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Summary A group of experts from Denmark, Finland, Norway and Sweden met during

one day in 1993 to discuss and to come to an agreement on the expected development in

vehicle noise emission. The group evaluated the future development, taking into account

existing as well as anticipated future regulation. After discussions, the group agreed on

three scenarios characterizing possible future development. These scenarios are described

later in this paper.

The main conclusion was that with Scenario 0 no noise reduction is expected at

motorway speed and that there is a chance with Scenario 2 of obtaining essential

improvements, i.e. 3 or 4 dB reduction in vehicle noise emission both at high and low

speed. Scenario 2 will require extensive work on new measurement procedures, some

more reduction of power unit noise, and an effective optimization of the system tire/road

surface. This will require political decisions made without delay.

BACKGROUND AND AIM

Enviromnental impact of road traffic noise is evaluated on the basis of predicted

noise levels. In the Nordic countries, a joint Nordic prediction method is used. Predic-

tions of future noise levels are based on assumptions on future vehicle noise emission as

well as on the increase in traffic volume.

In the latest version from 1989 of the joint Nordic prediction method, vehicle noise

emission data are the same as in the original version from 1978. It has been argued that

this must be a wrong assumption since future vehicles should be less noisy than earlier

models, due to the more and more severe noise regulation which has been enforced for

more than 20 years.

The driving behaviour in uences noise emission at low speed and perhaps changes in

driving behaviour will reduce future noise emission. On the other hand, individual

vehicles may become noisier over the years due to wear and tear or poor maintenance.

Several attempts have been made to estimate the future development in vehicle noise

emission with a rather wide variation in results. Therefore it was decided by a committee

under the Nordic Council of Ministers to form a group of experts with the task of

obtaining an "expert consensus" on the matter.
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METHOD

The group of 10 experts on road and environment administration and on vehicle and

environmental acoustics met during one day in Gothenburg, Sweden, on 12 March 1993.

The co author of this paper was chairman of the group. Prior to the meeting he had

outlined some major scenarios and mailed them to the group together with a number of

contemporary literature references to ensure that the group had a common basis of

current information.

After a general discussion on the work procedure, the group refined the scenarios

and the participants were given the opportunity to brie y present relevant experimental

evidence. Each participant then filled in tables with expected noise reductions. The para

meters were vehicle category, vehicle speed and year. Judgements were made separately

for tire/road noise, power unit noise and vehicle noise, i.e. tire/road noise plus power

unit noise.

The individual judgements were then compiled into tables representing the views of

the group as a whole. These results were discussed thoroughly and a few obvious errors

or misunderstandings were corrected, and the group finally agreed that the resulting

tables were representative of the "mean view" of the group.

SCENARIOS

The group agreed upon the three scenarios described at the bottom of this page.

' In Scenario 0 the present trends continue without any further action taken than al-

ready decided in European Directive 92/97/EEC. Vehicle manufacturers will have to do

further noise reduction work which has already been initiated.

Scenario I can turn into reality applying present technology with slight improvements

and with testing methods already available or at an advanced stage of development. But

political decisions are needed in line with those already made or seriously considered.

Scenario 2 was arrived at by considering environmental needs combined with what

the group believed to be technically feasible. It is anticipated that Scenario 2 will require

extensive work on new measurement methods, on further power unit noise reduction, and

on the optimization of tires with exterior vehicle noise as an essential parameter. All of

this will require firm political decisions taken without any unnecessary delay.

Besides the changes described in the scenarios, the group considered the current

reduction going on due to the noise limits already introduced. This development will

continue for another 10 years or so as more noisy vehicles are being replaced by new

models.

All evaluations made by the group concerned the noise emission of an individual

average vehicle on a normal asphaltic surface. Thus any change in traffic volume should

be taken into consideration separately in predictions of future traffic noise levels as

should any effect of special noise reducing road surfaces.

Scenario 0: European Directive 92/97/EEC is enforced, i.e. 74 dB for passenger cars

and 80 dB for the heaviest trucks. This is the only change in relation to the present

situation and thus no new regulation of tire/road noise is introduced. The present trend

for tires towards higher maximum speed and lower aspect ratio is continued.
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Scenario 1: Directive 92/97/EEC is enforced (74/80 dB) and tire/road noise limits are

introduced in 1997. The latter, rather liberal, noise regulation implies the noisiest 10% of

the tires to be replaced by 2 dB less noisy tires. The present trend towards designing

tires for higher maximum speed and with a lower aspect ratio is changed. The group did

not, however, specify the action taken to cause this effect.

In 2005, tire/road noise limits are tightened so that the noisiest 50% of today s tire

population is replaced by 3 dB quieter tires. More severe regulation of vehicle noise is
introduced in 2005 leading to 2 dB lower noise levels (ISO 362).

Scenario 2: Scenario 2 is the same as Scenario 1 above, but with additional require-

ments. A new measurement method is introduced in 2002, requiring driving cycle

measurements instead of only ISO 362 acceleration measurements. As a consequence,

vehicles will be optimized for more driving conditions being more representative of real

traffic than ISO 362 acceleration, and we assumed a 1 dB resulting reduction in power

unit noise. In 2007, the driving cycle requirements are tightened by 2 dB.

The 1997 limit for tire/road noise is made more severe so that the noisiest 25% of

the present tires are replaced by 2 dB less noisy tires. In 2005, tire/road noise limits are

tightened so that the noisiest 70% of today s tires are replaced by 4 dB quieter tires.

RESULTS AND DISCUSSION

The compiled results of the judgements made by the group is shown in Tables 1 3.

The tables show the average judgements and the sample standard deviations around these

mean values. Judgements were made separately for light and for heavy vehicles. The

detailed judgements can be studied in the tables. Figures 1-3 give, as an overview, the

corresponding changes in LAeq from mixed traffic with 10 % heavy vehicles. These
changes were calculated by the author assuming a) the same traffic intensity as now,

b) the same speed of light and heavy vehicles, and that c) heavy vehicle noise levels are

10 dB higher in 1990 than those from light vehicles at all speeds. This latter is not

exactly true but the simplification is believed to affect the results in Figures 1-3 insig-

nificantly.

As a result, in Scenario 0, the estimated reduction in 2010 of noise from mixed

traffic (with the same traffic intensity) was 2 dB at low speed while the group expected
no reduction at high speed.

With Scenario 1, the corresponding noise reductions in 2010 were a little more than

1.5 dB at high speed and 3 dB at low speed.

In Scenario 2, with the most "optimistic" assumptions from the point of view of the

environment, the group estimated the traffic noise reductions in 2010 to be 3 dB at high

speed and a little less than 4 dB at low speed.

The standard deviations of judged total vehicle noise reductions are up to 1.4 dB with

a trend for the deviations in 2010 to be larger than those in 2000. In all scenarios there

was more deviation in judged power unit noise than in total vehicle noise or tire/road

noise reduction. In Scenario 0 the deviation increases with increasing speed, i.e. with

increasing tire/road noise in uence. The opposite is seen in Scenarios 1 and 2.

New Calculations Since the meeting of the Nordic experts, the Danish Acoustical

Institute has worked for the Danish Environmental Protection Agency on a computer

program to calculate the future noise emission from vehicles, Ref. [2]. Calculations made
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Scenario 0 0-40 km/h 40-60 km/hv 60-120 km/h

Interrupted ow | I Constant speed

Year 2000 2010 2000 2010 2000 2010

Tire/road light +0.3 0.5 +0.6 0. 7 +0.4 0.5 + 0.7 0.9 + 0.6 0.7 +0.7 1.4

noise heavy +0.2 0.4 +0.2 0.7 +0.3 0.5 +0.3 0.9 +0.4 0.7 +0.6 1. 7

Power unit light -0.9 0.8 -1.8 1.2 -0.8 0.8 -1.4 1.2 -0.8 0.8 -1.2 1.4

noise heavy -1.8 1.3 -3.0 2.1 -1.7 1.1 -3.0 1. 7 -1.3 1.3 -2.1 2.1

Vehicle light -0.7 0.5 -1.3 0.9 -0.3 0.5 -O.7 0.9 +0.2 0. 7 +0.2 1.3

noise heavy -1.6 1.0 -2.7 1.4 -1.0 0.5 -1.8 1.1 +O.1 0.8 -0.1 1.6

Scenario 1 0-40 km/h 40-60 km/h 60-120 km/h

Interrupted ow Constant speed

Year 2000 2010 2000 2010 2000 2010

Tire/road light -0.2 0.4 -O.6 0.5 -0.2 0.4 -1.0 0.5 -O.3 0.5 -1.2 1.0

noise heavy -0.2 0.4 -0.6 0.5 -0.2 0.4 -1.0 0.5 -0.3 0.5 -1.2 1.0

Power unit light -1.1 0. 6 -2.7 1.2 -.9 0.6 -2.4 1.2 -1.0 0.9 -2.0 1.8

noise heavy -2.0 1.1 -3.9 2.0 -1.8 1.1 -3.6 2.0 -1.4 1.2 -2.7 2.4

Vehicle light -1.0 0.0 -2.4 0. 7 -0.7 0. 7 -2.2 0.4 -0.4 0.5 -1.7 0. 7

noise heavy -1.7 1.0 -3.7 1.3 -1.1 0.3 -2.7 1.0 -0.6 0.5 -1.7 0.7

Scenario 2 0-40 km/h 40 60 km/h 60-120 km/h

Interrupted ow Constant speed

Year 2000 2010 2000 2010 2000 2010

Tire/road light ~O.6 0. 7 -1.4 1. 2 -0.8 0.7 -2.2 0. 7 -0.9 0.8 -2.8 0. 8

noise heavy -O.6 0.7 -1.6 1.2 -0.9 0.8 -2.3 0.7 -1.0 0.9 -2.9 0.8

Power unit light -1.1 0.6 -3.6 1. 6 -1.0 0.7 -3.7 1.1 -1.3 1.0 -2.7 2.0

noise heavy -2.1 0.9 -5.0 2.2 -2.0 0.9 -4.9 2.1 -1.9 1. 7 -3.8 2.4

Vehicle light -1.2 0.6 -3.1 1.4 -1.1 0.8 -3.2 1.1 -1.0 0.9 -2.8 0.8

noise heavy -2.1 0.8 -4.4 1.1 -1.8 0.4 3.7 1.1 -1.3 1.0 -3.1 0.9  
 

Tables 1-3 Expected changes (decibels) in noise levels in relation to those in 1990 in
Scenarios 0 2: average estimates in bold numbers/standard deviations in italics.

with this computer program are equivalent to the judgements made by the group of

experts. The basic assumptions are the same, but once they are made, well defined

calculations replace subjective judgements. The program is intended as a tool for predic-
tion or analysis of parameter in uence.

The program basis is our data on power unit and road vehicle noise as a function of

vehicle speed and driving behaviour. At present these are data for "the poulation of ve

hicles in 1991. Based on the development in noise emission which we know has taken

place, the program calculates the noise levels from vehicles of model 1991 and earlier,
so that the resulting population of vehicles in 1991 is the one we know.

The program user defines the future development. Power unit noise and tire/ road

noise reductions are specified for each future year s vehicle model in relation to the noise
from 1991 models.

The lifetime of power units and of tires are parameters to be defined, as well as the

prognosis year, vehicle speed, traffic mix (percent heavy vehicles) and traffic growth
(percent increase per year).
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+ Figures 1-3 Expected traffic

Scen 0 noise reduction (with the same

%- traffic ow 1990 2010).
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We are working to include the effect

of individual vehicle ageing in the calcu

lations, assuming vehicle power units to

become more noisy with increasing age.

The noise increase and the ageing period

should be defined by the program user.

As an example of calculation results,

Figures 4-5 show the development in

noise levels 1991 2010 with Scenario 2.

We have asssumed interrupted traffic

flow at 50 km/h and a growth in the

number of vehicles corresponding to

each new year s model being sold in a

1.7% higher number than that of the
year before.

Figure 4 shows 3.1 dB and 4.7 dB

calculated changes in maximum noise

levels from individual light and heavy

vehicles, respectively. This preliminary

calculation gave the same result for light

vehicles as estimated by the group of

Nordic experts but 1 dB more reduction

for heavy vehicles.

Figure 5 shows that the correspon

ding changes in contributions to traf c

LAeq were calculated to be only 1.7 dB
and 3.4 dB due to the increasing number

of vehicles. The resulting reduction in

traffic noise LAeq is 2.6 dB in 2010.

The increase in number of vehicles

used in the calculations is realistic, and

therefore at least a regulation like the

one in Scenario 2 is required to obtain

significant reduction in future traffic

noise exposure.
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1990 1995 2000 2005 2010 Figure 4 Calculated change
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CONCLUSIONS

Noise regulation has given less vehicle noise reduction than expected. The reasons

are dealt with in the co-uathor s paper in this session.

Traffic will grow over the next decades and therefore more severe regulation of

vehicle noise is reqired to reduce future traffic noise exposure. At least regulation as in

Scenario 2 will be needed. This includes:

1) New tire/road noise regulation leading to an effective optimization of tires with

exterior vehicle noise as an essential parameter.

2) New driving cycle measurement method for power unit noise and stricter limits for

power unit noise.

This will require firm political decisions taken without any unnecessary delay.
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