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Executive Summary

This report is Working Paper 1.2.1 for the MASTER project. This document provides
information on the relationships between vehicle speed and:

1) exhaust emissions and
2) noise and vibration

for roads of different types taking into account the effects of areas of transition of speed and
the effects of various speed management measures that may be applied. The effects are
considered in relation to changes to the vehicle fleet as the proportion of vehicles equipped
with catalysts changes.

This document also provides an overview of a variety of emissions models available which
may be suitable for incorporating in the MASTER framework. The report aims to provide a
qualitative overview rather than an account of quantitative performance of models. It also
provides a reference source for those using the MASTER framework to obtain the most
appropriate models/components for assessing the effects of speed management policies for
specific cases/locations. Some example data for basic cases are given in appendices.

The review of environment impacts of speed management systems indicates that the
following five factors need to be taken into account when assessing the impacts of speed
management strategies.

• The environmental impacts in terms of noise and emissions of speed management are not
straight forward.

• Changes in speed have different effects on different pollutants.

• Speed management measures may increase or decrease noise levels depending on specific
circumstances.

• Speed management measures may increase some pollutant emissions.

• Measures that induce acceleration and braking events (through either physical
intervention or through changes in behaviour) within the traffic stream will increase some
pollutant emissions.

In some circumstances the changes in speed during a journey may produce more pollutants
than the rest of the journey. This implies that the driving style may be as important as the
overall speed in terms of the environmental impacts. Further information is needed on the
effects of speed management strategies on driver behaviour, particularly in terms of
frequency and levels of speed changes.

The emissions from vehicles may not map directly onto local air quality. Dispersion models
will be required to predict pollutant concentrations at specific locations.
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The production of different types of emissions varies with speed, some decreasing and some
increasing with speed. Assessment of the impacts of speed management measures should
take into account the specific health and environmental effects of different types of
pollutants.

Estimates of emissions and noise for various constant speeds are provided in appendices
together with some correction factors for acceleration. These estimates are provided as
examples of the broad relationship only.
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Abstract

This document describes the effects of speed on noise and pollutant emissions from road
traffic.

The production processes for noise and emissions are briefly described. Emissions consist of
a variety of pollutants which are produced in different quantities at different speeds. The
major pollutants are carbon monoxide (CO), oxides of nitrogen (NOx), hydrocarbons (HC)
and particulate matter. In general the HC emissions reduce with speed and NOx emissions
increase with speed. CO and particulates have lowest emission levels at medium speeds.
Inclines increase emissions. Changes in speed can make a large contribution to emissions and
in particular hard acceleration can cause a disproportionate amount of pollutants to be
emitted.

The production processes for noise are described. In modern vehicles tyre noise is the
predominant noise source at speeds above 40-50km/h. Above 40-50km/h noise increases
linearly with speed. The type of road surface will influence the level of noise emitted. In
general the higher the friction of the road surface, the more noise is generated. Acceleration
and braking cause a small (1-2dB) increase in noise. Road humps and similar devices may
cause extra noise due movement of bodywork and contents of vehicles but this has not been
quantified.

A brief overview of the major models for emissions is provided together with a review of
emissions databases relevant to the EU.

Example estimates for noise and emissions are provided for a limited set of cases of steady
speeds. Some correction factors for the effects of acceleration and deceleration are provided.
The effect of vehicle interaction is not included.
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1  INTRODUCTION

This report is part of Work Package 1.2 (Development of a Framework for Presenting the
Effects of Different Levels of Speed) of project MASTER (Managing Speeds of Traffic on
European Roads) under the Transport RTD Programme of the 4th Framework Programme
of the European Commission. Organisations responsible for WP 1.2 are a) University
College London, Centre for Transport, Studies, United Kingdom (WP leader), b) VTT
Communities & Infrastructure, Transport and Urban Planning, Finland and c) Swedish Road
and Transport Research Institute (VTI). This report is Working Paper 1.2.1.

The task that this report addresses is to provide information on the relationships between
vehicle speed and:

1) exhaust emissions and
2) noise and vibration

for roads of different types taking into account the effects of areas of transition of speed and
the effects of various speed management measures that may be applied. The effects are
considered in relation to changes to the vehicle fleet as the proportion of vehicles equipped
with catalysts changes.

This document also provides an overview of a variety of emissions models available which
may be suitable for incorporating in the MASTER framework. The report aims to provide a
qualitative overview rather than an account of quantitative performance of models. It also
provides a reference source for those using the MASTER framework to obtain the most
appropriate models/components for assessing the effects of speed management policies for
specific cases/locations. Some example data for basic cases are given in appendices.

1.1  THE CASES TO BE CONSIDERED

Originally the effects for motorways, two lane-two way single carriageway rural roads,
urban arterial roads and access roads were to be considered. As well as these road types, a
range of vehicle types including cars, vans, buses, and small and large trucks travelling at a
wide range of speeds taking into account the effect of gradient, villages (in the rural case)
bends and junctions were to have been taken into account.

This would have resulted in a large study for which resources were not available so a subset
of the example cases were chosen. The two road types, urban main roads and rural two-lane
roads were chosen to be consistent with road types being studied in WP 1.1 and in the
workpackages in Areas 2 and 3.
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Categories of road and vehicles chosen:

cars and light vans: all trucks- with a vehicle mix of 85% cars and light vans: 15% trucks.

rural two lane roads: urban arterial roads

no gradient: +-10% gradient for rural roads: +- 8% gradient for urban roads (+3% gradient
was included to allow examples to be calculated for trucks travelling at constant speed)

with 20% or 80% of cars being equipped with catalytic converters

traffic flows 2000, 8000 and 15000 vehicles per day

vehicle speeds

urban roads cars 30, 40, 50, 60, 70 km/h
trucks 30, 40, 50, 60, 70

rural roads cars 60, 70, 80, 90 km/h
trucks 60, 70, 80, 85

Trucks are limited to speeds of 85 km/h so this is the highest speed that can be chosen for
this vehicle class.

1.2  OVERVIEW

The document is divided into this introductory section followed by descriptions of emissions,
noise and vibration.

Within each section a description of how the pollutant or noise is generated is given. The
effect of speed, acceleration and, where possible, additional effects of speed management
tools on the emission of the pollutants or noise are discussed. Additionally specific models
for estimating the emission of noise and pollutants are described.

A review of a number of specific emission models based on microscopic and macroscopic
simulations are provided in an appendix together with a description of databases of
emissions data.

Examples of the outputs from the two specific models described in earlier sections
(emissions and noise) are provided in separate appendices. These demonstrate the
relationship between speed and noise and emissions. The data in the appendices represent a
simplified case described in section 1.1.
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2  EMISSIONS

2.1  VEHICLE EMISSION PRODUCTION PROCESSES

2.1.1  Overview of the production of exhaust gases

This section provides a detailed review of the microscopic characteristics of vehicle
behaviour which affect exhaust emissions. In particular, the review concentrates on the
variations in emissions brought about by different engine operation conditions. The basic
understanding established by this section will provide the platform for the discussion on the
emission effects of speed limiting strategies.

Heywood (1988) presents a detailed description of the fundamentals of engine design and
combustion processes. Much of the information used for the discussion on emission
formation is taken from this work.

Spark-ignition engines such as petrol cars operate by feeding a mixture of fuel and air into a
cylinder of compressed air (and recycled exhaust gases) and igniting the mixture. The
cylinder has a fixed size and the air within the cylinder is compressed using a piston.
Following injection of the fuel-air mix and ignition, the chemical reaction continues and the
flame spreads through the mixture producing gases. These gases cause an increase in
pressure in the cylinder which push the piston down. The energy transferred by the
downward motion of the piston is used to drive the vehicle. The downward motion of the
piston is used to drive the crankshaft. The ratio of maximum cylinder volume to minimum
cylinder volume (compression ratio) for spark ignition engines is between 8 and 12.

In spark-ignition engines, the air and fuel are normally mixed in the intake system before
injection to the combustion chamber in the cylinder. Two common methods for mixing the
air and fuel are by a carburettor or a fuel injection system.

Compression-ignition engines (diesel vehicle engines) differ from spark-ignition engines in
several ways. Air alone is drawn into the cylinder in contrast to the air-fuel mix provided by
a carburettor in the spark-ignition engine. The fuel is injected directly into the cylinder
shortly before combustion is due to start. The amount of fuel injected every cycle controls
the work done by the combustion. The compression ratio for a compression-ignition engine
is between 12 and 24. The fuel is injected and evaporates, mixing with the air to combustible
proportions. Further compression makes the temperature within the cylinder exceed the
ignition point of the fuel. The fuel air mix then spontaneously combusts. Further mixture of
the fuel and air results until combustion is complete (Heywood, 1988). Turbo chargers are
used to compress the air being fed into the cylinder which allows a greater mass of fuel air
mixture to be burnt. In diesel engines the turbo charge may also improve the smoothness of
combustion.
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Figure 1 below summarises the principal pollutant formation mechanisms in spark-ignition
engines (Heywood, 1988).
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Figure 1: Summary of HC, CO and NO pollutant formation mechanisms in a spark-
ignition engine (Heywood, 1988)

The levels of the three pollutants (NO, HC and CO) emitted by any given engine depends
upon the air to fuel mixture ratio. A stoichiometric air-fuel ratio “supplies just enough
oxygen for conversion of all the fuel into completely oxidised products” (Heywood, 1988).
The stoichiometric air-fuel ratio is 15:1. Equation 1 below summarises the chemistry of a
stoichiometric vehicle engine.

CH2 + 1.5(O2 + 4N2) → CO2 + H2O + 6N2 Equation 1

Figure 2 below shows the variation of HC, NO and CO emissions with air-fuel ratio
(Heywood, 1988). CO emissions increase with decreasing air-fuel ratio below stoichiometric
operation. At stoichiometric air-fuel ratios and below, CO emissions are small and almost
constant. Heywood (1988) stated that “Diesel engines operate well on the lean-side of
stoichiometric; CO emissions from diesels are low enough to be unimportant.”
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Figure 2: Variation of HC, CO and NO concentration in the exhaust of a conventional
spark-ignition engine with air/fuel ratio (Heywood, 1988)

Equation 2 summarises the chemistry of a vehicle engine during enrichment. Enrichment
occurs when extra fuel is injected so the cylinder is operating below the stoichiometric air-
fuel ratio.

CH2 + O2 + 4N2 → CO + H2O + 4N2 Equation 2

Heywood (1988) states that “the major operating variables that affect spark-ignition
engine performance, efficiency and emissions at any given load and speed are: spark
timing, fuel/air ratio and fraction of the exhaust gases that are recycled for NOx emission
control.” A well tuned engine will have spark timing which is close to optimum. A poorly
tuned vehicle will not ignite the fuel at the correct point in the compression cycle which will
lead to an excess of unburned hydrocarbons. The air-fuel ratio is usually controlled by a
carburettor or electronic fuel injection system. Deterioration in either of these systems (due
to fatigue) will produce sub-optimal ignition conditions.

Conventional carburettors drift from their optimum settings and need periodic readjustment.
As an example, the standard (SU) carburettors fitted to minis, were found to need
adjustment after about 1000km. Conventional carburettors almost invariable drift toward a
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rich setting leading to higher levels of CO and hydrocarbon emissions and lower NOx. Fuel
injection systems have been found to be more stable

In addition to the effects described above, it is extremely unlikely that two consecutive
combustion cycles, operating with the same air-fuel ratio and the same ignition point, would
produce the same pollutants, even for a well functioning engine. This would require identical
fuel and air mixing in each cycle. It is also unlikely that the fuel mix in each cylinder would
be the same. Clearly, the problem of identifying emission factors for a vehicle is not a simple
one.

2.1.2  Catalytic converters

Catalytic converters are devices which reduce levels of pollutants through oxidation of
hydrocarbons and CO to CO2 and water, and also by reduction of NOx to N2 and O2.  As
their name implies catalytic converters work by a process of catalysis which requires that
they run at a high temperature (300C). They are also sensitive to the engine mixture and if
the mixture is outside the operating limits, their effectiveness is markedly reduced.

2.1.3  Other emissions

Evaporative emissions occur when volatile hydrocarbons escape from the fuel system
through evaporation. These may occur through changes in temperature between day and
night with the expansion and contraction of residual air in the fuel tank expelling
hydrocarbon vapour into the atmosphere. Evaporative emission all occur through
evaporation of fuel from hot carburettors once an engine has been switched off. There will
be a greater evaporative loss from this source per km for short journeys than for long
journeys. Watkins (1991) noted that evaporative emissions accounted for about one third of
the annual hydrocarbons emissions in Western Europe and predicted that as emission
controls became more stringent, the proportion of hydrocarbons from this source would
increase.

As well as emissions from the combustion process, dust and dirt are generated by wear of
consumable components of the vehicles, notably the tyres and brakes. These emissions are
particulates and will be deposited in the neighbourhood. As the speed of traffic increases, the
air turbulence will spread this particulate matter further.

2.1.4  Health impacts of emissions

The health effects of emissions are beyond the scope of this document. Reynolds (1996)
provides a review of each of the main pollutants and the current established view on their
health effects. Little is really known, although the general view is that people who already
suffer from asthma and respiratory problems can be seriously affected following a pollution
event. The situation is further complicated by cocktails of pollution being particularly
damaging. Some hydrocarbons and small particulates are carcinogenic. Little is known about
particulate emission and dispersion processes although much work is ongoing in the field.
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2.2  THE EFFECTS OF SPEED AND DRIVING MODE ON EMISSIONS

The collection of vehicle emission data is an expensive task. There are two principal
methods of collecting the data. First, laboratory testing; and secondly in-service testing.

Laboratory based testing procedures are well established and are used to determine national
emission standards for pre-specified driving cycles. A driving cycle is a pre-set driving
pattern, including distance travelled, speed throughout the journey, acceleration rates and
start-up engine conditions. All countries in the EU measure the performance of new vehicles
against the ECE/EEC test cycle. In the USA, the USA-FED or Federal Test Procedure
(FTP) 75 test cycles are used. The advantage of these tests are that the engine conditions
can be controlled as there is no interaction with other traffic to disturb the test. The
disadvantage of such tests is that the driving cycle may not represent the driving conditions
found on street. Influences of gradient and interaction with other traffic will cause variations
in the emission rates for each mode.

Barth et al. (1996) state that “The FTP cycle was established over two decades ago and, at
the time, was intended to exercise a vehicle in a manner similar to the operation of a
typical in-use urban vehicle. However, it did not include “off-cycle” vehicle operation,
which consists of speeds in excess of 57mph and acceleration rates above 3.3 mph/s,
common events in today’s traffic operation.” There are difficulties transferring emission
rates determined from test bed driving cycles to real-world situations.

To overcome the criticisms of unrealistic driving cycles, the MODEM project (Jost et al.,
1992) established a set of realistic driving cycles from a series of on-street measurement
exercises with Instrumented cars in London, Derby, Cologne, Krefeld, Grenoble and
Marseilles. Emission data for each of 14 driving cycles was then obtained from a range of
vehicles using laboratory based chassis dynamometer testing facilities. The results of the
testing program produced a series of charts of mean vehicle speed for the driving cycle
against average vehicle emission (CO, HC, NOx, and CO2) and fuel consumption for a range
of different size, different technology engines.

A field trial was undertaken with two vehicles which were equipped with real-time emission
monitoring technology. The vehicles were driven in an area of Toulouse. The on-street
emission measurements were not found to correlate well with the emission predictions from
the MODEM model (Barlow et al. 1994).

This result is typical of other laboratory and real-world based emission comparisons. Kelly
and Groblicki (1993) described the results of tests carried out over 350 miles in Los
Angeles. CO, HC and NO were measured. The tests were performed in the same
geographical region used to define the driving cycle schedule used in the FTP. No limits
were placed on acceleration rate for the surveys. The vehicle used was a 1989 Pontiac
Bonneville SSE with a 3.8 litre V6 engine fitted with a catalytic converter.

Kelly and Groblicki found that “The test had low warmed-up running emissions over the
UDDS (Urban Dynamometer Driving Schedule) and for most of the on-road testing where
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the air-to-fuel ratio was maintained at the stoichiometric point. However, occasional
heavily-loaded conditions during the on-road testing led to richer than stoichiometric
operation.

During these brief enrichment events, which lasted up to 29 seconds, CO emissions were
increased by a factor of 2500 and HC by a factor of 40 over closed-loop stoichiometric
operation. NO emissions were similar during low-load stoichiometric and high-load
enrichment operation.”

Kelly and Groblicki went on to show that a single high power acceleration can produce more
CO than is emitted in the balance of a typical short trip (under 5 miles) in the USA.

Two results of two further real-world vehicle emission measurement trials have been
released in Europe. Schurmann and Staab (1990) describe an on-board exhaust emissions
measurement system which is capable of measuring CO, HC, NOx and CO2. The system was
developed at the headquarters of the Volkswagen car company. Vehicle characteristics such
as speed and engine rpm are also recorded. The system is small enough to be mounted in
cars such as the Volkswagen Golf. Limited results were published, probably because of the
commercial sensitivity of the results. De Vlieger (1997) tested the emissions of seven cars in
Belgium under calm, normal and aggressive driving conditions. De Vlieger describes
aggressive driving as sudden acceleration and heavy braking. Calm driving was anticipating
other drivers' movements and avoiding sudden acceleration. Normal driving had moderate
acceleration and deceleration. During all tests the speed limits were observed. It is not stated
in the report but is assumed that one driver or a team of specially trained drivers were used
to ensure comparability of results between the seven different vehicles tested.

The results of the comparison are shown below in Table 1.

The table clearly shows that the emissions from aggressive driving are not 2500 times those
found from normal driving but that in all but one case the aggressive driving emissions are
higher than the normal driving emissions. Schurmann and Staab (1989) suggest that on
board testing of emissions under real traffic conditions should be seen as complementary to
laboratory emission results.
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Table 1: Average measured emission factors in g/km of three-way catalyst cars under
normal and aggressive driving conditions. (De Vlieger, 1997)

Pollutant Road Type Aggressive driving

g/km

Normal Driving

g/km

CO City CS 27.9 ± 8.6 15.1 ± 4.5

City HS 14.8 ± 6.8   7.2 ± 5.0

Rural 11.8 ± 6.9   4.5 ± 3.4

HC City CS 3.7 ± 1.2 2.2 ± 1.1

City HS 0.93 ± 0.65 1.1 ± 1.0

Rural 0.63 ± 0.38 0.54 ± 0.50

NOx City CS 0.54 ± 0.21 0.32 ± 0.20

City HS 0.34 ± 0.18 0.25 ± 0.20

Rural 0.21 ± 0.13 0.18 ± 0.15

Note: CS=Cold start, HS=Hot start.

In their review of environment impacts of traffic management schemes, Abbott et al (1995)
note that in a study by Jourmard Jost and Hickman (1995) NOx emissions (in g/hour) were a
function of speed and acceleration with NOx emissions under hard acceleration being 2-4
times those at constant speed.

Jourmard et al (1992) used instrumented vehicles to investigate the relationship between
emissions and speed and acceleration. The results for NOx are shown in Figure 3. The level
of NOx emmision was related to a function of the product of acceleration and speed.
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Figure 3. Oxides of NOx emission from petrol cars as a function of speed and
acceleration. (from Journard et al 1992).

It is clear from all of the above experiments that vehicle emissions are not simply linked to
speed. The acceleration characteristics of the vehicle and driver will also contribute
significantly. In attempting to introduce traffic calming measures care should be taken not
only to decrease speeds but to smooth the overall journey for the driver.

The effects of deceleration on emission rates is not as clearly defined. All of the discussions
of deceleration used in this chapter imply the use of the brakes. The literature review has
only found one example where the emission effects due to deceleration were quantified. The
study, carried out in Australia, involved real-world emission tests on a four litre
electronically fuel injected Toyota Camry. The results of this trial are only valid for the one
vehicle tested. The vehicle is not representative of the typical European car. However, the
results are included for completeness. The following equation was proposed and the
coefficients shown in Table 2 were determined for different deceleration rates.
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Ed = Avi + Bvi
2

where vi is the initial speed of the deceleration in km/hr and Ed is in grams for the total
output of the deceleration event.

Table 2: Model coefficients for deceleration CO emission functions for the Toyota
Camry (Taylor and Young, 1996)

Deceleration rate
(km/h/s)

Coefficient of vf

A

Coefficient of vf
2

B

Correlation
coefficient r

1.51 - 2.5 ns 0.00013 0.935

2.51 - 3.5 ns 0.00012 0.961

3.51 - 4.5 -0.00421 0.00036 0.992

4.51 - 5.5 ns 0.00040 0.982

5.51 - 6.5 ns 0.00046 0.994

ns - not statistically significant

The deceleration emissions are significantly lower than the acceleration emissions found.
This can be understood by examining the combustion processes. In deceleration no throttle
is required. The changing speed means that the fuel injection system is unlikely to supply the
optimum amount of fuel at each injection. However, the fuel-air mix is tending towards the
lean side of stoichiometric which results in lower emissions of CO and HC. In addition, the
combustion process is not as fierce as during acceleration so the combustion chamber
temperature will be reduced and NOx emissions will also be reduced.

The differences between deceleration using engine only versus engine and brakes are not
clear. Using engine braking alone is likely to produce higher emissions than using the brakes
as the engine speed will increase and the engine will operate fuel rich for a short period.
However, it is probable that during a full braking event, the transition in engine speed will
mean the engine is operating at sub-optimal conditions. No research into the differences
between the two types of deceleration has been identified in this review.

Vehicle manufacturers provide information on the maximum distance which can be travelled
in a new vehicle for one litre or gallon of fuel. The figures are quoted with respect to a
vehicle driving at a constant speed. This provides an insight into the key variable relating to
vehicle emissions. A vehicle travelling at constant speed allows the engine management
system to optimise the fuel flow into the combustion cylinder. This minimises the fuel
consumption and the balance of emissions. Abbott et al (1995) state that “It is notable that
the amount of emissions produced by an engine during transient operation is much greater
than when it is in a steady state, and this is partly because of deviations from optimum
control settings during rapid changes.”
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When establishing a traffic management plan with a view to reducing emissions, it is
important to decide which emissions, or combination of emissions require reduction. During
high speed driving the temperature of the combustion chamber increases and a greater
proportion of the Nitrogen in the cylinder reacts with the oxygen to form NO. At the same
time, the air-fuel ratio at a constant speed can be controlled to ensure near stoichiometric
operation to minimise both HC and CO emissions. Abbott et al. (1995) reason that
“management systems that can make the circulation of traffic smoother can therefore
improve the ability of engine management systems to reduce pollution.” The optimum
conditions appear to be a constant, but not high, average speed.

During the discussion on emission production and emission measurement experiments, no
mention has been made of the effects of cold-starts on vehicle emissions. Vehicles emit
pollutants at much higher rates over the first few miles of a journey which begins with a cold
engine. The combustion chamber is forced to operate fuel-rich to ensure that sufficient
combustion takes place. A further issue that is at least as important is that catalytic
converters require to be hot before they operate efficiently and require the correct quantity
of oxygen in the exhaust gas to operate efficiently. Hence the levels of emission produced by
a cold start on a vehicle with a catalytic converter is very high due to a) rich mixture in the
combustion chamber, b) cold catalytic converter and c) inappropriate composition of gases
within the catalytic converter. Short journeys will therefore produce a disproportionate
amount of pollutants. This will need to be taken into consideration if traffic management
measures alter the proportion of short journeys.

Armstrong (1983) found that for cold starts, initial fuel consumption was increased to over
three times that of the warmed up engine for a steady speed of 64km/h and over two times
for a steady speed of 48km/h. Vehicles that were being driven at 64km/h reached steady
state fuel consumption after 8km, but those being driven at 48 km/h reached steady fuel
consumption after 20km. While the report did not cover emissions it gives an indication of
the length of journey taken to warm up a petrol engine.

Electronically pre-heated catalytic converters are currently being developed which reduce
the amount of time in which the vehicle has high cold-start emissions though this will not
address the issues of associated with the rich mixture associated with cold starts.

2.3  ENVIRONMENTAL EFFECTS OF SPEED CONTROL STRATEGIES

Abbott et al. (1995) present a thorough literature review of environmental assessments of
traffic management schemes. Not all of the schemes covered within the review are directly
related to speed control. This section will concentrate only on traffic calming measures
designed to modify the traffic speed profile.

2.3.1  Urban traffic calming

A common method of traffic calming is the introduction of road humps in the street. The
humps cause drivers to decelerate as they approach the hump to pass over the hump
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comfortably and to avoid damaging their vehicle. Webster (1993) carried out a theoretical
study on the changes in emissions brought about by different sorts of road humps with
different spacings between the humps. The emissions data used by Webster was that
collected by the MODEM project (Jost et al., 1992).

The results of the project showed an increase in emissions for CO, CO2 and HC with a slight
decrease in NOx although the absolute levels of NOx were low. An increase in fuel
consumption of 10-25% was also found. The levels estimated were linked to the
assumptions of driver behaviour between the humps. The levels of increase in emissions can
be reduced by smoother driving between the humps.

A trial performed in Austria during 1994 used an instrumented vehicle driving along a
stretch of road with speed humps at 200m spacings (AIT/FIA Traffic commission, 1994).
Rapid deceleration and acceleration was employed on the approach to and after each bump.
This led to an estimated increase in NOx emissions by a factor of 10 and CO2 by a factor of
three. A study by Buxton and Newby (1995) in the United Kingdom showed that actual
acceleration rates around speed humps are considerably lower than in the Austrian trial. The
effects on emissions will also therefore be reduced.

Abbott et al. (1995) also report on a number of area wide traffic calming measures
introduced in Germany. 30 km/h zones were introduced in areas of Berlin, Mainz,
Ingolstadt, Esslingen and Buxtehude. These results are summarised in Table 3.

Table 3: Changes in emissions and fuel consumption due to area wide traffic calming
based on experimental studies in German towns and cities (German Ministries of
Regional Planning, Transport and Environment, 1992)

Changes in vehicle emissions for cars without a catalytic converter

Measure NOx HC CO CO2 and fuel
consumption

Comments

Area with extensive
traffic calming
measures (slow
speed)

-38%

to

-60%

+10%

to

-23%

+71%

to

+7%

+19%

to

+7%

Results from 3 test routes
in Berlin-Moabit

Tempo 30 km/h
zone

-5%

to

-31%

+2%

to

-23

+28%

to

-20%

+14%

to

-6%

Results from 5 test routes
in Buxtehude, 4 in Mainz
and 1 in Esslingen

50 km/h speed
restriction on main
road

-15%

to

-33%

+2%

to

-20%

+7%

to

-10%

-4%

to

-13%

Results from measures at
village entrances on test
routes in Mainz,
Esslingen and Buxtehude

Notes: Positive values indicate an increase in emissions following the traffic calming
The results do not include any overall emission changes due to changes in traffic volume
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Examination of the changes in driver behaviour at each of the individual sites led the authors
to conclude that lower speeds produce a reduction in NOx emissions. However, to effect
reductions in CO, CO2, HC and fuel consumption a road design which encourages smooth
driver behaviour is required (German Federal Ministries of Planning, Transport and the
Environment, 1992).

Krawack (1993) reports that 'steady flow' traffic planning initiative reduce emission of CO
NOx and HC. Bus lanes/bus priority at junctions was reported to reduce emissions by buses.

A similar study in the Netherlands at Eidhoven and Rijswijk also showed that the more
severe the traffic calming measure the lower the NOx emissions but the greater the CO and
HC emissions. A more mild regime of traffic calming measures produced little change in
NOx, CO and HC. Studies in Denmark (Danish Road Directorate, 1993) concluded that
reducing car speeds will have no great effect on air pollution in the majority of cases. Further
details of these studies can be found in Abbot et al. (1995).

Sammer and Wernsperger (1995) describe an extended trial of 30 km/h zones introduced in
the city of Graz in Austria. All designated non-priority streets within Graz were converted to
mandatory 30 km/h roads with priority routes having 50 km/h speed limits. Enforcement was
introduced using some static measures, increased “laser gun” police enforcement and one
display board which informs drivers if they are speeding. The scheme was introduced due to
public interest and the success of the scheme was in part attributed to an extensive publicity
campaign before implementation.

The traffic safety benefits were marked - a reduction of 17% of accidents involving
pedestrians and 14% reduction of those involving car drivers. Measures were taken of
speeds within the network before and after scheme implementation and the proportion of
vehicles travelling at greater than 50 km/h fell from 7% to 3%. No significant change in the
modal split or route choice of travellers was noted.

To assess the environmental impact of the measures, 170 test drives were conducted in the
network using an instrumented vehicle which measured speed and distance travelled every
second. This information was combined with emission estimates from previous studies to
produce an estimate of the environmental effect of the scheme. The majority of pollutants
are emitted on the priority roads where the speed limit remained unchanged. Wernsperger
and Sammer (1995) found that in the 30 km/h streets (where only between 5% and 8% of
gases are emitted) there was an increase in CO emissions of 3.8% and an increase in HC
emissions of 0.5%. A 24% reduction in NOx emissions was also found. This corresponded to
a 1.9% overall reduction in NOx emissions for the whole city.

In summary, the reduction in speeds brought about by traffic calming have been shown to
lead to a reduction in NOx emissions. This is due to the reduction of engine combustion
chamber temperature at these speeds. Increased acceleration caused by some schemes leads
to the combustion chamber operating on the fuel-rich side of stoichiometric. This results in
incomplete combustion and an increase in CO and HC emissions. Incomplete combustion
will leave small amounts of fuel in the combustion chamber between cycles. This fuel cools
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the chamber down and explains the reduction in NOx formation. It is, however, not sufficient
to consider the effects of a traffic calming scheme simply in terms of what happens on the
microscale between the humps on one street. It is the intention of some traffic calming
schemes to ensure that residential roads are not used for through traffic. If, unlike the Graz
scheme where significant infrastructure change was avoided, the traffic calming scheme
causes re-routing of traffic onto roads which are better suited to that traffic, then the
environmental effects of this shift should be considered.

2.3.2  Inter-urban traffic calming

Inter-urban control systems have different objectives to urban traffic calming measures. The
speed control and traffic information measures are not designed to discourage inappropriate
users but to improve the quality of flow for all users on the roadway section. The lowering
of overall speeds and the provision of information regarding accidents and roadworks is
proposed to encourage drivers to modify their behaviour to ensure a more homogenous
flow. This in turn reduces shockwaves brought about by vehicles braking when following
slower vehicles too quickly. These measures reduce the numbers of accidents and secondary
accidents and the occurrence and duration of congestion. Whilst the previous studies
showed that a reduction in speed lead to an increase in CO and HC emissions, it is expected
that the reduction of time spent in stop-start congested conditions will show an
environmental benefit for these two pollutants.

The second inter-urban traffic control system (TCS) which will be discussed is that around
Munich (Metz et al., 1997). The A9 Autobahn is a six lane motorway with a total flow of
120 to 130 thousand vehicles per day. The traffic control system was introduced to reduce
accidents. Metz et al. state that “13.5% fewer accidents were registered than in the
equivalent period in the year before (without the TCS). Road accidents causing injuries
were recorded by far the largest drop, falling by 38%. In other words, the severity of
accidents and mass pile-ups was reduced. Thanks to speed harmonisation by means of the
TCS, the accident risk was reduced even in periods of higher traffic volume.”

The TCS also resulted in significant improvements in vehicle speeds and therefore journey
times. Emission factors obtained from Hassel et al. (1994) were combined with the typical
vehicle profile plots to estimate the effects on fuel consumption and emission rates. Fuel
consumption for spark-ignition engines, diesel cars and heavy-duty trucks were reduced by
27%, 26% and 9.6% respectively.
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Table 4: Summary of pollution benefits from installation of TCS, (Metz et al 1997)

Pollutant Change in emission

CO -24%

CO2 -21%

HC -30%

NOx -4%

Particulates -36%
     Notes: Negative values indicate a reduction in emissions.

The results of this study indicate that the secondary issue of the environmental effects of
installing the TCS have matched the safety function in their effectiveness.

2.4  EMISSION MODELS

Emission models can be broadly divided into two categories:
• Microscopic
• Macroscopic

Microscopic models consider the individual characteristics of vehicles in terms of their
acceleration and speed at small time steps (typically less than a second). Detailed emissions
data relating to these characteristics are required.

Macroscopic models use parameters such as journey length and average speed to produce
estimates of emissions for a journey. Emission data, such as that collected during the
MODEM project, can be applied according to the most appropriate driving cycle and
average speed of the vehicles in the section considered.

This review considers models which are commercially available and attempts to assess their
relative merits. The SMARTEST DGVII Fourth Framework project has produced a review
of current micro-simulation models (Algers et al., 1997) which contains more in depth
reviews of the modelling capabilities of some of the simulations discussed in the Appendices
A and B of this report.

2.5  EMISSIONS DATABASES

Three large European databases of emissions data have been identified. The MODEM (Jost
et al 1992) and HEB (see Shearn et al. 1997) databases appear more suited than CORINAIR
(Eggleston et al 1989) to the environmental assessment of schemes based on changes to the
speed profiles of vehicles travelling through the schemes. In developing an assessment tool,
it is recommended that the results from one or more of the above databases are used in
conjunction with or compared against the results of the micro and macroscopic models
which have been identified. These databases are described in Appendix C.
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2.6  CONCLUSIONS

This review has summarised the key elements in understanding vehicle emissions. The
pollutant production processes are complex and vary within vehicles as well as across
vehicle classifications and engine technologies. One of the principle parameters which affects
vehicle emissions is the air-fuel ratio within the combustion cylinder. Intelligent electronic
fuel injection systems are able to manage the air-fuel ratio to minimise emissions for a given
speed.

 Two methods of determining vehicle emissions were identified. First, laboratory based tests
have been extensively used to assess the performance of vehicles following a pre-defined
pattern of driving. This produces repeatability and allows comparability of the results.
Secondly, real-world emission tests have been performed with expensive monitors fitted to
capture and analyses the exhaust gases. It has been shown in Europe and the USA that the
emission estimates obtained from real-world tests are different from those measured in the
laboratory. It is recommended that a combination of the two methods be used in making any
assessment.

It is during transitional periods, particularly during harsh acceleration, that emissions from
vehicles can increase sharply. To further complicate strategies to reduce emissions, the
production of oxides of Nitrogen follows a different pattern to that of Carbon Monoxide or
Hydrocarbons. NOx is produced particularly at high engine operating temperatures (e.g.
steady high speed driving).

Cold starts are likely to have a major impact in areas where there are many short journeys.

Several estimates of the emission effects of speed management systems have been performed
of varying degrees of complexity. The results have generally shown that a reduction in speed
leads to a significant reduction in NOx emissions. The effects of speed reduction strategies
on CO, HC and fuel consumption are less clear. Schemes which produce an increase in
acceleration and deceleration events produce an increase in CO and HC emissions and fuel
consumption. Schemes which smooth the overall driving pattern have been shown to have
slight benefits, although not of the same extent as those for NOx.

The studies on the effects of speed management systems have generally considered the net
effects of a scheme which in addition to any changes in emissions per vehicle change the
number of vehicles using section of road.

Several models have been identified as potential speed management assessment tools.
However, no information concerning the relative merits of the emissions modules which are
available for each of the models has been obtainable to date, although the PARAMICS
model is being used by the Department of Transport, Environment and the Regions to assess
the environmental effects of the M25 variable speed limit scheme.
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Three large European databases of emissions data have been identified. The MODEM and
HEB databases appear more suited to the environmental assessment of schemes based on
changes to the speed profiles of vehicles travelling through the schemes.
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3  NOISE EMISSION

3.1  INTRODUCTION

The purpose of this section is to supply a basis for evaluating road traffic noise, including
examples of effects of speed on noise levels for a set of predetermined cases.

3.2  NOISE PERCEPTION AND MEASUREMENT

Sound is generally considered to be the changes in air pressure at frequencies from about 20
Hz (Hertz, cycles per second) up to about 20000 Hz. Noise may be considered to be the
perception of sound and in particular, unwanted sound, and is therefore strictly a subjective
measure. This means that the objective parameter to be considered is sound. However, since
the term noise is generally used in daily conversation and in the literature to describe exterior
sound emission from road vehicles, because this type of sound is almost exclusively
unwanted, the term noise is used consistently in this report instead of sound. It should,
however, be noted that strictly speaking, the formally correct term would be sound emission.

Sound is generally measured in decibels (dB). The dB scale is a relative scale, and sound
levels are described relative to a reference level (assumed to be perceived as silence or more
precisely the threshold of hearing) of 10-12 Watts per m2. This is a logarithmic scale of the
amplitude of the changes in pressure. Broadly speaking, an increase of 10 dB is equivalent to
a perceived doubling in volume and an increase of 6 dB corresponds to a doubling of sound
pressure and an increase of 3 dB corresponds roughly to a change in loudness that can just
be detected under normal conditions (under well-controlled laboratory conditions the
smallest detectable change is usually 1 dB).

The difference ∆L in level between two sounds, 1 and 2, may be expressed as:

∆L = 10 log (i1/i2)=20 log (p1/p2) unit = dB

where
i =  intensity of the sound in W/m2

p =  the sound pressure of the sound wave

The human ear has a non-linear response to noise of different frequencies. For measures of
noise to give an indication of the perceived levels of noise, a weighting scale is applied. The
scale generally used is the A scale. The A scale gives a good approximation to the perceived
level of noise. This was originally designed to be used for low and medium levels of noise
but has also been found to work well for higher levels. Other weighting scales are available
but are not frequently used. To indicate when the A-weighted frequency weighting has been
applied, . the unit is written dB(A).
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Different methods for quantifying the amplitude characteristics of noise may be used. In
general, the term Leq (the energy-equivalent level), is used though sometimes the L10 (the 10-
percentile-level which is exceeded 10 % of the time) is used. It is also common to consider
the maximum level of an event, the Lmax.

Each of these measures has advantages and disadvantages. These are discussed in detail in
section 3.6.

The Leq essentially takes an 'average value' of the noise levels providing a value for the
equivalent continuous sound level which has the same energy content as the varying sound
level during the period of measurement. This measurement typically has applications for
assessing the likelihood of hearing damage in noisy industrial contexts, but it also is a good
descriptor of environmental noise i general. Most European countries use it as the major
descriptor of road traffic noise.

Some negative effects of noise are:
1. Damage to hearing (this rarely occurs in exterior traffic noise)
2. Sleep disturbance (the maximum level of individual sound events wake up people or shifts

sleep to a level which is not as deep. This may cause a health problem but may also cause
decreased work efficiency)

3. Increased frequency of cardio-vascular diseases (a health problem)
4. Masking of sound during conversation or when listening (a social problem)
5. Annoyance/disturbance, i.e. general well-being

Attempts have been made to establish noise-dose relationships for all these effects, but for
the purposes of this report, the effects may depend on:-
• The amplitude characteristics, i.e. how loud the noise is.
• The temporal characteristics, i.e. how regular or intermittent the noise is.
• The frequency spectrum of the noise.
• The context of the noise; effectively the information content of the noise, can affect the

levels of annoyance or disturbance caused.

Hence the level of noise measured alone may not always directly and simply be related to the
health, work efficiency or the amount of disturbance experienced by the community. It has,
for example, been suggested that noise from road vehicles triggers fear or dislike of traffic
and becomes a focus for the perceived negative aspects of traffic. Nevertheless, in order to
simplify the assessment of the negative influence of road traffic noise, it has become
common to base studies essentially on noise levels.

Possible benefits of noise (or in this case clearly sound) are twofold, firstly providing
feedback about speed and possibly about road conditions, to the driver of a vehicle and
secondly warning other road users of the presence of, direction of travel and speed of a
powered vehicle in the vicinity. In the context of the road system there may  be a small
safety benefit to vehicles making some noise which alerts other road users to their presence.
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In addition to the straightforward effects of speed and changes of speed on measured noise,
the following behavioural factors may influence the impact of vehicle noise on the
community due to their influence on the above. Such factors may include:
• Driving style
• In-vehicle sound systems
• Use of audible warning devices

Currently there is little information on the latter two of these effects, and they are outside the
scope of this study, but there may be some interaction between behavioural factors and
reduction in overall speeds, for example if speed reduction leads to frustration and increase
in horn use, the actual reduction in noise nuisance resulting from a reduction in traffic speed
may be nullified. Further work will be needed in this area. While it is felt that the use of
horns has reduced during the latest decades, the in-vehicle sound systems is an increasing
problem during the very latest years in some areas, sometimes causing more noise emission
than the vehicle itself.

3.3  SOURCES OF ROAD TRAFFIC NOISE

Noise emission from a road vehicle is composed of several components. The various sources
are indicated in Fig. 4. The two major components are tyre/road noise and power unit noise.
Wind turbulence noise can be neglected on modern vehicles travelling at legal speeds (and
lower than 120 km/h). It is necessary to discriminate between these two major sources since
they are fundamentally different and are influenced differently by reduction methods and
driving conditions.



The effect of speed on noise, vibration and emissions
from vehicles

May 1998

28

OVERALL VEHICLE NOISE

WIND TURBULENCE NOISE TYRE/ROAD NOISE
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CYLINDER

ENGINE
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FAN TRANSMISSION

INTAKEINJECTION  SYSTEM

Fig. 4 The most important noise sources of a road vehicle, with power unit noise being
composed of several sub-sources.

Typically, the relation of tyre/road noise versus speed follows a logarithmic law: approx. 12
dB(A) increase in peak level per doubling of speed. Power unit noise which dominates at
low speeds, on the other hand, is only slightly influenced by speed if seen over the entire
speed scale. Therefore, there is a "cross-over speed" over which tyre/road noise dominates
the overall noise and under which it is negligible, see Fig. 5.. This speed presently lies in the
range 20-40 km/h for new cars and 30-60 km/h for new trucks. These ”cross-over” speeds
are 10-20 km/h higher for older vehicles which were manufactured to less stringent power
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unit noise emissions standards, but for future considerations and models, say 10-15 years,
these older vehicles can be neglected.

Since traffic in cities is made up of traffic at speeds both above and below these "cross-over
speeds", it is obvious that both power unit and tyre/road noise must be reduced in order to
obtain a better environment. In highway traffic (generally this has speeds greater than 50
km/h), almost no reductions of overall traffic noise are possible, unless tyre/road noise is
reduced.

Currently, and with the new generation vehicles, it is being realised that tyre/road noise plays
a bigger role also in urban traffic noise than expected before. Measurements of full-throttle
acceleration noise for new vehicles, conforming to present noise emission regulations, have
shown that tyre/road noise may determine much of the overall noise even at acceleration
using medium gears of the vehicles.

3.4  THE EFFECT OF SPEED ON SOURCES OF VEHICLE NOISE

Very generalised speed relationships for the two major vehicle noise components, power
unit and tyre/road noise, appear in Fig. 5, together with the resulting noise-speed
relationship for the overall noise. The ”rugged” curve for power unit noise, and the
somewhat less rugged curve for the overall noise is caused by the shifting of gear settings
during the driving. In the example, it is assumed that the number of gears is five. Then,
within each gear, noise depends on speed with approximately (but not exactly) the same
slope as tyre/road noise.

Although the figure is general, the relationship is quantitatively most representative of the
case of a light truck during constant speed conditions. For a car, the power unit curve would
be pushed down, for a heavy truck it would be pushed up (the tyre curve would also shift
correspondingly, but a little less). For the case of severe acceleration, both the tyre and
power unit curves will be shifted upwards, but the power unit curve will be more affected
than the tyre curve.
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Fig. 5 Generalised noise-speed relation.

For traffic composed of a great number of vehicles, the ”ruggedness” of the curve
smoothens out because different drivers shift gears at different speeds.

The noise-speed relation for tyre/road noise can be expressed quite accurately with the
following expression:

L = A + B.log V

where V = speed in km/h 
L = sound level in dB(A) 
A and B are constants

According to the experience of VTI (Swedish National Road and Transport Research
Institute), the noise-speed slope for tyre/road noise, the constant B, varies between 27 and
40 with an average of around 33 for a range of current tyre types and road surfaces. Since
the equation can alternatively be written as

L = A + 10.log (V)x

it is often said that the speed influence can be expressed by the speed exponent x (= B/10),
which in this case becomes approximately 3.3.

The above is valid when considering the maximum level of a vehicle pass-by. However,
often one prefers to use the equivalent level, i.e. a time-averaged level. Then one must also
consider the exposure time of a vehicle pass-by. The lower the speed, the longer the
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exposure time is. Therefore, when converting maximum levels to equivalent levels, one must
divide by the speed. Then  (V)x / V  becomes (V)(x-1)  which means that the speed exponent
will be on the average 2.3 rather than 3.3. This is the speed exponent which is the most
relevant to consider here, since virtually all traffic noise prediction models are nowadays
designed to calculate the equivalent levels and maximum levels will, if calculated at all, be
just supplementary.

Another complication is that when one shifts from equivalent to maximum levels, one should
also take into account that the statistical distribution of noise levels of the vehicles changes
with speed and then the maximum levels will be influenced by this. The range of noise
variation is higher at the lower speeds than at the higher ones, i.e. vehicles are more uniform
in noise emission at higher speeds. It happens that the exposure time factor approximately
balances the effect due to increased variation of noise levels at low speeds, so that the
equivalent levels and maximum levels have relatively similar noise-speed relationships, see
for example TemaNord, (1996).

3.5  ROAD TRAFFIC NOISE PREDICTION MODELS

There are a great number of prediction models for road traffic noise, many of them ”official”
for the country in question. For example:

UK: Department of Transport (1988):  "Calculation of Road Traffic Noise". Department of
Transport, Welsh Office, HMSO, London, United Kingdom.

Germany, RLS-90 (1990): "Richtlinien für den Lärmschutz an Strassen". Ausgabe 1990, der
Bundesminister für Verkehr, Abteilung Strassenbau, Bonn, Germany.

France: CERTU Guide du Bruit des Transports Terrestres I and II (GdB I and II). CERTU,
Lyon, France. (Direction Générale des Transports Intérieurs, 1980)

Netherlands,. RMV: "Reken-, en Meetvoorschrift Verkeerslawaai I and II"; (RMV I and II),
The Netherlands. (RMV 1981).

Austria: RVS 3.114:  "Überarbeitung des Rechenverfahrens des RVS 3.114 Lärmschutz".
RVS 3.114, Vienna, Austria

The one which has been used here is the common Nordic prediction model, (see TemaNord
1996). The reasons are as follows:

Based on joint work, this model is a commonly agreed ”official” model for the five Nordic
countries Sweden, Denmark, Norway, Finland and Iceland. This is unique internationally.

This model has been recently updated and is now published in English (only). The revision
was particularly concerned with the speed influence, not the least at low speeds, which is the
most difficult range and where changes in noise emission might have occurred in recent
years. When validating the model, it has performed well.
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With regard to the speed influence, the major models are only moderately divergent. An
interesting comparison of 7 of the major models appears in van Leeuwen et al, (1996). In the
range 50-100 km/h, the maximum deviation between the models can be illustrated as
follows. If all models were normalised to give the same value at 50 km/h (as an example),
they differ approximately 2 dB for light and 3 dB for heavy vehicles at any other speed, i.e.
this is the maximum deviation due to the speed effect. The Nordic model is a little more
speed sensitive than most of the other models. It is estimated here that in a hypothetical case
of calculating the noise reduction for a speed reduction of 20 km/h, the choice of model
could make a difference of around 1 dB in the results. Since ± 1 dB would be the best
possible precision of these models, such a potential error may be accepted.

The models do not make a distinction between rural and urban cases. The distinction is
implicit through the difference in traffic speeds specified for the urban and rural settings. It is
assumed that in an urban arterial the traffic is often congested so that it flows at lower speed.
In practice, however, none of the models would pick up the real difference that probably
exists between such cases, i.e. for a given speed the urban arterial would give slightly (but
only slightly) higher noise level because it is likely that the flow is not as free as in the rural
case and drivers may use a lower gear setting and accelerate and brake more. Since, for the
purposes of this study we cannot quantify this hypothetical effect, we shall assume the two
cases as similar.

As mentioned, the Nordic model ”overestimates” the speed effect on noise in relation to the
average of the other models. The reason may be that the Nordic model is based on very
recent data, and at least some of the other models may be based on rather old data, from a
time when power unit noise was dominating under more circumstances than now and the
influence of speed on noise was lower than currently.

It may be that some of the other models underestimate the speed effect. The authors
therefore believe that the Nordic model is the most relevant one for today and the future, but
this is of course arguable.

In the Nordic model, the noise-speed relation is as follows (LAE is ”the sound exposure
level” which is normalised to a distance of 10 m from road centre, and which is proportional
to the equivalent noise level by a factor depending on traffic flow):

LAE = 73.5 + 25.log (V/50) for V ≥ 40 km/h for light vehicles

LAE = 71.1 for 30 ≤ V < 40 km/h for light vehicles

LAE = 80.5 + 30.log (V/50) for 50 ≤ V ≤ 90 km/h for heavy vehicles

LAE = 80.5 for 30 ≤ V ≤ 50 km/h for heavy vehicles

These equations in the Nordic model are presented in Fig. 6.

This model, with the equations above as well as other parts of it, has been used in the
calculations presented in Appendix E. The software has been produced by Trivector (1997).
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Fig. 6 The noise-speed relations for ”equivalent levels” used in the Nordic traffic noise
prediction model. Adapted from TemaNord, (1996).

3.6  CHOICE OF NOISE MEASURE - EQUIVALENT OR MAXIMUM NOISE LEVELS?

It should be straightforward to calculate the corresponding results for maximum levels, in
accordance to the Nordic model. However, this has not been done, since the results would
be similar regarding the noise-speed relations. See Fig. 7 which shows the noise-speed
relation used in the Nordic model for maximum levels, and compare with Fig. 6. The
”maximum level” means, in this case, the level which 5 % of the vehicles exceed during their
passage.
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Fig. 7 The noise-speed relations for ”maximum noise levels” (those levels which 5 % of
vehicles exceed during their passage) used in the Nordic traffic noise prediction model.
Adapted from TemaNord, (1996).

It is debatable whether one should consider these maximum levels or not, since it is only in
the Nordic countries in which this measure is used. It would also raise the question, which of
the two groups of results one should consider (and which are only marginally different).
Consequently, the calculations for "maximum noise levels" are not presented.

Another possible choice would have been the L10, i.e. the level which is exceeded 10 % of
the time. This has been used in the CRTN model in the UK. However, this measure is
probably going to be abandoned in an upcoming revision, and the Leq adopted instead. The
L10 measure is somewhere ”between” Leq and Lmax, although a little closer to the Leq.

Calculations based on L10 would give similar (but not identical) noise-speed relations as the
ones based on Leq.
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3.7  EFFECTS OF ACCELERATION AND DECELERATION

Acceleration and deceleration effects occur whenever speeds are subject to changes, such as
at intersections, traffic lights, spatial changes in road/street geometry and at locations where
posted speeds change.

At speeds above 50 km/h, acceleration or deceleration may increase noise due to additional
engine load or additional tyre/road slip on driving and/or braked wheels. This effect may be
approximately 1 dB(A), in extreme cases perhaps 2 dB(A), with no significant difference
between cars and trucks. No ”official” traffic noise model specifically takes this into account
at the moment. At speeds of 50 km/h or lower, acceleration and deceleration effects are
higher. However, such effects are assumed to be taken account of to a limited extent in the
Nordic model, because at such low speeds traffic flow is mostly interrupted and transient.
The levels there in the range 30-50 km/h are valid for a mix of free and interrupted-flow
traffic. In this project, resources are too limited to develop a more precise model that could
take such effects into account.

3.8  EFFECTS OF SPEED MANAGEMENT DEVICES

Abbott and  Layfield (1996) investigated the effects of speed humps on vehicle noise. The
effect of the bumps or cushions was found to increase noise by 0-17 dB(A) on commercial
vehicles, depending on the design of the bump/cushion and the speed. Cars were assumed
not to increase noise significantly but this may perhaps not be a valid assumption and
requires further investigation.

Average speeds were decreased, reducing noise, and the total net effect on noise was
estimated to be anything between a decrease of 7 dB(A) and an increase of 7 dB(A) due to
these speed-reducing devices. This investigation included the effect of body noise of the
vehicles, but the effect of loose loads is not studied. The effect of loose loads would be
additional to other noise effects.

3.9  TEMPO 30

A special case is when speed limits of 30 km/h are used in built-up areas (known in some
member states as “Tempo 30”), currently quite often posted outside schools and other
potentially hazardous places. For example, some urban areas in Sweden have recently
introduced a general speed limit of 30 km/h. Such speed limits reduce average and top
speeds significantly according to most studies. The experience is, however, that one cannot
assume that the posted speeds are strictly followed and thus one should consider the actual
change in speed when assessing the effect on noise levels. In order to force drivers to drive
as slow as 30 km/h (or perhaps 35), it is mostly necessary to use speed reduction means
which indirectly will cause a more uneven speed profile along the route. One will then trade
an even 50 km/h speed for a less even (say) 35 km/h speed. Since accelerations and
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sometimes heavy decelerations may increase noise, and probably increase the subjective
influence of it, this has an effect that counteracts the speed reduction.

The speed effects in the range around 30-50 km/h in the Nordic noise prediction model are
supposed to account for such (moderate) effects, since it is based on measurements in actual
cases where speeds have been reduced by various (forced) means. Therefore, no special
calculations or corrections for uneven speed profiles have been applied in the predictions
here. However, should speeds be  reduced at one location, and resumed at some other
location, in such a way which causes accelerations or decelerations of the same magnitude as
near for example a street light or at a cross-roads with heavy traffic flows, the noise levels
will most likely increase in relation to the predictions.

3.10  EFFECTS OF GRADIENTS ON THE NOISE-VS-SPEED RELATION

In the Nordic traffic noise prediction model, road gradients influence noise levels. However,
the correction for gradient is independent of speed, something which can be seen in
Appendix D. This is a simplification, due to insufficient data. Assuming that the average
effect over the entire speed range is correct, the effect of the simplification is probably to
exaggerate the effect of gradient at high speeds and underestimate it at low speeds. In cases
considered in this project, one would look at reductions of speed which are perhaps
maximum 20 km/h. Within such a moderate range, it is likely that disregarding the speed
effect on gradient correction has only a marginal influence on results. A more important
factor is probably the effect which the road gradient has on the average speed of the
vehicles, due to increased load when driving uphill and vice versa. Therefore, no extensive
literature search for gradient corrections as a function of speed has been made.

The various prediction models have different road gradient corrections, (see van Leeuwen et
al, 1996). The Nordic model has a correction which is in the higher range when comparing
the models. Had an ”average” model been used, it is probable that a slightly lower gradient
effect had been obtained, although this would not directly affect speed influence calculations.

3.11 ROAD SURFACE EFFECTS

In the predictions, it has been assumed that the road surface is a ”normal, dry, dense,
bituminous” surface  (sometimes known as asphaltic concrete or 'blacktop' surface). There
are also corrections for the noise levels when using different road surfaces. However, these
corrections do not significantly influence the effects of speed on noise, i.e. our values in
different conditions in Appendix D would not be significantly different, had the surface effect
been taken into account. The surface effect would have increased or decreased all values in
approximately the same way. Therefore, we have neglected the effect of surface here.

However, when paving stones, brick surfaces, rumble strips, bumps, or similar objects are
used in speed-controlling schemes in order to alert drivers, hoping that this will decrease
speeds, one should be aware of the effect such surfaces have on noise. It is impossible to be
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specific here, because the effect depends on the exact design of such a surface or objects.
However, it has been noted that some paving stone surfaces may increase noise levels by up
to 10 dB(A) while some brick surfaces may not increase noise levels at all. The use of bumps
may increase noise locally at the location of these bumps, for example due to rattling of
loose parts on the vehicles, and this often creates reactions among residents in the
neighbourhood. In some cases there has been pressure from local residents to remove such
schemes.

It is impossible to quantify these effects generally, but those who are responsible for the use
of such measures must take into account the possibility of increased noise and the possible
noise complaints that may result.

Another complication which has been neglected here is the effect of a wet surface. This
report only deals with dry surfaces; however, recognising that a wet surface may give a noise
increase of 0-6 dB(A) depending on the type of road surface. Data reported on this subject
are rather sparse. This influence would be negligible in this project if the effect would be
neutral from the speed point of view. Unfortunately, the effect of wetness is a little bit higher
at lower speeds than at higher speeds. It is estimated that for speed changes within a 20
km/h range, the error in the speed effects calculated in the Appendix, had the surface been
wet, is maximum 1 dB(A), however. This is not an error big enough to motivate the
collection of empirical data and subsequent development of a rather complicated model to
take care of this problem.

3.12  DISTANCE EFFECTS

Most models, including the Nordic one, have a distance correction which is derived from the
basic geometrical effect of noise propagating from a line source or a point source. When
equivalent levels are considered the source is the traffic flow along the road which is then
regarded as a line source. When maximum levels are considered, the source is always an
individual vehicle which is assumed to be a point source. The correction in the Nordic model
is then as follows:

Distance correction (in dB) = -10.log (d/10) for equivalent levels (a line source)

Distance correction (in dB) = -20.log (d/10) for maximum levels (a point source)

where d is the distance in metres between the receiver and the road/street centre. These
simple equations hold for locations which are no closer than 10 m to the road centre and for
receiver heights lower than 5 m. In other cases, the equations become more complicated.

Furthermore, it is assumed that sound propagates over flat and acoustically hard terrain. If
the ground is covered with a material which absorbs some of the acoustic energy (for
example tall grass, bushes, porous soil or snow), a special ”soft ground” correction is
applied. This soft ground correction is more progressive with distance than the pure distance
correction (i.e. on hard ground).
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Where the frequency spectrum of the traffic noise remains constant there is no interaction
between distance and speed effects, but where changes in speed increase the contribution of
low frequency components to the overall noise levels, the sound will travel further.
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4  VIBRATION

The difference between sound and vibration is not always clear, particularly in the case of
low frequency sound. In general it may be considered that vibration is transmitted through
solid or liquid matter and that sound is transmitted through air. In the context of the road
system there are two different causes of vibration

1. Low frequency noise from vehicle exhausts (say at less than 100 Hz). This gets into
buildings through windows and doors and causes suspended floors, light walls and
ornaments to resonate. This is transmitted through the air.

2. Wheels of heavy vehicles bouncing on uneven road surfaces at typically 8-20 Hz. This
causes the ground to vibrate and shakes the foundations of buildings. The walls respond
to the foundation shaking, with higher amplitude at upper storeys. Transmitted through
the ground.

Airborne vibrations is much the most common and causes subjective nuisance (and worry)
only. Groundborne vibrations causes larger structural motions and can crack plaster, but
there is little if any evidence that it causes structural damage or settlement.

Martin (1980) suggests that vibration is associated with a poor quality road surface, and
noted that some perceived vibration was due to acoustic resonance at frequencies of less
than 100Hz. No firm information was provided with regards to the effects of speed on
vibration.

Abbott,et al (1995) report that vibration may be airborne or ground borne. Airborne
vibration stemming generally from low frequency sound (<200Hz) from vehicle engine and
exhaust, cause light structures within a building to vibrate. Typical sources were considered
to be HGVs at low speed and busses. Ground borne vibration was generally regarded as
being a function of uneven road surface, vehicle weight and speed.

If the resonance effects play a part in airborne vibration, the effect on residences near to the
road system in different parts of the EU  may vary depending on local trends in housing
design (size and construction of rooms).

The Department of Transport (1995) reported that there was little work on the impacts of
vibration, but reported Ketcham's (1991,) estimate that about one half of structural
maintenance costs in urban area in the USA were related to vibration from transport sources.
The Department of Transport did not, however, provide a reference to Ketcham's study.
Valuation of the overall effects of vibration was difficult due to a lack of information, but
surveys suggested that while a relatively small number of individuals were affected by
vibration, the effects could be very disturbing.

The results of Ketcham are, however inconsistent with a series of studies undertaken by
TRRL in which it was found that vibration did not appear to have major structural impacts.
Watts (1988a,1989), investigated the impacts of vibrations on 'heritage' buildings close to
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roads. It was found that while vibration was transmitted to the houses and in some cases was
more noticeable in upstairs room with wooden floors, vibration was not the primary source
of damage to the properties which was attributed to more plausible factors at the sites. Hood
and Marshall (1987) and Watts (1988b) reported a study of simulated traffic vibration
(ground-borne and airborne) on an unoccupied house. It was found that there was no
structural damage caused, though the report suggested that structural damage could be
caused by differential settlement of the ground where certain soil types and geometries were
present.
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5  HOW THE MODELS FIT WITHIN THE MASTER
FRAMEWORK

This report describes a number of models of varying degrees of complexity that could be
used to estimate noise and exhaust emissions from vehicles using the road system. One of
important aims of  MASTER is to develop a framework within which people from different
member states can select the models most appropriate to their own circumstances. The
framework has been developed to aid policy and decision makers come to informed
decisions based on a comprehensive assessment of available information. In many cases there
will be resource constraints and limits to the availability of the data itself. This may be
particularly relevant in times of high inflation of rapid changes to the composition of the
vehicle fleet.

Taking into consideration factors such as possible resource and data constraints, the most
appropriate models  have been chosen to generate example data to demonstrate the effects
of speed on noise and exhaust emissions. Reasons for the choice of models are given
together with the basic assumptions used to generate the example data - these are given in
Appendix D. For a more in-depth assessment of the effects of speed on these emissions,
more detailed specifications of the model components and assumptions would need to be
made to reflect local conditions. This is likely to be more true for the exhaust emission
models than those for noise as this group of models appear to give broadly similar results
under a wider range of conditions.

If users wish to use the models for estimating localised effects then data specific to the
locality would need to be collected and include topography and local weather conditions.
Examples such as these, and the discussion of air quality are outside the scope of this report.
Estimation of the valuation of the effects of noise and emissions are dealt with in MASTER
Working Paper R1.2.2.
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6  CONCLUSIONS

This report reviews and describes a number of models that may be used to estimate the
effects of different speeds on exhaust and noise emissions, and vibration from vehicles using
the road system.  Several important impacts have been identified but it is apparent from the
review that information is limited on the total environmental impact of speed management
strategies and policies.

The impacts identified are not straightforward as some pollutants increase with increasing
speed and others decrease with increasing speed.  It is during transitional periods,
particularly during harsh acceleration, that emissions from vehicles can increase sharply. In
some circumstances, the changes in speed during a journey may produce more pollutants
than the steady state speed of the rest of the journey. This implies that driving style may be
as important as the overall  speed in terms of environmental impacts.

Emissions are greatly increased when an engine is cold and this has implications for speed
management polices which require the choice of low speeds for relatively long distances in
urban areas as this means the catalytic converters take even longer  to warm up and become
effective. This needs to be borne in mind until new technology enters the mass car market.

To further complicate strategies to reduce emissions, the production of oxides of Nitrogen
follows a different pattern to that of  Carbon Monoxide or Hydrocarbons.  Oxides of
Nitrogen are produced  particularly at  high engine operating temperatures (e.g. steady high
speed driving) and a reduction in speed leads to a significant reduction in these emissions.
The effect of speed reduction strategies on Carbon Monoxide, Hydrocarbons and fuel
consumption are less clear. Results from the VETO model indicate that Hydrocarbon
emissions have a U-shaped curve with a minimum at around 40 km/h and particulates have a
minimum at about 50km/h.  Schemes which induce acceleration and braking events, either
through physical intervention or through changes in behaviour within the traffic stream,
produce an increase in Carbon Monoxide and Hydrocarbon emissions and fuel consumption.
Schemes that smooth the overall driving pattern have been shown to produce slight
reductions. Further information is needed on the effects of speed management strategies on
driver behaviour, particularly in terms of frequency and levels of  speed changes.

Speed management policies and measures may increase or decrease noise emission levels by
up to 7dB depending on the types of vehicles in  the traffic stream and on any changes in
levels of flow resulting from the schemes.  For commercial vehicles, the noise could be
increased by up to 17dB. Noise from traffic can create annoyance and disturbance  to
members of the community exposed to it. The noise levels measured may not always directly
map onto the amount of disturbance experienced by the community and may trigger fear or
dislike of traffic and become the focus for the perceived negative effects of traffic.  There are
two possible benefits of noise and these are to provide feedback to drivers about their speed
and possibly about road conditions, and secondly to warn other road users of the presence
of, direction of travel and speed of a powered vehicle in the vicinity.
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The major sources of noise emission from vehicles are tyre/road noise and power unit noise.
Both these sources of noise increase with speed and need to be reduced in order to obtain a
better environment but in general at speeds above about 50 km/h it is the tyre/road noise that
predominates which means that to reduce noise emissions from vehicles by any substantial
amount it is this source which needs to be concentrated on. At speeds above 50 km/h,
acceleration or deceleration may increase noise from the power unit  due to additional
engine load or additional tyre/road slip on the driving or braked wheels.  This effect may be
about 1dB(A) and needs to be taken into account when implementing speed management
devices especially where vehicles may accelerate or decelerate sharply. The subjective
perception of  these noise changes, especially noise increases, by the community can have an
effect which outweighs the benefits of the speed reduction.

Because the production of different types of  noise and exhaust emissions varies with speed,
further information is required on the health effects of these emissions so that studies  of
speed management can be more accurately informed. The relationships and health impacts
are not clear cut as on the basis of the models considered in this report, reduction of speed
to very low levels may be more damaging to the environment than choices of moderate
levels of speed without the need to accelerate and brake excessively or often.
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APPENDIX  A

Microscopic emissions simulation models

The SMARTEST review (Algers et al., 1997) provides a summary of the model objectives and
indicators for each of 32 different micro-simulation models. 20 of these models were
developed within Europe. Of these 20 models, only five which are available as commercial
products have vehicle emission estimation components. These are discussed below.

PARAMICS

The PARAMICS (PARAllel MICroscopic Simulation) simulation models individual vehicles
for the entire duration of their journey. Outputs include journey time, flow and congestion
information as well as vehicle emissions. PARAMICS is currently capable of modelling traffic
signals, ramp metering and loop detectors which can link to Variable message Signs (VMS).
This allows PARAMICS to model automatic incident detection and variable speed limit
strategies.

PARAMICS is a highly developed commercial product with interactive network creation
facilities and can be linked directly to network data provided by programs such as SATURN
and TRIPS. Information on individual vehicle location is produced on a second-by-second
basis. A facility to read data direct from detectors makes this a versatile tool. The model can
simulate up to 200 000 vehicles over a network faster than real-time, making it suitable for
area-wide monitoring.

The PARAMICS model is currently being used to assess the vehicle emissions implications of
motorway speed control strategies by the UK Department of Transport, Environment and the
Regions. Figure A-1 below shows an example of the PARAMICS user interface.



A-2

Figure A-1: PARAMICS user interface (Algers et al., 1997)

Contact Details: Paramics Ltd.
C/o Quadstone Ltd
16 Chester Street
Edinburgh
EH3 7RA
Tel : +44-131-220-4491, Fax: +44-131-220-4492
WWW: http://www/paramics.com/
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AIMSUN2

AIMSUN2 is a versatile microscopic simulation model. Network modelling capabilities include
traffic signals (fixed, variable and adaptive), ramp metering and VMS. This model can also take
OD matrices and route choice models as input but does not yet have a facility to use real flows.

The model has a graphical input method and can work on a server, allowing the possibility to
link to adaptive signal control systems. The user can define a number of vehicle classifications.
Information concerning VMS messages and route guidance should be used to implement
changes to these systems within the simulation.

The traffic model has been extensively calibrated against real flows obtained in Dublin,
Barcelona, Minnesota and several Dutch cities. The fuel consumption module of AIMSUN2
was added as part of the EU SAVE project. The module has been updated to include data from
the UK Department of Transport (DoT, 1994). Currently AIMSUN2 produces estimates of
CO, NOx and unburned hydrocarbons. The emission values were taken from the QUARTET
EU project (QUARTET, 1992). The emissions module is based on a European data set
however, the model can easily be adapted to incorporate new emission factors (Barcelo, 1998).
Figure A-2 below shows AIMSUN2 simulating an incident.
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Figure A-2: AIMSUN2 simulates an incident (Algers et al., 1997)

Contact details: Jamie Barcelo
LIOS
Department of Statistics and Operational Research
Universitat Politecnica de Catalunya
Pau Gargallo 5
08028 Barcelona
Spain
Tel: +34-3-401-7033 Fax: +34-3-40105881
E-mail: barcelo@eio.upc.es
WWW: http://www-eio.upc.es/~lios/
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VISSIM

VISSIM is a microscopic simulation model developed in Germany. The model is capable of
modelling traffic on urban and inter-urban roads including complex junction and control
strategies. The resumé in the SMARTEST review (Algers et al., 1997) states that “Scenarios
are presented and visualised to convince decision makers on the political level. Real-time
operation is not an objective.”

Applications of the VISSIM model have included defining optimal signal control plans, testing
the location of bus bays and transit stops. The microscopic model updates on a 1 second
interval rate. Typical network sizes which have been modelled using VISSIM have between 4
and 30 intersections covering areas of 1-5km2 or corridors of up to 10km. The VISSIM model
produces detector type data which can be fed to dynamic traffic signal control modules. The
SCATS UTC system has been modelled and a SCOOT interface is currently under
development.

VISSIM can take inputs from macroscopic simulators or static assignment models such as
EMME/2. VISSIM has a flexible emissions calculation module. Three options are currently
available for public use:
1. Speed-dependent emission relationships used in the US Environmental Protection Agency

model MOBILE5A;
2. Emission data from the new German Umweltbundesmat (UBA) based on link and vehicle

type; and
3. CORINAIR data which is described below in the section on Sources of emissions data.

VISSIM is currently being used in conjunction with the automobile industry in combination
with detailed engine maps. This enables cold and warm-start effects to be studied. This version
is however not available due to the commercial sensitivity of the results.

Figure A-3 shows the VISSIM interface.
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Figure A-3: The VISSIM user interface (Algers et al. (1997))

Contact Details: Dr. Martin Fellendorf
PTV system Software and Consulting GmbH
Strumpfstrasse 1
D-76131 Karlsruhe
Germany
Tel: +49-721-9651-302 Fax: +49-721-9651-399
E-mail: fe@system.ptv.de
WWW: http://www.ptv.de/



A-7

FLEXSYT II

FLEXSYT II was developed at the transport research centre (AVV) in Holland. The model is
capable of analysing various traffic signal control strategies, ramp metering, network
modifications, toll plaza’s and segregated lanes. The program is based on a special traffic
control programming language called FLEXCOL-76.
The model can simulate up to 10 000 vehicles with a maximum of eight classifications. Bus
stops, stop-lines and detectors can be modelled. There is however, no capability to integrate
information from an assignment packages such as SATURN.
A graphical interface was under development in 1997 as was a second tranche of validation
studies. FLEXSYT II has a number of commercial and academic users.
The emission estimates produced by FLEXSYT II are obtained from Dutch research and data.
Information is taken from the traffic model every second and emissions are calculated based on
the amount of work which needs to be done to drive the engine at the correct speed. Emissions
information for CO, HC, NOx, CO2, SO2 and particulates are calculated.

Figure A-4: FLEXSYT II Screenshot (provided by AVV)

Contact Details: Henk Taale
Senior Consultant Traffic Modelling and Control
Traffic Research Centre (AVV)
P.O. Box 1031
3000 BA Rotterdam, The Netherlands
Tel: +31 10 282 5881, Fax: +31 10 282 5842
E-mail: h.taale@avv.rws.minenw.nl
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INTEGRATION

INTEGRATION is capable of modelling both urban and inter-urban roads. Traffic signal
control route guidance and VMS are all modelled. However, unlike the previous three models,
no external information can be fed in during the model run.

The model is capable of running with up to 10 000 junctions and 10 000 links with a maximum
of 150 000 simulated vehicles.

The model was developed in Canada but is available in Europe through a French company. It is
unlikely therefore that the emissions data for the model are of a European origin. This makes
INTEGRATION less well suited as a speed management assessment tool.

Contact Details: L. Breheret
SODIT S.A.
2 Avenue Edouard Belin
31077 Toulouse CEDEX
France
Tel: +33-562-17-58-01 Fax: +33-5-62-17-57-91

Summary of Microscopic models

PARAMICS, AIMSUN2, VISSIM and FLEXYST II are large, well established microscopic
simulation models with easy to use graphical interfaces. PARAMICS and AIMSUN2 in
particular are capable of modelling large and complex networks. An added advantage is their
ability to link to traffic assignment models. Emission estimates are produced by all of these
models. However, as is the case for all emission models, the output is only as good as the
input. Whilst calibration of the models has been performed, most calibrations are carried out
against detector data. This does not mean that the model is interpreting acceleration rates
correctly. The section on vehicle emissions highlighted the importance of correctly specifying
vehicle acceleration rates.

The emissions data which is being used by the models reflects the current state-of-art in
Europe although no consensus of the most suitable emissions data set can be found from the
models. The models are being used by governmental and commercial sources and provide a
good building block for future work in the field of speed related assessments. One final note of
caution is that it is difficult to predict how drivers will modify their behaviour following the
implementation of a speed management scheme. One solution to this is to use Instrumented
vehicles such as that developed at the Transportation Research Group at the University of
Southampton (Brackstone et al., 1998).
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APPENDIX  B

Macroscopic simulation models

Shearn et al. (1997) investigated a number of macroscopic emission estimation models whilst
developing an emission estimation module which could be used in real-time in conjunction with
the SCOOT dynamic traffic signal control program (Hunt et al., 1981). This section reviews
the SCOOT emissions model and summarises several of the other models detailed in Shearn et
al. (1997). Again, the discussion is limited to commercially available products.

SCOOT emissions model

The development of an emissions estimation model runs alongside a real-time traffic control
system is an attractive prospect. Over 130 cities world-wide have installed the SCOOT traffic
signal control system (Bowen and Bretherton, 1996) making it a powerful and well established
tool. The SCOOT system takes information from inductive detector loops and simulates traffic
along a link in a macroscopic manner. The SCOOT system’s primary function is to optimise
the signal timings to minimise overall delay. Shearn et al. (1997) use SCOOT’s estimate of
delay to calculate an average journey time, and hence speed, for the known stretch of road.
The average journey speed is then linked to a set of speed-emission relationships obtained from
databases held at the Transport Research Laboratory in the UK to produce emission estimates.

Whilst the concept developed by Shearn et al. (1997) is very appealing, the author admit that
the parameters which are employed (delay and flow) do not necessarily provide good emission
estimates as shown in Table B-1.

Table B-1 : Availability and usefulness of data (Shearn et al., 1997)

Traffic
parameter

Effect on
Emissions

Potential availability
in SCOOT

Availability of compatible
emissions data

Acceleration High Low Not all vehicle classes
Average speed medium High High
Vehicle delays Medium High Low
Number of
vehicles

High High High

Vehicle type High Not available Medium

The SCOOT emissions model has been trialed in London. However, the commercial version
has not yet been released.

UROPOL

The Urban ROad POLlution (UROPOL) model (Matzoros, 1990) was developed at the
University of Leeds in the UK. UROPOL models four different emission modes: cruising,
deceleration, queuing and acceleration, where each mode has a corresponding emission rate.

Within UROPOL, the SATURN traffic assignment program (Van Vliet 1982) is used to
determine link and turn flows. Different queuing models are then applied to the flow data
produced depending on the type of junction being considered. Queue length information is
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central to the UROPOL model. If the queue length is known then the operating modes of
vehicles at and approaching the junction can be derived and, by applying emission rates to each
mode, the mass of pollutants emitted along the link can be calculated. UROPOL employs
‘shock wave’ theory to calculate queue lengths at signalised intersections. Figure B-1 shows
the time distance diagram for idealised shock wave theory.
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Figure B-1: Time distance diagram showing queuing areas at an under capacity signalised
junction (Matzoros, 1990)

With the operating areas as defined in Figure B-1, it is possible to determine, at any point
along the road, the proportion of total simulation time that vehicles spend in each mode.

UROPOL requires network data and traffic flows as inputs. A local authority seeking to
implement this model would therefore have to obtain an up-to-date and accurate set of traffic
flows across the network, which can be an expensive undertaking. However, once a current
base case is set up, the model lends itself particularly well to strategic planning. Restraint
policies can be tested, and the resulting flow re-distributions modelled, to determine whether
an environmental benefit has been gained.

The limitations of this approach are that shock-wave theory does not adequately model
acceleration and deceleration. The SATURN traffic assignment model also needs to be
updated regularly to ensure that the base case scenario is up-to-date. The model is currently
used by some County Councils (e.g. Kent County Council, 1995). The effect of speed control
strategies could be assessed by reassignment with the SATURN model and the resultant
pollutant changes calculated.

PREMIT

The PREMIT model (Bostock, 1994) was developed as part of the QUARTET European
Union DRIVE II initiative. The model operates off-line and predicts emissions by driving
mode. The PREMIT model suite comprises four main sub-modules: traffic assignment, signal
optimisation, emission and dispersion. An origin-destination matrix and network data are
required as input.
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The TRaffic Network StudY Tool (TRANSYT) (Robertson, 1969) developed by the
Transport and Road Research Laboratory is used within PREMIT to optimise fixed-time signal
plans. First, an existing network base case is established using current signal timing plans.
TRANSYT is then used to define signal timings which minimise either delay and/or vehicle
stops. The traffic parameters produced in each TRANSYT run, such as queue lengths, delays
and stops, are supplied as input to the emissions model which determines how much time is
spent in each of the four driving modes. The mass of emissions is then calculated and a
dispersion model applied. The model considers four different driving modes but is not
microscopic because, rather than modelling individual vehicles, estimates of the proportion of
vehicles in each driving mode are made from the macroscopic TRANSYT outputs.

TRANSYT is a particularly useful tool for testing the effects of different traffic restraint
strategies. It is easy to alter the flows in a TRANSYT network and to change the optimisation
criteria used by the program. For example, heavily congested links can be assigned large stop
and/or delay weightings. This biases the TRANSYT signal optimiser so that it is more likely to
choose settings that favour the congested links, thereby hopefully reducing congestion levels
and removing pollution ‘hot spots’.

The limitations of PREMIT are that, again, network flow data must be updated to ensure a
reliable assessment of existing conditions. Over 130 major cities around the world have
replaced the use of TRANSYT for signal control with the SCOOT demand-responsive traffic
control system which does not need updating. Other major cities are also operating different
intelligent signal and traffic control programs. TRANSYT optimises fixed-time signal plans and
the PREMIT model cannot therefore represent existing or optimised network results in these
areas.

TEE

The TEE model was developed in Italy by ENEA. The model is currently in use by public
administrations, transport companies as well as research laboratories. The emissions data is
provided by the MODEM and CORINAIR models. Shearn et al. (1997) report that the model
outputs “may be specified over a range from single vehicle in one lane to a whole street at an
hourly time scale”.
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APPENDIX  C

Sources of Emissions Data

CORINAIR

The CORINAIR program was developed to provide the EC member states with a set of
emission factors for all pollutant sources by Country. The transport related emissions results
are related to average speed, vehicle class and distance travelled within a year for a 1990
inventory of pollutants. The work is now presented in a spreadsheet based programme called
COPERT. The work has been updated in 1994 and is a continuing part of the European
Environment Agency.

Eggleston et al. (1989) state that “vehicle speed has a major influence on the emissions of the
vehicles”. Due to the limited nature of emissions data collection for many categories of
vehicles the emission estimates are limited to a measure (in g/km) for a set speed on one of
three types of road. This methodology allows area wide studies on roads of varying
characteristics to be undertaken. For the assessment of the more localised effects of speed
management schemes the speed dependent curves developed within CORINAIR could be
used.

The data was provided from a wide of European sources and includes some measure of the
effects of cold and warm starts of vehicles. The data is more limited to the behaviour of light
vehicles (e.g. cars and vans) but this is the most comprehensive European database established
to date and no other emissions inventory will include significantly more information about
other vehicle classifications. The pollutants which are assessed are NOx, N2O, Sox, VOC, CH4,
CO, CO2, NH3, particulates and lead. CORINAIR has been linked to the VISSIM microscopic
simulation described earlier.

Contact Details: simon.eggleston@aeat.co.uk
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MODEM

The MODEM data collection exercise was discussed briefly in the earlier section on emission
data collection. 150 vehicles, sampled from the typical range of European passenger cars were
used for the emissions data collection exercise. Table C-1 below shows the split by engine
technology and size of the vehicles tested.

Table C-1: Vehicle sample broken down by vehicle concept, state of legislation and engine
displacement (Jost et al., 1992)

vehicle concept displacement category

(stage of legislation) <1400cc 1400-2000cc >2000cc total

petrol engine vehicles
(ECE R15/03)

10 10 3 23

petrol engine vehicles
(ECE R15/04)

27 23 6 56

controlled 3-way
catalyst vehicles

16 20 14 50

diesel engine vehicles
(ECE R15/04)

- 14 7 21

total 53 67 30 150

This has produced an important European data source. Jost et al. (1992) contains a series of
charts relating the various pollutants CO, HC, NOx and CO2 as well as fuel consumption to the
average speed for the driving cycle for each of the different technologies and engine sizes.

The data from the MODEM trial has now been integrated into a computer programme
(Barlow, 1995). The programme calculates emissions for all of the above mentioned vehicle
categories based on the second-by-second speed of the vehicle provided by the user. The
MODEM research trials were only performed under urban driving conditions. The maximum
speed which can be assessed is 90km/hr.

The MODEM results seem well suited for assessing speed management scenarios in urban
areas (in combination with the output of a traffic simulation). There are two drawbacks from
using the MODEM programme. First, the programme does not have any emissions data for
goods vehicles or buses which may limit its application in some scenarios. Secondly, the results
were not found to correlate well with real-world trials made using the programme. This is
partly due to the complexity of validating an exhaust emissions model. Other simulations have
not attempted to assess the quality of their emissions estimates.

Contact details: Dr Tim Barlow
Transport Research Laboratory
Crowthorne
Berkshire
Tel: ++44 (0)1344 770669 Fax: +44 (0)1344 770918
E-mail: timb@e.trl.co.uk
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HEB

The HEB (Handbook of Emission Factors) is reviewed by Shearn et al. (1997). The HEB is
the official tool for the evaluation of traffic management and control strategies in Germany and
Switzerland. The database has been compiled from emission measurements taken in a number
of European countries.

The HEB provides information on CO, NOx, CO2, HC, particulates, lead and sulphur dioxide
(SO2) and is therefore more comprehensive than the MODEM model. Inputs which are
required are listed by Shearn et al. (1997) to be:
1. vehicle age and maintenance;
2. road steepness;
3. engine temperature; and
4. ambient temperature.

Some account is also taken of cold start effects.

Whilst the MODEM computer programme can provide estimates of emissions based on
second-by-second speed data, the HEB provides emission factors for a number of different
categories of vehicles using different driving patterns. The model is perhaps not as compatible
with the aims of the MASTER project but merits further investigation.

As the official tool for the evaluation of traffic control strategies, further information will be
obtainable from the German Federal Ministry of Transport.

Contact Details: Postfach 20 01 00
Robert Schuman Platz 1
53170 Bonn
Germany
Tel: +49 30 89789 329 Fax: +49 30 89789 200
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APPENDIX  D

Example emissions models.

Description of VETO

The data output here is based on the VETO model provided by U. Hammarström at VTI
(Hammarström and Karlsson 1987). VETO is a microsimulation model which in addition to
emissions can provide vehicle operating costs.

There are several models available for describing exhaust emissions and vehicle costs. These
models can be divided into statistical and mechanistic models. When describing effects of speed
changes on different gradients there will probably be no statistical model available with
acceptable accuracy for this problem.

In the case of validated mechanistic models the result could be expected to be the same if the
same input data is used.

VETO is a validated mechanistic model which has been in use for Swedish road planning for
more than ten years.

All factors describing the road traffic system can be changed in the model. This allows
evaluation of a wide range of different measures.

The model is primarily designed for free flowing traffic, but speed profiles generated from
other programs may be used as inputs to this model. The model may then be used to estimate
the emissions for specific types of speed management strategy, provided that the  speed
profiles before and after implementation of the measure are known.

While there are no specific emission factors available for specific speed reduction measures,
some example correction factors for acceleration and deceleration are provided. These provide
an indication of the effects of speed changes.

Example emission tables

The following tables provide information on the emissions of pollutants. The first set of tables
provides details of emissions and fuel consumption in g/l. These tables are a composite, based
on outputs from the VETO model for the following vehicle types:

Cars

Medium trucks (23t)

Heavy trucks (46t)

The truck fleet used in this table corresponds to year models 1986-1996. These conform to the
A30 i legislation (Sweden) class on exhaust emissions for heavy vehicles. It was introduced
from year model 1993. Further legislative changes in Sweden known as MK1 were introduced
for year model 1996 onwards. The MK1 specification is not included in the estimates provided
in the examples below.
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A further set of tables provide a set of corrections for acceleration and for braking. The values
in these tables are in grammes and may be added to the constant speed emissions.

In the calculation of correction factors for acceleration and braking the following values were
used in the calculations:-

Retardation levels:

40-0 km/h    = 2 m/s2

60-40 km/h  = 1.25 m/s2

-60                = 0.5 m/s2

These values are valid for all vehicle types

Acceleration levels:

The resulting acceleration levels in the VETO-model depends of  vehicle data and driver
performance, for example gear changing. It is therefore not possible to provide a table
comparable with that for retardation

Here is an example:

0-50 km/h

car = 1.6 m/s2

lorry = 0.9 m/s2

lorry+trailer = 0.5 m/s2

Tables of emissions for constant speed conditions are provided overleaf. As speeds for the
emissions calculations are constant, there will be no difference between the urban and rural
situation.

Values for gradients are provided for a) steep downhill slopes in rural (10%) and urban (8%)
situations and b) an uphill slope (3%) corresponding broadly to motorway standard.
Steeper slopes were not included as the goods vehicles modelled were not capable of constant
speeds within the range chosen up steep slopes. For the 3% gradient, speed values have been
excluded where not all vehicles could maintain that speed (>60km/h). It should be noted that
on steeper slopes, emissions are increased greatly.
Tables are provided for two levels of catalytic converter use (20 per cent and 80 per cent), and
for three levels of traffic flow (200, 8000 and 15000 vehicles per day). In all cases the
proportion of trucks is 0.15. Of these two thirds are heavy trucks.
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Table D-1 Modeled emissions:-Proportion of cars with catalytic converters 0.2. Proportion
of Trucks 0.15, of which proportion of heavy (46t) trucks 0.67. Flow of 2000 veh/day

Slope V Fuel HC CO Nox Part.
km/h l/km g/km g/km g/km g/km

Down 30 93.5 1629 9143 1180 3.9
10% 40 70.7 1218 6831 887 2.9

50 44.9 968 5440 694 2.0
60 36.7 805 4529 571 1.8
70 31.3 694 3890 503 1.5
80 27.2 607 3400 435 1.4
90 31.3 541 3033 388 1.4

Down 30 93.5 1629 9143 1180 3.9
8% 40 70.7 1218 6831 887 2.9

50 44.9 968 5440 694 2.0
60 36.7 805 4529 571 1.8
70 31.3 694 3890 503 1.5
80 27.2 607 3400 435 1.4
90 31.3 541 3033 388 1.4

Down 30 102.3 1786 10027 1302 7.3
3% 40 74.1 1259 7065 915 3.0

50 70.0 1241 6967 901 3.0
60 71.7 1375 7718 1000 3.3
70 74.8 931 10397 1244 4.4
80 78.9 870 10507 1251 8.7
90 83.9 702 10850 1242 9.4

Flat 30 197.5 2651 11360 3101 45.6
40 165.9 2092 7046 2729 29.8
50 168.5 1792 8029 3028 28.1
60 182.8 1697 10529 3430 33.2
70 195.8 1552 12260 4007 48.2
80 216.4 1585 13312 4593 57.4
90 239.8 1894 14448 5006 62.4

Up 30 404.4 4378 14541 9823 267.7
3% 40 375.2 4042 12860 10424 227.0

50 383.0 3187 16595 9840 211.2
60 406.3 2581 19933 9517 142.2
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Table D-2 Modeled emissions: Proportion of cars with Catalytic converters 0.2. Proportion
of Trucks 0.15, of which proportion of heavy (46t) trucks 0.67. Flow of 8000 veh/day

Slope V Fuel HC CO Nox Part.
km/h l/km g/km g/km g/km g/km

Down 30 374.0 6517 36570 4719 15.8
10% 40 282.9 4872 27322 3550 11.6

50 179.5 3873 21760 2774 8.2
60 146.9 3220 18115 2285 7.1
70 125.1 2774 15558 2013 6.0
80 108.8 2426 13600 1741 5.4
90 125.1 2165 12131 1550 5.4

Down 30 374.0 6517 36570 4719 15.8
8% 40 282.9 4872 27322 3550 11.6

50 179.5 3873 21760 2774 8.2
60 146.9 3220 18115 2285 7.1
70 125.1 2774 15558 2013 6.0
80 108.8 2426 13600 1741 5.4
90 125.1 2165 12131 1550 5.4

3% 30 409.4 7143 40106 5209 29.0
40 296.5 5035 28261 3658 12.1
50 280.2 4963 27866 3604 12.1
60 287.0 5498 30872 3998 13.2
70 299.2 3725 41589 4978 17.7
80 315.8 3481 42029 5003 34.7
90 335.4 2809 43399 4969 37.7

Flat 30 790.1 10606 45440 12404 182.4
40 663.6 8367 28183 10916 119.3
50 673.9 7169 32117 12110 112.3
60 731.3 6790 42118 13722 132.8
70 783.0 6209 49040 16028 192.7
80 865.8 6340 53248 18374 229.6
90 959.2 7576 57792 20024 249.7

Up 30 1617.8 17514 58165 39293 1070.9
3% 40 1500.7 16167 51441 41697 908.0

50 1532.0 12747 66379 39359 844.7
60 1625.3 10323 79734 38066 568.9
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Table D-3 Modeled emissions :- Proportion of cars with Catalytic converters 0.2.
Proportion of Trucks 0.15, of which proportion of heavy (46t) trucks 0.67. Flow of 15000
veh/day

Slope V Fuel HC CO Nox Part.
km/h l/km g/km g/km g/km g/km

Down 30 701.3 12220 68570 8849 29.6
10% 40 530.4 9134 51230 6656 21.7

50 336.6 7262 40800 5202 15.3
60 275.4 6038 33966 4284 13.3
70 234.6 5202 29172 3774 11.2
80 204.0 4549 25500 3264 10.2
90 234.6 4060 22746 2907 10.2

Down 30 701.3 12220 68570 8849 29.6
8% 40 530.4 9134 51230 6656 21.7

50 336.6 7262 40800 5202 15.3
60 275.4 6038 33966 4284 13.3
70 234.6 5202 29172 3774 11.2
80 204.0 4549 25500 3264 10.2
90 234.6 4060 22746 2907 10.2

Down 30 767.6 13393 75200 9767 54.4
3% 40 555.9 9440 52989 6860 22.7

50 525.3 9305 52250 6758 22.7
60 538.1 10310 57885 7497 24.7
70 561.0 6984 77979 9333 33.2
80 592.0 6526 78804 9381 65.0
90 628.9 5268 81373 9316 70.6

Flat 30 1481.4 19886 85200 23257 341.9
40 1244.3 15687 52843 20468 223.8
50 1263.6 13442 60219 22707 210.6
60 1371.2 12730 78971 25728 249.1
70 1468.2 11642 91951 30053 361.3
80 1623.3 11888 99839 34450 430.5
90 1798.5 14205 108360 37544 468.1

Up 30 3033.3 32838 109060 73675 2007.9
3% 40 2813.9 30313 96452 78182 1702.4

50 2872.5 23900 124461 73798 1583.8
60 3047.4 19355 149501 71374 1066.7
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Table D-4 Modeled emissions: Proportion of cars with Catalytic converters 0.8. Proportion
of Trucks 0.15, of which proportion of heavy (46t) trucks 0.67. Flow of 2000 veh/day

Slope V Fuel HC CO Nox Part.
km/h l/km g/km g/km g/km g/km

Down 30 98.6 438 2451 384 2.5
10% 40 73.8 327 1822 286 1.9

50 11.2 242 1360 173 0.5
60 9.2 201 1132 143 0.4
70 7.8 173 972 126 0.4
80 6.8 152 850 109 0.3
90 33.3 146 809 122 0.9

Down 30 98.6 438 2451 384 2.5
8% 40 73.8 327 1822 286 1.9

50 11.2 242 1360 173 0.5
60 9.2 201 1132 143 0.4
70 7.8 173 972 126 0.4
80 6.8 152 850 109 0.3
90 33.3 146 809 122 0.9

3% 30 103.4 477 2672 415 5.6
40 77.2 338 1894 292 1.9
50 71.1 332 1856 289 1.9
60 72.8 368 2057 326 2.0
70 74.8 257 2727 388 2.4
80 80.0 235 2806 404 6.9
90 82.8 191 2894 406 7.6

Flat 30 190.4 1029 3598 2132 43.6
40 165.9 871 2425 2137 28.7
50 170.5 732 2542 2365 26.9
60 185.9 715 3175 2431 31.7
70 199.8 684 3631 2650 46.3
80 217.5 678 3897 2890 55.5
90 239.8 739 4217 2956 60.2

Up 30 410.6 1567 4423 8120 265.4
3% 40 382.3 1352 4272 8129 225.7

50 388.1 1126 5222 7310 209.2
60 409.4 905 6531 6752 139.9
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Table D-5 Modelled emissions:- Proportion of cars with Catalytic converters 0.8.
Proportion of Trucks 0.15, of which proportion of heavy (46t) trucks 0.67. Flow of 8000
veh/day

Slope V Fuel HC CO Nox Part.
km/h l/km g/km g/km g/km g/km

Down 30 394.4 1752 9806 1537 10.1
10% 40 295.1 1310 7290 1142 7.5

50 44.9 968 5440 694 2.0
60 36.7 805 4529 571 1.8
70 31.3 694 3890 503 1.5
80 27.2 607 3400 435 1.4
90 133.3 582 3237 490 3.4

Down 30 394.4 1752 9806 1537 10.1
8% 40 295.1 1310 7290 1142 7.5

50 44.9 968 5440 694 2.0
60 36.7 805 4529 571 1.8
70 31.3 694 3890 503 1.5
80 27.2 607 3400 435 1.4
90 133.3 582 3237 490 3.4

3% 30 413.4 1908 10690 1659 22.5
40 308.7 1350 7575 1170 7.6
50 284.2 1327 7426 1156 7.6
60 291.0 1472 8228 1306 7.9
70 299.2 1028 10907 1550 9.5
80 319.8 939 11225 1617 27.8
90 331.4 765 11575 1623 30.3

Flat 30 761.5 4115 14391 8528 174.2
40 663.6 3483 9701 8550 114.9
50 682.1 2930 10167 9458 107.4
60 743.5 2861 12701 9723 126.7
70 799.4 2737 14524 10602 185.3
80 869.8 2713 15589 11560 221.8
90 959.2 2957 16870 11823 240.7

Up 30 1642.3 6269 17692 32480 1061.5
3% 40 1529.3 5408 17087 32517 902.7

50 1552.4 4505 20887 29241 836.9
60 1637.5 3619 26123 27009 559.5
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Table D-6 Modelled emissions: Proportion of cars with Catalytic converters 0.8. Proportion
of Trucks 0.15, of which proportion of heavy (46t) trucks 0.67. Flow of 15000 veh/day

Slope V Fuel HC CO Nox Part.
km/h l/km g/km g/km g/km g/km

Down 30 739.5 3284 18385 2881 18.9
10% 40 553.4 2456 13668 2142 14.0

50 84.1 1816 10200 1300 3.8
60 68.8 1510 8491 1071 3.3
70 58.6 1300 7293 943 2.8
80 51.0 1137 6375 816 2.5
90 249.9 1091 6069 918 6.4

Down 30 739.5 3284 18385 2881 18.9
8% 40 553.4 2456 13668 2142 14.0

50 84.1 1816 10200 1300 3.8
60 68.8 1510 8491 1071 3.3
70 58.6 1300 7293 943 2.8
80 51.0 1137 6375 816 2.5
90 249.9 1091 6069 918 6.4

3% 30 775.2 3578 20043 3111 42.2
40 578.9 2532 14203 2193 14.3
50 533.0 2489 13923 2167 14.3
60 545.7 2759 15427 2448 14.8
70 561.0 1928 20451 2907 17.9
80 599.7 1760 21046 3031 52.0
90 621.3 1435 21703 3043 56.9

Flat 30 1427.9 7715 26984 15990 326.6
40 1244.3 6530 18189 16031 215.4
50 1278.9 5494 19062 17734 201.4
60 1394.1 5364 23814 18231 237.6
70 1498.8 5132 27232 19879 347.5
80 1631.0 5087 29230 21675 415.9
90 1798.5 5545 31631 22168 451.3

Up 30 3079.2 11754 33172 60900 1990.3
3% 40 2867.4 10140 32039 60969 1692.5

50 2910.8 8447 39163 54826 1569.2
60 3070.4 6786 48980 50643 1049.1



D-9

The tables (D-1...D-6) above are for constant speeds where all vehicles are travelling at the
same speed. Where acceleration or deceleration occurs, the levels of emissions change.

Figure D-1 shows emissions as for two vehicle mixes (based on the data above), containing a
different proportion of cars with catatlytic converters. It should be noted that there are only
small differences in HC and particulate emissions, but large differences in CO output.
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Figure D-1 Effect of speed on emissions

The plot also shows that emissions are at a minimum at about 50km/h. Below and above this
speed the level of particulate emissions rise sharply.HC and CO emissions also rise below
50km/h  but to a lesser extent than particulates.



D-10

The tables below provide examples of the additional emissions resulting from acceleration and
braking the values are for flows of 2000 vehicles per day.

Acceleration specified in terms of start speed and end speed, e.g.  0_20 represent a start speed
of 0 and a final speed of 20km/h.

Table D-7 Modelled emissions: Acceleration. Proportion of cars with catalytic converters
0.2. Proportion of Trucks 0.15 (of which 0.67 are 46t)

V Fuel HC CO  Nox Part
km/h litre g g g g
0-20 16 79 2074 394 7
10-20 12 69 1741 312 6
0-30 37 208 3574 883 14
10-30 32 178 2993 789 13
20-30 19 106 1958 543 12
0-40 66 343 5060 1575 24
10-40 62 313 4476 1479 23
20-40 46 230 3402 1211 22
30-40 27 159 2960 943 21
0-50 76 289 4903 1996 23
10-50 73 269 4346 1917 23
20-50 62 256 3719 1733 23
30-50 41 211 4226 1541 38
40-50 16 89 3398 622 19
0-90 245 1233 13763 6110 81
10-90 242 1207 13187 6041 80
20-90 229 1134 12192 5831 80
30-90 202 1001 12481 5749 90
40-90 151 738 15038 5151 97
50-90 138 602 11138 4384 77
60-90 119 466 8058 3495 52
70-90 77 252 4582 2220 28
80-90 37 105 1890 1006 11
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Table D-7 Modelled emissions: Acceleration. Proportion of cars with catalytic converters
0.8. Proportion of Trucks 0.15 (of which 0.67 are 46t)

V Fuel HC CO  Nox Part
km/h litre g g g g
0-20 16 31 718 362 7
10-20 12 24 549 282 6
0-30 36 75 1267 760 14
10-30 32 62 1027 674 13
20-30 19 39 633 486 12
0-40 66 127 1858 1335 24
10-40 61 113 1617 1246 23
20-40 46 83 1210 1039 22
30-40 27 60 1208 863 22
0-50 77 35 1846 1711 24
10-50 73 31 1628 1640 24
20-50 62 30 1357 1477 23
30-50 43 33 1624 1380 38
40-50 17 0 1463 572 20
0-90 242 250 5916 5157 84
10-90 239 240 5680 5096 84
20-90 227 218 5300 4934 83
30-90 203 167 5446 4955 94
40-90 156 63 5926 4644 99
50-90 141 43 4245 3866 78
60-90 121 20 3269 3009 54
70-90 78 -29 1994 1899 29
80-90 38 -31 912 854 12
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Table D-8 Modelled emissions: Deceleration. Proportion of cars with catalytic converters
0.2. Proportion of Trucks 0.15 (of which 0.67 are 46t)

V Fuel HC CO  Nox Part
km/h litre g g g g
20-0 1 13 110 9 -0
20-10 -0 -1 10 -3 -0
30-0 0 17 126 8 -0
30-10 -1 3 49 -4 -1
30-20 -1 -4 1 -9 -0
40-0 -0 20 215 -2 -1
40-10 -1 5 131 -16 -1
40-20 -1 -5 59 -22 -1
40-30 -1 -7 15 -16 -1
50-0 -4 2 115 -101 -1
50-10 -4 -14 34 -114 -1
50-20 -5 -25 -32 -116 -1
50-30 -4 -28 -64 -102 -1
50-40 -3 -24 -63 -75 -1
90-0 -83 -518 -3851 -1980 -29
90-10 -82 -512 -3837 -1974 -29
90-20 -80 -492 -3748 -1936 -29
90-30 -78 -464 -3606 -1887 -29
90-40 -80 -538 -3830 -1898 -28
90-50 -75 -511 -3588 -1773 -26
90-60 -68 -471 -3254 -1613 -24
90-70 -25 -179 -1019 -589 -9
90-80 -25 -179 -1021 -589 -9
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Table D-8 Modelled emissions: Deceleration. Proportion of cars with catalytic converters
0.8. Proportion of Trucks 0.15 (of which 0.67 are 46t)

V Fuel HC CO  Nox Part
km/h litre g g g g
20-0 2 6 118 2 1
20-10 -1 -1 0 -4 -0
30-0 0 5 35 -1 -0
30-10 -0 0 12 -7 -1
30-20 -0 -2 -2 -9 -0
40-0 -0 5 58 -17 -1
40-10 -1 -1 31 -25 -1
40-20 -1 -4 11 -26 -1
40-30 -1 -4 0 -17 -1
50-0 -4 -11 13 -112 -1
50-10 -5 -17 -13 -119 -1
50-20 -5 -20 -32 -116 -1
50-30 -5 -20 -38 -100 -1
50-40 -4 -16 -34 -73 -1
90-0 -89 -290 -1284 -1391 -29
90-10 -88 -290 -1281 -1388 -29
90-20 -87 -281 -1252 -1363 -29
90-30 -85 -272 -1208 -1333 -28
90-40 -86 -294 -1280 -1334 -28
90-50 -81 -277 -1198 -1244 -26
90-60 -73 -253 -1085 -1133 -24
90-70 -25 -95 -352 -420 -9
90-80 -25 -95 -352 -419 -9
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A plot of the estimated levels of emissions (from the VETO model) for an example situation is
shown below in Figure D-2. The figures are in g/km, for a flow of 2000 vehicles per day of
which 15% are trucks and 20% of cars are fitted with catalytic converters.
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Figure D-2. Emissions as a function of speed and gradient (20% with catalytic converters).
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A plot of the estimated levels of emissions (from the VETO model) for an example situation is
shown below in Figure D-3. The figures are in g/km, for a flow of 2000 vehicles per day of
which 15% are trucks and 80% of cars are fitted with catalytic converters.
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APPENDIX  E

Noise emission modelling

• Predictions of noise for a number of cases were provided by Ulf Sandberg. The noise
measure provided was Leq (24h).The studied combinations were as follows:Speeds: 30, 40,
50, 60, 70, 80, 90 km/h. In the latter case, trucks travel at 85 km/h only.

• Traffic flows: 2000, 8000 or 15000 vehicles/day
• Road gradient: 0, ± 8%, ± 10%.

 Some basic assumptions were as follows:
• 85 % of the traffic is light vehicles, 15 % is heavy vehicles.
• The road is a two-lane road (single carriageway).
• The observation point is at 10 m from the centre of the road, 1.2 m above ground level.
• The road is straight, no screening, ground is acoustically hard and plane (same plane as the

road).
• The road surface is the reference case in the model (smooth asphaltic concrete).

These assumptions were necessary in order to work with the model, but they do not
significantly influence the noise-speed relations.

Correction factors

Where acceleration/braking occurs some correction factors are required. These are discussed
in the body of the report, but are summarised here. For speeds of over 50 km/h increases in
noise for acceleration and braking are likely to be in the order of +1 or at most +2 dB. For
speeds below 50 km/h the effects will be greater than this compared to steady speeds. The
Nordic prediction model used for these calculations includes a certain component of
acceleration/deceleration for the lower speed ranges so extra noise as a result of high levels of
acceleration and deceleration is not so easily defined.

An assumption of a plane surface for the area surrounding the road has been made. This means
that while the absolute levels of noise may be different from those observed in practice, the
changes in noise levels associated with changes in speed will still be the same.

Different types of road surface will also affect the absolute (but not relative) noise levels.

Results of the predictions of equivalent noise levels (Leq)

Table E-1 presents the results of the calculations. Fig. E-1 shows the same data in graphical
form.
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Table E-1 Equivalent A-weighted noise levels (Leq) for each combination of speed, traffic
flow and road gradient. Unit = dB(A).

Traffic
flow

[veh/day]

Road
gradient

[%]

Speed
30

[km/h]

Speed
40

[km/h]

Speed
50

[km/h]

Speed
60

[km/h]

Speed
70

[km/h]

Speed
80

[km/h]

Speed
90/85
[km/h]

2000 ± 0 58.1 58.1 59.2 61.4 63.2 64.8 65.5

± 8 62.6 62.6 63.7 65.8 67.7 69.3 70.0

±10 63.7 63.7 64.8 67.0 68.8 70.4 71.1

8000 ± 0 64.1 64.1 65.2 67.4 69.2 70.8 71.5

± 8 68.6 68.6 69.7 71.9 73.7 75.3 76.0

±10 69.7 69.7 70.8 73.0 74.8 76.4 77.2

15000 ± 0 66.8 66.8 67.9 70.1 71.9 73.5 74.2

± 8 71.3 71.3 72.4 74.6 76.4 78.0 78.8

±10 72.4 72.4 73.5 75.7 77.6 79.2 79.9
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Fig. E-1  The results of the calculations for the studied cases.
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