and fuel consumption also decreased by 6%. 
There was little change in emissions of NOx.  The increases in hydrocarbons and decreases in NOx 
and PM10 with the VSL over all conditions could be due primarily to the reduction in high speed (> 
80 km/hr) driving.  However, if under very light congestion conditions, the VSL reduces the 
number of vehicles travelling at more than 80km/hr, then the VSL could be effective in reducing 
NOx and PM10 emissions. 
 
The traffic modelling method indicated that the imposition of the VSL led to marginal changes in 
pollutant emissions over the period 0700-2000 hours.  Taking in to account both carriageways a 
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1% decrease for CO2, CO and fuel consumption, a 1% increase for PM10 and less than 1% change 
for NOx and total hydrocarbons were calculated. 
 
The instrumented vehicle method indicated that the VSL would have a greater impact on vehicle 
emissions that discerned by the modelling.  This was expected, as a larger number of inter-peak 
hours, where no change in emissions is expected, were included in the modelling study. 
 
The study using instrumented vehicles was repeated when the VSL were extended to Junctions 15 
to 16. This also found that there were reductions in emissions during peak hours of between 1% 
and 8% with NOx having a decrease of 1% on the southbound carriageway and 2% on the 
northbound.  
 
The studies have found that VSL schemes can reduce total emissions of CO2, CO, HC and PM 
compared with the scenario of no scheme being in place.  However, these reductions are restricted 
to instances where the VSL is effective at controlling speeds and smoothing the flow of traffic.  
Beyond, this, especially when traffic flows are high, breakdown in traffic flow prevents the VSL 
from controlling speeds.  The effect of the VSL on emissions and hence on air quality will depend 
upon the number of hours in the day when the VSL is operating and is effective. Realistically it is 
unlikely to result in more than a few percent reduction in daily emissions due to the small number 
of hours in the day when it is likely to be effective. The change in pollutant concentrations at the 
roadside is likely to be less than this, as the contribution from other sources (background 
concentration) would not be affected by the scheme. However, if lower speed limits are introduced 
well before congestion starts, they could be more effective in reducing emissions of NOx and PM10 
as this would result in a speed decrease. 
 

Variable speed limits were found to result in a marginal decrease in emissions of a few percent 
during peak periods due to a smoother driving style. If the VSL were to be implemented well 
before congestion starts, then benefits would be greater as the average speed could be reduced.  
Changes in concentrations at the kerbside are likely to be negligible.   
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2.11 Active Traffic Management 

 

Author: Michele Hackman, Highways Agency, Federated House (1A), London Road, Dorking, 
Surrey, RH4 1SZ, England.   
Contact: Michele.Hackman@highways.gsi.gov.uk 
 
Short contribution 
Category F: ‘Variable speed limit depending on traffic flow 

 
The Highways Agency (HA) is currently carrying out a pilot study into Active Traffic Management 
(ATM) on the M42 near Birmingham. The aim of ATM is to tackle congestion using innovative 
solutions whilst maintaining safety.  The measures that are being implemented include variable 
speed limits, ramp metering (traffic signals on the slip roads immediately adjacent to the main 
carriageway enabling a smoothing effect of the traffic joining the motorway), dedicated lanes for 
specific types of vehicles as required such as heavy goods vehicles, coaches or multi-occupancy 
cars, lane marshalling based on vehicle destination and controlled use of the hard shoulder as an 
additional running lane.  It will also include operating Incident Support Unit vehicles that patrol the 
network looking for incidents and providing back up to emergency services, removing obstructions 
and assisting with traffic management, this should result in the road being opened sooner after an 
incident which should reduce congestion on the motorway and on other roads as traffic diverts to 
avoid the motorway.  
 
The benefits to the road user are expected to be: 
 

• Reduced congestion through more efficient use of road space 
• Faster response to incidents and reduced clear-up times 
• Enhanced driver information 
• More reliable journey times 
• Reduced driver stress 

 
There are also expected to be benefits for air quality from reduced queuing and smoother traffic 
flows with fewer periods of acceleration and deceleration. The effect on vehicle emissions and air 
quality is being assessed. It is expected that ATM will have a greater effect on driving style (i.e. 
changes in rates and duration of acceleration, deceleration and idling) than on average speed. The 
assessment is therefore focussing on the change in driving style. Instrumented vehicles will be 
driven through each operational regime (ie ramp metering, variable speed limits, hard shoulder 
running) before and after it is implemented to record speed, acceleration and location. Traffic 
flows and speeds in each lane will also be measured. Measurements will be made at various times 
of day and days of the week to build up a weekly and diurnal profile. This will then be used with 
an emissions database for both light and heavy-duty vehicles to estimate the change in emissions 
with each operational regime.  In addition, pollutant concentrations will be measured before and 
after each operational regime is implemented. The results from this study are not expected for at 
least one year.  
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Abbreviations 
ATM Active Traffic Management 
AQMA Air Quality Management Area 
AQS Air Quality Strategy 
CO carbon monoxide 
CO2 carbon dioxide 
FC fuel consumption 
HA Highways Agency 
NO2 nitrogen dioxide 
NOx oxides of nitrogen 
PM particulate matter 
THC total hydrocarbons 
TRL Transport Research Laboratory 
VSL Variable Speed Limits 
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 It is unknown when or how the results will be available. To determine how to 

obtain the results in years to come, contact details are always given on our website 
www.highways.gov.uk.  
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2.12 Impact of noise barrier on pollutants dispersion 

 
Author:  Laurence Calovi, Roads and motorways engineering department  

(Service d'études techniques des routes et autoroutes) and  
Jean-Pierre Vinot, Center for studies on networks, transport, urban planning and  

public works (Centre d'Etudes sur les Réseaux, les Transports, l'Urbanisme 
et les Constructions Publiques), France. 

 
Contact: Laurence.Calovi@equipement.gouv.fr 
  Jean-Pierre.Vinot@equipement.gouv.fr 
 
 
Short Contribution 
Category G: ‘Passive shielding’ 

 

2.12.1. Concept 
A dual two-lane carriageway road was considered (overall width 22 m) bordered on each side by a 
French standard noise barrier (height 3.7 m, width 0.4m) for a 500 x 400 m area of study with a 
height of 50 m and with results for a width of 100 m (conditions at well-established limits). Figure 
1 shows a schematic overview of the study area. 
 

 Noise barrier 
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Figure 1 Scheme of the study site (EL: emergency lane, CR: central reservation) 

2.12.2. History 
We initially invited preliminary bidding from the following three consultants specialised in 
atmospheric pollution modelling: 

- CSTB, 
- TRANSOFT, 
- ARIA TECHNOLOGIE. 
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Only TRANSOFT and ARIA provided us with an estimate containing technical and financial 
proposals. TRANSOFT was initially selected but we opted for having the study similarly performed 
by both companies. 
A consultation meeting was arranged between TRANSOFT and ARIA so that both studies would be 
as similar as possible as regards a number of characteristics: 

- geometries (volume of the area of study, width between walls, height of screen), 
- wind speed, height and profile of wind decrease 
- air flow parameters (roughness, Pasquill’s turbulence type, thermal gradient, inversion 

height, turbulence model, integration of turbulence effects and vehicle piston effects, 
CdΣ of light and heavy vehicles, etc.), 

- PC and HGV unitary emissions, 
- Vehicle flows and speeds. 

2.12.3. Implementation  
 
Study Data and Variables  

Data inherent to the study  

Area length  500 m 
Area width 400 m 
Area height 50 m 
Lane number 2 x 2 
Lane width 3.5 m 
Speed:  

left lanes 80 km/h 
  right lanes 60 km/h 

Traffic per lane 1200 veh/h 
Trucks on right 
lane 

10 % 

Barrier height 3.7 m 
Barrier width 0.4 m 
Wind speed 2 m/s 
Anemometer 
height 

10 m 

Wind directions 0 / 45 / 90 °/N 
Ambient 
temperature 

5 °C 

Ambient pressure 1.01E+05 Pa 

Fixed Data 

Surface roughness:    
Input 2 m 
Domaine 0.05 m 
Pascal stability class D  
Vertical wind profile  Puissance  
Profile coefficient 0.25  
Thermic gradient without °/m 
Inversion height without  
Turbulence model K - ε  
Turbulence of traffic with  
Coefficients (Cx), LV 1.4 / 2  
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Coefficients (Cx), HGV 0.7 / 6.5  

Pollutants 

Secondary pollutants  
 

 Iso � kg/m3 

Background [C]  0  �g/m3 

Emissions:   
LV right lane 1 g/km 

HGV right lane 4 g/km 
LV left lane 1.1 g/km 

 

Modelling of noise barrier impact on pollutant dispersion 
Actually, only TRANSOFT has carried out the entire study using FLUIDYN PANACH software. The 
results are presented hereafter. As the background concentration is set to zero, all the results in the 
study refer to the traffic contribution only, and not to the total ambient concentration (traffic 
contribution and background concentration). 

2.12.4. Costs and Results 
The total cost of the study amounted to 13720 euros all taxes included. The results are described 
below: 

0° Wind parallel to the road 

In this case of the wind parallel to the road, the pollution remains and never spread over on either 
side, which is, after all, very logical. 
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Figure 2 Cross-section at 1.2 m from the ground. 

 
The pollution is reduced by 20 to 10% depending on the distance from the barrier, as shown by 
the following curves. 
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Figure 3 Relative reduction of concentration at 1.2 m from the ground. 
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Figure 3 Relative concentration at 1.2 m from the ground. 

 

The pollution is reduced by approximately 15 % whatever the distance from the screen. 
 



 Examples of Air quality measures within Europe 
 
 

 

 

2.12 Impact of noise barrier on pollutants dispersion Page 83 of 167  

General conclusion: 

A screen will reduce atmospheric pollution at ground level by around 10 to 20 %. However, it has 
the impact of slightly raising the plume and causing greater concentrations at first-floor level. 

2.12.5. Future plans 
It is absolutely essential to have the same study performed by other consultants specialised in 
atmospheric pollution modelling in order to compare the results:  

 
• in relative values (barrier efficiency), 
• in absolute values (software comparisons for simple cases).  

 
It should be borne in mind that for urban express roads, noise barriers are nearly systematically 
built, and therefore, this is an important issue. It is conceivable that in the future, barriers will have 
to be dimensioned both for noise and for protection against atmospheric pollution. 
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2.13 Noise protection wall and reduction of exhaust gas immission 

 

 

Author: A. Baum, Federal Highway Research Institute (BASt), Germany. 
Contact: baum@bast.de 
Long contribution 
Category G: ‘Passive shielding’ 
 
There is a big need for constructional measures that decrease traffic emissions immediately. 
Therefore it was to examine how far a noise protection wall, originally built for protection from 
noise, helps to reduce the pollution from exhaust gas immissions. For this purpose the Federal 
Highway Research Institute (Bundesanstalt für Straßenwesen - BASt) carried out the project 
“Spreading of Air Pollutants with and without Noise Protection Wall”. 
 

Measuring 
The topographic map in figure 
2.1 shows the location of the 
exhaust gas-measuring 
monitoring station of the BASt 
at motorway A4 in the East of 
Cologne / North Rhine-
Westphalia, operating since 
1986. 
 
In 1997 a noise protection 
wall was erected on the 
northern side of the roadway 
with a height of 5 m (see 
figure 2.2). So its erection 
made it possible to check 
directly its influence to the 
situation of NOx-immission 
before and behind the wall. 
 
The measuring points 
operating at the motorway 
A4, which runs in this section 

from west to east, are placed on the central reserve of the motorway and on both sides of it; in the 
southerly direction there are three measuring points up into a forest area, northwards five 
measuring points in direction of the BASt-building; a meteorological device on one of the BASt’s 
roofs records the parameters of wind speed, wind direction, temperature, humidity and total 
radiation. A second meteorological device was set up on the roof of one of the measuring huts; 
this one records wind speed, wind direction and temperature (see figure 2.2). In both directions of 
traffic there are inductive loop detectors let into the traffic lanes to count the volume and 
composition of traffic; but during the observation period the loops do not work in consequence of 
building activities. 
 

Figure 1 Topographic map of measuring area at 
motorway A4. Cross-section in the centre of the 
wind rose. 
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The eastern end of the wall is located at a distance of 500 m of the cross-section. In a westward 
direction it ends in a couple of kilometres. At the measuring cross-section of the A4 exist a 
predominant direction of wind from the range of 120 – 150 º, which is an angle of 60 – 70 º to the 
lane (see figure 2). A moderately used urban road runs at the northern side of the motorway.  The 
area of the BASt is located directly behind this urban road. The forest area, mentioned earlier, is 
located south of the highway. Figure 2 shows a schematic overview of the study area. 
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Figure 2 Cross-section at motorway A4 from north to south. 

 
Figure 3 shows an aerial overview of the study area. 
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Figure 3 Aerial view of the cross-section at motorway A4 (red crosses: measuring points, 

red line: noise protection wall; see also. figure 2). 
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Table 1 Measuring points of cross-section at motorway A4. 

Measuring 
point 

Lateral position relative to edge 
of pavement 

Vertical height relative to 
ground level [m] 

Measuring 
parameter 

MS-1s 49 m south 1,60 NO, NO2 

MS-2s 13 m south 3,50 O3, PM10 

MS-2s 13 m south 7,30 Meteorology 

MS-3s 2,40 m south 1,60 NO, NO2 

MS-4 central reserve 1,10 NO, NO2 

MS-5n 1,50 m north 1,70 NO, NO2 

MS-6n 6 m north 5,50 NO, NO2 

MS-7n 11 m north 1,50 NO, NO2 

MS-8n 70 m north 1,20 NO, NO2 

MS-9n 208 m north 7 NO, NO2, O3

MS-10 284 m north 22,50 Wind 

MS-10 284 m north 19,30 Total radiation, 
temperature 

 

Results 

For the project data of the years of 1995 to 1998 were evaluated: 
 

• for the situation without noise protection wall:  January 1995 to October 1996, 
• for the situation with noise protection wall:  June 1997 to December 1998. 

 

2.13.1. Total contamination 
For the evaluations were used only respective total pollution, because of the appearing of 
problems during the determination of the traffic based additional pollution due to too low wind 
speeds and up to this too insecure statements about the direction of wind. This means that it was 
not possible to look upon the effects of the noise protection wall on the spreading of the 
additional contamination of nitrogen oxide directly and so probably these effects were 
underestimated. 
 
For NO (see figure 4 and 5) after evaluation of all wind directions directly behind the noise 
protection wall (measuring point at a distance of 12 m to the edge of the pavement) a reduction of 
immissions of 16 % at the annual mean and of 6 % at the 98-percentile appeared (table 2). 
Significant are the rises of NO-concentrations in front of the noise protection wall with 25 % (edge 
of pavement) and 61 % (directly above the wall) at the yearly mean values and 6 % (edge of 
pavement) as well as 28 % (directly above wall) for the 98-percentile values. 
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Table 2 NO concentrations before and after erection of noise protection wall (Esser, 
Hasskelo, 2000). 

NO annual mean 
[µg/m³] 

NO 98-percentile  
[µg/m³] 

Measuring point 

Without wall With wall Without wall With wall 

Central reserve 360 331 (92%) 798 745 (93%) 

Edge of pavement 125 156 (125%) 414 437 (106%)

Noise protection wall / mast 79 127 (161%) 320 409 (128%)

At a distance of 12m 87 74 (85%) 338 318 (94%) 

At a distance of 180m 36 30 (83%) 254 205 (81%) 

 

For the NO2-components smaller or negative effects were noticed behind the noise protection wall 
(See Table 3, Figure 6 and Figure 7). At the measuring point directly behind the wall (at a distance 
of 12 m from the edge of the pavement) can be found an increase of ambient concentrations of 19 
% for the yearly mean value and 26 % for the 98-percentile value. 

 

Table 3 NO2-concentrations before and after erection of noise protection wall (Esser, 
Hasskelo, 2000). 

NO2 annual mean 
[µg/m³] 

NO2 98-percentile 
[µg/m³] 

Measuring point 

Without wall With wall Without wall With wall 

Central reserve 72,3 71,2 (98%) 151 149,5 (99%)

Edge of pavement 51,3 58,8 (115%) 106,5 125 (117%)

Noise protection wall / mast 43,4 54,4 (125%) 91 113 (124%)

At a distance of 12m 43,2 51,5 (119%) 92 116 (126%)

At a distance of 180m 39,8 37,3 (94%) 90,5 88,5 (98%)
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Figure 4 NO yearly mean values (all wind directions and wind forces) (Esser, Hasskelo, 

2000). 
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Figure 5 NO 98-percentile values (all wind directions and wind forces) (Esser, Hasskelo, 

2000). 



 Examples of Air quality measures within Europe 
 
 

 

 

2.13 Noise protection wall and reduction of exhaust gas immission Page 90 of 167  

0

10

20

30

40

50

60

70

80

N
O

2 c
on

ce
nt

ra
tio

n 
[µ

g/
m

³]

without wall

with wall

180 m12 m5 m1,5 mmiddle

 
Figure 6 NO2 yearly mean values (all wind directions and wind forces) (Esser, Hasskelo, 

2000). 
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Figure 7 NO2 98-percentile values (all wind directions and wind forces) (Esser, Hasskelo, 

2000). 
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An explanation of this rise of NO2-concentrations behind the noise protection wall could be a 
longer-lasting stay of the pollutants at the foot of the dam due to flow-technical phenomena. This 
could breed a higher rate of transformation of NO into NO2. 
 
To get a statement about the influence of the noise protection wall on the area between the 
measuring points at a distance of 12 m and 180 m additional spot check measuring at a distance of 
about 70 m to the wall was carried out. Thereby a decrease of concentrations from 5 to 20 % was 
found. 
 
Furthermore diurnal courses of the total contamination by nitrogen oxide were evaluated. In Figure 
8 and Figure 9 the diurnal courses for the NO-concentration at the measuring points at a distance 
of 12 m and 180 m from the edge of the pavement are showed and in Figure 10 and Figure 11 the 
diurnal courses of the NO2-concentrations at the same points each for the situations with and 
without noise protection wall. 
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Figure 8 Diurnal course of NO-concentration at MS-9n at a distance of 180 m with and 

without noise protection wall (Esser, Hasskelo, 2000). 
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Figure 9 Diurnal course of NO-concentration at MS-7n at a distance of 12 m with and 

without noise protection wall (Esser, Hasskelo, 2000). 
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Figure 10 Diurnal course of NO2-concentration at MS-9n at a distance of 180 m with and 

without noise protection wall (Esser, Hasskelo, 2000). 
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Figure 11 Diurnal course of NO2-concentration at MS-7n at a distance of 12 m with and 

without noise protection wall (Esser, Hasskelo, 2000). 

 
At both measuring points are ascertainable significant decreases of the concentrations of 
immissions at the NO-component, especially at the times of contamination peaks in the morning 
and the late evening. It can be found lowering of up to 35 % at the measuring point at a distance 
of 12 m and of up to 45 % at a distance of 180 m from the edge of the pavement. 
 
For NO2 decreases of concentration of up to 25 % were detected at the farther placed measuring 
point (180 m), but at the measuring point at the foot of the dam (12 m) a raise of concentration of 
up to 25 % occurred. 
 

2.13.2. Conclusions 
Measurement errors appeared because of road works and the resultant non-provided information 
about the specific vehicle emissions, the traffic intensity, and the traffic composition. Hence the 
alteration of traffic emissions at the viewed measuring cross-section for the time after the erection 
of the noise protection wall until the end of 1998 could not be calculated. 
 
Furthermore uncertainties appeared by the different meteorological situations during the 
measuring periods with and without the wall. These  different meteorological situations have a less 
effect on mean values than on the 98-percentile values because of the use of long measuring time 
series (18 to 19 months). 
 
Table 4 shows the derived correction factors for application of noise walls. (Esser, Hasskelo, 2000). 
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Table 4 Derived correction factors for application of noise walls. 

 NO NO2 

Annual mean  0,8 0,95 

98-percentile  0,8 1 

 
For this reason the acquired results for the calculation of the effects of an unilateral erected noise 
protection wall with a height of 5 m were included in connection with plan approval procedure in 
the calculation method MLuS (Code of Practice in Relation to Air Pollution on Roads with or 
without Light Roadside Development). This programme is used for the estimation of air pollution 
on roads. The given model of spreading has been developed for roads with two or more traffic 
lanes and with or without light roadside development and that are situated on the same ground 
level like their surrounding. In addition estimations of immissions at portals of tunnels, road 
intersections and in the sphere of noise protection walls are possible. 
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2.14 Air cleaning in tunnels 

 
Authors: Jan Eirik Henning, Pål Rosland and Jørn Arntsen, Norwegian Public Roads Administration, 
Norway. 
Contact: jorn.arntsen@vegvesen.no 
 
Short contribution 
Category G: Passive Shielding 

 
The use of studded tyres that produces mineral dust from asphalt wearing in the winter, and lack 
of natural wind gust through tunnels, causes poor air quality in many tunnels in Norway. 
This can affect both sight and health, and can therefore be a potential problem. We have 
experience with use of one system for NO2-cleaning, use of filters for particle cleaning in tunnel 
air, and salt slurry for binding of dust in both tunnels and outdoors city roads. 
 
Some tunnels are equipped with electrostatic filters to reduce PM10-concentrations. The experience 
with these filters is mixed, because up until today the cleaning of PM10 has mostly been part of 
research and development. The filters demand much maintenance and are expensive to operate. 
Electrostatic filters have a good effect on the air that passes by, but whether they are placed in the 
tunnel roof or in bypasses next to the main tunnel it is difficult to get an adequate amount of air to 
pass by. This reduces the practical effect on the air quality. Because of low overall effect and 
expensive operating of the early filters, the experimental filters are seldom in use. Newer filters 
show better results.  
 
One tunnel is equipped with NO2 cleaning devices. The use of NO2 cleaning devices are limited to 
the 24 km long Lærdal-tunnel, that opened in the year 2000. The tunnel is located in a scarcely 
populated area with very little pollution. NO2 -cleaning is used because it is a cheaper method to 
contain acceptable air quality inside the tunnel than ventilation. Because of the length of the 
tunnel the energy-consumption for ventilation purposes would be very high if the tunnel air was to 
be ventilated instead of cleaned. If used in cities the method might be used for protection of 
ambient air. The ventilation operates in different levels of effect, depending on the need for air 
replacement in the tunnel. Cleaning devices (electrostatic filters for pre-cleaning the air for PM10 
and carbon filters that acts as catalyst for reduction of NO2) can be started if the air quality inside 
the tunnel drops below accepted guidelines. Cleaning of the air in the Lærdal tunnel is seldom 
necessary, so we have limited experience with this equipment. A pilot experiment that was carried 
out in a more heavily trafficked tunnel and other experiments shows cleaning of approximately 
85% of the NO2 in the air that passes the cleaning equipment. Like for all other filter solutions, the 
challenge is to get an adequate part of the total ventilated air to pass through the cleaning 
equipment.  Installing in the roof of the tunnel requires space and a lot of energy to pull the 
polluted air through the cleaners. Installing in a bypass-solution (a short tunnel parallel to the main 
tunnel) opens for a more aerodynamic effective design. If installed in a ventilation shaft or tower 
with inflow from both the tunnel portals you get the possibility to drive all the ventilation air 
through the cleaning device.  
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Under dry weather conditions road dust gets airborne causing high PM10-consentration levels. Dust 
binding can prevent this. A practical way of dust binding is keeping the pavement wet using 
hydrophilic salt slurry (e.g. magnesium chloride). This measure has been used both on city roads 
and in tunnels. The short term effect varies from some hours in sunlight up to 2-3 days in tunnels. 
In Norway large tunnels (more than 20.000 vehicles pr. day) are washed at least 12 times each 
year, and the humidity in ambient air varies rapidly so short-term effects might be useful 
contributions for solving a larger problem. 
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2.15 Vegetation near roads as possible measure to improve local air quality 

 
Contact: p.b.vbreugel@dww.rws.minvenw.nl 
The Netherlands 
 
Short contribution 
Category H: ‘Active diluting’ 

 
This text is based on the report ‘Effects of green elements on NO2 and PM10 concentrations in 
ambient air (in dutch)’; see reference below. The text is printed with appreciation for the 
publishing permission of province Zuid-Holland.  
 
Vegetation near roads and highways, as a possible measure to improve air quality, is recently 
receiving more attention.  
 
There are several indications that planting can be effective against traffic related air quality. This 
effect is two-fold: In several research studies, the purifying function of plants has been 
demonstrated. Plants can effectively take up gaseous and particulate air quality by the stoma of its 
leaves. Because of the large leaf area, trees can be more effective at the removal of particulate 
matter and other pollutants than other plants. The effect of vegetation on turbulence and hence 
on deposition of air pollutants is the other mechanism. Trees have a large effect on local 
turbulence and on the local climate. The roughness of tree vegetation increases turbulence and can 
hence increase deposition of air pollution. 
 
The effectivity of landscape elements on traffic-related air quality still needs to be studied in 
practice. Only in Australia and the USA, vegetation has been planted with the goal to improve the 
air quality near roads, but primarily aimed at larger particles and droplets. 
 
A recent detailed study was performed in the Netherlands on the impact of this possible air quality 
measure. The study consisted of an overview of known literature on this topic, description of 
relevant structure characteristics of vegetation, flow effects, the biological aspects of uptake and 
filtering of NO2 and particulate matter by plants and model calculations. Also, differences between 
coniferous and deciduous trees were considered, as well as the function of green elements in noise 
reduction. 
 
The main conclusion of the study is that the overall effect of vegetation between a road and close 
by houses on local NO2 and PM10 concentrations is estimated to be neutral at best and wil in most 
cases increase local concentrations due to a decrease of local wind speeds. The maximum filtering 
effect of vegetation is quite limited. Together with the effect of vegetation on wind speed and 
turbulence on short distances (1 to 4 times the vegetation height), concentrations of components 
emitted on a road will generally lead to higher concentrations behind large vegetation, compared 
to situations without the vegetation. This is especially the case for PM5 and smaller particles. 
Vegetation areas can, however, be a useful additional buffer (scrubber) between a road and urban 
areas when there is enough distance between the road and houses (> ca. 100 – 150 m) and the 
vegetation is not located close to the road; the net positive effect is caused by the filtering effect 
of the vegetation. The larger distance between the road and houses is necessary in order to 
distribute and mix the road emissions rather evenly over a height of 1-2 vegetation heights. The 
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effects of vegetation on NO2 and PM10 concentrations are not such that vegetation areas can lead 
to lower distances between urban areas and the road. 
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2.16 Reducing PM10 - emissions from road dust  

 
Authors: Martin Juneholm and Håkan Johansson, Sweden Road Administration, SRA 
Postal address: SE-781 87 Borlänge, Sweden. 
Contact:  martin.juneholm@vv.se 
 hakan.johansson@vv.se 
 
Short contribution 
Category H:  Active diluting’ 

 

Introduction 
PM10 concentrations in many of the cities in Sweden are characterized by significant peaks during 

winter and early spring. In Stockholm diurnal mean values reaching well over 200 µg m-3 are 
common during dry episodes. Mainly because of the use of studded tyres and winter sanding, 
wear particles from road pavement, tyres and winter sanding dominate PM10 composition during 
the period when the environmental quality standard is exceeded.  Reducing these PM10 levels 
therefore must include both measures to reduce the wear and to suppress the emissions. The 
Stockholm County Administrative Board has compiled a programme where measures proposed for 
Stockholm County have been ranked according to current knowledge of their proved or supposed 
potential to reduce PM10 emissions in the Stockholm region. This is a short presentation of some of 
the measures and the current knowledge about their potential [1]. 
 

Acute measures for extremely high concentration episodes 
Dust binding on parts of the street network where extreme concentrations are expected during 
predicted low relative humidity after a long period of humid weather. Speed reductions on affected 
streets for the same prognosis. Investigate the possibilities of using e existing traffic guiding 
systems to reduce PM10 concentrations in vulnerable environments.  
 
Measurements in Stockholm have shown that the risk of extreme PM10 concentrations is highest 
during dry episodes after a longer humid period. The reason is that a lot of material has been worn 
off, but remained on the road surface. As the road dries up, the dust is put into suspension by 
passing vehicles. Dust binding aims at keeping the road surface humid to suppress suspension of 
newly worn dust and re-suspension of dust deposits along the road. In Trondheim, Norway, MgCl2 
solution has been found to reduce PM10 concentrations. Dust binding is also used in Helsinki, 
Finland, but here with CaCl2. Measures are taken after forecasts of high PM10 concentrations.  
Dust binding should be made with the most effective, but also least environmentally hazardous 
and least corrosive, dust-binding agent. Except for the salts used in Norway and Finland, ongoing 
tests in Stockholm using CMA (calcium magnesium acetate) seem promising. Studies [2] show it 
reduced the diurnal level of PM10 with approx. 35% nearby an open heavily trafficked highway and 
with approx. 10 % in a street canyon. It is proposed that effective sweeping takes place before the 
streets dry up after dust binding is finished, to reduce re-suspension. A routine for forecasting 
based on meteorology and current PM10 concentration needs to be established. Traffic speed 
reductions can be accomplished e.g. by using variable message signs on streets where high 
concentrations usually appear. 
 

Improved pavements with respect to PM10 formation and mineral content [3]  
Identify road pavements with bad PM10 -forming qualities in streets and roads where the 
environmental quality standard is exceeded. Start knowledge improvement aiming at identifying 
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suitable rock materials and measures to describe their PM10 -forming qualities. Replacement of 
pavements with bad PM10 -forming qualities.  
 
The properties of the pavement stone material are crucial for the ability of the pavement to 
generate PM10 while being abraded. Much of the PM10 problems in Norway have been related to 
stone material of unsuitable properties. Unfortunately it is not as simple as using rocks of higher 
durability, since the formation of PM10 is not related only to this single property. Toxicological 
studies show that the mineral content of different rocks is important for their ability to induce 
inflammation in human airway cells. Therefore it is important to choose pavement rock material 
with both low PM10 formation and with as few toxic minerals as possible. 
 
 

Crushed and washed rock for friction improvement 
Only crushed and washed rock (2-6 mm) to be used for friction improvement on streets with high 
traffic volume. Stringent demands on rock material regarding PM10 -forming properties and mineral 
content (see above). Knowledge improvement aiming at identifying suitable rock materials and 
measures to describe their PM10 -forming qualities. Optimising the amount of friction material 
used. Replacing rock material with salt on streets with especially high concentrations.  
 
In Finland, the PM10 problem has been connected to the spreading of friction sand during winter. 
Both the grinding of the sand itself and the enhanced wear of the pavements due to sand and 
wheel interaction seem important. As for the rock materials used in pavements, the PM10 -forming 
properties and mineral content are important, but also the durability compared to the pavement 
rocks. Finnish studies promote the importance of using washed material, to prevent placing the 
PM10 fraction that is already in the material on the streets for immediate re-suspension. Instead, 
the fraction 2-6 mm should be used for good friction and minimized PM10 contribution.  Due to 
the negative effects of salts on corrosion, ground water and vegetation, the use of salt instead of 
sand can only be recommended on streets where other measures have failed to decrease PM10 
levels. 
 

Improved street sweeping. 
Research and development, in co-operation with contractors and manufacturers engaged in street 
sweeping, to improve knowledge of the potential of different methods and strategies. In this work 
it is also important to investigate the possibilities of using performance requirements related to 
PM10 when purchasing road- and street sweeping services. Continuous, earlier and more effective 
sand uptake during and after the winter season. Restrictions against dry sweeping and leaf blowers 
for sand uptake.  
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Effective sweeping techniques should be a good way of reducing road dust concentrations. 
Nevertheless, few unbiased studies have been able to prove this assumed effectiveness. In 
California, USA, road sweepers are certified for PM10 reduction effectiveness, but the certification 
methods are questioned. The certification has been a driving force for technology development 
and some techniques seem promising. In Trondheim, Norway, sweepers equipped with strong 
vacuum mouthpieces are combined with subsequent dust binding. This combination is capable of 
lowering PM10 concentrations. However, the effect is rather short lived, and the procedure 
therefore needs to be repeated every other night during dusty episodes. In Helsinki, Finland, an 
ambitious spring sweeping procedure is used, with four subsequent measures: dust binding, coarse 
material sweeping, vacuuming and finally high pressure washing. PM10 concentrations in Helsinki 
do not, however, show any obvious positive trends. TSP, on the other hand, has been reduced. 
The potential of road sweeping to reduce PM10 emissions is not yet fully investigated. The only 
experiment made in Sweden, which did not show any significant effects on PM10 concentrations, 
only involved a more intense and thorough sweeping with conventional methods. 
 

Source 
 

Action plan to meet the PM10 air quality standard in Stockholm (in Swedish), 
http://www.ab.lst.se/templates/InformationPage____5456.asp 

 

References 
 

[1] M. Gustafsson, Swedish National Road and Transport Research Institute, VTI, 2004 
[2] C. Johansson et al, "Partiklar i stadsmiljö - källor, halter och olika åtgärders effekt 

på halterna mätt som PM10". Slb Rapport 4:2004 
[3] This is not yet reported, but will be in summer 2005. Preliminary laboratory results 

show that pavement with quartzite gives 4 times less PM10-emissions compared to 
pavement with granite. We also see a speed-dependence in that way that higher 
speed emits more PM10. 
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Long contribution 
Category I: ‘Environmental planning’ 
 

2.17.1. Local   situation on air quality in France 
 
In France, the evaluation of air quality improvement due to the construction of a by-pass project is 
made through modelling during Environmental Impact Assessment. Starting with a spatialized air 
quality initial state (in-situ measurements and modelling), the evolution is modelled according to 
two scenarios : air quality if the project is not built and if it is built. The net theoretical impact of 
the project on air quality is computed by subtracting the resulting air quality scenarios ("with 
bypass" – "without"). 
 
What we observed, is that the efficiency of by-pass in relieving pollution by reducing congestion in 
downtowns is limited. When the by-pass is constructed in an already urbanised suburb the 
improvement of air quality is due to a reduction of pollution peaks in the downtown. But at the 
same time, air quality is degraded and pollution peaks increases in the urbanised suburb. 
 
When the by-pass is constructed in a rural suburb, the improvement may be more evident. In a 
general way, technical automotive improvements are more likely to be at the origin of the 
evolution of air quality than the by-pass itself. 
 
To our knowledge, feedback studies (measurements) on the real efficiency of a by-pass on air 
quality has never been made in France. 
 

French Regulatory context 
The environmental impact assessment was introduced as a design component of road construction 
or equipment projects by the French Act of 10 July 1976 on nature protection. Decree No. 77-
1141 of 12 October 1977 stipulated its contents, amended by Decree No. 93-245 of 25 February 
1993, which introduced air in the list of areas for study.  
 
Article 19 of the French Air Act of 30 December 1996 reinforced this obligation and stated as 
follows: 
 
“The impact study includes at least an analysis of the initial state of the site and its environment, 
a study of the changes that would be worked by the project, a study of its effects on health,… 
and the measures proposed to suppress, mitigate and if possible, compensate for any harmful 
effects on the environment and health. 
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Furthermore, for transport infrastructure, the environmental impact assessment includes an 
analysis of the social costs of pollution and nuisances and the induced benefits for the 
community, and an assessment of energy consumption levels resulting from operational phase of 
the project, due particularly to the travelling it involves or avoids”. 
 
The Director of Roads also states, in a letter dated 10 June 1999, that as of 1 August 1997, 
environmental impact studies must be conducted according to the intent of the Act and its 
implementing circular and that these studies must be based on the SETRA / CERTU 
Methodological Memo on road project environmental studies – “Air” Component (January 2001 
final version). 
 
The contents of the study, in accordance with the precautionary principle and proportionality 
principle referred to in Circular 98-36 of 17 February 1998, is determined according to the study 
type. The study type is defined by the most severe of the following three criteria: 
 

1. The ultimately anticipated annual average daily traffic (AADT), 
2. In urban areas, traffic at the busiest peak time, 
3. The future noise classification of the projected infrastructure, pursuant to Act No. 92-1444 

of 31 December 1992 on noise control. 
 
Table 1 shows the prescribed study type dependent on the three criteria. 
 

Table 1 Prescribed study types dependent on several criteria. 

Annual average daily 
traffic on the project 
horizon (veh/day) 

Traffic at the busiest 
peak hour  (car 
equivalent/hour) 

Noise classification of the 
projected infrastructure 

Study Type

> 50 000 > 5 000 1 I 
≤ 50 000 ≤ 5 000 2 II 
≤ 25 000 ≤ 2 500 3 III 
≤ 10 000 ≤ 1 000 4 et 5 IV 

 

2.17.2. Local measure  
The General Council of the French Département 77 is conducting studies for the survey prior to 
the Declaration of Public Utility of the construction project for the RN2 – RN3 section of the 
Meaux-Roissy road link. This project consists in building a new two-lane dual carriageway road to 
bypass the towns of Claye-Souilly, Mitry-Mori and some small villages (St Mesmes, Messy, 
Compans, Gressy and Annet Sur Marne).  
 
In the case of the RN2-RN3 road link, the ultimately expected traffic level (for the selected project) 
should be greater than 5,000 vehicles / evening peak hour (most severe criteria).  
According to the SETRA-CERTU Methodological Memo (see table above), this type of study is a 
type I (the most detailed one) and thus, along with the four basic steps of air quality impact 
assessment: 
 

1. Analysis of initial state, 
2. Determination of project impacts by modelling emissions and immissions, 
3. Health study on populations affected by the project, 
4. Definition of measures to suppress, mitigate and compensate for impacts. 
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The study must also include the following:  
 

• An estimation of pollutant emissions and energy consumption for the area of study, 
• An analysis of the social costs of pollution and nuisances, and the induced benefits / 

disadvantages for the community, 
• A more detailed study on the effects of the atmospheric pollution on health, 
• A study of the effects of the atmospheric pollution on vegetation and the soil.  

 
All of these aspects are presented in this report, in a more synthesied format, except for health 
effects and effects on vegetation and soil, which are aspects not addressed by the group. 

 
 

Figure 1 Proposed bypass. 

2.17.3. Concept 
Impacts evaluation (positive impacts or negative) on air quality for the bypass planned is done by 
comparing, via emissions inventories or via immission modelling, different scenarios: 
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• The reference scenario for year 2015 (“going with the flow” variant, without the project 

and with natural traffic flow trends),  
• The opening of the road to traffic (2007). 
• The future scenario for year 2015 (situation with the completed project)  

 
These scenarios are derived from the initial state (current situation) for 1999. The initial state has 
to be characterised using available data or using on-site measurements.  
The cases liable to necessitate modelling of immissions in order to approximate roadside 
concentrations are usually those in which the population is the most exposed, and therefore the 
closest to the road. However, the scale of the project in terms of traffic generates a risk of 
pollution extending beyond the immediate roadside. It was therefore decided to make a detailed 
study of concentrations over the area of study, using sophisticated modelling. However, it is 
impossible to combine acceptable modelling accuracy for both the scale of a street and the scale of 
the area of study. The study therefore presents two complementary approaches to the 
determination of immissions, a local approach of immissions (street scale) and an approach over 
the whole study area. 
 

Geographical area of study 
This project is located in a peri-urban area, for which the SETRA /CERTU Memo recommends 
identifying two different study areas according to the impact of the project to be studied. 
 

• To make an analysis of social costs, 
nuisances and pollution, an analysis 
of induced benefits and an 
assessment of energy consumption 
levels resulting from the project 
operating phase due particularly to 
the travelling it entails or avoids, the 
area of study must be as broad as 
possible and include the entire road 
network subjected to a change of 
more than 10% in the traffic carried 
on major traffic routes. 

• To analyse impacts on air quality and 
effects on the other environmental 
conditions, the geographical area of 
study must be reduced to a strip 
around the new, or recently upgraded 
infrastructure. The length of the strip 
must cover the entire project in the 
peri-urban area. Its width will depend 
on the pollution studied and the 
traffic carried by the project. In this 
instance, the relevant area of study 
under the influence of gaseous, 
traffic-generated pollutants is a strip 
measuring three hundred (300) 
metres on either side of the 
infrastructure axis. It measures a 
hundred (100) metres for particulate pollution (impact of heavy metals on soils and plants). 

 
Figure 2 Study area. 
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Pollutants under review 
For this study, it was decided to take the pollutants currently identified for this type of study in 
SETRA / CERTU Methodological Memo, which are as follows: 
 

• Carbon monoxide (CO), 
• Carbon dioxide (CO2), 
• Volatile Organic Compounds (VOC), 
• Benzene (C6H6), 
• Nitrogen oxides (NOx), 
• Particulate material, 
• Sulphur dioxide (SO2), 

 
In addition to the pollutants under review, we will estimate vehicle energy consumption (fuel 
consumption).  
 

Ozone 
Ozone is a pollutant not directly emitted by vehicles. It is a secondary pollutant, mainly found in 
peri-urban or rural areas distant from any source of pollution. It forms as a result of a highly 
complex mechanism involving many chemical species, including nitrogen oxides and Volatile 
Organic Compounds, and many climatic parameters (such as temperature or sunshine). 
 
Despite the significant contribution of motor vehicles to its formation, the present state of the art 
does not enable us to assess the influence of the project on ozone levels around the area of study. 
That is why no reference is made to this pollutant in this study.  
 

Traffic flows 
Scétauroute, assistant to the project owner, provided basic assumptions in PCU4 at EPH5. They also 
derive from modelling by CD VIA Company, communicated in the form of both a hard copy report 
[Liaison Meaux-Roissy (horizons 2007 et 2015)6, 11 December 2000, reference Aff.1862] and an 
Autocad file on CD-ROM [19 December 2000]. “Initial and future” road networks were 
considered without any low or high gradients in the area of study. 
 

Motor vehicle population 
The motor vehicle population taken into account for this study has been determined by INRETS78, 
which gives for each vehicle category (PC, LGV and HGV) a breakdown based on vehicle age, fuel 
and permissible total laden weight for heavy goods vehicles. 
 

Emission factors 
The unit emission factors correspond to the pollutant mass emitted by a travelling vehicle. They are 
expressed as g/km/vehicle. For this simulation, the factors used are those taken from the 
November 1997 COPERT II report by the European Environment Agency. For each vehicle 

                                                     
4 PCU: passenger car units, traffic measurement unit in which 1 PC = 1 pcu, 1 Heavy Goods Veh. = 2 pcu 
5 evening peak hour 
6 Meaux-Roissy road link [horizons of 2007 and 2015] 
7 National institute for transport and safety research 
8 Thesis by B.Bourdeau, Evolution du parc français entre 1970 et 2020, 1998 (Changes in the French motor vehicle 

population between 1970 and 2020), 1998. 



 Examples of Air quality measures within Europe 
 
 

 

 

2.17 Town and village bypass project Page 107 of 167  

category (PC, LGV and HGV), there is a formula by which to determine unit pollutant emissions 
specific to the traffic conditions on each of the road sections under review. The emission 
calculation tool used in this study is IMPACT ADEME9 software which takes into account all the 
previously defined elements, modified by the Public Works Scientific Network to allow for changes 
introduced by the recent European research programmes COPERT III and MEET. 
 

Modelling of dispersion 
The Street10 software program was used to calculate immissions. It draws on a database with more 
than 100,000 different configurations, prepared using 3D MISCAM simulation software (Reference 
German directive: VDI 3782 Blatt 8 Entwurf, 1998).  
 
MISCAM is used to simulate wind speed fields and concentrations at the scale of a street or an 
intersection. The dimensions treated with MISCAM are in the order of a few hundred metres. For 
Street software, the dimensions of the simulated road and intersection categories vary from 280 to 
320 m in length with a maximum height of approximately 100 m. 
 
A vertical temperature gradient was not taken into account. This is because comparisons between 
a simulation including a vertical temperature gradient and a simulation without a gradient have 
shown an effect below 5% for the final result of the average annual concentration of a pollutant. 
 
Roughness was defined at 0.1 m for buildings and 0.5 m for the ground. The transformation of 
NOx into NO2 upon dispersion into the atmosphere is taken into account. The data used for 
modelling (traffic, motor vehicle population, etc.) comply in every respect with those of emission 
modelling. The reference values are those given in the table relating to the Decree of 6 May 1998. 
The background pollution taken into account in the calculation is estimated from the data for the 
1999 annual average level of concentrations in French cities, according to the Ministry of Regional 
Planning and Environment11. These data must be considered as penalising in this study, however 
no background concentration data are available for the area of study. The following background 
concentrations will consequently be used:  
 

• for PM12: 20 µg/m3, 
• for NO2: 30 µg/m3.13 

 
For technical reasons, the maximum modelling horizon is 2006. This is consequently the year that 
will be used to calculate the emissions while retaining the 2015 traffic assumptions, since this 
assumption is penalising for air quality. As already explained, the technological effect will result in 
a reduction of emissions (for the same traffic level) between the years 2007 and 2015. 

                                                     
9 French agency for environment and energy management 
10  Software developed by Kunz Technologie Transfer, distributed in France by Targeting 
11 Report available on the MATE website 
12 Particulate Matter: particles emitted by exhausts 
13 The data from the passive tube measurement campaign would rather seem to indicate a background pollution of 

approximately 20 µg/m3. 
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2.17.4. Implementation 

2.17.4.1 Characterisation of the initial state: 

Climate 
The local climate is characterised by average monthly temperature, average rainfall and fairly 
strong winds, mainly in two directions (20°C and 220-240°). 
 

Population 
The project is located in a peri-urban to rural area. Several types of land use by the population can 
be distinguished in the area of study: 

• Claye-Souilly: a fairly large, developed urban area, which combines a traditional centre 
with semi-detached 2-storey or 3-storey houses, single-family houses and a multi-family 
housing estate. 

• Mitry-Mory: only the industrial estate and the Acacias single-family housing estate 
• Saint-Mesmes, Messy, Compans, Gressy, Annet sur Marne: small villages with detached or 

semi-detached single-family housing. 
• A few isolated dwellings (e.g. Moulin de Condé). 

 
The distribution of the built environment is taken from the geographic database of the Île-de-
France (Greater Paris) Regional Public Works Department. 
 

Using on-site measurements 
The characterisation of current air quality is based on measurements of atmospheric pollutant 
concentrations. These measurements were made using passive sampling tubes for nitrogen 
dioxide (NO2), positioned by CETE Nord-Picardie14 and analysed by Passam AG Company. The area 
concerned was the project area. The passive tubes were placed in transects at three separate 
locations. The measurement campaign was conducted using 35 passive tubes. 
 
The Île-de-France regional air quality plan does not mention any specific requirement for the 
section under study but it sets recommendations for means of transport to be considered on a 
regional scale, not on the local scale of the project. As the route has no fixed sensors managed by 
an air quality supervision network [AIRPARIF], the nearest sensor is in Tremblay-en-France, a peri-
urban station that measures ozone, PM10 particles and NO2. Its data are not much use in rural 
transport pollution issues, which is the main case for this project.  
 

Measurement interpretation 
Under current legislation, passive tube measurement interpretation is difficult because the 
measurement is representative of an average level over the exposure period, whereas the values 
used by the legislator or specified by bodies such as the World Health Organisation, are either 
average levels over other periods (annual or hourly) or more complex statistical calculations 
(percentiles). 
 

                                                     
14 Public works regional engineering centre 
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Table 2 International thresholds and recommendations for NO2 (in µg/m3) 

Reference Concentration Type of threshold Calculation method
CSHP France Circular DGS/VS3/96 n°697 200 Caution level Hourly average 
CSHP France Circular DGS/VS3/96 n°697 400 Alarm level Hourly average 
CSHP France Circular DGS/VS3/96 n°697 50 Quality target / 

year 
Hourly average 

MATE – 
France 

Decree n°98-360 of 
06/05/98 

50 / year Percentile 50 

MATE – 
France 

Decree n°98-360 of 
06/05/98 

135 / year Percentile 98 

MATE – 
France 

Decree n°98-360 of 
06/05/98 

400 Alarm level / hour Average 

OMS 2nd edition - 1997 200 / hour Average 
 

Measurement results 
 
The general statistics for the results of the NO2 measurement campaign by passive sampling were 
as follows: 
 

Table 3 Nitrogen dioxide measurement results. 

N° NO2 [µg/m3]  N° NO2 [µg/m3]  N° NO2 [µg/m3]  
1 58.0 11 43.1 21 64.1 
2 63.4 12 and 12b 51.9 and 46.5 22 44.9 
3 64.7 13 45.4 23 and 23b 76.6 and 78.1
4 69.4 14 43.5 24 63.8 
5 64.0 15 43.7 25 72.5 
6 68.3 16 53,0 26 67.4 
7 61.8 17 46.6 27 63.3 

8 and 8b 62.9 and 62.2 18 45.2 28 64.4 
9 51.5 19 41.6 29 64.4 

10 45.5 20 and 20b 59.0 and 57.0 30 and 30b 57.6 et 58.2
 
Whichever transect was considered, the measured NO2 concentrations were comparable to those 
of the MATE15 recommendations, with greater concentrations in the vicinity of the Mitry-Mory 
industrial estate. 
 
The open, well-ventilated nature of the study site contributes largely to these results, by enabling 
the pollutant concentrations to be rapidly diluted. It must be pointed out that these results are 
obtained by a measurement campaign conducted in winter (15 days), which is a period of large 
concentrations of NO2 (because this pollutant is less degraded in photochemical reactions in winter 
than in summer, for the same conditions of emission). 
 
 

                                                     
15 Ministry of regional planning and environment 
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Figure 3 Measurement results in cartographic form, northern part of study area (above) 

and southern part of study area (below). 
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Using Inventory of pollutant emissions  
Only the evening peak hour time period was considered. The following table shows travel 
evaluations expressed in vehicle kilometres (number of vehicles multiplied by the length of each 
section in kilometres) for the period under review. 
 

Table 4 Traffic in the study area in vehicules.km in 1999. 

 Light duty traffic Heavy duty traffic Total 

Study area 105 523 2 198 107 721

 
Figure 4 shows the distribution of traffic on the roads in the study area. 
 

 
Figure 4 Distribution of the traffic over the roads in the study area in 1999. 

 
Table 5 shows the overall evaluation of daily emissions on roads in the geographical area of study 
of the 1999 state during the EPH. The evaluations are expressed as kg of pollutants emitted for 
each period. 
 

Table 5 Emissions in kg/day on roads in the study area in 1999 during the EPH. 

 CO VOC C6H6 NOx Particulates SO2 CO2 

1999 state at EPH 573 49 1.8 140 10 6.1 22276 
 
NOx emissions correspond to emissions of NO and NO2, expressed as NO2 equivalents. 
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2.17.4.2 Scenarios comparison using inventories of pollutant emissions 

 

2015 reference scenario (without bypass)  
A comparison between the initial state in 1999 and the reference state in 2015 enables us to 
predict the effect of the traffic increase and improvements in automobile technologies on pollutant 
emissions in the selected geographical area of study. 
 

Traffic data 
Table 6 presents the travel evaluations expressed in vehicle kilometres for the years 1999 and 
2015. 
 

Table 6 Traffic in vehicle kilometres for the years 1999 and 2015 in the study area. 

Initial state 1999 Reference scenario 2015 
(without bypass) 

Relative 
change 

Light duty  Heavy duty  Total  Light duty Heavy duty Total   

105.523 2.198 107.721 143.386 14.410 157.796 + 46.5% 

 
Figure 5 shows the distribution of traffic over the roads in the area of study for the 2015 reference 
scenario (without bypass). 
 

 
Figure 5 Distribution of the traffic over the roads in the study area according to the 

reference scenario 2015. 
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Evaluation of emissions 
Table 7 presents the overall evaluation of average Evening Peak Hour emissions on the roads of 
the present geographical area of study. 
 

Table 7 Average evening peak hour emissions in kg/day on the roads in the study area, 
with the estimated trend between the initial state in 1999 and the reference state 
for the horizon of 2015 (without the bypass). 

 CO VOC C6H6 NOx Particulates SO2 CO2 

Initial state 1999 573 49 1.8 140 10 6.1 22 276

Reference scenario 2015 
(without bypass) 311 15 0.4 51 3 1.3 41 433

Evolution (in %) -45.8% -68.6% -76.6% -63.2% -69.0% -78.4% +86.0%
Note: The NOx emissions correspond to emissions of NO and NO2, expressed as NO2 equivalents. 
 

2015 scenario with bypass and 2007 when opening to traffic 

Traffic data 
Table 8 presents the traffic scenario’s. 
 

Table 8 Expected traffic scenario’s in vehicle kilometres. 

 Initial state 
1999 

Opening of 
bypass in 2007

Reference 
scenario 2015 

Scenario with 
bypass 2015 

Change between 
2015 scenarios 

Study area 107.721 139.795 157.796 186.782 + 18.4% 

 
 
Figure 6 shows the expected traffic distribution over the roads in the study area of study in 2015 
with the bypass opening in 2007. 
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Figure 6 Distribution of the traffic over the roads in the study area according to the 

scenario 2015 with the bypass opening in 2007. 

 
For the horizon of 2015, the total travel volume according to the findings of the traffic study will 
be greater over the area of study if the project is completed. This can be explained by the greater 
attractiveness of the route after the project has been completed. However, the HGV traffic 
assumptions result in heavier HGV traffic in the area of study if the project is not executed 
(because for some pollutants, HGVs have emission levels that tend to be much higher than PCs). 
The estimation of the following emissions and immissions will reflect these facts without taking 
into account the gain produced by the transfer of traffic to routes farther away from the area of 
study (routes not modelled in the traffic study). 
 

Evaluation of emissions at EPH 
The following table presents the overall evaluation of average emissions at the average worked 
EPH over roads of the geographical area of study for the three horizons. 
It is expressed as kg of pollutant emitted per day. 
 

Table 9 Average evening peak hour emissions in kg/day on the roads in the study area, 
with the estimated trend between the initial state in 1999 and the reference state 
for the horizon of 2015, with and without bypass. 

 CO VOC C6H6 NOx Particulates SO2 CO2 

Initial state 1999 573 49 1.8 140 10 6.1 22 276

Opening to traffic 2007 454 24 0.8 69 5 0.9 27 754
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Reference scenario 2015 311 15 0.4 51 3 1.3 41 433

Scenario with bypass 2015 383 15 0.5 39 3 1.2 38 162

 
The NOx emissions always correspond to emissions of NO and NO2, expressed as NO2 equivalents. 
 

Scenarios comparison using modelling of pollutant dispersion 
The cases liable to necessitate modelling of immissions in order to approximate roadside 
concentrations are usually those in which the population is the most exposed, and therefore the 
closest to the road. However, the scale of the project in terms of traffic generates a risk of 
pollution extending beyond the immediate roadside. It was therefore decided to make a detailed 
study of concentrations over the area of study, using sophisticated modelling. However, it is 
impossible to combine acceptable modelling accuracy for both the scale of a street and the scale of 
the area of study. The study therefore presents two complementary approaches to the 
determination of immissions. 
 

Parameterisation of meteorology 
All modelling of air quality is based on an in-depth study of local weather conditions. The 
processed data are those provided by the METEO France Charles de Gaulle weather station located 
in the Commune of Roissy. The following data are used: 
 

• Wind rose for the January 1974 to December 1999 reference period, 
• Complete file of hourly measurements of ground temperature, wind speed, wind direction 

and cloudiness for the entire year of 1999. 
 

Local approach to immissions 
The Street16 software program was used to calculate immissions. It draws on a database with more 
than 100,000 different configurations, prepared using 3D MISCAM simulation software (Reference 
German directive: VDI 3782 Blatt 8 Entwurf, 1998).  
 
MISCAM is used to simulate wind speed fields and concentrations at the scale of a street or an 
intersection. The dimensions treated with MISCAM are in the order of a few hundred metres. For 
Street, the dimensions of the simulated road and intersection categories vary from 280 to 320 m in 
length with a maximum height of approximately 100 m. 
 
A vertical temperature gradient was not taken into account. This is because comparisons between 
a simulation including a vertical temperature gradient and a simulation without a gradient have 
shown an effect below 5% for the final result of the average annual concentration of a pollutant. 
Roughness was defined at 0.1 m for buildings and 0.5 m for the ground. 
 
The transformation of NOx into NO2 upon dispersion into the atmosphere is taken into account. 
The data used for modelling (traffic, motor vehicle population, etc.) comply in every respect with 
those of emission modelling. The reference values are those given in the table relating to the 
Decree of 6 May 1998. 
 
The background pollution taken into account in the calculation is estimated from the data for the 
1999 annual average level of concentrations in French cities, according to the Ministry of Regional 

                                                     
16  Software developed by Kunz Technologie Transfer, distributed in France by Targeting 
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Planning and Environment17. These data must be considered as penalising in this study, however 
no background concentration data are available for the area of study. The following values will 
consequently be used:  
 

• for PM18: 20 µg/m3, 
• for NO2: 30 µg/m3.19 

 
For technical reasons, the maximum modelling horizon is 2006. This is consequently the year that 
will be used to calculate the emissions while retaining the 2015 traffic assumptions, since this 
assumption is penalising for air quality. As already explained, the technological effect will result in 
a reduction of emissions (for the same traffic level) between the years 2007 and 2015. 
The values obtained by this type of modelling must be considered as the first approaches to the 
true air quality values. 
 

Table 10 Calculated concentrations for a rural road (RD 212) and urban road (Claye-
Souilly through road. 

   Rural road Urban road 
 Year Bypass PM20 

annual mean 
µg/m3 

NO2 
percentile 98 

µg/m3 

PM21 
annual mean 

µg/m3 

NO2 
percentile 98 

µg/m3 
1 1999 / 22.7 58.6 24.6 47.6 
2 2006 Without 21.7 51.4 23.2 44.5 
3 2006 With 20.9 40.4 23.2 44.3 

 
A distinct improvement is established, which is the consequence of the previously mentioned 
improvement in emissions. The thresholds are not exceeded. 
Although the NO2 concentrations found by these calculation methods are expressed as 98 
percentiles, they are consistent with the average data over the exposure time [unfavourable 
weather period] of the passive tube measurement campaign.  
 

Approach to immissions over the area of study 
The concentration modelling procedure throughout the area under study is based on the use of the 
ADMS-Urban model. Cambridge Environmental Research Consultants developed this model in 
collaboration with the University of Surrey and the UK Meteorological Office.  
 

Data used 
The data used are meteorological parameters and traffic data. The average roughness was fixed at 
0.4 metres and the average Monin-Obukhov length at 10 metres. No correction was made for 
background pollution. Specific pollution of an industrial type was not taken into account because 
the list of companies subject to regulations on classified facilities for environmental protection, 
supplied by DRIRE22 does not give any gaseous pollution emission function. However, an 

                                                     
17 Report available on the MATE website 
18 Particulate Matter: particles emitted by exhausts 
19 The data from the passive tube measurement campaign would rather seem to indicate a background pollution of 

approximately 20 µg/m3. 
20 Particulate matter: new definition of black smoke 
21 Particulate matter: new definition of black smoke 
22 Regional Board for industry, research and environment 
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examination of the list of classification nomenclatures for the various establishments in the area of 
study does not give reason to expect the presence of large outlets for this type of pollution. 
 

 
Figure 7 Modelled zone. 

 

2.17.5. Results 

Characterisation of the initial state  
The characterisation of initial air quality by nitrogen dioxide (NO2) concentration measurements 
has shown that for the measurement period under review, the contents recorded over the study 
area are satisfactory and meet the quality objectives fixed by French regulations and by the guide 
values recommended by the World Health Organisation (WHO). The areas crossed have an open 
character with few obstacles to the dispersion of the pollutants. 
 

Scenarios comparison using inventories of pollutant emissions  
The following table shows the estimated trend of overall emissions over an average worked day 
between the three horizons. 
 

Table 11 Estimated difference between emissions of the scenarios over an average working 
day in terms of percentage. 

Reference Compared scenario CO VOC C6H6 NOx Particulates SO2 CO2 

Initial situation 1999 2015 without bypass -45.8 -68.6 -76.6 -63.2 -69.0 -78.4 +86.0

2015 without bypass With bypass 2015 23.2 -0.9 8.1 -21.0 -8.7 -8.2 -7.9

Initial situation 1999 With bypass 2015  -33.1 -68.9 -74.7 -72.1 -71.7 -80.2 71.3
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Reference scenario (2015 without bypass) vs. Initial state (1999) 
A comparison between the initial state and the reference scenario shows that despite an increase in 
travel (and consequently traffic), the pollutant emissions will be substantially reduced, except for 
carbon dioxide (CO2) emissions which are directly related to fuel consumption and consequently to 
travel. 
 
This emission trend is explained by the renewal of the motor vehicle population for the cleanest 
vehicles (generalisation of the catalytic converter on all vehicles in the years to come and 
reformulation of fuel). For most of the pollutants studied (CO, NOx, VOC, PM, SO2, benzene), the 
reducing effects of the technological vehicle improvements are much stronger than the penalising 
effects of traffic increases over the network under study. 
 
For CO2 emissions, the data currently available do not anticipate any significant “technological” 
reductions for future vehicles. The expected trend is therefore directly related to the increase in 
traffic levels and changes in traffic conditions. 
 
As regards the emission trends per area, there is relative homogeneity between the studied areas 
for each pollutant under review. CO2 on the exterior roads is the only exception to this finding as it 
undergoes a more marked increase directly related to the more marked traffic increase in this 
sector. 
 

Future scenario (with bypass) vs. reference scenario 
This comparison highlights the effect of the completed project. It is directly related to the strong 
increase in traffic over the area of study, but in fact results in a low gain compared with the 
reference state.  
 

Future scenario vs. Initial state 
On the whole, the same trends are established as for the comparison between the initial state and 
the reference state. The construction of the project will thus have an effect on the geographic 
distribution of emissions with a less significant effect in the study area, as the traffic trends on the 
different roads gave reason to expect. 
 
To sum up, except for carbon dioxide, inventories of pollutants emissions from motor vehicle 
traffic travelling within the study area of the project will show a decrease ranking from 68% 
decrease to more than 80% decrease, depending on the pollutant under review, at 2015 horizon. 
This result is directly related to changes in the characteristics of the renewed motor vehicle 
population, 
 

Scenarios comparison using dispersion modelling 
The results for the scenarios are represented in figures 8 through 11 for the NOx pollutant. They 
show moderate impact of the infrastructure as soon as we are a few hundred metres away from 
the road. These conclusions are fully transposable to the other pollutants. The impact of 
technological progress on emissions will of course result in much lower concentrations in the area 
of study if the 2015 situation is compared to the 1999 situation, despite an increase in traffic. 
The construction of the bypass seems to induce a positive impact on air quality on the 2015 
horizon. 
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 Figure 8 Initial Situation: 1999 [initial state] 

 

 Figure 9 Reference scenario: 2015 [without bypass] 
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 Figure 10 Opening of the bypass: 2007  

  

 

 Figure 11 Scenario with bypass: 2015  
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Restraints 
This study is based entirely on a large number of assumptions and uncertainties, above all for the 
horizon of 2015, as regards both traffic data and traffic emissions and conditions. We are therefore 
unable to estimate the accuracy of the numerical results. The uncorrected results must 
consequently not be used as absolute values but as tools for the comparison of the situations 
under study. The differences between two scenarios can be considered as relevant (given that in 
principle, the assumptions and uncertainties are the same). 
 

Social costs of project related pollution 
In the absence of a proven methodology that takes into account all nuisances generated by 
construction of the project, to estimate the costs of atmospheric pollution, reference will be made 
to the values currently proposed by the Framework Instruction on methods for the economic 
evaluation of major transport infrastructure projects, annexed to the Secretariat of State for 
Transport Circular of 20 October 2000 (amending the circular of 1995). For local and regional 
pollution, it is the pollution due to carbon oxides, sulphur oxides and nitrogen oxides that is taken 
into account. The high and low values that are applied correspond to an estimation range 
recommended in the report: Transport: pour un meilleur choix des investissements – Commissariat 
général du plan – Marcel Boîteux”23 – November 1994. Table 12 shows the costs estimated 
according to this Instruction. 
 

Table 12 The air pollution costs generated by the project in Eurocents per kilometre and 
per vehicle. 

 Local and regional air pollution Greenhouse effect
 Lower estimate Higher estimate  

LGV in countryside area 1 1.5 0.4 

HGV in countryside area 5.3 10 2.1 

LGV in urban area 1 2.1 0.5 

HGV in urban area 7.3 13.4 2.1 
 
The following tables present the costs, in euros per average worked day, over all the sections 
under study and for the three states of analysis: 
 

Table 13 Air pollution costs in euros per average worked day, over all the sections under 
study and for the three states of analysis. 

  Initial state1999 No bypass 2015 Bypass 2015
Lower estimate 1082 2080 1877 

Local and regional air 
pollution Higher estimate 1830 3636 3173 

Greenhouse effect  449 854 779 
 

Comments 
These results show an increase in the social costs of pollution between the initial state in 2000 and 
the state at the horizon of 2015 (with or without project) – which is directly related to the traffic 

                                                     
23 Transport: developing a better choice of investments 
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increase in general. However, compared to the reference state, construction of the project will 
result in a slight decrease in these costs. 
 
The results of this assessment of future costs are in contradiction with the results of the daily 
emission evaluations for the different horizons. The observed difference is due to the assessment 
method that only appears to take into account the traffic parameters and not the expected gains 
from vehicle and fuel improvements. In view of the overall increase in travel in the area of study, 
the cost is certain to increase between the present state and the future state, despite a marked 
expected decrease in emissions. However, the emission/cost comparison for carbon dioxide 
(greenhouse effect) does reflect the same upward trends. 
 

Estimation of energy consumptions 
In addition to the pollutants soon to be regulated by European directives, the Air Act specifies that 
energy consumption (or vehicle fuel consumption) resulting from the operational phase of the 
project is to be taken into account. This is an indicator for the estimation of rational energy use 
resulting from the trips caused or avoided by the construction of the project. 
 
Table 14 presents the total energy consumption on all the sections taken for the three horizon 
states, i.e. the present 1999 state, the reference state at the horizon of 2015 and the future state 
with the constructed project in the year 2015.  
 

Table 14 Energy consumption (in million tons per average worked day) on all the sections. 

Initial state1999 No bypass 2015 Bypass 2015 
7 13 12 

 
Comments 
There will be an increase in fuel consumption at the horizon of 2015 compared to the present 
situation in 1999. This is explained by the traffic increase and the low influence of renewal of the 
car population between these two horizons for this parameter.   
 
However, after project construction, this energy consumption will decrease slightly. This trend is 
due to traffic transfer phenomena related to the construction of the project, which globally 
improves traffic conditions in the area of study. 
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2.18 Traffic diversion measures 

 

Authors: Ronny Klæboe, Torkel Bjørnskau and Marika Kolbenstvedt, Institute of Transport 
Economics, Norwegian Centre for Transport Research, Norway. 
Contact: rk@toi.no 
 
Long contribution 
Category I: ’Environmental planning’ 
 
The environmental impacts of road traffic diversion measures in Oslo East have been studied by 
means of a research programme stretching over 15 years. A road construction project including a 
bypass with two separate tunnel stages provided ideal conditions for studying relationships 
between traffic management measures, traffic flow changes, changes in environmental exposures 
and human reactions.  
 
Important results from this research is that the major local environmental benefits were reaped 
not as much from the new traffic system, as because of the supplementary measures the new road 
system made possible. The most important of these supplementary measures was closing the city 
area not only for through traffic but also roads between the highway system and central city 
areas.  
 

2.18.1. Main issues and background information  
The steady increase in traffic volumes along an old road network through built-up areas has 
resulted in a deterioration of the environmental quality of many Norwegian urban areas. The 
problems are particularly severe in urban areas traversed by a European or national main road. To 
reduce the problems the road authorities have constructed bypasses around several of these urban 
areas. 1 
 
Bypasses can be constructed as new surface traffic routes leading traffic around a city area or as 
environmental tunnels. In Oslo East, the rerouting consisted of a comprehensive tunnel system that 
was combined with traffic restraints.  
 
In this Part I – chapters one to three, we will focus on the environmental effects of rerouting the 
main road system (E6) in the eastern parts of Oslo, the capital of Norway (Kolbenstvedt 1998). 
Chapter one is a general introduction. In chapter two, the changes in traffic and environmental 
load are described. In chapter three, we will look at the annoyance reductions that followed these 
reductions.  
 
In part II we will extract some general dose response relationships (or more precisely exposure-
effect relationships) from the studies of this rerouting of the traffic in Oslo East, as well as another 
series of surveys undertaken to map changes in the road network in Drammen. These studies result 
in an explanatory model featuring air pollution and the neighbourhood soundscape as explanatory 
factors for environmental annoyances such as annoyance from road traffic noise and vehicular air 
pollution. We also look at urban dynamics and the changes in the societal composition of parts of 
the city area where traffic has changed.  
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Local situation and air quality in Oslo  
Oslo is the capital of Norway with about half a million inhabitants. The principal source of air 
pollution in Oslo is vehicular traffic. The primary pollutants of interest are nitrogen oxides, 
especially nitrogen dioxide (NO2) and respirable particles (PM2.5 and PM10). While the NO2

 
and 

PM2.5 are mainly produced by engine combustion, road dust and wood burning are main 
contributors to the PM10 concentrations during wintertime.  
 
The use of studded tires from November to March in the Scandinavian countries together with 
winter road maintenance practices contribute to the production of a large number of road surface 
abrasion particles. Sanding to improve road friction during winter cause a “sand paper” effect, 
leading to an increased abrasion of road surface particles and a grinding effect whereby larger 
particles are broken down into smaller sizes according to Finnish studies. The road dust 
accumulates along the roadside, and is resuspended by the speed winds and turbulence generated 
by moving vehicles.  
 
The problems caused by air pollution reach their peak at low temperatures typical for winter times 
that by them selves constitute adverse conditions for asthmatics and contribute to pulmonary 
(lung) and cardiovascular (heart) diseases. Low temperature means that combustion is less 
complete and more combustion particles are emitted from the tailpipe. Low temperatures also 
affect the dispersion conditions for particles emitted from the tailpipe. Low temperatures during 
wintertime also result in an increase in non-transport related particles due to wood burning, often 
with older non-efficient stoves, and use of oil to heat buildings. Low temperatures together with 
meteorology (no wind - no precipitation) cause inversions: The vertical transportation of pollution 
that normally takes place due to the temperature gradient is halted and thereby fosters the 
accumulation of dust particles in city-basins such as central Oslo.  
 

Description based on comprehensive environmental studies  
The description of the changes in the city area is based on a series of before-after studies aimed at 
depicting environmental effects of the different stages of the rerouting -- see Figure 1. Focus is on 
the 1987, 1994 and 1996-studies. In addition to the Oslo East data, supplementary data have 
been fetched from similar studies of the rerouting of the main road system in Drammen city (Fyhri 
2001). When discussing the combined effects of different environmental exposure on annoyance 
and health we have also benefited from an interdisciplinary strategic research programme on 
Traffic, environment and health (Klæboe 2003).  
 
The environmental studies consist both of interviews and detailed measurements and calculations 
of traffic volumes and composition, noise and air pollution levels as well as visual aesthetic qualities 
and severance. The comprehensive environmental modelling of the exposure each respondent is 
exposed to, allows us to study the relationships between environmental exposures and people’s 
perceptions and reactions. The studies have been financed mainly by the Norwegian Public Road 
Administration and The Research Council of Norway.  
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Figure 1 Bypass Oslo East. Stages in the development of the new road system, and the 

timing of the studies to capture their environmental effects 

2.18.2. Bypasses and other local measures in Oslo East  
The Oslo East study area is a central area in Oslo, with about 30.000 inhabitants. In 1987, before 
the rerouting, E6 with 37 000 vehicles per day, went straight through this city area, feeding several 
main roads through various parts of the city area with high traffic volumes – See figure 2.  
The city area is characterised by old tenement buildings and relatively narrow streets with high 
traffic volumes running through the densely populated area. Before the new tunnel systems and 
bypass, there was little interest for new enterprises in the area, and the maintenance level of the 
buildings was low. The city area also had a lower standard of living than other areas in Oslo. (After 
the traffic changes and improvements in the area, people have been moving in to this area again, 
and the area has increased markedly in popularity.)  
 

A new tunnel system  
To establish a new ring road and improve the connections between southbound and northbound 
traffic the Public Roads Administration instigated in the late 1980’s a comprehensive construction 
of a new main road system. This system incorporated two separate tunnel projects to lead the 
traffic around the town area, see (Kolbenstvedt 1998). The road construction was mainly 
undertaken as part of a modernisation of the road system, and a means of connecting south, east 
west and north bound traffic. However, the solution also improved the environmental conditions in 
the city area that was alleviated for traffic. The new route made a detour around the city area that 
made it possible to reclaim historic parts of Oslo and reconnect Medieval Oslo with the seaside. As 
part of the project, a former motorway bridge was therefore totally dismantled. 
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Figure 2 Map of the Oslo East area with the main traffic flows before the tunnel projects. 

The planned tunnels are shown. 

Impacts on traffic load – regional and local  
Traffic growth in Norway is described by a national index provided by the National Public Roads 
Authority. For most of the years between 1988 and 1996 this index has been between 0,9 and 
1,9 %. The overall increase in traffic during the period was 11.8%. This fairly slow growth rate 
was mostly due to the economic and employment situation in Norway these years.  
 
The increases in traffic for the Oslo region (counts of traffic over the city border) were larger – 
about 16% between 1996 and 1990. The Vålerenga and Ekeberg tunnel contributed to this 
increase together with other motorway/tunnel projects that significantly increased the capacity of 
the main road system through and around Oslo.  
 
Table 1 illustrates some of the changes registered on important roads in the study area.  
 



 Examples of Air quality measures within Europe 
 
 

 

 

2.18 Traffic diversion measures Page 127 of 167  

Table 1 Traffic volumes on selected streets 1987–1996. (AADT) 

 
The only road with significant traffic increase is road 1: Ensjøveien. This road is bordering the study 
area and it is an alternative to the main road for traffic from the North to and from the inner city. 
After the tunnel opened and the main road was closed for through traffic except for buses, this 
road became more important for accessing parts of the Oslo East city area previously served by the 
main road system. Several residential streets (road 2) are not directly affected by any of the road 
constructions. These streets only serve the adjacent housing. The number of car trips per 
household in this area has not changed much in the period.  
 
Road 3: Strømsveien was the earlier main road through the area and was in 1987 also directly 
connected to road 5: Schweigaardsgate and road 6: Åkebergveien providing for traffic to other 
parts of the inner city.  
 
Road 8: Dalehaugen became in 2001 closed for through traffic and has in 2003 an AADT of about 
1.600 vehicles. Traffic on road 10: Oslo gate has increased. This is because restrictions on through 
traffic on that road had been removed. Road 11: Dyvekes vei in the period 1989-1994 served as a 
temporary main connection between northbound and southbound traffic. This was while the next 
tunnel (Ekeberg) was being constructed. In the opening year (1989) traffic volume on road 13: 
(Vålereng tunnel) was similar to the volume on the previous main road 3: Strømsveien. However, 
traffic volumes through the tunnel have increased through the study period (43 %). These 
increases would not have been possible without the increased capacity of the new tunnel system.  
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Bypass was supplemented with local measures  
The analyses in Oslo East made clear that the first stage of the rerouting did not attain the level of 
environmental benefits desired. While the by-pass and a simple road barrier was sufficient to stop 
the through traffic along the E6 there were still quite high traffic volumes through the area. The 
reason was that a number of secondary roads continued to pass traffic between the main road 
system and central city areas. 
 
Figure 3 illustrates the changes in local traffic loads throughout the period. While the opening of 
the Vålerenga tunnel in 1989 drained away a lot of through traffic (see changes from 1987 to 
1989), there was still a significant amount of through traffic going through the town area.  
To reap full benefits of a rerouting of the main road system, supplementary measures on the local 
road network were necessary. In 1991 traffic between the main road system and various centrally 
located city areas was blocked by more centrally located road barrier. This effectively limited the 
flow of private cars through the area. Buses were fitted with transponders allowing them to unlock 
the barrier, and were still allowed through the area. Traffic flows along the former E6 (see changes 
from 1989 to 1992) were substantially reduced.  

 
Figure 3 The amount of traffic along streets benefiting from the bypass and environmental 

tunnels. The former E6 ( Strømsveien and St. Halvards gate) reaped the largest 
benefits. 

 
Traffic calming measures and aesthetic improvements turning previous high volume and broad 
traffic arteries into narrower environmental streets were also implemented. Parts of the road 
surface width were reclaimed for the benefit of pedestrians and bicyclists. Building improvements 
were also implemented as part of a general effort to upgrade the area. These additional efforts 
doubled the environmental benefits ensuing from the new road system.  
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The second tunnel system, the Ekeberg tunnel, opened in 1995, was mainly built in order to 
connect the southbound with northbound traffic. This part of the system gave little additional 
traffic reduction (changes from 1992 to 1996), but was important to handle the increased traffic 
volumes along the main road system and keep down the traffic volumes through the Oslo East 
area. 
 

Reductions in residential traffic volumes and noise exposure  
The surveys covered 14 sub-areas selected to reflect different traffic loads and changes in traffic 
volumes (see Table 1) as a result of the changes to the main road system.  A measure of the 
amount of traffic close to each dwelling, the residential traffic level (AADTcombi)2, was reduced to 
half from 1987 to 1996. This is quite an impressive reduction given the general traffic increases for 
the whole of Oslo (12%). The results show that the amount of traffic was reduced in virtually all 
of the sub-areas, especially in the areas alongside the former E6. Some streets received more traffic 
and more environmental problems. This was the case for Ensjøveien that was transformed into a 
new connecting road to the Vålerenga tunnel, and Konow’s gate located at the north entrance of 
the Ekeberg tunnel 
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Figure 4 Map of the Oslo East area after the building of the first Vålerenga and thereafter 

the Ekeberg tunnels. A simplified illustration of the main traffic flows is shown 
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Changes in traffic produced changes in noise annoyance  
The average 24 h equivalent noise exposure level (Lden) for the respondents in the study area was 
reduced from 64 to 60 dBA during the same time period.  
 
As many as 56 percent of the residents benefited from a noticeable reduction (over 3 dB(A)) of the 
road traffic noise levels at the most exposed façade. Many of these experienced an even more 
marked improvement of their neighbourhood soundscape.  
 
The second tunnel system, the Ekeberg tunnel, had little additional effect on environmental 
quality.  
 
The noise environment in the sub area Ensjøveien experiencing traffic increases, deteriorated 
markedly. While 33% of the apartments were exposed to noise levels above the 55 dB limit in 
1987, as many as 86% did so in 1996. For the remaining 14% of the apartments that were not 
exposed to more than 55 dB(A), their neighbourhood soundscapes were adversely affected.  
Lessons to be learnt is to anticipate which streets will be affected adversely by improvement 
measures, and implement protective measures where possible. 
 

Reduction in air pollution as a result  
The major changes in the air quality of the town area came from the opening of the Vålerenga 
tunnel in 1989 combined with closing of through-traffic. Over the 10-year period, some reduction 
of the NO2

 
levels is the result of a larger proportion of the private cars being fitted with catalytic 

converters.  
The 3-month average PM10-indicators were reduced to half of their previous values while the 
reduction in 3-month average NO2 values was about 33 percent -see figures 5-7. (Our analyses on 
the relationships between various air pollution indicators and impacts, found that the 3-month 
average values best predicted annoyance and subjective health reactions. Maximum and 
98-percentiles are also displayed, as they are important for some environmental limit values.  
 
The air pollution levels are after the road construction highest at the south and north tunnel 
openings. The tunnels function as pumps – channelling the exhaust from many vehicles to the 
tunnel openings (and also ventilation shafts). In this areas current NO2

 
limits mandating 

environmental action seem to be exceeded.  
 
Especially for environmental tunnels, it is important to locate the tunnel openings and ventilation 
towers wisely. Environmental limits imposed on maximum air pollution levels don’t take into 
account how regularly these levels are attained. A maximum exposure level may be typical for 
situations where there is a lot of traffic and adverse climatic conditions. This is the case for people 
experiencing these levels from the prevailing wind direction.  
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Figure 5 Illustration of hourly variations in NO2 levels at an air-pollution measuring 
station, with indications of average values – left panel. Hourly calculated 
maximum values, 98-percentiles and 3-monthly average values for NO2. Average 
values in µg/m3 for respondents in the 1987, 1994 and 1996 surveys. 

 
Figure 6 Hourly and daily calculated maximum values, 98-percentiles and 3-monthly 

average values for PM2.5. Average values in µg/m3 for respondents in the 1987, 
1994 and 1996 surveys./title ‘Figure 3: The amount of traffic along streets benefi 
ting from the bypass and environmental tunnels. The former E6 ( Strømsveien and 
St. Halvards gate) reaped the largest benefit 
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Figure 7 Hourly and daily calculated maximum values, 98-percentiles and 3-monthly 
average values for PM10. Average values in µg/m3 for respondents in the 1987, 
1994 and 1996 surveys. 

 

However, the higher exposure levels may also stem from atypical situations that only occur a few 
times during a year. This is the case when the exposure is the result of the wind direction being 
highly unusual, or when both the wind direction and the meteorological situations are adverse. 
These conditions “transport” the high emissions from the tunnel openings to sections of the 
nearby population that normally are not affected. While each city areas only experience these 
conditions occasionally, the number of people “affected” can be very high. The total number of 
maximum limit exceedances can be high in such cases.  

2.18.3. Impacts of the improvements on residents  
When evaluating the results of implementing a bypass, it is not enough to look at the resulting 
traffic changes and changes in exposure. We also have to evaluate the impacts of these changes 
on people. We will therefore describe how people living in Oslo East have reacted to the 
development in the area. Three socio-acoustic surveys were therefore undertaken in 1987, 1994 
and 1996.  
 
In 1987, personal interviewing took place in eight sub-areas. In 1994 and 1996, telephone 
interviews were undertaken in 14 areas – including the original eight. The response rate was 
approximately 50% in the three surveys (resulting n=1028, 1140, 1097). The sub-areas were 
selected systematically to reflect areas experiencing traffic increases, decreases and unaltered 
traffic situations not to obtain a representative sample of the inhabitants of the area. Of the 
original eight sub-areas, only one sub area experienced increased traffic. Within each sub-area 
probability sampling was used. The interviewing was undertaken by a professional marketing firm 
for the ”Institute Transport Economics, not the public road authorities. The purpose of the survey 
is thereby partially masked. The surveys were also presented as general surveys of ”neighbourhood 
quality”. The questionnaires also featured a number of initial non-traffic related questions. As 
people have to weigh their answers to road traffic related questions relative to other types of 
concern, the tendency to over-focus and over-stress responses to too narrowly focussed survey 
items are diminished.  
 

Annoyance from both noise and air pollution  
In addition to the direct health-related consequences in the form of illness, physiological effects 
and health symptoms, exposure to air pollution can be regarded (Campbell 1983) as an 
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environmental stress factors (ambient stressors) along with noise, vibration and insecurity. When 
asked why people experience road traffic as annoying, dust/dirt and exhaust /smell are 
volunteered after noise as the most important causes. This is contrary to current practices where 
the health impacts (pulmonary diseases, cancer, etc) are almost exclusively studied with respect to 
air pollution. In noise impact research, it is however often annoyance that is studied, and the 
health effects are often regarded as a consequence of annoyance, or alternatively as a result of 
sleep disturbances.  
 
Noise and air pollution have in common that they both restrict peoples activities. People venture 
more seldom out from their apartment, find they have to sleep with their windows shut and avoid 
using parks and outdoor recreation areas. This means that urban environmental exposures function 
as barriers to physical exercise in the form of walking and cycling. People tend to keep windows 
shut both to reduce the effects indoors of air pollution and noise. While noise leads to 
concentration problems, disturbed activities and sleep, air pollution means that it is necessary to 
clean the apartment more often and makes the outdoor environment dirty. Air pollution can be 
particularly problematic for asthmatics and people with respiratory problems.  
 
While the direct health effects of air pollution are more serious, annoyance is important for life 
quality and affects a much larger part of the population. We focus here on the impacts of air 
pollution on annoyance that usually are neglected in epidemiological research. 
 

Significant annoyance reductions attained  
After the new tunnels, the town area is still exposed to high levels of traffic and traffic is still 
regarded as the major environmental problem. Significant reductions in people’s annoyance with 
the different environmental effects have however been attained -see Figure 8. In 1996, 43 percent 
considered traffic as an important local environmental problem as compared with 64 percent 
before the reductions in traffic. The percentage highly annoyed by traffic in general fell from 34 to 
21 percent. Noise is shown to be the most important reason for people’s adverse reactions to road 
traffic, followed by annoyance with the perceptible aspects of air pollution, and insecurity.  
Annoyance with road traffic noise and air pollution has been significantly reduced from 1987 to 
1996. Before the road construction, 34 percent were highly annoyed by road traffic noise, while 
only 18 percent were so after the road construction. The percentage of respondents that are highly 
annoyed by exhaust/fumes outside the house has been halved from 33 to 15 percent while the 
percentage highly annoyed by dirt and dust right outside their apartment fell from 28 to 17 
percent.  
 
Extrapolating the results to the population of about 28000 people living in the study area, the new 
main road system has resulted in some 3000 fewer residents being highly annoyed by road traffic. 
The residents’ attitudes towards road traffic were in 1987 significantly more negative than in other 
Norwegian towns. After the traffic reductions the traffic load is still high, however the attitudes are 
now comparable to those found in other central urban areas with similar traffic volumes.  
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Figure 8 Traffic as an environmental problem in the 1987, 1994 and 1996 environmental 

studies. Percentages highly annoyed with different environmental effects or highly 
insecure 

 

Reduced annoyance after traffic reductions  
The surveys covered several sub-areas with different types of changes in traffic, cf. Table 1. There 
are clear exposure-effect relationships between different environmental indicators and 
corresponding community reactions.  
 
The clearest improvements in annoyance levels cf. Figure 9, are found along the road segments 
previously carrying the traffic from the E6. Substantial improvements are also seen in 
Schweigaardsgate that has been converted to an environmental street.  

 
Figure 9 Proportion of people highly annoyed by road traffic noise outside/dirt and dust 

within the residence in selected sub-areas. Environmental surveys in 1987, 1994 
and 1996. Percentages. 
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Increased annoyance after traffic increases 
While the road construction and tunnel succeeded in relieving most of the city area of traffic and 
the associated problems of noise, air pollution and insecurity, this was not the case for all study 
areas. Two study areas experienced an increase in road traffic, and in these areas, the annoyance 
increased sharply.  An increasing level of annoyance can be seen in Ensjøveien and Konows gate 
with increasing traffic, cf. Figure 10.  

 
Figure 10 Proportion of people highly annoyed by road traffic noise outside/dirt and dust 

within the residence in selected sub-areas. Environmental surveys in 1987, 1994 
and 1996. Percentages. 

 
Table 2 summarizes the various effects of the traffic rerouting. 
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Table 2 Local benefits of road traffic construction , traffic rerouting, environmental 
tunnels supplemented with street closing and environmental upgrading of previous 
transport areas from 1987-2002, total costs: 286 mill �. Risk reductions 
(motorisks and pedestrians) are extracted from Amundsen, Astrid Helene: Oslo 
Traffic Rerouting. TOI working paper 1586/2004. 

Effect area Parameter Change Result Comment 

Environmental exposures    
Transportwork Vehicle km + 15% 160 ->204 mill vkm  
Exposure to traffic Average24 traffic affecting 

residences 
- 50%  vs. 16% general 

increase Oslo 
Noise exposure reduction Lden,façade - 4 dB 64 -> 60 dB (3 dB until 1996) 
Reduction air pollution25 3-month periodic average NO2 - 17% 53–>44 µg/m3 (- 28% until 1996) 
Reduction air pollution26 3-month periodic average PM10 - 55% 31–>14 µg/m3 (- 42% until 1996) 
Reduction air pollution 3-month periodic average 

PM2.5 

- 50% 22–>11 µg/m3 (- 45% until 1996) 

Time savings/reduced 
congestion 

Not calculated   

Risk reductions    
Traffic safety risk Acc/mill vehicle km - 19% Calculated net ben  

Traffic safety risk Injuries to person - 23% 404-308  
Traffic safety risk Number of persons involved pr 

acc 
- 2% 1.36->1.32  

Traffic safety risk Seriously injured/killed pr 
accident 

- 58% 0.139->0.058  

Changes in perception    
Residential insecurity Proportion somewhat + very 

insecure 
- 51% 43->21% (->1996) 

Annoyance with road traffic Proportion highly annoyed - 38% 34->21% (->1996) 
Noise annoyance outside  Proportion highly annoyed - 41% 31->18% (->1996) 
Noise annoyance indoors Proportion highly annoyed - 50% 24->12% (->1996) 
Vehicular exhaust 
outside 

Proportion highly annoyed - 55% 33->15% (->1996) 

Dust grime outside Proportion highly annoyed - 36% 28->18% (->1996) 
Visual aesthetic effect Proportion rating own street 

beautiful 
Higher proportion  Not measured in 

1987 
 

2.18.4. Exposure-effect relationships  
The acquired knowledge from surveys in a city area can when combined with survey results from 
other city areas, increase our general competence on how people react to environmental exposures 
and provide us with tools for evaluating the impacts of plans and measures. In order to look closer 

                                                     
24 Weighted measure= (2*Traffic volume residential road+1*volume main street within 50 m)/3 
25 NO2 is used as general indicators of air pollution. High average exposure values signify respondents also exposed to high levels 

of other air pollution components, and areas with high periodic averages are also often the locations where there are high 

maximum values during pollution episodes. 
26 PM10 is used as general indicators of air pollution. High average exposure values signify respondents also exposed to high levels 

of other air pollution components, and areas with high periodic averages are also often the locations where there are high 

maximum values during pollution episodes 
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at the exposure-effect relationships especially for air pollution components it is beneficial to 
incorporate data from another city-areas where the background city air pollution levels are 
different from that of the Oslo East data. We will therefore also present exposure-effect 
relationships for peoples reactions to exhaust/odour and dust/grime as a function of NO2 and 
PM10 respectively.   The exposure effect relationships are therefore established utilising five 
community surveys where data from the city of Drammen was included in addition to the three 
Oslo East studies.  
 
We will also present exposure-effect relationships for road traffic noise and some evidence that 
Norwegians might react stronger to road traffic noise than are seen in recent compilations of 
international studies.  
 

Air pollution levels are not only dependent on traffic  
The pollution calculations undertaken for Oslo East and Drammen were far more exact than those 
that are normally used to provide overviews of a pollution situation3. The aim was to quantify 
small differences in exposure at a dwelling for each individual respondent with a reasonable degree 
of accuracy (Bartonova, Clench-Aas, Walker, Tønnesen and Larssen 1999). Thus, we are using 
calculations for pollution levels for every hour of the day for three months at a time for every 
respondent. 4 Based on dispersion models calibrated against the actual levels registered at the 
measurement stations, we obtain indicators of the level of air pollution for each interviewed 
person. As can be seen in Figure 9 there can be greater normal variation between urban areas than 
between traffic-exposed and non-traffic exposed dwellings within each survey area. This means 
that an area with heavy traffic one year can have less pollution than an area with less traffic has in 
another year or in another city. Such differences make it considerably simpler to distinguish the 
impacts of air pollution from those of other environmental problems.  
 

 
Figure 11 The variation in the interviewees’ exposure for different environmental studies. 

The spread within an urban area at a given survey year is often less than between 
urban areas and survey years. PM10  -- left panel, NO2 -- right panel. Database of 
urban environmental surveys N=4000 
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By comparing the information about normal air pollution values with information about the levels 
at which people react, we can find out the level at which air pollution levels in Norwegian urban 
areas become a major problem, i.e. national exposure-effect relationships can be drawn up. 
 

Episode indicators inferior predictors of annoyance  
The pollution indicator used must be taken as general indicators of the whole air pollution 
situation. While we have utilised NO2 as indicator of annoyance with exhaust/ smell from road 
traffic, and PM10

 
for annoyance with dust/grime, the set of correlated air pollution components can 

contribute to the subjective experience of air pollution.  
 
We have found that the 3-month periodic average values were better indications of air pollution 
annoyance than the maximum values. This may be connected with the fact that the extreme levels 
which occur once in a while with unfavourable wind directions, are less important than the high 
levels of pollution which regularly occur as a result of traffic pollution and the location of the 
dwelling. The indicators of extreme values are inadequate in that they do not combine information 
on the duration with the level of pollution.  
 
The analyses shows that the pollution levels in Norwegian urban areas (see Figure 11 left and right 
panel) -- are easily noticeable -- see Figure 12 and Figure 13. The fact that people can notice air 
pollution at levels that are common for Nordic city areas has also previously been shown (Forsberg, 
Stjernberg and Wall 1997). 
 

Exposure-effect relationships for annoyance with air pollution  
The exposure effect relationships for people’s perception of dust/grime and exhaust/ odour as a 
function of PM10

 
and NO2

 
respectively, show that if you notice air pollution, it is also regarded as 

annoying. This is unlike noise where the exposure has to increase by a considerable amount from it 
is first noticeable until it is also perceived as annoying. With regard to exhaust fumes from road 
traffic, the analyses thus show that just a small increase in the level of pollution is necessary before 
people that notice exhaust fumes become annoyed -- see Figure 12. The same applies to dust/dirt 
-- see Figure 13. Very few that notice air pollution state that they are not annoyed. (The same 
applies to the perception of vibrations in dwellings from rail and road traffic).  
 

Self reported health problems increase with air-pollution level  
The analyses of the relationship between air pollution levels and subjective health effects (Clench-
Aas, Bartonova, Klæboe and Kolbenstvedt 2000) show that people report more problems as the 
level of pollution increases – See Figure 14. For end points such as headaches, fatigue and 
coughing, the reduction of air pollution due to the changed road system is associated with a 10 
percent reduction in these symptoms. Benefits such as not having to cough as often, being less 
tired or not having headaches are seldom included in cost benefit analyses.  
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Figure 12 Exposure-effect relationships for the connection between exposure to NO2 and the 

proportion of the population, which expresses different degrees of annoyance with 
smell/exhaust fumes. The curves are cumulative so that the lowest curve shows the 
proportion highly annoyed; the next curve shows the proportion, which is highly, 
or a little annoyed etc. The dotted lines show a 95 per cent confidence interval for 
proportion that is highly annoyed. Urban environment database. N ca 4500. 

 

Clear association between noise exposure and noise annoyance  
The five environmental surveys provide individual road traffic noise exposure values for each 
respondent. The survey questionnaires assess noise annoyance right outside the homes and indoors 
of 4000 people. A noise annoyance scale with three annoyance categories and a filter question had 
been employed (Klæboe, Astrid Amundsen, Fyhri and Solberg 2004). The noise exposure for a 
dwelling is calculated as the level outside the most exposed façade. These curves, see Figure 15, 
provide information about the numbers affected by road traffic noise using the new EU indicator 
Lden and a starting point for investigating the degree to which other environmental problems 
modify the relationships.  
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Figure 13 Exposure-effect relationships for the connection between exposure to dust 

particles which can be inhaled and the proportion of the population which 
expresses different degrees of annoyance. The curves are cumulative so that the 
lowest curve shows the proportion which is highly annoyed, the next curve shows 
the proportion which is a little or highly annoyed etc. The dotted lines show a 95 
per cent confidence interval for proportion who are highly annoyed. Urban 
environment database. N ca 4500 
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Figure 14 Exposure-effect curve for men (9-yr. education, non-smoker, married) of reported 

symptoms showing signifi cant relationships with NO2 exposure (Clench-Aas et al 
2000). 

 
Figure 15 Cumulative exposure-effect relationships for degrees of annoyance5 outside a 

dwelling with different outdoor noise levels (Lden) in decibels. Urban environment 
database. N=3957. 
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2.18.5. Multiple exposures lead to combined effects  
While there are clear exposure-effect relationships between the various environmental exposures 
and people’s average reactions, there are also large individual variations in people’s responses. For 
a given exposure value, some people are highly annoyed, some a little annoyed while others are 
not annoyed at all. Individual differences in sensitivity to the exposures account for a significant 
part of this variability.  
 
In the Oslo studies some of this variability also could be explained by the fact that people in urban 
city areas often are exposed to several environmental exposures and that these might have 
combined effects.   
 
The size of the modifying impact of air pollution on road traffic noise exposure -- noise annoyance 
relationships are illustrated in Figure 16.  
 
In a similar manner exposure to both air pollution and noise predict people’s reactions to air 
pollution. People who are annoyed by noise react stronger to air pollution at a given air pollution 
level (Klæboe, Kolbenstvedt, Clench-Aas and Bartonova 2000).  
 
In addition to air pollution, innovative analyses of the impact of the neighbourhood soundscape 
(Klæboe 2003) indicate that the road traffic noise levels occurring in the neighbourhood have an 
impact on residential noise annoyance. Let us initially look at the road traffic noise exposure of 
apartments that are located near a main road. Shielding provided by intervening buildings, or a 
location further away from the main road entails a much lower exposure at the most exposed 
façade (60 dB) for apartments B and C, than for A (72 dB) – see Figure 17 – left panel. This is the 
rationale for regarding this type of location as advantageous. However, a deeper understanding 
reveals that these locations are inferior with respect to the neighbourhood soundscape. This is 
made clear  
 

 
Figure 16 Proportion of people very annoyed by noise or noise exposure. Separate curves 

for people who are exposed to 20 and 50 µg/m3 NO2. Urban environmental 
database. N = 4000. 
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after comparing apartments with the same noise exposure level in front of the most exposed 
façade. Noise annoyance is generally less for front row buildings, and higher for second row 
buildings when statistically controlling for the noise level an apartment is exposed to.  
 

 
Figure 17 For predicting road traffic noise annoyance, the exposure situations for 

apartments B, C and D are treated as equivalent. All apartments are exposed to 
the same level of road traffic noise, Lden =60 dB. However, the relative 
neighbourhood soundscape noisiness(Ldiff) of apartment D is not much worse (3 
dB) than at the apartment itself, while the relative neighbourhood soundscape 
noisiness Ldiff of apartments B and C are much worse (15 dB). With respect to 
residential noise annoyance, our contention is that while locations B and C are 
preferable to location A, location D is to be preferred over locations B and C. 

 
To illustrate the impact of the neighbourhood soundscape, we have chosen to illustrate two sets of 
exposure-effect relationships. One set is for dwellings in a soundscape characterised by noise 
values (75 dB). The other set is for dwellings where the noise in the neighbourhood does not 
exceed the noise level in front of the most exposed façade.  
 
As illustrated in Figure 18, the two sets of exposure-effect relationships are quite different.  
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Figure 18 Estimated exposure-effect relationships for outdoor annoyance for a situation 

where the neighbourhood is the same as at the dwelling (Hollow markers 
Lden,neigh=Lden  or Ldiff=0) and for a situation where the neighbourhood is adverse 
(Filled markers Lden,neigh=75 – Ldiff  goes from 25 dB at Lden=50 to 0 at Lden=75). 
Five Socio-acoustic surveys. N=3913 

2.18.6. Road traffic changes and urban social dynamics  
As we have shown, the different road traffic changes is the direct cause of relatively large changes 
to the environmental quality of the area that are difficult to predict without taking combined 
effects into account. In addition, changes in the environmental quality of city areas also lead to 
secondary changes brought about by how people adapt to the new traffic situation (Bjørnskau 
2003). Road traffic changes could in accordance with the ”tipping point”-model (Schelling 1971; 
1978) work as a catalyst for relocation and segregation.  
 

The impact of traffic changes on segregation processes  
Based on Schelling’s tipping point mechanism, the following hypotheses about the social effects of 
road traffic change were investigated in a follow up to the Oslo East studies:  
 

A. Residential areas where road traffic is reduced will attract people who on average 
are better off and resourceful than those who lived there before. This will generate 
a different social (and possible ethnical) population mix, making the area even 
more attractive to other resourceful people. Thus the area will experience a 
dynamic self-reinforcing process making it more attractive and where the 
inhabitants living conditions improves.  

 
B. Residential areas where road traffic increases will experience a similar but opposite 

self reinforcing process; those who are relatively most resourceful will move out, 
leaving the poorest behind, making the area unattractive both because of the road 
traffic and because the population is poor.  

 
C. Based on previous research it is reason to believe that households with children will 

be the ones most concerned about the physical and social characteristics of the 
neighbourhood and accordingly that it will be among such households we will �nd 
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the largest amount of relocation due to the traffic change and the tipping 
mechanism. 

 

Five different types of urban areas studied  
The hypotheses were tested by looking at time series information for �ve areas with different road 
traffic development over the period 1990 – 2000:  
 

• Area 1: Road traffic increase, and dwellings close to the major street  
• Area 2: Road traffic increase, dwellings some distance away from the major street  
• Area 3: Control area with no major road traffic change 
• Area 4: Road traffic reduction and dwellings close to the major street  
• Area 5: Road traffic reduction and dwellings some distance away from the major street.  

 
For each area, data of every person who had lived in the area during the period 1990-2000 was 
collected from different official registers. The data set contained data on living conditions like 
education, income, unemployment, sick leave, social benefit recipient, ethnicity etc. 
 

Social composition of areas affected by traffic changes  
When we apply an index of inferior socio-economic status, we find a significant different 
development in areas 1 and 2 than in areas 3, 4 and 5 in accordance with the hypotheses. In the 
latter three areas, living conditions have improved according to the index. However, in areas 1 and 
2 living conditions have not improved.  
 
There has been a substantial change in the ethnic distribution in some of the areas, notably area 1 
and 2, where the proportion of ethnic Norwegians decreased from around 90 per cent in 1990 to 
around 60-65 per cent in 2000. The changes in the other areas are more moderate, but also in 
areas 3 and 4 the proportion of Norwegians has been reduced. Only area 5 has had an increase in 
the proportion of Norwegians, albeit quite modest.  
 
Among households with children, the ethnic distribution changed quite dramatically from 1990 to 
2000 in some of the areas. In particular, area 1 has had a dramatic shift in the ethnic distribution 
among children. From being almost totally Norwegian in 1990, the population of children is almost 
totally non-western in 2000. In area 5 the number and proportion of Norwegian children has 
increased, but not to the same extent, and the ethnic changes have started later here than in areas 
1 and 2.  
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Figure 19 The proportion of ethnic Norwegian children (0-14 years) in the population area 1 

1990-2000. Per cent. 

 

Traffic changes serve as a catalyst for tipping processes  
It seems reasonable to conclude that road traffic changes may work as a catalyst for tipping 
processes to develop under certain conditions. Areas that experience road traffic increase seem to 
change more rapidly and more profoundly, than areas with road traffic reductions. Also, the effect 
of traffic changes seems to differ between types of households. Families with children are more 
inclined than adult households to respond by relocating when traffic load changes and when the 
social and ethnic composition of the neighbourhood changes. These results are in accordance with 
results from previous research showing that families with children are the groups most concerned 
about both the physical and the social characteristics of the neighbourhood. 

2.18.7. Implications for planning and measures  
As the work on environmental measures to improve a city area, simple statistical exposure-effect 
relationships that do not take account of the exposure situation and the interaction between 
environ mental problems do not provide particularly good answers regarding the possible 
beneficial effect of different measures. The consequence may be that the authorities prioritise 
measures that lead to only small reductions in annoyance in relation to the input, and that 
measures which would have good effects are omitted.  
 

The explanatory model in the Oslo East Studies  
In the work with explaining the effects of the connections between environmental exposures we 
end up with a model where noise, air pollution and the neighbourhood soundscape, together with 
self-reported noise sensitivity are significant for the experience of both noise and air pollution, see 
Figure 20.  
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Figure 20 Explanatory model. Grey boxes are environmental problems and effects we 

assume are significant, but which are not yet included in the model. We need to 
know more about barrier effects and why they cause insecurity and we need to 
know more about stress and attitudes in order to explain interaction effects. 

 
The combined model is an explanatory model that gives insights into how different types of 
measures produce combined effects. Spot measures such as local noise barriers, only have an effect 
along the arrow from the “road transport noise at dwelling” box to noise annoyance and air 
pollution annoyance respectively. For front row dwellings measures involving low-noise road 
surfaces along a main road will have a direct effect. For the dwellings in the second row, the noise 
level at dwellings will be reduced while the neighbourhood soundscape often will improve even 
more.  
 
If the noise abatement measure involves reduced speeds, the measures may also lead to reductions 
in the local air pollution emissions. However, the road has to carry enough traffic for the change in 
speed to be of any major significance relative to the general air pollution levels affecting the local 
area.  
With regard to measures that change an entire area, many components change at the same time. 
In situations where the traffic increases or decreases significantly, we will thus find synergy or 
interaction effects. In noise annoyance research this effect is often called the “overreaction to 
traffic changes”. These results are seen by us primarily as the result of combined effects and are 
not dependent on psychological mechanisms.  
 
The model described in Figure 20 can be looked upon as a separate module in a dynamic model 
where the change in the socio-economic composition of an area accelerates the impacts of the 
traffic changes. 
 

The model can also be used actively  
The explanatory model described in Figure 20 can be used actively to avoid cancellation effects 
and to promote synergy. In general, area measures such as environmental zones (Amundsen, 
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Kolbenstvedt and Lerstang 2003) that improve a whole area, or packages of measures that 
improve a number of environmental problems will have a relatively better effect than measures 
along isolated stretches of road. Measures along streets where a large number of people live will 
usually be far more effective than spot measures only benefiting individual dwellings.  
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Notes 
 
1 An overview of 57 urban areas in1990 showed that 1/3 had had a by-pass built (Elvik, Amundsen and Hofset 
2001) 
2 When there was a main street within 50 meter, 1/3 of the main street traffic volume was added to 2/3 of the 
residential street volume in order to capture the adverse effect of having a main road in the vicinity. 
3 In the environmental studies in Oslo Øst, the outdoor concentrations of NO2, PM10  and PM 2.5 were 
calculated for 480 receptor points/addresses and for each individual. The EPISODE 2.1 calculation model which 
takes into account all the sources in the area, together with wind and dispersion conditions, was used. The period 
average, maximum values and 98 percentile were calculated. In the environmental studies in Drammen 1998 and 
1999, NILU’s most up-to-date calculation tool Airquis, was used.4 Calculations for emissions from industries, 
harbours and roads take account of the fact that activities vary over the 24 hour period (rush hours etc). The 
chemical processes in the atmosphere, which together with meteorological conditions mean the component 
composition and concentrations of pollution change, are also modelled. In particular, the amount of ozone in the 
area will decide how much of the nitrogen oxide becomes NO2. The calculations take into account precipitation 
and humidity (particularly PM 10), temperature inversions etc.  
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2.19 The Model project Hagen 

 
Author: A. Baum, Federal Highway Research Institute (BASt), Germany 
Contact: baum@bast.de 
 
Short contribution 
Category L:’  Remaining topics’ 
 
This project is about a model-like compilation and testing of a concept to set up schemes for 
prevention of air pollution according to directive 99/30/EG and 2000/69/EG and to develop 
measures regarding to traffic. 
 
Hagen was chosen as model area, because of the existing of an urgent need of action due to its 
topographic basin-shaped valley-location concurring with a high traffic volume and high measured 
concentration of immission especially for NO2 and PM10. 
 
Object of the model project was the compilation of a concept for the setting up of schemes for 
preventing air pollution according to article 8 of the air quality general directive 96/62/EG. It 
should have been resulted into an EU-pattern-scheme for prevention of air pollution. 
 
An initial assessment showed that in North Rhine-Westphalia for particle-shaped air pollution PM10 
extensive and for nitrogen dioxide NO2 local exceedings of the limiting values of the 1. daughter 
directive 99/30/EG are due. 
 
The model project Hagen is restricted to statements about the fulfilment of limiting values for the 
yearly mean values for the components NO2 and PM10, because the recording of the measured 
data for examinations about daily mean values did not correspond with the requirements of the 
general- and the daughter-directive. 
 

City area Hagen 

• Population:  204.000 

• Population density:  1274 inhabitants/km² 
 
Hagen, placed on the southern 
outskirts of the Ruhr area, borders 
in the northern region on a hill 
country and is intersected in its 
valleys by the four rivers Ruhr, 
Lenne, Volme and Ennepe. The 
lowest point of the city area is at 
86 m, the highest at 438 m above 
sea level. The structure of 
settlement is very heterogeneous. 
In the agricultural used tablelands 
and the wooded highlands are 
placed mainly solitary farms and 

land utilisation of the the city area of Hagen 1999

20%

9%

1%

22%

43%

2%

2%

1%

building area
traffic area
business area
agricultural area
wooded area
relaxation area
water area
other utilisation

Figure 1 Land utilisation of the city area of Hagen 1999 
(Environmental Agency of North Rhine-
Westphalia, 2002). 
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hamlets, whereas the valleys of the rivers show a dense settlement of population and a high 
industrial density. 
 
With regard to traffic there is to point to the railway lines connecting the city e.g. to Dortmund, 
Iserlohn or Herdecke and Schwerte, but especially to the motorways A 1, A 45 and A 46, that cross 
the valleys several times and include six junctions as well as one intersection within the city area. 
Hagen is characterised by a large number of small and medium-sized enterprises of metalworking 
and service industries. 
 

Objects 
The purpose of the model project Hagen was the development and testing of a concept to set up 
schemes for prevention of air pollution according to article 8 of the air quality general directive 
96/62/EG. It should have been created an exemplary plan (without obligation in its contents or 
legal) and a methodical guide. 
 
Object of the planning regarding to the prevention of air pollution is to find effective measures to 
be able to comply with the limiting values given by the daughter directive 99/30/EG. This includes 
measures that make it possible to lower the yearly and daily mean values and reduce the frequency 
of exceeding. 
 
For this purpose at main traffic junctions were made measurements of immissions and on data of 
emission based simulations of immission. Two preliminary studies of external consulting engineers 
were carried out, which simulated several measures. 
 

Model project Hagen 

General 
Within the city area of Hagen at six measuring 
points were performed and analysed 
measurements of immissions. This data were 
completed for the purpose of spatial interpolation 
by values of four permanent measuring points of 
the Environmental Agency of North Rhine-
Westphalia in the cities of Dortmund, Witten and 
Schwerte. 
 
The measurements in Hagen were performed only 
once a week, so that for the project only the 
examination of the fulfilment of the yearly mean 
limiting values was suitable, because a review of 
the daily mean values and the frequency of their 
exceeding could not have been carried out with 
the existing information due to the EU- air quality 
general directive; for that a minimum data 
acquisition of 90 % is required. 
 
Only at one measuring point in Hagen it was 
possible to make a statement about daily mean 
values because this one belongs to the permanent 

 
Figure 2 Position of the measuring points 

in Hagen and surroundings; 
rhombus: special measuring, 
point: permanent measuring 
(Environmental Agency of North 
Rhine-Westphalia, 2002). 
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measuring system of the Environmental Agency of North Rhine-Westphalia. 
 
The meteorological circumstances appear as follows: The wind speeds vary very much between the 
city centre and the surroundings and are in the yearly mean between 1,3 and 5,9 m/sec. Inversion 
weather situations happen often, especially in the summer months, and mainly in the city area 
occur partially longer lasting inversions in the night because of the valley-situation. 
 

Measurement results 
At the permanent measuring point in the city area of Hagen, which is the only one to give 
information about frequency of exceeding of the daily mean values, carried out by the 
Environmental Agency of North Rhine-Westphalia, the following values were measured in the 
years of 1997 to 2000: 
 

Table 1 Measurement results at monitoring station Hagen / Emilienstraße 1997 to 2000 
(Environmental Agency of North Rhine-Westphalia, 2002). 

Year NO2 annual mean 
[µg/m³] 

PM10annual mean 
[µg/m³] 

PM10 number of daily mean values 
> 50 µg/m³ 

1997 43 37 48 
1998 42 38 68 
1999 42 36 49 
2000 40 33 48 

 
At both of the pollutant components is to recognise a reduction of the yearly mean values from 
1997 to 2000. The NO2 limiting value of 40 µg/m3 according to 99/30/EG, which is in force as of 
2010, was fulfilled in 2000 exactly, but in the years before this value was exceeded. 
 
The yearly mean values of PM10 were all below the limiting value of also 40 µg/m3, valid as of 
2005, but the allowed number of 35 of exceeding of the daily mean value was overstepped in all 
years. Additional to that from 2010 the directive 99/30/EG requires a yearly mean limiting value of 
20 µg/m3 for PM10 and the daily mean value of 50 µg/m3 may not be exceeded more than seven 
times a year. 
 

Emitters 
On the one hand the industrial plants belong to the emitters. In all 78 plants operated of which 19 
plants can be counted to the potential producers of NOx-immission and 7 plants to the producers 
of PM10-immission. But in this field there is need for further examination. 
 
On the other hand are the traffic caused emissions. With a module for prognosis and scenarios of 
traffic its development until 2005 was estimated and compared with the traffic of the year 2000. 
The following changes were apparent: 
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Table 2 Alteration of mileage in road traffic in Hagen; 2000 to 2005 (Environmental 
Agency of North Rhine-Westphalia, 2002). 

Alteration of mileage [%] Type of road 
Total Motor car Light lorry Lorry Motorbike

Motorway + 8 + 7 + 7 + 13 + 9 
Federal highway + 2 + 1 + 4 + 1 + 6 
Country road + 3 + 3 + 5 + 3 + 7 
County road + 1 + 1 + 4 0 + 6 
Urban road 0 0 0 0 0 
Areal sources 0 0 + 4 0 + 5 
Total + 5 + 4 + 6 + 10 + 7 

 
Especially the strong rise of the traffic volume of the heavy-duty traffic about 10 % and of the 
motor vehicles on motorways are obvious. 
 
With this beginning values the NO2- and PM10-emissions of the traffic in Hagen for the years of 
2000 and 2005 were calculated. At the PM10-values the very large content caused through 
dispersion and abrasion as a consequence of the traffic becomes evident; that is about 78 % in 
2000 and 84 % in 2005. 
 

Table 3 Total emissions from road traffic in Hagen; 2000 and 2005 (Environmental 
Agency of North Rhine-Westphalia, 2002). 

PM10 [kg/a] Year NO2 [kg/a] 
Motor Dispersion / abrasion Total 

2000 2.195.440 86.205 308.071 394.276
2005 1.747.295 62.562 329.189 391.751

 
A representation of the percentage changes of the emissions caused by traffic in Hagen from 2000 
to 2005 (table 1.4) shows, that the emissions of NO2 in spite of the increasing traffic volume will 
decrease until 2005 about 20 %, what can be explained by the continuing improvement in the 
motor- and the exhaust gas technology. At the PM10 the emissions caused by dispersion and 
abrasion will continue to increase (about 7 %), the motor emissions will decrease at the same time 
about 27 %. But in total the decrease of PM10-emissions will be only 1 %. 
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Table 4 Alteration of emissions from road traffic in Hagen; 2000 to 2005 (Environmental 
Agency of North Rhine-Westphalia, 2002). 

PM10 [%] Type of road NO2 [%] 
Motor Dispersion / abrasion Total

Motorway -17 -25 8 1 
Federal highway -30 -34 3 -6 
Country road  -28 -33 5 -3 
County road -30 -34 1 -9 
Urban road -31 -35 0 -11
area sources -30 -32 0 -9 
Total -20 -27 7 -1 

 
To the described emissions of road traffic there have to be added those of railway traffic and off 
road traffic (building machines, agriculture, forestry, gardening, and hobby, industry excluding 
motor coaches and military). But there is to emphasise, that road traffic is the main polluter by far. 
 

Table 5 Total road emissions in Hagen (Environmental Agency of North Rhine-
Westphalia, 2002). 

Traffic NO2 [kg/a] PM10 [kg/a] year 
Road (motor, dispersion, abrasion) 2.195.440 394.276 2000 
Railway (only motor) 208.823 4.526 1997 
Off road (only motor) 195.322 23.071 1997 - 1999 
Total 2.599.585 421.873  

 
Measures 
In a working group “Plans for Measures” different measures were discussed to decrease NO2- and 
PM10-immissions as well on the traffic sector as relating to the plants of industry and trade and 
presented in a final report. 
 
To lay down measures to decrease emissions in traffic first of all it had to determined how far the 
actual emissions have to be lowered to observe the limiting values demanded by the EU directive 
99/30/EG. 
 
Simulations 
For this on the basis of two different traffic scenarios calculations based on simulations were 
carried out for the years of 2000, 2005 and 2010. As background contamination in agreement 
with the Environmental Agency of North Rhine-Westphalia the following values were taken as 
basis for the annual mean concentrations: 
 

• 27 µg/m3 for PM10, 
• 31 µg/m3 for NO2 (equivalent to 55 µg/m3 for NOx). 

 
For all of the calculations the reduction of motor emissions due to the foreseeable technical 
developments in the motor vehicle-sector was taken into consideration. 
 

Scenario 1 
The total traffic volume will be reduced. The composition of traffic, that is the percentage of cars, 
light and heavy-duty utility vehicles, remains constant.  
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It was proved, that to keep the EU-limiting values for NO2 and PM10 the total traffic volume would 
have to be reduced to values of about 20 to 65 % (dependant on location and year). 
 
Scenario 2 
The number of cars and light utility vehicles in traffic remains constant and only the heavy-duty 
traffic is reduced. 
 
At the most road sections even the complete cessation of heavy-duty traffic would not lead to 
keep or fall below the limiting value. The values of immission go up to 70 µg/m3 for PM10 and 
83 µg/m3 for NO2. At the road sections, where a value of immission of 40 µg/m3 for both 
components without complete cessation of heavy-duty traffic could be reached, the heavy-duty 
traffic would have to be reduced to 8 to 20 %. 
 
The simulations showed, that by reduction or cessation of heavy-duty traffic at the examined road 
sections as well for NO2 as for PM10 a clear reduction of immissions could be reached. But 
additional measures are unavoidable to reach the EU-limiting values. 
 
Furthermore more actual estimations about the background contamination with PM10 could 
indicate that it is much lower than assumed up to now. This would influence the required 
potentials of reduction. 
 

From the simulations inferred / planned measures in model project Hagen: 

Lorry-route concept: 
Mainly non-local lorry-traffic should be diverted to a recommendation-net to transfer the goods 
traffic away from immission-sensitive and intensively contaminated roads to the less contaminated 
recommendation-net. 
Immission-dependant routing of traffic: 
Dynamic routing of traffic and closures shall improve the protection of the residents’ health and 
lower the concentrations of pollutants through traffic in the urban road network. On a long-term 
basis this system is planned to be extended. 
Improvement of city logistic: 
By an extension of offers of city logistic the non-resident traffic through the inner city shall be 
removed and the traffic with destination or origin in the city due to its purpose of supply of the 
centre with goods shall be reduced. For that can be used e.g. a time limit for supply of the traffic-
free zone as well as the offers of home suppliers and carriers. Also this city logistic system shall 
be extended in cooperation with other service organisations. 
 
Further by organisational and constructional measures the public short-distance traffic shall be 
given more attraction. However only experience can show the real capacity of the traffic-relating 
measures as for their effects. 
 
The simulations have been carried out with several models (further information: Environmental 
Agency of North Rhine-Westphalia). 
 
Conclusion 
As result of the experiences made at the testing of the proceeding a systematic guide for the 
compilation of plans against air pollution according to article 8 of the directive 96/62/EG about the 
assessment and controlling of air quality was produced. In Hagen three measures for air quality 
improvement were planned after simulations for 2000, 2005 and 2010. 
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2.20 Measures Berlin/ Beusselstraße 

 

Author: A. Baum, Federal Highway Research Institute (BASt), Germany 
Contact: baum@bast.de 
 
Short contribution 
Category L: ‘Remaining topics’ 
 
 
In connection with EU-project HEAVEN (Healthier Environment through Abatement of Vehicle 
Emissions and Noise) the goal is to develop a system that gives near-real-time information about 
the actual air and noise contamination as well as a survey of the present traffic situation. This shall 
be used for ecologically beneficial traffic guidance. 
 

HEAVEN-partners 

 
• Berlin, Rome, Paris, Prague, Rotterdam, Leicester, 
• Berlin, Rome and Rotterdam realised measures in practice; Paris, Prague and Leicester 

simulated possible measure-concepts only theoretically and shifted their main interest to 
the receipt of information and sensitising of the public. 

 

Objects and measuring 

 
• From June 2002 until December 2002 the HEAVEN-system was tested in real time 

operation and the received information were made accessible for the public via Internet. 
• From online-recorded traffic data within short time the present pollutant emission was 

calculated. In company with information about emissions of sources in the other city areas 
the present contamination with pollutants was calculated from that. For this existing 
IMMIS®-models were used. 

• Based on this various strategies for traffic guidance were developed, tested and assessed. 
 

Measures – Berlin/ Beusselstraße 
The Beusselstraße in Berlin has a strong non-resident traffic, also by lorries, and belongs to the 
especially strong charged streets of Berlin (26.700 vehicles per day with a share of lorries of 
4,3 %). 
The following measures were conducted during the test stage:: 
 

• speed limit reduction from normal 50 km/h inside of cities to 30 km/h during 2,5 months 
(preliminary estimations stated a reduction of noise about up to 3,5 dB(A) by day and 
night and a reduction of the contamination with air pollutants by 3 – 5 %), 

• Prohibition of lorries with advice for diversions during three weeks (the estimations gave 
estimations proved a reduction of noise contamination of 2,5 dB(A) by day and 2 dB(A) by 
night as well as a reduction of the contamination with air pollutants of 11 – 13 %), 

• Modification of the control system of light signal systems during one month to get a better 
flow of traffic. 
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• Extensive model-calculations and measuring of noise- and pollutant values accompanied 
the experiment to find out, which relief these traffic-guiding measures bring actually. 
(Calculations with HEAVEN-system gave the result, that a combined use of speed limit of 
30 km/h and prohibition of lorries can cause a reduction of PM10 of 13,1 % and of NO2 of 
16,3 %. In this connection was considered, that all of the vehicles keep the Euro 3-
standard in 2005 and the Euro 4-standard in 2010. Though the situation of contamination 
by pollutants in some streets of Berlin will continue to be critical.) 

 

Results and prospect 
On a long-term basis all major roads of Berlin are to be integrated into the system. 
 

References 
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2.21 Effects of short-term abatement measures on peak ozone concentrations 

during summer smog episodes in the Netherlands 

 
Author: P.B. van Breugel, Road and  Hydraulic Engineering Devision (DWW), The Netherlands. 
Contact: P.b.vbreugel@dww.rws.minvenw.nl 
 
Short contribution 
Category L: ’Remaining topics’ 
 
In recent years thresholds set by the current Council Directive 92/72/EEC on air pollution by ozone 
have been exceeded substantially in all Member States. The EU obligates all its Member States to 
carry out principal investigation of the reduction potential of short-term measures for peak ozone 
concentrations during episodes. In accordance with this request a model study was conducted to 
impose five different short-term scenarios on a nation-wide scale for emissions from 1995 and 
2003. The model used was the Eulerian Air quality model EUROS[2,3,4].  
 
The short-term measures solely concerned road traffic since other sectors appeared not very 
effective in reducing ozone precursor emissions and/or would have considerable economic 
consequences. The measures consisted of: 
 

1. Motorway speed limit: cars 80 km/hr, delivery vans and trucks 60 km/hr 
2. Driving bans for cars without catalytic converters 
3. Driving bans for trucks on inner urban roads 
4. Combination of 1, 2 and 3 

 
The nation-wide averaged results suggest an increase of a few percentage points in the peak 
ozone concentrations in both 1995 and 2003 as a result of short-term measures. It appears that 
mainly the highly industrialised and populated areas clearly show increased peak ozone 
concentrations (+5% in 2003) while in the less populated and industrialised areas the peak 
concentrations vary between –1% and +1%. 
 
According to the model study the 10% minimum effectiveness of short-term abatement measures 
aimed at in the Ozone Position Paper will not be realised in the Netherlands. Permanent and large-
scale international measures appear to be the only means for realising substantial reductions in the 
peak ozone concentrations [1].  
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2.22 Air Quality forecasting 

 
Authors: Pål Rosland and Jørn Arntsen, Norwegian Public Roads Administration, Norway. 
Contact: paaros@vegvesen.no  
 
Short contribution 
Category L: ‘Remaining topics’ 

 
In the 1990’s the attention on local air quality was increased in the 4-5 largest cities in Norway. 
Based on local air quality monitoring stations and advanced meteorological and urban air quality 
prognoses with the aid of physical models (wind speed, humidity, vertical temperature gradient 
and further PM10, PM2,5 and NO2 levels) local authorities made air quality forecasts and published 
them together with recommendations on when and where sensitive inhabitants (people with 
asthma, lung- and heart diseases) should be avoiding heavy physical activity. 
 
In order to make forecasting more accurate and suitable to use for acute measures against traffic 
pollution, the Norwegian Public Roads Administration in cooperation with local municipalities and 
national institutes of air pollution and meteorology developed a combined emission, 
meteorological and dispersion model based on the models MM5 
(http://met.no/english/r_and_d_activities/method/num_mod/mm5.html) and AirQUIS 
(http://www.nilu.no/airquis/).  The resolution of the meteorological prognoses is one km2 and the 
range for both models is 6 to 48 hrs. Through the project FUMAPEX we evaluate the quality of our 
models together with other western countries. The project justify that this forecasting tecnology is 
unique in Europe. 
 

This prognoses model is implemented in 7 
cities/areas in Norway. The prognoses shape 
a basis for daily manual warning to the public. 
In the winter season, daily warnings are sent 
to newspapers, TV-stations, and radio-
stations in the affected areas. The forecasts 
are also published on the internet 
(http://www.luftkvalitet.info/index.cfm?fa=ci
ty.main ), and the public can get local 
forecasts on email or SMS. 
 
The forecasts are popular by the public but 
useful and important especially for vulnerable 
persons. Efforts to increase precision on 
forecasting re-suspension of dust from 
asphalt wear and precision of wood burning 
in private stoves will continue. 
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2.23 Investigation in Salzburg, Austria of concentrations of nitrogen dioxide 

(NO2) exceeding EU limits in low ambient temperatures 

 
Authors:  E. Pucher, H. Puxbaum, D. Morgen, c/o Vienna University of Technology 
Institut für Verbrennungskraftmaschinen und Kraftfahrzeugbau, Austria. 
Contact: ernst.pucher@tuwien.ac.at 
 
Short contribution 
Category L: ‘Remaining topics’ 
 

2.23.1. Exceeding of NO2 limits 
On January 10 and 11, 2002 the concentration of NO2 measured at four Salzburg air quality 
monitoring stations (Hallein Hagerkreuzung, Rudolfsplatz, Lehen, and Mirabellplatz) exceeded the 
pollution standards of IG-Luft (200 µg/m³ as half hour mean value).  The weather conditions of 
January 11 and 12 were characterized by low temperatures, low wind speeds and reduced vertical 
air circulation.  The intensity of the solar radiation was high, and was strengthened by reflection 
off of the snow-covered ground.  At the same time, the inactivity of the snow surface reduced the 
amount of dry deposits of the gaseous particles. 
 
The relatively calm weather conditions resulted in an accumulation of air pollutants in the 
metropolitan area.  This accumulation of air pollutants was intensified through the snow cover and 
the resulting absence of an important removal mechanism for dry deposits.  Relatively high 
intensity photochemical reactions were thus possible, despite the low position of the winter sun.  
This combination of snow cover on the ground, calm weather conditions, and stronger radiation 
intensity is a unique situation that usually does not develop in the central part of Salzburg.  When 
only one of these parameters is missing, in the case of cloud cover, high fog, or the lack of snow 
covering, NO concentrations are below the acceptable threshold. 
 
In Salzburg on 11.1.2002 the pollution data measured by different measuring stations lying in 
varying proximity to the most important emission sources show relatively even pollution 
concentrations over the entire urban area.  Even though a clear accumulation was observed for all 
components in the examination time period, there was a particularly strong increase in the 
concentration of NO2.  A detailed conclusion can be drawn if one observes the behaviour of the 
NO2/ NOx conversion rate subject to the NOx concentration.  The conversion rate was consistent 
during the entire day of January 11.  Compared with the monthly average, the concentrations 
recorded in January 2002 increased and finally surpassed the allowable limits in connection with 
another increase of the NOx concentration.  The course of the pollution concentration amount in 
Salzburg during the study period could have been successfully traced with the use of a Box-model.  
In this scenario the influence of the solar radiation and the snow cover were characterized as the 
essential parameters of the nitrogen dioxide burden. 
 
The reduction of solar radiation, either through an increase in cloud cover or the complete 
suppression of photochemistry, brought a reduction of the maximum value of more than 10 
percent. The influence of the snow cover is even clearer.  When there is no snow present, and thus 
no corresponding reduction of dry deposits, the maximum NO2 concentration was reduced by 
approximately 30 percent. 
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Thus a direct relationship between emission and pollution concentrations is established.  From this 
observation it follows that disproportionate reductions of emissions are essential if the pollution 
limits are to be achieved.  Neither speed limits nor a driving ban on the highway would prevent the 
overstepping of the limits.  Reduction of the NOx emissions by more than a third would be 
necessary to achieve NOx concentrations of approximately 20 percent under the allowable limits.  
Reductions of that magnitude are certainly not easy to achieve with simple measures.  The starting 
point for the reduction would be to view street traffic as the fundamental source of emissions in 
this area. 
 
Traffic may have been the principle cause of the overstepping of the nitrogen dioxide limits in both 
Salzburg and in Hallein.  It thus appears to make sense to concentrate measures against traffic so 
that EU limits will not be exceeded in the future.  However, a reduction of NOx -emissions will not 
necessarily bring about a proportional reduction of the NO2 concentration in the air.  Besides the 
previously mentioned measures, approximately voluntary traffic limitations in the case of 
simultaneous sunshine, low temperatures and snow cover could be used as provisions that go 
beyond the defined steps specified in IG-L.  According to data from Pucher [1] diesel vehicles, 
under the same low temperatures, emit up to 10 times as much NOx as regular gasoline vehicles.  
Therefore, from an air-quality point of view of NO2 pollution, tax incentives for diesel vehicles, as 
presently available through fuel taxation, are not target-oriented. 

2.23.2. References 
 

[1] PUCHER, E.: Statuserhebung Salzburg Stickstoffdioxid (NO2) 
Grenzwertüberschreitungen bei niedrigen Umgebungstemperaturen - Betreuung 
des Projekts hinsichtlich Emissionen des Straßenverkehrs. Bericht an das Amt der 
Salzburger Landesregierung, Wien, 2002 
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3. Conclusions 

In many countries within Europe, it is recognised that the European air quality first daughter 
directive, will not be met at many locations without extra policy and implementation of air quality 
measures. Problems are especially expected at large cities and highways/ busy roads. The 
measures, which have been described in this report, have a common goal to decrease mostly NO2 
and PM10 concentrations near busy roads and highways. 
 
The focus of the measures, described in this report differs greatly and covers the whole source-
effect chain of emissions to immissions. Effects of noise walls, introduction of ‘environmental 
zones’, tax differentiation for vehicle types are just a few of the described measures. Measures, 
which focus on ‘speed limit reduction and homogenisation of the flow’ are described most often 
(five times). 
 
An overview of all the described measures is shown in the table. An indication on the effectiveness 
of each measure has not been given in the table, as this could sometimes not be estimated from 
the descriptions.  
 
The report is meant to give an overview of national experiences with measures to improve the air 
quality near highways. As local circumstances of the measures vary, the described effectiveness of 
the measures by the authors need not be the case in other circumstances. Hence, general 
conclusions on the relative effectiveness of the air quality measures are not given. 
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Table 1 Air quality measures near roads in this report. 

Measure Chapter Country Aimed at  Local or 

generic 

Reported 

effect* 

Research method 

Tax differentiation 2.1 Germany PM10 /NO2   Generic + Emission model 
Ecopoint system 2.2 Austria PM10 /NO2 Generic ++ Emission model 
Environmental zones 2.3 Sweden PM10 /NO2 Local + Emission model, dispersion 

model 
Tax on use of studded 
tyres 

2.4 Norway PM10 Generic + Statistical 

Reducing use of studded 
tyres 

2.5 Sweden PM10  Generic + Concentration 
Measurements 

Cleaner buses 2.6 Germany PM10 /NO2 Local + Emission Measurements 
Speed limit reduction 2.8 The 

Netherlands 
PM10 / NO2 Local ++ Concentration 

Measurements, dispersion 
model 

New Driving Force 2.9 The 
Netherlands 

PM10 / NO2  Generic + Fuel use measurement 

Traffic guiding system 2.7 Germany PM10 / NO2 Local + Fuel use and concentration 
measurements 

Variable speed limits 2.10 United kingdom PM10 / NO2 Local -/+ Emission model 
Active traffic Management 2.11 United kingdom PM10 / NO2 Local Unknown Plan 
Noise walls 2.12 France PM10 / NO2 Local + Computational Fluid 

Dynamics model 
Noise walls 2.13 Germany PM10 / NO2 Local -/+ Concentration 

Measurements 
NO2 filter, PM10 filter, dust 
binding by hydrophilic 
slurry 

2.14 Norway PM10 / NO2 Local -/+ Concentration 
measurements 

Vegetation near roads 2.15 The 
Netherlands 

PM10 / NO2 Local +/- Theoretical study 

Cleaning of roads 2.16 Sweden PM10 Generic   
Traffic bypass 2.17 France PM10 / NO2 Local Unknown Concentration 

measurements before 
measure 

Traffic diversion 2.18 Norway PM10 / NO2 Local + Concentration 
measurements, annoyance 
study 

Traffic management 2.19 Germany PM10 / NO2 Local Unknown Plans 
Routing and logistics 
improvement 

2.20 Germany PM10 / NO2 n.a. + Unknown 

Speed limit reduction 2.20 Germany PM10 / NO2 n.a. + Unknown 
Lorry routing 2.20 Germany PM10 / NO2 n.a. + Unknown 
Flow improvement by 
traffic lights. 

2.20 Germany PM10 / NO2 n.a. + Unknown 

Short-term ozone 
measures 

2.21 The 
Netherlands 

O3 Generic - Emission scenario studies 

Forecasting air quality 2.22 Norway PM10 / NO2 n.a. NA Dispersion modeling 
NA 2.23 Austria NO2  NA Specific case study of peak 

concentrations 

- Negative effects are reported. 

-/+ Both positive and negative effects are reported. 

+ A positive effect is reported. 

++ A strong positive effect is reported. 

Unknown No estimate of an effect is given. 

NA Not applicable. 

 
As the existing air quality limit values keep the pressure on national policies, and not many new 
effective measures have been found or implemented yet, it is thus very important to share 
knowledge on national experiments to improve the local air quality. As it takes a lot of time and 
effort to find (cost-) effective air quality measures, it is very efficient to use existing knowledge 
when possible, in order to prevent wheels from being invented more than one time. Hopefully this 
report has helped with the inspiration and the spread of knowledge on air quality measures.
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