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0  E X E C U T I V E  S U M M A R Y  

0.1 Objective of the deliverable 
This deliverable presents detailed diagnostic of specific hot-spots related to the 
particular attention areas of each site, the noise maps and analyses of existing 
situations for the selected European cities. This deliverable contains also parts from 
Deliverable D1.1 to cover the input information that the hot-spot Analysis is based on. 

The objective of QCITY is to propose measures that can realistically be integrated in 
actions plans that the cities will have to produce as a consequence of the EC Noise 
directive 2002/49/EC.  This means that the project needs initial situation noise maps and 
digital information for cities to: 

1. Evaluate hotspot analysis techniques 

2. Identify possible hot-spots for further analysis in the QCITY-project 

3. Validate different noise mitigation measures and there effect on noise maps 

4. Link outcome from the mitigation studies to noise maps 

In this deliverable the Initial situations and the identification of hot-spots for the selected 
cities are presented.  

Totally 7 cities or parts there of are handled, these are Brussels, Ostend, Ghent, 
Göteborg, Stockholm, Augsburg and Stuttgart. For 4 of these cities the mapping areas 
are between 75 and 680 km2; Stockholm, Göteborg, Augsburg and Stuttgart.  

0.2 Description of methods used 

0.2.1 Calculation methods 

Three partners have been working on the initial situations. The national computation 
methods are adopted and used according to EC directive. 

ACC, Germany – Augsburg & Stuttgart 
Used Calculation methods:  Road - RLS-90 
      Rail – Schall03 
      Aircraft - AzB 
 
ACL, Sweden – Göteborg & Stockholm 
Used Calculation methods:  Road - Nordic prediction method, rev 1996 

Rail - Nordic prediction method, rev 1998 
 

ACR, Belgium - Brussels Ghent, &Ostend 
Used Calculation methods:  Road – NMPB 
      Rail – Nordic 
     Industry - ISO 9613 
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0.2.2 Software 

Two environmental noise mapping software have been used within the project. ACC 
and ACL have used CadnaA, developed by DataKustik GmbH, Greifenberg, Germany 
and ACR have used IMMI, developed by Wölfel, Würzburg, Germany. 

Both software use digital 3D-maps, including buildings, screens and foliage for the 
calculations. Effects due to propagation, ground absorption, screening, reflections etc. 
are automatically included in the calculations according to the used calculation 
method.  

0.3 Partners involved and their contribution 
Three partners have primarily been working on the initial situations; ACC, ACL and AKR. 
Apart from these TRAF and SEA have been contributing with data for Göteborg and 
Stockholm. 

0.4 Conclusions 
Noise maps for cities were calculated according to the European Directive within the 
time schedule of the project. Based on this maps hotspot analysis will be possible, so 
that different noise mitigation measures can be proofed in other subprojects. 
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1  N O I S E  R A N K I N G  A N D  S C O R I N G  
M E T H O D O L O G Y  

1.1 The Noise Scoring technique in the frame of action planning 
In the frame of the QCity project the following scheme was proposed to develop 
effective and optimized action plans. 

1
NOISE MAPPING

- Strategic noise map
- noise indices at facade points

3
HOT SPOT DETECTION

6
EVALUATION - NOISE RATING

(Single number - noise score)

2
NOISE RATING

(area related)

5
RECALCULATION

- noise indices at facade points

4
MITIGATION MEASURES

(library)
 

Figure 1.1.1: The basic methodology to develop an action plan based on strategic noise maps 

 

Step 1 

Basis of each noise evaluation of larger areas and agglomerations is the noise map, 
that includes the relevant noise indicators Lden and Lnight for each building or dwelling.  

Step 2 

A ranking methodology and an additive noise score NS is needed to characterize an 
area with any number of dwellings by a single number depending on the noise 
exposure and the number of people exposed.  

Step 3 

The Hot Spots are areas where the area related NS is larger than 90% of all values 
occurring. These Hot Spots are a strong and valuable indication in what areas 
mitigation measures should be planned.  

Step 4 

A catalogue of mitigation measures is provided containing data sheets with the 
description, a valuable estimation of the achievable noise reduction and the cost, the 
limitations of the method and – if possible - reference applications. 

Step 5 

After implementing the measures according to an action plan in the 3D-model the 
noise map is recalculated. This is done separately for all scenarios alternatively 
discussed. 



 TIP4-CT-2005-516420 Page 7 of 87 

 QCITY issued: 02-03-07 

D1.2_ACL_ACC_AKR_24M.doc 

Step 6 

By calculation of the NS value and summing it up in the relevant area for all regarded 
scenarios each can be characterized by the total NS. This allows to rank the different 
solutions and to decide about the best solution. 

 

The described procedure is based on the existence of an accepted method of 
evaluating and scoring noise exposures.  

1.2 Proposal of a Noise Scoring Methodology 
Most publications in the past about this issue used the concept of highly annoyed (HA), 
where the number of persons that will be highly annoyed from a statistical point of view 
are summed up for the relevant area.  

It has been shown that this approach is methodically wrong and therefore misleading if 
action plans shall be derived. The method does not take into account the increasing 
annoyance with increasing level – the increase of HA is only a measure of the 
distribution of sensitivity with respect to noise in a population. 

 

The principle of the proposed scoring system is shown in figure 1.1.2 

scarcely annoyed

little annoyed

annoyed

highly annoyed

Noise IndicatorNoise Score

scientificnon scientific weighting

 

Figure 1.1.2: The Noise Score developed in two steps on the basis of noise exposures 

 

The diagram at the right side presents the relation between noise exposure and grade 
of annoyance, where annoyance is used as a very rough and general description of 
many effects together. This relation can be determined interviewing people with known 
noise exposure in front of their dwelling. Many questionnaires in different countries have 
been undertaken and therefore this relation is well known. 

The second step is shown at the left diagram – there is no evidence based procedure 
how to weight these different grades of annoyance. It is a social decision at how many 
dwellings of little annoyed persons the level must be reduced by x decibels to 
compensate an increase of the level by x decibels at the dwelling of one just highly 
annoyed person. 
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One more or less “axiomatic” property of any noise ranking function is indicated in the 
left diagram figure 1.1.2 – a level increase of x decibels in a situation where the noise 
exposure is just high is worse and  should produce a larger increase of the NS value as it 
is the case at lower levels. Levels of 50 dB(A) are comfortable, 60 dB(A) are quite 
annoying but typical in agglomerations, 70 dB(A) are extremely annoying and 
unacceptable (nevertheless typical for many main roads in cities) and nobody should 
be forced to live with levels of 80 dB(A). It is obvious that a ranking system should not 
recommend to increase the level of 70 dB(A) at dwellings if the level at some other 
dwellings with an existing exposure of 55 dB(A) is reduced the same amount. 

This means that the slope of the function level – score should increase with increasing 
level. This requirement is fulfilled using an exponential function of the type 

( )∑ −⋅⋅=
i

LLK
i

Ri10nNS  (1) 

with 

NS Noise Score 

ni number of persons in group i 

Li level Lden at the dwelling of the group i 

LR reference level 

K constant defining the steepness of the function 

 

It can be shown that the reference level LR has no influence on the decisions 
recommended by the minimization of the NS value. The parameter K determines the 
behaviour of the system – it should be adjusted carefully taking into account our 
opinion how the unwanted exposures should be distributed if they cannot be avoided.  

 

The situation shown in figure 1.1.3 can be used to support this decision. If the traffic N 
cars/h of one road is split up into two other roads with traffic N1 and N2 and n1 resp. n2 
persons live at those two roads, the optimal traffic distribution recommended by a 
scoring system is defined by the minimum of the resulting NS value. 

 

N cars/h

Road 1:
N1 cars/h      traffic flow
n1                  residents
L1                  basic level

Road 2:
N2 cars/h      traffic flow
n2                  residents
L2                  basic level

 

Figure 1.1.3: Distribution of a traffic flow N on two roads with flows N1 and N2 



 TIP4-CT-2005-516420 Page 9 of 87 

 QCITY issued: 02-03-07 

D1.2_ACL_ACC_AKR_24M.doc 

On certain conditions the Noise Score function (1) for this situation can be determined 
in dependence of the ratio N1/N2 where the sum of these two flows is constant (=N).  

This investigation shows that with parameters 

K < 0.1 

the resulting Noise Score is smallest if the traffic is completely bundled on the road with 
fewer residents, even if these numbers of residents differ only by 1 person. If the number 
of residents, n1 and n2 are equal, bundling produces the same minimal noise score 
independent through which road the complete traffic N is channelled. Complete 
channelling is the recommended distribution even in cases where the level at the 
dwellings exceeds 80 dB(A) or any other value and even if no mitigation measures are 
taken into account. 

It is obvious that this is not conforming to the public opinion about a fair distribution of 
unwanted hazards. Bundling of traffic on main roads may in fact be a good solution, 
but this should only be possible if unacceptable high noise exposures are avoided by a 
simultaneous planning of mitigation measures.  

 

This is the case if a parameter  

 

K > 0.1  

 

is used in the Noise Score Function (1). In that case bundling is also recommended by 
minimizing the NS value, but only if additionally mitigation measures are applied at the 
road with high noise levels. If no additional measures are possible the traffic is 
distributed in a way that higher levels are produced at the road with fewer residents, 
but total channelling through one road is not possible. 

 

Based on these findings the following Noise Score function was developed: 

 
( )

( )⎜
⎜

⎝

⎛

>⋅

≤⋅
= ∑ +−−⋅

+−−⋅

i iden
dLdIL

i

iden
dLdIL

i

AdBLwithn

AdBLwithn
NS

sourceiden

sourceiden

)(65*10

)(65*10

,
5.57*30.0

,
50*15.0

,

,

 (2) 

with 

NS Noise Score  
ni number of persons exposed with level Lden,I  
L*den,j Effective noise indicator at the relevant façade at dwelling i   
dI deviation of mean sound insulation of dwelling i from the mean insulation of
 all dwellings  
dLsource correction that accounts for different reaction versus noise from   
  roads, railways, aircraft and industry 
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In our city models Stuttgart and Augsburg dI and dLSource is not used, because only noise 
from road traffic was taken into account and no detailed information about the 
building structures was available. 

In equation (2) the L*den is used to characterize the noise exposure.  This is a combined 
indicator with malus corrections for evening and night. In an overall ranking system it is 
problematic to use additionally the Lnight noise indicator – e.g. to take into account 
sleep disturbance – because this means to use the night exposure twice and to weight 
it to much. 

If measures are planned that influence the Lden differently at different times the 
reduction of the effective L*den should be calculated before this is used in (2). 

 

Example: Installation of sound insulated ventilation: 

In noise exposed dwellings around airports or very noisy main roads some communities 
give financial support to owners to improve the windows and to install sound insulating 
ventilation. This allows to keep the window closed all the time, while without this system 
the window must be tilted with a level increase of about 15 dB. 

If such a ventilation system is installed, the window can be closed at night and the level 
reduction is 15 dB.  

The equation to calculate the effective noise indicator reduction is 

( ) ( ) ( )

( ) ( ) ( ) ( ) ⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

⋅+⋅−+⋅

+⋅−+⋅+−
=Δ

−−⋅−⋅−−⋅

−⋅⋅−

dLdL
nn

dL
nn

dLdL
ee

dL
ee

dL
dddd

den
dndnde

de

kTkTkT

kTkTkT
L

101.0101.051.0

51.01.0
*

1010110

101101
24
1lg10  (3) 

 

 

With abbreviations (typical values in brackets) 

Td Hours day (12) 

Te Hours evening (4) 

Tn Hours night (8) 

kd portion of time with an effective improvement by the closed window day (0) 

ke portion of time with an effective improvement by the closed window evening (1) 

kn portion of time with an effective improvement by the closed window night (1) 

dLde difference Ld – Le in decibels (0) 

dLdn difference Ld – Ln in decibels (10) 

dL level difference inside window closed – window tilted in decibel (15) 
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The reduction of the Lden by installing such a ventilation system calculated with (3) using 
the indicated values in brackets is about 3 dB – although the level inside is decreased 
by 15 dB if the window can be closed. But in fact the improvement does not influence 
the noise exposure at daytime and therefore the overall effect is by far lower.  

1.3 Hot Spot Detection 
In the first step (noise map calculation) for each dwelling the level Lden at the most 
exposed façade is determined. Further the number of residents in each dwelling must 
be known. With these two numbers equation (2) can be used to get the Noise Score for 
each building. 

To find the Hot Spots a map of the area related Noise Score is produced. The 
procedure is shown in figure 1.1.4.  

 

Figure 1.1.4:  Gliding window to calculate the area related noise score for the center grid point 

 

To calculate the area related noise score for a grid point, the NS values of all buildings 
inside the window are summed up. Buildings that are intersected by an edge of the 
window are taken into account proportional to their area inside and outside the 
window. The resulting sum is divided by the window area and multiplied by a reference 
area ( = 1000 m²). Then the window is centred above the next grid point and the 
procedure is repeated. At the end the grid shows the distribution of the noise score 
related to 1000 m².  

This area specific NS covers values from 0 up to NSmax. To get a coloured map 
presenting the Hot Spots in red colour, a three colour presentation can be used. 
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0 < NS < 0.5 NSmax   green 

0.5 NSmax < NS < 0.9 NSmax  yellow 

0.9 NSmax < NS <  NSmax  red 

 

The resulting presentation shows the areas where people are most exposed and where 
actions shall be planned to reduce the noise. 

 

 

Figure 1.1.5:  Presentation of hot spots in 3D-View 

 
For further information see Annex 4.1:  Probst W.: “Zur Bewertung von Umgebungslärm”, 
Zeitschrift für Lärmbekämpfung Nr. 4 2006, pp 105-114, with English translation. 
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2  P A R T S  O F  C I T Y  A R E A S  
Difference has been made between global mitigation measures and local complaint 
handling.  Both problems are important in urban noise.  In this part, attention is paid to 
local complaint handling. 

Parts of three cities have been partly modelled for evaluation of urban track; Brussels, 
Ostend and Ghent. The size of the models are 0.5 to 2 km² and that is sufficiently large to 
validate all types of mitigation measures on track and sufficiently small to have 
acceptable calculation times and possibilities to evaluate multiple cases. The work 
carried out within QCity is an actualization of existing noise maps and noise map 
information to the Interim Calculation Methods imposed by the EC Directive. Used 
calculation methods are according to EC Directive: 

 NMPB:  road; 
 SRM II:  rail; 
 ISO:  industry (if applicable). 

The software used was the commercial available software program IMMI, an 
environmental noise mapping software (developed by company Wölfel, Würzburg, 
Germany). 

During the first year, the studies included the calculation of the basic situation: selection 
of information and evaluation of nuisance by calculation of Lden, Lnight and number of 
annoyed. 

In a second stage, (second year), further detailed analysis of these maps has been 
carried out: 

 exploration of sensitivity of results in noise maps to uncertainties in input data; 
 evaluation of the effects of local mitigation measures. 

 

2.1 Brussels 

2.1.1 Noise map 

Area 
Densely populated area of Brussels: 1 km². 

 work area: 725 m x 656 m = 0,48 km² 
 ±1104 houses 
 ±6400 civilians 
 14 streets (total length = 4.3 km) 

Tram: 
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 tracks in 2 streets (total length = 1500 m); 
 1 depot (18.530 m²) + tracks for access to depot. 

 

 

Figure 2.1.1: Partial model out of overall city model 

Aim 
 study of area around tram depot; 
 combined effect of road, bus, tramways; 
 linking of outcome of detailed mitigation studies to global noise maps. 

Origin 
This map has been retrieved from the general noise map of the city of Brussels. 
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Figure 2.1.2: Global model 
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Figure 2.1.3: Lden 

  

Figure 2.1.4: Lnight 
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Table 2.1.1 

2.1.2 Sensitivity analysis and mitigation measures 

Relation with other subprojects 
 expects input from WP3.1 – 3.2 (this information is summarised in D6.2); 
 is required as input for WP5.3. 

Mitigation measures 
Out of D6.2, following mitigation measures seem to be potentially interesting: 

 GM-RAIL6 - Embedded rail; 
 GM-RAIL9 - Rail grinding; 
 LC-RAIL7 - Laterally resilient rail fastener ; 
 LC-RAIL8 - Friction modifier/lubricants. 

2.1.1.2 Rail grinding 

The actual calculation method for rail transportation noise in the AR-Interim Method 
proposed by the CE (SRM II, 1996) does not include a method for including rail grinding. 
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A methodology has been proposed in more recent version of SRM II (2202, 2004), but 
has not been accepted by the CE. 

This will be one of the topics subject to future study in WP1.2.   

In the meanwhile, this aspect has been studied arbitrary by: 10 dB improvement of 
Roughness → 7 dB(A) reduction of noise. 

The influence on Lden is visualised in figure 2.1.5. 
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Figure 2.1.5: Original situation Lden 

 

Figure 2.1.6: Rail grinding Lden 
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More precise information can be found in figure 2.1.7 and table 2.1.2. 

 

Figure 2.1.7: Difference map 

 

Table 2.1.2 

 



 TIP4-CT-2005-516420 Page 21 of 87 

 QCITY issued: 02-03-07 

D1.2_ACL_ACC_AKR_24M.doc 

Further, both calculations are carried out for both: 

 global noise: road & rail traffic; 
 rail transport: only rail traffic. 

One can observe that the global effect on the number of annoyed is minimal (±50 
persons change one class). 

2.1.2.2 Squeal noise 

A major complaint in this city area, is a complaint of squeal noise of tram cars driving in 
an out the depot. 

When regarding the SRM II calculation method, a factor for track bed correction is 
available, but does not include "squeal". 

In this preliminary evaluation, an arbitrary value (see WP3.3) has been chosen, limited to 
the emission of the curvature only. (Also this aspect will be studied further in WP1.2.) 

Calculation of Lden, Lnight and number of annoyed was carried out. Again sensibility 
towards a global (or a local) approach is looked for, figure 2.1.8, table 2.1.3. 

 

 

Figure 2.1.8: Difference map 
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Table 2.1.3 

There it can be observed that inside a global map, the information is completely lost, 
no influence on Lden or Lnight.  On a local scale, rail transport, a few hundred people are 
considered. 

This study has been retained to be the start of WP5.3. 
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2.2 Ostend 
This area has specifically been selected because it consists of a typical situation of a 
regional harbour where maritime traffic (freight train) coincides with other traffic noise 
(road, tramways, …) in an urban environment.  

Specific complaints were uttered towards freight train noise when passing over a steel 
bridge. 

2.2.1 Noise map 

Area 
 Work area: 1200 m x 1500 m = 1.80 km² 
 ±300 houses (some of the industry included) 
 ±2400 civilians 
 14 streets  (total length = 6.3 km) 
 Tram:  2 tracks (total length = 3 km) 
 Freight train:  1 track (total length = 1.8 km) 

Aim 
 validation of new train concepts in a regional harbour; 
 linking of outcome detailed mitigation studies to global noise maps in marine. 

 

 

freight train 

2 steel bridges 

freight train 
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Figure 2.2.1: Noise map – detailed model 

  

Figure 2.2.2: Calculation of Lden 
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Figure 2.2.3: Calculation of Lnight 

2.2.2 Mitigation measures 

As recalled from D6.2, four mitigation measures are proposed as local mitigation 
measures: 

LC-RAIL-13 moving special track work (switches, expansion joints, …) away from 
bridges 

LC-RAIL-14 vibration isolation of rail 

LC-RAIL-15 bridge vibration damper 

LC-RAIL-16 plate damping 

Integration of these modification inside a noise prediction calculation method such as 
SRM II has to be studied. 

For this feasibility study, three mitigation measures are retained: 

 moving special track work: -10 dB; 
 vibration isolation of rail: -6 dB; 
 plate damping: -4 dB. 

These aspects will be studied further in: 

 WP1.2: integration in SRM II; 
 WP5.7: bridge noise reduction. 

Calculation of both parameters leads to following Lden figures (effect of train and tram 
only). 
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Basic Moving track work: -10 dB 
 

  
Rail isolation: -6 dB Plate damping: -4 dB 

When studying the effect of the rail isolation of the freight track only, it should be 
studied by the train contribution only. 
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In the tables below, all effects are analysed based on the number of annoyed people: 

 table 2.2.1: total number of annoyed; 
 table 2.2.2: difference of number of annoyed as function of mitigation 

measure. 
 

 
  # of people exposed 
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Evaluate using methods A & B 

Noise index Range /dB 
actual 

situation 
moving 

track work rail isolation 
plate 

damping 

 All sources 

DEN (24h) ... < Lden < 55 dB 20 20 20 20 
 55 ≤ Lden < 60 dB 0 0 0 0 
 60 ≤ Lden < 65 dB 565 565 565 565 
 65 ≤ Lden < 70 dB 606 606 606 606 
 70 ≤ Lden < 75 dB 143 143 143 143 
 75 ≤ Lden <... dB 332 332 332 332 

Sum 1666 1666 1666 1666 

Variant:  Train & tram 
DEN (24h) ... < Lden < 55 dB 1317 1325 1325 1325 
 55 ≤ Lden < 60 dB 44 96 96 96 
 60 ≤ Lden < 65 dB 305 245 245 245 
 65 ≤ Lden < 70 dB 0 0 0 0 
 70 ≤ Lden < 75 dB 0 0 0 0 
 75 ≤ Lden <... dB 0 0 0 0 

Sum 1666 1666 1666 1666 

Variant:  Freight train only 
DEN (24h) ... < Lden < 55 dB 1639 1666 1666 1639 
 55 ≤ Lden < 60 dB 27 0 0 27 
 60 ≤ Lden < 65 dB 0 0 0 0 
 65 ≤ Lden < 70 dB 0 0 0 0 
 70 ≤ Lden < 75 dB 0 0 0 0 
 75 ≤ Lden <... dB 0 0 0 0 

Sum 1666 1666 1666 1666 

Table 2.2.1 
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  difference of number of annoyed 

Noise index Range /dB  
moving 

track work rail isolation 
plate 

damping 

 All sources 

DEN (24h) ... < Lden < 55 dB  0 0 0 
 55 ≤ Lden < 60 dB  0 0 0 
 60 ≤ Lden < 65 dB  0 0 0 
 65 ≤ Lden < 70 dB  0 0 0 
 70 ≤ Lden < 75 dB  0 0 0 
 75 ≤ Lden <... dB  0 0 0 

Sum 0 0 0 

Variant:  Train & tram 
DEN (24h) ... < Lden < 55 dB  8 -8 -8 
 55 ≤ Lden < 60 dB  52 -52 -52 
 60 ≤ Lden < 65 dB  -60 60 60 
 65 ≤ Lden < 70 dB  0 0 0 
 70 ≤ Lden < 75 dB  0 0 0 
 75 ≤ Lden <... dB  0 0 0 

Sum 0 0 0 

Variant:  Freight train only 
DEN (24h) ... < Lden < 55 dB  27 -27 0 
 55 ≤ Lden < 60 dB  -27 27 0 
 60 ≤ Lden < 65 dB  0 0 0 
 65 ≤ Lden < 70 dB  0 0 0 
 70 ≤ Lden < 75 dB  0 0 0 
 75 ≤ Lden <... dB  0 0 0 

Sum 0 0 0 

Table 2.2.2 

Out of table 2.2.2, it can be seen that the effect of a local measure has very little or no 
effect on the global Lden values and its derived parameters. 

This will be studied further in WP1.2. 
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2.3 Ghent 
A major extension of the tramway in Ghent was realised towards a new congress 
centre. Although this concept was realised according to state of the art technology, 
major complaints were received. 

2.3.1 Noise map 

Situation 
 area: Voskenslaan - Gent 
 local map of refurbishment project 
 1 km²  -  6000 inhabitants 

Aim 
 validation of new combined tram/noise concepts in large refurbishment project. 
 new state of the art of project, but still complaints. 
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Figure 2.3.1: Initial situation – Lden 

 

  

Figure 2.3.2: Initial situation – Lnight 
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Table 3.3.1: Number of annoyed 

2.3.2 Mitigation measures 

One of the few mitigation measures possible is the increase of track bed absorption: 
see D6.2 – GM-RAIL-2. 

Depending on the initial situation and the environmental limitations, up to 5 dB(A) 
reduction on emission can be obtained. 

It has been evaluated if this value also can be found back in the resulting noise maps. 

Track bed absorption is an input parameter that can be modified in the SRM II software. 

Both Lden maps are given below. 
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Figure 2.3.3: Original versus modified situation 

The table of annoyed people gives the same information, table 2.3.2. 

One can observe that the load during the night time is higher than the overall average.  
The mitigation measure thus is also more interesting at night. 



 TIP4-CT-2005-516420 Page 34 of 87 

 QCITY issued: 02-03-07 

D1.2_ACL_ACC_AKR_24M.doc 

  number of annoyed 
Noise index Range /dB original modified difference 

DEN (24h) ... < Lden < 55 dB 2885 3371 486 
 55 <= Lden < 60 dB 486 449 -37 
 60 <= Lden < 65 dB 449 0 -449 
 65 <= Lden < 70 dB 0 0 0 
 70 <= Lden < 75 dB 0 0 0 
 75 <= Lden <... dB 0 0 0 

Sum 3820 3820   
Night (9h) ... <  Ln  < 45 dB 2823 2900 77 
 45 <=  Ln  < 50 dB 77 475 398 
 50 <=  Ln  < 55 dB 475 445 -30 
 55 <=  Ln  < 60 dB 445 0 -445 
 60 <=  Ln  < 65 dB 0 0 0 
 65 <=  Ln  < 70 dB 0 0 0 
 70 <=  Ln  <... dB 0 0 0 

Sum 3820 3820  

Table 2.3.2 
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3  F U L L  C I T Y  A R E A S  
Four cities have been modelled in full scale, two German and two Swedish. The 
Göteborg and Stuttgart sites covers over 500 km2, the Augsburg sites covers 150 km2, the 
Stockholm site covers 75 km2. 

The software used has been CadnaA, an environmental noise mapping software 
developed by DataKustik GmbH, Greifenberg, Germany. 

The noise mapped traffic situations have for all four cities covered road traffic. For 
Stockholm it has also covered tram rail tracks and railway. For Stuttgart it has also 
covered railway and aircraft noise, so that a basis for testing the developed Noise 
Environmental Rating System was created. 

3.1 Göteborg 

3.1.1 General area information 

The municipality of Göteborg have chosen to noise map the entire area defined by the 
municipality border. The city is the second largest in Sweden and is located on the west 
coast.  

 

Figure 3.1.1: General overview map of Göteborg  
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The noise mapped area is 525 km2. It features 120 000 buildings where 50 000 are 
residential buildings inhabited by 485 000 people. The combined length of all 
calculated roads is 2 383 km. 

 

Figure 3.1.2: General overview map of Göteborg  
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3.1.2 Description of methods used 

Calculation methods 
The Swedish national computation methods are adopted and used according to EC 
directive: 

 Road: Nordic prediction method1, rev 1996:525  
 

The calculated receiving grid was 10 by 10 meters and the receiving height was set to 
4 meters according to the EC Directive 2002/49. All calculations have been made with 
one reflection due to the extensive area and calculation time. 

Calculations of (free field corrected) noise levels at facades have been preformed for 
one height, 4 meters above ground level.  

The roads were in advance categorized in five groups. Group 1 are the main roads and 
high-ways and group 5 bicycle roads and walkways. Measured data were available for 
most roads in group 1. Data for group 2 to 4 was given typical data according to the 
corresponding road group. 

No data of the number of inhabitants for each single house were available, however 
exact data from the election areas were. This problem was solved using the exact 
number of people in each election area of the city. This was then distributed to all 
residential buildings inside each election area using the default calculated value of 
inhabitants in each house divided by the true value for the whole area as a multiplying 
factor. In short the method could be described as using the volume of each house as a 
factor for calculating the number of inhabitants.  

Hot Spot detection method 

The hot spot detection was made using the method presented in annex 4.1. No data 
for the sound insulation of the buildings were available, thus this parameter was set to 0 
resulting in a Hot-Spot calculation that still shows the relative differences within 
Göteborg. Five locations were chosen to be studied further in an attempt to exemplify 
some of the causes of the hot spot detection. 

                                                      

1  Road Traffic Noise – Nordic Prediction Method, TemaNord 1996:525 Part 1: Prediction Method Revised 

1996 Part 2: Background Revised 1996. ISBN 92 9120 836 1  
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3.1.3 Results 

Noise map of the municipal of Göteborg 

The noise maps presented in this report show Lden and Lnight in accordance with Directive 
2002/49/EC. 

 

Figure 3.1.3: Lden calculated from road traffic in the municipal of Göteborg 
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Number of inhabitants in noise-classes 

Due to some overlapping buildings the total calculated number of inhabitants is slightly 
increased in the model. The results in noise intervals are therefore presented in percent 
of the total population. 

 

Interval 
[dB(A)] Lden [inhabitants (part of population)] Lnight [inhabitants (part of population)] 

<50 161736 (33.5%) 380349 (78.7%) 

50-55 139253 (28.8%) 57890 (12.0%) 

55-60 80888 (16.7%) 29660 (6.1%) 

60-65 57212 (11.8%) 10073 (2.1%) 

65-70 30440 (6.3%) 4049 (0.8%) 

70-75 10098 (2.1%) 1343 (0.3%) 

>75 3787 (0.8%) 8 (0.0%) 

Total 483418 483418 
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Table 3.1.1 

As seen in the diagram, the façade levels are obviously shifted down during the night. 
But still 1.1% (or ~5300 persons) of the population has a maximum façade level greater 
than 65 dB(A) during night time and over 45 000 people have a maximum façade level 
greater than 55 dB(A) night-time.  
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Hot Spot detection 

A complete Hot-Spot map was calculated for the municipal of Göteborg.  

 

Figure 3.1.4: Hot-Spot calculated from Lden 

 

Selected Hot Spots in Göteborg 

After making the hot-spot analysis, five locations were selected for further investigation. 
The sites have been chosen to exemplify some different causes of hot-spot detection. 

The first one lay near the Majnabbe harbour. It generally consists of residential buildings 
situated near a major road that connects the southwest part with central Göteborg.  
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Figure 3.1.5: Hotspot 1  

Hotspot 2 is located north of Göta kanal. It features residential buildings located close 
to Lundbyleden.  

  

Figure 3.1.6: Hotspot 2 

As seen in the map, a railway track may also contribute to the noise levels, though this is 
not included in the calculations. 

Hot Spot #1 and #2 are “conventional” hot spots. Residential buildings located near a 
heavily trafficked road. In both these cases, poroelastic asphalt or screening probably 
would be the best measure. The later is most certainly implemented though not 
included in the calculations. 

 

The third hotspot is situated by Riddaregatan. Later in the report facts about why this 
may have been considered a hotspot is displayed. 
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Figure 3.1.7: Hotspot 3 

In the third hot spot it can be seen that a whole block is represented by a single 
building in the model. The cause is the available data of the buildings. The method of 
distributing inhabitants, described in the previous chapter, benefit large buildings and 
therefore the number of inhabitants in these building may have been overestimated, 
leading to more people exposed to high noise levels. In addition the buildings are not 
divided into smaller sections. People living in apartments facing east are therefore also 
exposed to the façade levels at the west side. This problem can partly be solved by 
distributing the inhabitants of each building to the corresponding façade points, thus 
exposing only a part of the buildings inhabitants to the high façade levels.  

Close to the junction between Boråsleden and Kungsbackaleden hotspot no. four is 
located. This may be a typical example where the buildings closest to the roads could 
have been used as barriers, sheltering the adjacent buildings from road traffic noise. 

 

  

Figure 3.1.8: Hotspot 4  



 TIP4-CT-2005-516420 Page 43 of 87 

 QCITY issued: 02-03-07 

D1.2_ACL_ACC_AKR_24M.doc 

Hot spot #4 will serve as an example how to not locate buildings. The four rectangular 
buildings north of Boråsleden are situated in such a way that the traffic noise is 
distributed into the adjacent housing area further north. The houses were probably built 
before Boråsleden became a heavily trafficked road. If built today the houses would 
have better sound insulation on the road side and would be set to shield the smaller 
houses to the north. 

 

Hotspot 5 is located along Säröleden. The buildings in the area are mainly one or two 
storey buildings. 

  

Figure 3.1.9: Hotspot 5 

Number 5 is shown because it is an isolated occurrence along Säröleden. The reason is 
the available geometrical data. In the calculation, no data regarding screens were 
available. This show how the input data is some cases can generate false indications 
and stresses the issue of correct geometrical and source input data. 

3.1.4 Further work 

The noise map of the municipal of Göteborg is to be complemented with calculation of 
tram noise and railway noise. These calculations will most certainly bring further 
understanding and highlighting of areas where noise measures should be prioritized.  

The Hot-Spot detection will be further developed to generate more accurate results. 
The inhabitants of each building will be distributed to the corresponding façade points 
and more geometrical data will be available to further increase quality. 
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3.2 Augsburg 

3.2.1 General area information 

The city of Augsburg with its 280.000 inhabitants is a central point of Bavaria. In 2000 
years of development a townscape occurred which is characterized by its old town. 
From 1800 until 1950 Augsburg was famous for its textile industry which nowadays leaves 
big industrial areas to be reintegrated into urban management. Since the 19th century 
large scale industry (mechanical engineering, paper manufacturing) was established in 
the inner city. 

 

Traffic situation 

The transport network of Augsburg contains 625 km of public roads, 73 km of tram rail tracks and 
70 km of railway. There is no underground network.  

 

Noise exposure 

The historical city wall which is surrounding Augsburg creates a traffic situation with very few 
main roads leading into and out of Augsburg. This causes a noise exposure of road traffic which 
is to be seen as problematic. Narrow roads, highly dense areas and historical roadbeds 
contribute considerably to the noise situation in the city. 

 

The contribution of national railway, tram and industrial noise is to be neglected compared to 
the noise exposure caused by road traffic. The aircraft noise contribution is to be classified as 
insignificant.  
Already in 2000 the city of Augsburg began to develop a noise information system which 
enables them to show the noise exposure in every region. Besides that citizens are able to 
access information about the noise situation via Internet at any time (www.laermkarten.de).  

In 2003 the city of Augsburg started developing noise reduction plans. Together with 
rehabilitation programmes for different parts of the city noise reduction arrangements are 
planned and implemented. In line with urbanism and traffic planning noise reduction and noise 
prevention methods are investigated and arranged.   

The noise reduction plans are made by the urban management office, the environmental 
agency and the Civil Engineering Office. 
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Possibilities of noise reduction 

First of all together with town planning projects there are possibilities to reduce the noise 
exposure in the inner city. The first steps are: 

- Planning the building layout with noise sensitive rooms at quiet side  
- Additional or improved insulation glazing and ventilation provisions as well as 
- Land utilisation plans to reduce acoustical conflicts in living areas near by. 
 

3.2.2 Description of methods used 

The level of noise exposure has been evaluated using a 3-dimensional calculation 
model of local geographical conditions which was set up with an accuracy that meets 
the requirements of noise propagation. In its essence the model is based on generally / 
countrywide available data, but was reconstructed and advanced with additional 
data given by single communes.   
The software used for modelling and calculating was Cadna/A Version 3.5.116 
(DataKustik GmbH, Greifenberg).   
The calculations themselves were processed in a cluster with 24 computers connected 
to each other. 

 

Following digital input data was used: 

 

- three-dimensional digital terrain model  
(despite the enormous amount of the terrain model data in ASCII-format with 
geodetic points in a grid size of 5m has been used) 

- three-dimensional digital models of buildings with information about their main 
usage 

- Information about noise insulation arrangements like sound barriers, 
- geographical and acoustical attributes of noise sources (streets) including the 

actual traffic data 
- data about the number of inhabitants of every residential house as a base for 

evaluating noise exposure 
- digital land utilisation plans, topographic maps and geographically referenced 

pictures to ease the model building 
 

The calculations of noise maps are based on the European directive 2002/49/EC and its 
implementation in national (German) law (34.BImSchV) with use of noise indicators Lden 
and Lnight. The day-evening-night level Lden is the A-weighted long term average sound 
level for the period day (06.00 – 18.00), evening (18.00 – 22.00) and night (22.00 – 06.00). 
The night-time noise indicator Lnight is the A-weighted long-long term average sound 
level as defined in ISO 1996-2: 1987 determined over all the night periods of a year.  
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The national calculation method VBUS (Vorläufige Berechnungsmethode für den 
Umgebungslärm an Straßen) has been applied. Compared to RLS-90 (Richtlinie für den 
Lärmschutz an Straßen RLS-90) the VBUS calculation method differs in following points:  

 

- The diffusion of sonic rays was assumed to be parabolic. This was done to make sure 
the results of this calculation method are equal to those of the French calculation 
method “NMPB-Routes-96”, which is what the directive 2002/49/EC asks for. 

- The calculation method of the “long, straight road” was not taken over from RLS-90 
as nowadays noise maps are processed merely by computer programs based on 
“sectional processing” of roads, which means that roads get split up in small pieces 
with single noise sources in mid of each piece.  

- The distinction of cars and trucks has been set to 3.5 tons permissible maximum 
weight instead of 2.8 tons according to RLS-90. 

- Parking lots do not get mapped as the French method “NMPB-Routes-96” which is to 
be regarded as an interim calculation method does not regard them either. 

 

All noise maps have been calculated with a receiver grid of 10 by 10 meters and a 
receiver height of 4.0 meters above terrain. Ground effects as well as reflections at 
building facades and screens have been taken into account. 

 

Directive 2002/49/EG gives a number of guidelines how detailed information should be 
presented to inform the citizen and for the development of action plans. Creating 
maps disclosing the exceedance of a so called limiting-value or tripping level is one 
example.  
To identify the amount and geographical position of buildings affected by sound levels 
exceeding these limiting values and for the quantification of people exposed the 
calculation-points have been set on the building facades. The last reflection at each 
building facade on which the calculation points are placed therefore has not been 
regarded. The calculation height here also was set to 4.0 meters above terrain. 
When the highest facade level of a building exceeds the limiting value the building is 
marked in the map and noise mitigation measures have to be considered. As the 
directive 2002/49/EC does not mention general tripping levels there are currently 
discussions in Germany to agree on an appropriate value.  

 

Following tripping levels have been chosen for the analysis:2 

- Lden > 65 dB(A) (and/ or) 
- Lnight > 55 dB(A). 

 

                                                      

2 according to the 34. BImSchV (Verordnung zur Durchführung des Bundes-Immissionsschutzgesetzes   

(Verordnung über die Lärmkartierung- 34.BImSchV) 2006-03-06 
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To quantify the estimated number of people (in hundreds) living in dwellings that are 
exposed the German calculation method VBEB (Vorläufige Berechnungs-methode zur 
Ermittlung der Belastetenzahlen durch Umgebungslärm) has been applied. This 
calculation method is based on the VDI 3722, but got adjusted though to the 
requirements mentioned in 34. BImSchV as well as in the appendices I, IV and VI of the 
directive 2002/49/EC.  

 

Since in general the exact position, size and floor plan of dwellings are not known the 
total amount of people living inside gets equally spread over the immission points 
placed on the building facades.  
The value “inhabitants per immission point” which was determined gets related to the 
immission level at that point. Afterwards the amount of people attributed to a facade 
level exceeding the tripping value gets summed up. 

 

Detection of focal points / hot spots 

The hot spot detection has been carried out using NERS (Noise Environmental Rating System)3. 
Using NERS it is possible to sum up the noise score within an area in one single numerical value. 
Thus the benefits of different measures become comparable which is why NERS has been used 
to design and evaluate different town planning measures. 

 

In order to identify focal points of noise exposure the noise exposure levels of buildings are 
summed up within a grid of 100 by 100m or 50 by 50m. The grid itself gets relocated along a 
smaller grid of 10 by 10m.  This method causes the exact contours of focal points (houses with at 
least one facade level exceeding the tripping value) to become more “blurry”. As a result those 
points are not fully attached and limited to building contour lines, but expand over an area. By 
categorizing the noise score levels and correlating them with colours, focal points can be 
displayed.  

 
 

                                                      

3 Described by Wolfgang Probst and Henk Miedema in QCity Report D.1.1 and Chapter 1 of this report 
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The “object scan” is illustrated in following picture: 

 

 

Figure 3.2.1: Object Scan and relocation of bigger grid along the smaller grid size 
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3.2.3 Results 

Noise maps of the agglomeration of Augsburg have been produced for noise levels Lden 
and Lnight. They will be accessible on http://www.qcity.org/maps with scales of 1:400000 up 
to 1:25000. 

 

 

Figure 3.2.2: Noise map - traffic noise Lden / Augsburg 
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Figure 3.2.3: Noise map - traffic noise Lnight / Augsburg 
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Figure 3.2.4: Residential buildings with facade levels exceeding limiting values / Augsburg
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Figure 3.2.5: Noise exposure / hot spots in Augsburg 

The picture shows the detected hot spots using NERS. The Noise Score of every building 
was tabulated so that percentiles could be marked.  
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Number of inhabitants in noise-classes and Noise Score 
The table shows the amount of people in noise classes and the total noise score (using 
NERS) for a small part of Augsburg (area of Maximilianstrasse) at actual state and after 
implementing different measures. The calculation has been carried out according to 
the German calculation method VBEB (Vorläufige Berechnungsmethode der 
Belastetenzahlen).  
When insulated glazing and ventilation provisions are implemented only the noise level 
Lnight has been reduced by 15 dB(A) as it was assumed that this measure would be 
effective only at night. At daytime the theory is that windows would be opened which 
nullifies the positive effect of additional insulated glazing. 

For this analysis the façade levels of each facade point and the apportioned amount 
of inhabitants have been considered. 

  

 
actual state 
(Status Quo) 

2005 

insulated glazing 
and ventilation 

provisions 

building layout with 
noise sensitive 

rooms at quiet side 

interval value value value 

from  till Lden Lnight Lden Lnight Lden Lnight 

 50.0 1614 1780 1636 2056 1805 2017 

50.0 55.0 78 92 81 92 112 131 

55.0 60.0 86 184 89 0 106 0 

60.0 65.0 86 92 128 0 124 0 

65.0 70.0 169 0 127 0 0 0 

70.0 75.0 114 0 87 0 0 0 

75.0  0 0 0 0 0 0 

        

Noise Score 2.547.561 971.275 12.510 
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Analysis of hot spots with focus on town planning 
In order to see the effects of town planning measures in a prototypical situation 
detailed diagnostic of hot spots has been carried out for the area “Maximilianstrasse”. 
The area is popular for shopping and living. It has been chosen as it is highly exposed to 
traffic noise which gets intensified by the coarse historic paving. 

 

Figure3.2.6: Actual state (Status Quo 2005) / Augsburg “Maximilianstrasse” 

 

The hot spots of the actual state can be found primarily alongside the facades that are 
facing main roads.  
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Investigation of mitigation measures  

The following picture shows the calculated hot spots and the distribution of noise within 
the prototypical situation when insulation glazing and ventilation provisions have been 
implemented.  

 

 

Figure 3.2.7: Hot spots when insulation glazing and ventilation provisions 
 have been implemented / Augsburg “Maximilianstrasse” 

 

The calculation is based on the assumption that the noise reduction effect can be simulated 
with NERS by subtracting 15 dB(A) from the Lnight level. However this strong simplification 
correlates quite good to the noise effects (medical and psychological) of mitigation measures 
implemented at receiver points.  

 

Another mitigation study concerns the potential effect of planning the building layout with noise 
sensitive rooms at quiet side. It is assumed that the total amount of inhabitants is equally shared 
over the quiet facades. Quiet facades in this context are facades whose noise level does not 
exceed the limiting value of 65 dB(A) for Lden and 55 dB(A) for Lnight. One can recognize that the 
total amount and intensity of hot spots have changed dramatically when applying this measure 
which is, because theoretically no inhabitant is exposed to noise levels exceeding the limiting 
values. When implementing this measure the hot spots switch from facades that face the main 
roads to facades on the reverse side.  

Planning the building layout with noise sensitive rooms at quiet side is subjected to restrictions just 
like any other measure. One of these restrictions is placed through the geographical orientation 
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of the facades. Allocating inhabitants on north sides is to be regarded critical. Since the subject 
of this examination was to explore the potential when changing the building layout the 
geographical orientation of facades has not been regarded.  

 

 

Figure 3.2.8: Hot spot scenario when building layout with noise sensitive rooms 
at quiet side has been implemented / Augsburg “Maximilianstrasse” 

 

Mitigation measures at receiver points can not be regarded equal to those that are 
implemented at source or close by. These types of mitigation measures reduce the 
noise level area wide which takes a much wider effect so that living areas outside of 
buildings like balconies, terraces or gardens would be less exposed. The noise climate 
would be improved inside and outside buildings.  
One possibility to reduce noise at source (wheel/ road surface) is to improve the 
acoustical attributes of the surface. When changing parts of the road surface from 
paving stones to sawed paving stones a noise reduction of 5 dB(A) can be expected. 
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Following map shows the effect of silent road surface (Lden -5 dB(A)). 

 

 

Figure 3.2.9: Hot Spot scenario when Lden is reduced by 5 dB caused  
by new road surface / Augsburg “Maximilianstrasse” 
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Optimization 
For detailed diagnostic of town planning measures the calculation of Noise Scores will 
be done taking into account an area specific noise level. Therefore the so called “area 
50” criteria will be added to the “Lden based façade level” criteria of NERS. 

Expected improvement 
The expected improvements will be investigated in detail in Subproject 5 when specific 
mitigation measures will be developed, implemented and the effectiveness quantified. 

Intermediate evaluation of benefits  
The noise score has been determined using NERS. When using the Object Scan to 
determine the noise score within the prototypical situation the noise levels of each 
facade point have been regarded rather than taking only the highest noise level (most 
exposed facade) into account.   
The number of inhabitants has been apportioned equal on the amount of facade 
points of each building. Within the scenario of planning the building layout with noise 
sensitive rooms at quiet side, the amount of inhabitants has been apportioned equally 
on the total number of facade points whose noise level does not exceed the limiting 
values.  

 

 

 

 

 

 

 

In view of the criterions “annoyance” and “sleep disturbance” the noise score 
exclusively evaluates the noise exposure at buildings. Therefore the measure of 
planning the building layout with noise sensitive rooms at quiet side shows the highest 
noise reduction potential. However when working on noise abatement plans it would 
be wise to regard sectors alongside roads in city areas with high inhabitation quality 
next to the regard of outside living quarters.    
Thus in principle measures at or close by noise sources like traffic calming, traffic 
reduction or silent road surface have to be preferred to measures at receiver points.  

 

 

  Status Quo 

insulated 
glazing and 
ventilation 
provisions  

building 
layout with 

noise sensitive 
rooms at quiet 

side 

5 dB reduction 
caused by 
new road 
surface 

Noise Score 2.547.561 971.275 12.510 85.029 
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3.2.4 Further work 

In WP 5.3 the feasibility of measures inside Augsburg and its efficiency will be 
investigated.  

 

3.2.5 Relation with the other subprojects  

Relation to SP5, WP 5.3 

Results are basis for detailed mitigation studies and design of prototype for 
implementation. 
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3.3 Stockholm 

3.3.1 General area information 

Stockholm has been divided into three major areas. One of these, Stockholm west, has 
been chosen to be studied further in this project. Information about the noise mapping 
process, methods and results is found in D1.1. 

A hot spot analysis has been made to extract problem-areas. Three hot spots were 
chosen to be studied further. Below follows a brief description of them. 

Hot spot #1 show the area around Brommaplan and Abrahamsberg. The specific hot 
spots are concentrated to Bergslagsvägen, Kvambacksvägen and 
Drottningholmsvägen. Both Drottningholmsvägen and Bergslagsvägen are heavily 
trafficked roads, connecting the northern part of Stockholm west with central 
Stockholm. 

 

Figure 3.3.1: Hotspot 1 

The second hot spot is located near Alvik and Traneberg. The main road, 
Drottningholmsvägen, is elevated before reaching Tranebergsbron leading to central 
and southern Stockholm. 
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Figure 3.3.2: Hotspot 2 

The last hot spot (#3) is found along Enköpingsvägen near Tensta. The area is heavily 
populated and consists almost entirely of houses higher than three floors. 

 

 

Figure 3.3.3: Hotspot 3 
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3.3.2 Description of methods used 

Hot Spot detection method 

The hot spot detection was made using the method presented in annex 4.1. No data 
for the sound insulation of the buildings were available, thus this parameter was set to 0. 
Three locations were chosen to be studied further in an attempt to exemplify some of 
the causes of the hot spot detection. 

3.3.3 Results 

 

Figure 3.3.4: Lden, Stockholm West 
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Number of inhabitants in noise-classes 

The inhabitants of Stockholm west have been divided into noise classes. The diagram 
shows Lden and Lnight. As expected, the diagram is shifted “down” during night-time. 
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Figure 3.3.5:  
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Hot Spot detection 

 

Figure 3.3.6: Hotspot, Stockholm west 

A calculation of Noise Score was performed for the complete Stockholm west area. 
From the calculations three Hot-Spots were chosen to be studied further. 
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Figure 3.3.7: Hotspot 1 

The first hot spot is probably due to a combination of tram and road traffic. The tram is 
elevated where it crosses Drottningholmsvägen witch strongly contributes to the overall 
noise levels. At Abrahamsberg’s tram station three buildings that lay between the road 
and the tram tracks have been classed as inhabited buildings. Therefore it may have 
been deemed as a hot spot. These buildings have received measures to windows but 
are still exposed to high noise levels. 

 

Figure 3.3.8: Hotspot 2 

The area around hot spot #2 shows some interesting results. The hot spot close to the 
bridge is apparent due to the elevation of both the tram and the road. Solutions to this 
problem would incorporate damping of the bridge itself. Screening is difficult due to the 
slope but using a low, damping screen close to the tram screening should be possible. 
From inspection at the site, it would be most likely to find another hot spot at the road 
junction to the far left of the figure (Alviksplan). This is not the case due to planning of 
housing areas and an upwards slope north of the junction that works as a screen for the 
road traffic noise. 
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Figure 3.3.9: Hotspot 3 

Hot spot #3, Tensta, show high noise score values also inside the housing area itself. 
Inspection at this site tells us that the noise levels inside the first row of houses are 
surprisingly low. The area is built so the tallest buildings shield the adjacent housing to 
the south. The built up area slopes down from Enköpingsvägen which also contributes 
to the shielding effect. A further expansion of Enköpingsvägen is planned and would 
most certainly increase the need for further noise actions along the first row of buildings. 
The overall noise level in the adjacent area would also increase making a quiet asphalt 
solution a good choice of action. 

3.3.4 Further work 

The Hot-Spot analysis of Stockholm west will be further developed using new data for 
the buildings including what buildings have received window measures etc. From this 
calculation new Hot-Spots will be investigated. The new Hot-Spot analysis will also 
include the distribution of inhabitants of each building to the corresponding façade 
points for more accurate results. 
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3.4 Stuttgart 

3.4.1 General area information  

Based on noise data and noise models from earlier investigations in parts of the agglomeration 
Stuttgart the agglomeration Stuttgart was mapped.  
The area of investigation embraces the extended conurbation of Stuttgart with an 
expanse of 867 km². Thus the investigated area covers a much bigger scope than 
required according to the directive 2002/49/EC. This area has about 1.375 million 
inhabitants with about 600.000 inhabitants in Stuttgart itself which is the economic 
centre of Baden-Württemberg. The next biggest cities of that area are Esslingen with 
about 95.000 inhabitants, Ludwigsburg (about 90.000), Sindelfingen (about 66.000), 
Waiblingen (about 55.000) and Böblingen (about 51.000).  All remaining communes 
have less than 50.000 inhabitants.  Within the investigated area are about 433.000 
buildings of which about 228.000 (approx. 53%) are residential buildings. Stuttgart 
distinguishes itself from other towns due to the surrounding hills. Stuttgart’s lowest point is 
located 207 meters above sea level and its highest point is on 549 m absolute altitude.  
 

 

Figure 3.4.1: Overview of the agglomeration of Stuttgart 
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Figure 3.4.2: Lithographic map of the agglomeration of Stuttgart 

 

The railway track between Karlsruhe-Mannheim-Stuttgart and Ulm is an important piece 
of the central European West-East connection of Paris over Stuttgart and Munich to 
Vienna. Since 1991 Stuttgart is connected to the high speed tracks of the German 
Railway system.   
The federal motorway A 8 and the main road B 27 cross the region from west to east, 
the motorway A 81 and main road B14 intersect from north to south.  

 

The traffic situation of the agglomeration of Stuttgart (total investigated area) is as 
follows:  

- length of motorway: 75 km 
- length of trunk road maintained by the Federal Government: 100 km 
- length of superordinated road network: 1100 km 
- length of subordinated road network: 4500 km 
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The region of Fildern is characterised by its rural environment. However the region and 
its communes Esslingen-Berkheim, Leinfelden-Echterdingen, Filderstadt, Ostfildern, 
Denkendorf and Neuhausen just like the southern parts of Stuttgart are highly affected 
by noise because of the important traffic routes and the airport. Therefore the region 
and its authorities are occupied with noise reduction planning for years. 

 

The traffic situation of the area of Filder (part of total investigated area) is as follows: 

- length motorway 32 km 
- length of trunk road maintained by the Federal Government 34 km 
- length of superordinated road network 213 km 
- length of subordinated road network 671 km 
- length of rail network 22 km 
- aircraft movements per year 80.000 
 

Stuttgart also started practicing noise mitigation planning already in 1996. For the 
districts of Vaihingen and Zuffenhausen noise mitigation measures were discussed with 
public participation. Some of them have already been put into practise. 
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3.4.2 Description of methods used 

The level of noise exposure has been evaluated using a 3-dimensional calculation 
model of local geographical conditions which was set up with an accuracy that meets 
the requirements of noise propagation. In its essence the model is based on generally / 
countrywide available data, but was reconstructed and advanced with additional 
data given by single communes.   
The software used for modelling and calculating was Cadna/A Version 3.5.116 
(DataKustik GmbH, Greifenberg).   
The calculations themselves were processed in a cluster with 24 computers connected 
to each other. 

 

Following digital input data was used: 

 

- three-dimensional digital terrain model  
(despite the enormous amount of the terrain model data in ASCII-format with 
geodetic points in a grid size of 5m has been used) 

- three-dimensional digital models of buildings with information about their main 
usage 

- Information about noise insulation arrangements like sound barriers 
- geographical and acoustical attributes of noise sources (streets) including the 

actual traffic data 
- data about the number of inhabitants of every residential house as a base for 

evaluating noise exposure 
- digital land utilisation plans, topographic maps and geographically referenced 

pictures to ease the model building 
 

 

The calculations of noise maps are based on the European directive 2002/49/EC and its 
implementation in national (German) law (34.BImSchV) with use of noise indicators Lden 

and Lnight. The day-evening-night level Lden is the A-weighted long term average sound 
level for the period day (06.00 – 18.00), evening (18.00 – 22.00) and night (22.00 – 06.00). 
The night-time noise indicator Lnight is the A-weighted long-long term average sound 
level as defined in ISO 1996-2: 1987 determined over all the night periods of a year.  

 

The national calculation method VBUS (Vorläufige Berechnungsmethode für den 
Umgebungslärm an Straßen) has been applied. Compared to RLS-90 (Richtlinie für den 
Lärmschutz an Straßen RLS-90) the VBUS calculation method differs in following points:  
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- The diffusion of sonic rays was assumed to be parabolic. This was done to make sure 
the results of this calculation method are equal to those of the French calculation 
method “NMPB-Routes-96”, which is what the directive 2002/49/EC asks for. 

- The calculation method of the “long, straight road” was not taken over from RLS-90 
as nowadays noise maps are processed merely by computer programs based on 
“sectional processing” of roads, which means that roads get split up in small pieces 
with single noise sources in mid of each piece.  

- The distinction of cars and trucks has been set to 3.5 tons permissible maximum 
weight instead of 2.8 tons according to RLS-90. 

- Parking lots do not get mapped, as the French method “NMPB-Routes-96” which is 
to be regarded as an interim calculation method, does not regard them either. 

 

All noise maps have been calculated with a receiver grid of 10 by 10 meters and a 
receiver height of 4.0 meters above terrain. Ground effects as well as reflections at 
building facades and screens have been taken into account.  
Directive 2002/49/EG gives a number of guidelines how detailed information should be 
presented to inform the citizen and for the development of action plans. Creating 
maps disclosing the exceedance of a so called limiting-value or tripping level is one 
example.  
To identify the amount and geographical position of buildings affected by sound levels 
exceeding those limiting values and for the quantification of people exposed the 
calculation-points have been set on the building facades. The last reflection at each 
building facade on which the calculation points are placed therefore has not been 
regarded. The calculation height here also was set to 4.0 meters above terrain. When 
the highest facade level of a building exceeds the limiting value, the building is marked 
in the map and noise mitigation measures have to be considered. As the directive 
2002/49/EC does not mention general tripping levels there are currently discussions in 
Germany to agree on an appropriate value.  

 

Following tripping levels have been chosen for the analysis:4 

 

- Lden > 65 dB(A) (and/ or) 
- Lnight > 55 dB(A). 
 

To quantify the estimated number of people (in hundreds) living in dwellings that are 
exposed the German calculation method VBEB (Vorläufige Berechnungs-methode zur 
Ermittlung der Belastetenzahlen durch Umgebungslärm) has been applied. This 
calculation method is based on the VDI 3722, but got adjusted though to the 
requirements mentioned in 34. BImSchV as well as in the appendices I, IV and VI of the 
directive 2002/49/EC.  

                                                      

4 according to the 34. BImSchV (Verordnung zur Durchführung des Bundes-Immissionsschutzgesetzes  

(Verordnung über die Lärmkartierung- 34.BImSchV) 2006-03-06 
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Since in general the exact position, size and floor plan of dwellings are not known, the 
total amount of people living inside each building gets equally spread over the 
immission points placed on the building facades.   
The value “inhabitants per immission point” which was determined gets related to the 
immission level at that point. Afterwards the amount of people attributed to a facade 
level exceeding the tripping value gets summed up. 

 

Detection of focal points / hot spots 

The hot spot detection has been carried out using NERS (Noise Environmental Rating 
System)5. Using NERS it is possible to sum up the noise score within an area in one single 
numerical value. Thus the benefits of different measures become comparable which is 
why NERS has been used to design and evaluate a concept for truck routing.  
To identify focal points of noise exposure the noise score levels of buildings are summed 
up within a grid of 100 by 100m. The grid itself gets relocated along a smaller grid of 10 
by 10m.  This method causes the exact contours of focal points (houses with at least 
one facade level exceeding the tripping value) to become more “blurry”. As a result 
those points are not fully attached and limited to building contour lines, but expand 
over an area. By categorizing the noise exposure levels and correlating them with 
colours, focal points can be displayed.  

 

                                                      

5 Described by Wolfgang Probst and Henk Miedema in QCity Report D1.1 
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The so called “object scan” is illustrated in following picture: 

 

 

Figure 3.4.3: Object Scan and relocation of bigger grid along the smaller grid size 
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3.4.3 Results 

Noise maps of the agglomeration of Stuttgart have been produced for noise levels Lden 
and Lnight. They are accessible on http://www.qcity.org/maps with scales of 1:400000 up to 
1:25000. 

 

 

Figure 3.4.3: Noise map - traffic noise Lden / agglomeration of Stuttgart 

 

As the map shows the main noise exposure can be found alongside the main routes: 

- federal motorway A8 (west – east connection) 
- federal motorway A81 (north – south connection) 
- main road B27 (in south of Stuttgart) 
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Figure 3.4.4: Noise map – traffic noise Lnight / agglomeration of Stuttgart 

 

The night-time noise indicator Lnight within the area of investigation in average is approx. 
5 – 10 dB(A) lower than the noise indicator Lden. 
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Figure 3.4.5: Residential buildings with facade levels exceeding  
limiting values / agglomeration of Stuttgart 

 

As can be seen alongside of practically every main road within the agglomeration the 
tripping levels get exceeded.  Therefore hot spots analysis should not be carried out 
simply by judging whether a facade level does or does not exceed a tripping value as 
hot spots are special points with a significant noise annoyance.   
The total area exposed to values of Lden greater-than-or-equal to 55 dB(A) is about  
210 km², greater-than-or-equal to 65 dB(A) is about 82 km² and greater-than-or-equal to 
75 dB(A) is about 19 km². 
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The following picture shows the detected hot spots using NERS. The Noise Scores of 
every building were tabulated so that percentiles could be marked.  

 

 

Figure 3.4.6: Noise exposure / hot spots in agglomeration of Stuttgart 

The picture shows the detected hot spots using NERS. The Noise Score of every building 
was tabulated so that percentiles could be marked. 
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Table 3.4.1: Number of inhabitants in noise-classes 
 

 
 

The table shows, that in the entire investigated area (agglomeration of Stuttgart) about 
12.2 % of the inhabitants are affected by facade levels Lden > 65 dB(A) and 13.2 % are 
affected by facade levels Lnight > 55 dB(A).   
(Within this analysis the total amount of inhabitants of each building was related to its 
most exposed facade.) 
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Table 3.4.2: Number of people exposed per commune (in total) 
 

number of inhabitants in dB(A) – categories on base of Lden 
(roads, 2005) Communes 

< 55 55...60 60...65 65...70 70...75 >75 

Vaihingen 9511 18022 7420 3483 1316 139 

Möhringen 7122 11395 4338 2351 1303 146 

Plieningen 3046 3010 1208 792 304 7 

Birkach 2786 1038 898 481 0 0 

Kemnat 2025 1879 242 306 391 0 

Ruit 3509 2626 456 450 658 16 

Scharnhausen 1196 1841 400 465 604 0 

Nellingen 8922 7220 2077 1120 1201 20 

Berkheim 2222 3801 1065 465 235 0 

Denkendorf 2357 5150 1376 557 785 38 

Neuhausen 4244 3952 1631 1060 483 9 

Bernhausen 3570 6860 1827 661 887 48 

Sielmingen 2622 3719 560 549 402 14 

Harthausen 1700 1846 152 251 132 0 

Bonlanden 2267 5395 1623 704 211 0 

Plattenhardt 2706 3456 560 1250 118 0 

Stetten 2235 2160 532 247 254 0 

Echterdingen 2089 5255 1819 1139 1078 45 

Leinfelden 3216 5524 2918 1371 324 0 

Musberg 2726 1745 267 283 42 0 

Steinenbronn 3156 1518 703 615 22 0 

Total number 73.227 97.412 32.072 18.600 10.750 482 

Total in % 31.5 41.9 13.8 8.0 4.6 0.2 
 

 

 



 TIP4-CT-2005-516420 Page 80 of 87 

 QCITY issued: 02-03-07 

D1.2_ACL_ACC_AKR_24M.doc 

Analysis of hot spots with focus on “truck restrictions” 
 

In line with the project of Q-City the region of Fildern has one of the highest demands of 
noise reduction plans concerning “truck traffic”. Noise maps and hot spot detection 
have been produced for the areas of Denkendorf, Esslingen, Leinfelden- Echterdingen, 
Neuhausen and Ostfildern and parts of Stuttgart.  
The truck-routing concept presented in this paper is to be regarded as one suggestion 
in context of an overall planning for noise mitigation in the region of Fildern.   
Using a traffic model it was possible to analyse the impact of blocking specific roads 
and redirecting trucks, by use of different scenario-techniques. Therefore at first the 
actual state (Status Quo) for years 2005 and 2010 was calculated. Later on multiple 
scenarios were calculated and benchmarked using NERS. 

 

Figure 3.4.7: Overview of communities in region of Fildern 

 

The following pictures show 

- the daily traffic flow of heavy load > 3.5t on weekdays 
- the identified hot spots using NERS (Noise Environmental Rating System) 
- the investigated single measures of truck restrictions in the area of Fildern 
- the maximum potential of truck restriction measures 
- the optimized combination of truck restrictions (combination K1) 
- the change of noise exposure inside the communities and in total 
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Figure 3.4.8: Hot spots of annoyance in region of Fildern caused by road traffic  
based on Lden, 2005, using NERS 

 

Further analyses have been carried out in order to develop a truck routing concept: 

 

Figure 3.4.9: Hot spots of annoyance in region of Fildern  
caused by heavy traffic based on Lden, 2005, using NERS 
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The results of the hot spot analysis clearly show that focal points not necessarily have to 
be alongside main roads, but can be located elsewhere. This can be caused through a 
dense population or especially high noise levels. 

 

 

Figure 3.4.10: Area-wide noise exposure compared to detected hot-spots 

 

It seems reasonable to design and implement truck routing systems regionally. Truck 
restrictions can be implemented for main roads of communes (e. g. restriction of transit 
traffic for the communes of Filder region), as area-wide truck restrictions in single city 
districts (e. g. Stuttgart Vaihingen) or area-wide restrictions on transit traffic for the entire 
urban area of Stuttgart.6 

 

Following picture shows the maximum potential of truck restrictions for the area of 
Fildern when all roads have been blocked for trucks. 

                                                      

6 truck restrictions are meant for transit traffic - not for traffic between a source or destination inside the city 



 TIP4-CT-2005-516420 Page 83 of 87 

 QCITY issued: 02-03-07 

D1.2_ACL_ACC_AKR_24M.doc 

 

Figure 3.4.11: Maximum potential of noise reduction  
caused by 100 % truck restrictions on each road / region of Fildern 

 

Mitigation measures 
The effectiveness of single restrictions on transit traffic of trucks has been evaluated for 
the important cross-town roads with 22 single measures of road blockages as shown in 
following picture. It is based on the detected noise exposure of the Status Quo 2005 
and the forecasting horizon 2010+x. Also it is based on calculations showing the effect 
of these traffic assignments for cars and trucks.  

 

Figure 3.4.12: Existing truck-restrictions in the investigated area data from July 2004,  
(updated 01. 2005) / region of Fildern 
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Single measures 
(Roads have been blocked for heavy load at the marked spots (not all at once but 
rather in different combinations)) 

 

 

Figure 3.4.13: Investigates road blocks in region of Fildern 
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Intermediate evaluation of benefits from regional truck routing (area of Fildern) 
 

The implementation of truck routing concepts is most fruitful when being designed and 
implemented regionally. Nevertheless effective measures do not always implicate 
positive effects all over. For the good of some areas others will have to step back from 
an improvement or might even have to accept a limited change for the worse. 
Applying truck-routing systems regionally will not necessarily be the best solution for 
local spots.  Therefore it is important to keep an eye also on their local effects so that no 
unacceptable surplus exposure will arise. Mostly multiple communes will be involved 
when establishing effective truck routing systems which will make it hard to find 
agreement if certain areas are much more exposed than others.  
Truck routing can only be regarded as a building block amongst others to reduce noise 
exposure and will in most cases have to be combined with other measures like silent 
road surfaces or structural noise insulations.  

 

Following picture shows the regional effect when a package of truck routing measure 
(K1) is applied. 

 

Figure 3.4.14: Change of noise exposure in each community when reasonable  
truck routing package K1 is applied / region of Fildern 
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As one can see it is possible to reduce noise exposure significantly using specific traffic 
restrictions for heavy load. The expected improvement is about 19 %. When applying 
truck-routing measure K1 in the region of Fildern persisting and negatively changed 
amounts of noise exposure can still be found in:  

 

- Kemnat / Ruit 
- Sielmingen / Neuhausen 
- Leinfelden 
 

For these areas other noise mitigation measures like road enhancement (new road 
construction, local bypasses) sound insulation and changed usage of buildings have to 
be discussed. In order to avoid further increase of noise exposure in the region of Fildern 
it is necessary to design and implement noise mitigation measures regionally with 
consensus of the local communities.   

 

3.4.4 Further work 

In WP 5.10 the feasibility of truck routing inside the agglomeration of Stuttgart and its 
efficiency will be investigated.  

 

3.4.5 Relation with other subprojects  

Relation to SP5, WP 5.10 

Results are basis for detailed mitigation studies and design of prototype for 
implementation. 
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THE ASSESSMENT OF NOISE TAKING INTO ACCOUNT 
NOISE LEVELS AND PEOPLE ANNOYED  

Wolfgang Probst, ACCON GmbH and DataKustik GmbH, D-86926 Greifenberg, Germany 

SUMMARY 

Numerous research on annoyance caused by noise improved our knowledge and understanding of 

peoples reactions. With our computerized methods to determine the noise levels for large scale 

scenarios and as a consequence of the European Directive about Environmental Noise this knowledge 

can be transformed into assessment methods allowing the relative scaling of different noise mitigation 

measures. A thorough review showed that ranking of noise exposures was always based on exposure 

– effect relations where the number of highly annoyed persons was used to quantify complex situations 

with spatial varying noise exposures. 

It will be shown that this concept fails. If noise exposures change, we must sum up an annoyance 

quantity for all persons concerned and not only count the number of persons above a threshold. It is 

postulated that the relative weighting of different grades of annoyance is a political decision and should 

be defined taking into account the communities opinion about the best acceptable distribution of 

unavoidable hazards. Looking to the expressions used to calculate a single number result for 

assessing noise scenarios, it will be shown that the “Highly Annoyed” expression causes an extremely 

weak weighting of noise levels – the consequences are unacceptable.  

On the basis of these findings a new assessment expression was developed and used for decision-

making in the planning phase for simple and complex scenarios. This method can easily be extended 

to inclose different noise types and it may help to find effective and “fair” noise mitigation measures 

acceptable for all people concerned. 

1 INTRODUCTION 

Strategic noise mapping is a core activity addressed by the Directive 2002/49/EC /1/ to achieve 

comparable information about the noise situation in Europe. These noise maps are not only a means 

to produce coloured presentations of the noise distribution in a city. The digital model of 

agglomerations and environment with all relevant noise sources is an effective noise information 

system for the city administration and the public. 

The map of noise levels shows the spatial distribution of noise. With the conflict map the regions are 

shown where given limiting values are exceeded. On the basis of an assessment of the noise situation 

action plans shall be developed with an optimal combination of measures to reduce the harmful 

effects. 

An effective system to assess large scale noise problems must include the noise indicators (e.g. as 

defined by END) and the population exposed. Each decision-making whether the noise impact is 

significant or not needs at the end a ranking of different scenarios and this is a single number rating 

procedure. If we want to reduce the harmful effects of noise on people and decide about pros and cons 

among different scenarios, we are oblighed to define the necessary reduction of exposure if the 

number of persons exposed is raised. 

Different concepts to calculate a Noise Score (NS) have been published: 

Concept 1 – a linear relation (Lärmkennziffer LKZ) 

( )∑ −⋅=
i

Rii LLnNS       (1) 

ni number of persons in group i, Li Exposure level of group i, LR limiting or reference value 
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Concept 2 – percentage of highly annoyed people (%HA Highly Annoyed) 

( ) ( ) ( )

∑ ⋅=

−+−⋅−−⋅= −−

i
i

i

2

i
23

i
4

100

HA%
nNS

42L51,042L1044,142L1087,9HA%

 (2) 

(This equation proposed by Miedema et al. /4/ for road noise approximates the result of many studies 

and questionnaires)  

Concept 3 – Exponential increase 

( )∑ −⋅
⋅=

i

LLk
i

Ri10nNS        (3) 

Parameter k defines the slope of the evaluation curve. 

The general approach was to find the dependency of annoyance or any other examined hazard from 

the relevant noise indicator. Using an appropriate scaling of the effect and summing up the quantity for 

a regarded population gives the single number quantity that can be used to quantify and rank noise 

scenarios. 

In most cases the number of highly annoyed persons HA was used as such a single number score. 

T.J. Schultz /2/ published a relation between the percentage of a population expressing high 

annoyance for the different noise types and the A-weighted day-night average sound level. Some years 

later Kryter /3/ compared the percentage of respondents being highly annoyed by different noise types. 

Many others used the number of heavy annoyed persons to express the reaction to noise.  

Miedema and Vos /4/ summarized 45 surveys and extracted comparable curves representing the 

percentage of highly annoyed persons (%HA) as a function of DNL for aircraft, road traffic and railway 

noise (equation (2)). Miedema takes these functions not only as an information about the number of 

highly annoyed persons caused by a given exposure, but recommends to use this number to compare 

planning concepts with respect to the noise impact on the community. 

Many other groups followed this idea to use the %HA function to derive a single number rating or a 

“Noise Score” for decision-making in community planning – the publications /5/, /6/, /7/ and /8/ are cited 

representative for many others.  

A comprehensive review about the research on dose – effect relations and acoustic ratings was 

published in /9/ and /10/. It proves that ratings are generally based on counting the number of annoyed 

persons. Even attempts to standardize assessment methods /11,12/ use the same approach. 

In Germany there began a discussion about a suitable method to assess noise in city planning 1975 

/13/. The present author focused on the problems when the number of annoyed persons is used to 

quantify a noise situation using a single number rating /14,15/. These questions are also dealt with in 

the standardisation project VDI 3722-2 /16/ that started 1990 and which has still not been finalised. 

The techniques of noise mapping /17,18/ and computer supported evaluation of large scenarios boost 

the need for a methodology of noise scoring. Based on research and publications mentioned above a 

systematic approach is presented here to link the annoyance concept with the highly annoyed 

quantification. The consequences of the definition of a noise score expression based on traffic flow 

distribution minimizing it will be discussed and from these results a methodology is proposed. The 

application to an existing scenario confirms the practicability of this approach. 

2 The Highly Annoyed Concept (HA) 

From questionnaires the relation between a noise indicator – in case of figure 1 this is the Day-Night-

Level Ldn – and the percentage of highly annoyed persons in a population exposed can be derived.  
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Such %HA curves are shown in figure 1. 
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Figure 1 - Percentage of highly annoyed (%HA) for different noise types /4/  

Using these functions (Figure 1), the probability to be highly annoyed can be determined for each 

person with known noise exposure. The result is the number of highly annoyed persons in a 

population. Generally (e.g. in /4/) this number is recommended to decide about the best strategy in 

planning scenarios where noise is an issue.  

In reality it is a fiction that counting up people who declare to be highly annoyed would be a fair 

assessment of the populations exposure. Such a metric counts direct or indirect only how many 

persons cross the line between two categories of annoyance, but it neglects that for all the other 

people the annoyance raises also with increasing exposure. This is easily understood taking into 

account the complete curves – figure 1 shows for practical reasons only the lower part of the whole 

diagram, because in real field surveys we cannot include scenarios where more than 50% of the 

population is highly annoyed. 
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Figure 2 – Portion of exposed population highly annoyed 

Figure 2 shows the complete HA-curve – it is obvious that the percentage cannot exceed 100% and 

therefore the curve must converge against this value. If we take the relation behind this curve to rank a 

noise situation, an increase of x decibels at medium range levels gives more additional highly annoyed 

persons than the same increase at high levels. It would be a fatal consequence to conclude that people 

living in noisy areas suffer less than those in more silent areas if the level is increased by a certain 

amount. 

3 RELATION ANNOYANCE (AE) - HIGHLY ANNOYED (HA) 

The following summarizes some ideas how people react on noise and the consequences for the 

assessment and ranking of noise problems. Using this very simple model of a population reacting on 

noise the relation between “annoyance curves” (AE) and “highly annoyed curves” (%HA) shall be 

investigated. 
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Assuming that we would apply a noise indicator which is a perfect measure to quantify the noise 

exposure and we would ask people living with defined exposure about the grade of annoyance caused 

by this, we get the relation of annoyance versus exposure. Many of such studies have been 

undertaken, and different scales have been used to qualify this grade of annoyance. Let’s assume that 

the persons included in the survey use a simple 0 – 10 scale where the number correspond to 

judgements like “slightly annoying”, “annoying”, “highly annoying” and others. 

0

1

2

3

4

5

6

7

8

9

10

40 50 60 70 80 90

Noise Indicator (dB)

A
n

n
o

y
a

n
c
e

individual annoyance-exposure curve

 

Figure 3 - Annoyance-exposure relation of an individual person (AE-curve) –scaling assumed 

At this moment we take this 0 – 10 scale attached to the above mentioned judgements as a given 

hypothesis – we will see later that this more or less arbitrary assignment has tremendous 

consequences. 

To fit our curve into the frame built by the scales of noise indicator and of annoyance judgement we 

can use the following experiences: 

- most studies show that there is no significant annoyance reaction below 40 dB(A) – this 

defines the lower limit of our scale 

- living at and above 80 dB(A) is nearly impossible – this defines where the slope of the 

assessment curve should converge at infinity 

- the increase of annoyance with a given increase of noise level is larger at higher levels – the 

second derivative of the curve should be positive everywhere 

The exponential expression 

( )0LLk
10c)L(A

−⋅⋅=        (4) 

with 

A quantity to express annoyance (selected scaling) 

L noise indicator (e.g. LDEN) 

L0 reference value of noise indicator 

k factor to be adjusted (0,03 <= k <= 0,3) 

shall be used to represent the AE curve. 

c is a factor used to calibrate the curve . If we assume that the annoyance quantity should be Acal with 

a noise indicator Lcal, c is  

( )0cal LLk
cal 10Ac

−⋅−⋅=        (5) 
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where k defines the doubling parameter q – if an increase of the level L by q doubles the value of the 

annoyance A, k is 

( )
q

2lg
k =         (6) 

The shown curve (Figure 3) was calculated with k=0,06. This means that doubling the annoyance 

quantity with each level increase of 5 dB – and setting c equal 0,04. So, an annoyance value of 10 

corresponds with a noise indicator of 80 dB). 

In our model different persons are different sensitive against noise – the AE-curves will therefore be 

distributed along the x–axis. To study the relation between AE-curves and HA-curves, we take the AE-

curve (Figure 3) as the mean reaction for a certain noise type (e. g. railway noise) and assume the 

individual curves of all persons included in the survey to be normal distributed. Such a distribution is 

defined by its mean value and a standard deviation or variance. (The assumption of a normal 

distribution is somewhat arbitrary, but not prerequisite for the following). The curves in figure 4 shall be 

representative for the reaction of 9 persons on varying noise exposure. 
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Figure 4 - Dispersion (approximated by a normal distribution) of individual AE-curves 

Now, we define the annoyance threshold that should possibly not be exceeded – this may be the lower 

edge of the category “Highly annoyed”. Miedema and Vos /4/ concluded from many studies that this 

annoyance quantity is 72 on a 0-100 scale. 

Using this model of dispersed individual AE-curves, we are now able to understand the relation 

between the type of curves shown in figures 1 and 3. Based on the “threshold-annoyance” of 

2,7AT =          (7) 

on our 0-10 scale the portion of a population exposed to a noise indicator of L’ being “highly annoyed” 

can be written 
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( )
( )

∫
′

∞−

−
−

⋅
⋅

−=′
L

LL

dLeLw

m

2

2

2

2

1
1 σ

πσ
      (8) 

where  

0
T

m L
c

A
lg

k

1
L +








⋅=         (9) 

From substitution of (7) and (9) in (8) the noise indicator that corresponds to the lower edge of the HA-

category can be determined.  

The diagram figure 2 is the result of integrating the probability density function (8) with parameter 

settings as described.  

This model for the reaction of people on noise has enormous consequences for the necessary single 

number rating procedure. The derivation of the %HA-curve from the individual AE-curves proofs that 

this %HA-curve is not suitable to rank the increase of noise exposures for a population, because its 

slope is nothing but a measure of the distribution of the individual AE-curves. As it is shown in figures 3 

or 4 in accordance with experience, the annoyance increases continuously with level for each person 

(where we use the word “level” as default for a well adapted noise indicator that correlates with 

annoyance). If the value of the indicator grows, the annoyance of all people exposed will increase.  

Figure 5 helps to understand the relation AE – HA curves. These 9 curves shall be representative for 

the reaction of 9 persons on noise exposure. The horizontal line with annoyance quantity of 7,2 is the 

lower edge of the category “Highly annoyed”. If we want to know the HA-value at a certain level, we 

draw a vertical line and count the intersecting points of this vertical line with all AE-curves above this 

7,2-threshold-line or the intersecting points of AE-curves at AE=7,2 left from this vertical line – it 

defines the number of persons that are above the threshold at this level. At level L1 we get for our 

population of 9 persons two such intersecting points and therefore 

%2,22%100
9

2
)L(HA 1 =⋅=        (10) 

In the same way HA(L2) is determined to be 89 % ( 8/9 * 100 %). 

If we want to characterize the increase of annoyance using the HA-curve, we conclude that the harm 

by noise was increased by a factor of 4 (22 % -> 88 %). We counted the number of persons that 

crossed the threshold level for the HA-category. But, we neglected completely in our ranking system 

that all the other persons are more annoyed at level L2 than at level L1. This is shown in the diagram 

for person x – the annoyance quantity rises from 1.3 to 4.9, but this worsening of the situation is not 

included in the ranking system. Also a further increase of the annoyance of the 2 persons heavily 

annoyed at level L1 is not considered when the level is increased to L2. 
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Figure 5 - Increase of AE and HA when the level is increased 

We have to evaluate the increase of annoyance for all 9 persons in figure 6 caused by a level increase 

from L1 to L2 as it has been shown for person x. The increase in number of highly annoyed persons 

has nothing to do with this increase of annoyance. This can easily be proven: If we use AE-curves with 

a steeper slope keeping the intersecting points of these curves with the lower limit of the HA-section 

(horizontal line at AE = 7,2) constant, we will get the same increase of HA. But, for any of these 9 

persons the increase of annoyance is larger caused by the steeper curve. 

From these observations can be concluded that only the AE-curves can be used to characterize the 

increase of annoyance when the levels are increased. Unfortunately, there is no scientific way to relate 

a scaling like the one above to the qualifications of annoyance that we use in questionnaires. This is 

different with the %HA curves – the scale with values 0 % - 100 % can be related to the noise 

exposures completely based on such questionnaires and the resulting curve is based on scientific 

evidence. But, unfortunately, it is methodically not applicable to rank noise exposures.  

This is the dilemma developing a Noise Scoring System – as it is shown in figure 6, the relation 

between noise indicator and noise score is partly scientifically based, partly a political decision.  

scarcely annoyed

little annoyed

annoyed

highly annoyed

Noise Indicator
1100

Noise Score

scientificpolitical

 

Figure 6 - Scientific and political parts of the relation between noise indicator and noise score 

From questionnaires with people exposed to noise in their living environment we can derive diagrams 

of the type shown on the right side of figure 6. But, how we rank these verbal qualifications of different 

annoyance levels in relation to each other is a political decision that cannot be based on scientific 

evidence. There is no methodology to derive for how many “little annoyed” persons we must reduce the 

noise exposure by X dB(A) to justify the level increase with X dB(A) for one “highly annoyed” person. 
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We use the result of psycho-acoustic research and social questionnaires only as a basis to decide 

about this relation shown on the left side of figure 6 – but at the end we can use a function or curve 

relating the noise indicator directly with the noise score without the need of annoyance qualifications. 

The derived relation between AE-curves and HA-curve show, that the HA-curve is nothing but a 

measure of the dispersion of the individual AE-curves – some people react later than others if the 

exposure is increased.  

4 INFLUENCE OF SCORING ON DISTRIBUTION OF TRAFFIC FLOWS  

A Noise Scoring System allows to sum up the noise scores of all persons concerned and to receive a 

single number to qualify a scenario. The best suited noise mitigation measure can then be found by 

minimizing the noise score for a given scenario. 

With respect to the enormous consequences of the function relating the noise indicator to the noise 

score it is necessary to investigate carefully the consequences of such a definition. If an exponential 

expression is used 

( )∑ −⋅
⋅=

i

LLK
i

Ri10nNS       (11) 

the influence of the parameter K on the optimization process should be known. 

This influence has been investigated using the simple traffic flow system shown in figure 7. The traffic 

flow with N cars/hour is splitted up into two roads with flows N1 and N2. It is assumed that n1 and n2 

residents are living with comparable mean distance at roads 1 and 2. The noise produced by road 1 

does not influence the residents at road 2 and vice versa.  

N cars/h

Road 1:

N1 cars/h      traffic flow

n1                  residents

L1                  basic level

Road 2:

N2 cars/h      traffic flow

n2                  residents

L2                  basic level

 

Figure 7 - A road with traffic flow N cars/h is splitted up in two roads  

To select the parameter K in equation (11) we must decide about the “wanted” outcome of a decision 

in the simplest possible case. If there is one resident living at each of the two roads – should we 

channel the traffic N completely through one of the two roads or should we split it in two flows N/2 

each? 

From a social point of view the following is stated as a kind of postulate: 

If no other information governs the decision, there is no reason to expose one person more to reduce 

the noise for the other person – the traffic flow should be splitted up into two equal flows.  
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If it is possible to apply additional measures, e.g. to improve the sound insulation of dwellings, it is 

better to concentrate the traffic on one of the two roads and to improve the sound insulation at this one 

dwelling. 

A further help in the decision about the best acceptable parameter K in equation (11) is our knowledge 

about the relation noise indicator versus annoyance as it is shown in the diagram to the right in figure 7 

or if we take into account the influence of noise exposure in living environments on quality of life as it is 

indicated in table 1. 

Table 1 - Qualification of living environments in dependence of noise exposures 

Lden dB(A) qualification

50 comfortable

60 typical and acceptable in agglomerations with main roads

70 high exposure not acceptable, but typical for ring- and main roads

80 very high noise exposure, living extremely disturbed, not acceptable
>> 80 living without unacceptable high risc of noise induced deseases not possible  

From these judgements about the influence of noise we can see that only one, maximal two steps of 

10 dB are necessary to transform an acceptable into a non-acceptable living environment.  

In order to investigate the influence of the selected noise scoring function we apply the exponential NS-

function from equation (11) on the scenario in  figure 7.  

Using this function, the planner will prefer a distribution that minimizes the noise score 

( ) ( )
.....10n10nNS R2R1 LLK

2
LLK

1 +⋅+⋅= −⋅−⋅
   (12) 

To isolate the influence of the parameter “traffic flow” we write the noise indicator as 

( ) dBNLL
iii

log10 ⋅+=      (13) 

The basic level iL is the value of the noise indicator that would theoretically be produced by a traffic 

flow of 1 car/h. 

Merging (13) into (12), we get the total noise score 

( )...N10nN10n10NS
K10

2
LK

2

K10

1
LK

1
LK 21R +⋅⋅+⋅⋅⋅= ⋅⋅⋅−

 (14) 

Figure 8 shows the noise indicator (resp. the flow dependent part 10 log(Ni)) at the dwellings in 

dependence of the splitting of the traffic flows, if the total traffic flow is assumed to be 1000 cars/h. 
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Figure 8 - Levels at road 1 and road 2 – dL is the flow dependent partial level 10 log(Ni) dB 

The result based on this simple case is trivial – splitting-up the traffic flow into equal parts (N1 = 0.5 N) 

produces levels at both roads 3 dB less than the maximum level at the road with the total traffic 

concentrated on it. 

Using expression (14), the optimum and “recommended” distribution will be found by minimizing the 

noise score NS  

( ) ( ) R12R11 LKNNlogK10LK
2

LKNlogK10LK
1 10n10nNS

⋅−−⋅⋅+⋅⋅−⋅⋅+⋅ ⋅+⋅=   (15) 

After rearranging this equation we obtain the traffic flow N1 that produces the minimal noise score by 

0
N

NS

1

=
∂

∂
        (16) 

Solving this equation we get 

( )

1
10n

10n

N
NSN

1K10

1

LK
2

LK
1

min1

2

1

+














⋅

⋅

=

−⋅

⋅

⋅

     (17) 

This result shows that the optimal traffic distribution depends on the relation n1/n2 of the number of 

people living along these roads.  

The noise score NS is doubled when the noise indicator is increased by dL –  table 2 shows the 

relation between this doubling parameter dL and the parameter K in the noise scoring equation (11).  

Table 2 - Relation doubling parameter dL - parameter K 

 

dL (dB) K

10 0.03

5 0.06

3 0.10

1 0.30
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Figures 10, 11 and 12 show the dependency between noise score NS and the traffic distribution on 

road 1 and road 2 with parameter K set to 0,03, 0,1 and 0,3. The best choice of distribution of traffic 

flows recommended in each case is given by the minimum of the curve. 

 

 

 

 

 

 

 

Figure 9 – Noise Score with K = 0.03 (HA-concept)           Figure 10 – Noise Score with K = 0.1  
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Figure 11 - Noise Score with K = 0.3 

With K = 0,03 (Figure 9) the noise score NS doubles all 10 dB. This rating was used in /13/ and 

substantiated by the impression that the individual loudness doubles with a 10 dB increase of the A-

weighted level. It is similar to the use of the %HA curves (figure 1), that produce a doubling of the noise 

score all 8 dB. This extremely weak dependency of the noise score from level recommends in all cases 

to bundle the traffic flows, even if the same number of residents live at roads 1 and 2. Figures 9 and 10 

proof that a minimum of NS is always achieved if the traffic is completely (this means in reality to an 

extent allowed by the construction) bundled on the road with fewer residents. Traffic bundling is 

recommended even without any additional measures for the pitiable residents at the road less 

populated. The absolute exposure of these persons is not limited. 

With K = 0,1 (figure 10) doubling the number of cars and doubling the number of inhabitants increases 

the noise score NS by the same amount. Only with equal distributed inhabitants the traffic distribution 

has no influence – in all other cases this scoring recommends to bundle the traffic on the road with the 

fewer residents – again without any limitation of their resulting noise exposure and without a need to 

protect them by additional measures. 

Only in the case k= 0,3 (as it is true in all cases with k > 0,1) there is a minimum of the noise score that 

depends on the distribution of the traffic flows. This system does not allow to expose the residents at 

the road with smaller population to be exposed as much as possible. The steep increase of the noise 
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score with level forbids to raise the exposure above an extent that depends on the distribution of the 

residents. 

Based on these relations the following conclusions can be drawn: 

- The exponential Noise Score Function (11) is an acceptable approach because it provides a 

progressive weighting of noise levels – a given increase of noise level is the worser the larger 

the noise levels in the existing situation are. 

- Parameters K lower or equal 0.1 (or doubling parameters larger 3 dB) are not acceptable, 

because these values will instruct to concentrate the traffic as much as technically possible 

without any need to protect the exposed population. 

- Only parameters K larger than 0.1 result in a distribution of traffic that depends on the 

distribution of residents. Bundling is not a consequence of exposure minimization, but of cost 

minimization if further noise mitigation measures to protect the most exposed residents are 

taken into account. 

Authors proposing the “Highly-Annoyed-Concept” or any other system with weak weighting of levels 

often try to deal with the mentioned shortcomings by introducing a total maximum level of about 70 

dB(A) and by recommending an optimization only where levels are lower. But this proves that the 

concept fails – it cannot be used in everyday situations in our cities where in many cases these levels 

are exceeded. 

5 NOISE SCORING SYSTEM TO ASSESS SCENARIOS OF ANY COMPLEXITY 

Based on the discussed dependencies and findings the following Noise Score is proposed: 

( )

( )
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i,den
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i

)A(dB65Lwith10n

)A(dB65Lwith10n
NS

sourcei,den

sourcei,den

  (18) 

with 

NS  Noise Score 

ni  number of persons exposed with level Lden,I 

Lden,j  Noise indicator at most exposed façade at dwelling i  

dI  deviation of mean sound insulation of dwelling i from the mean insulation of all  

  dwellings 

dLsource   correction that accounts for different reaction versus noise from roads, railways,  

  aircraft and industry 

This Noise Score takes into account that above 65 dB(A) the risk of noise induced deseases cannot be 

neglected. If the sound insulation of the buildings is comparable, there is always an optimal traffic 

distribution where more traffic flow is accepted on roads with fewer exposed residents. It does not 

allow to expose these fewer residents as much as possible, because the NS-value increases 

exponentially with increasing level. But it recommends to bundle the traffic on roads with large capacity 

if additional measures like the acoustical improvement of the buildings for these highly exposed 

residents planned. 

6 PRACTICAL APPLICATION 

Figure 12 shows a scenario where the discussed Noise Scoring System has been applied. This 

scenario was extracted from a real city model with original buildings and inhabitants. Only the main 
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roads A, B, C and D are considered. The traffic flow A-C and C-A is concentrated on road B or nearly 

equally distributed on roads B and C. There are 3167 buildings and 16067 inhabitants included in the 

survey. Table 3 shows the spatial distribution of residents. 

Table 3 - Number of residents near roads B and C 

Road Max. distance from road

25 m 50 m 100 m

B 938 1388 2891
C 704 1659 3530  

 

A

B

C

D

 

Figure 12 - Scenario where the Noise Scoring System has been applied – alternative routing B or C 

with main flow 

It is assumed that the mean weighted sound reduction index of all buildings is 30 dB. The traffic flow A 

-> D and vice versa is 1360 veh/h and 5 % trucks day, 1170 veh/h and 4 % trucks evening and 250 

veh/h and 5 % trucks night.  

The following 3 scenarios have been evaluated: 

- Scenario 1: half of traffic flow through road B and road C 

- Scenario 2: nearly all traffic through road B  

- Scenario 3: nearly all traffic through road C 

For all three scenarios the noise indicator Lden was calculated at the most exposed façade and at a 

height 4 m above ground. Then NS was calculated in Case 1 (mean weighted sound reduction index of 

all building facades 30 dB) using expression (18) and – alternatively – based on the “Highly Annoyed 

Concept” (equation 2). This expression was used as proposed by Borst and Miedema /8/ including a 

correction for improved acoustical insulation of the building dl as it is defined above with equation (18). 
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( ) ( ) ( )42dlL51,042dlL1044,142dlL1087,9HA% i

2

i
23

i
4 −−+−−⋅−−−⋅= −−

  (19) 

The absolute values of the noise score NS for the whole scenario are not relevant. Therefore, the 

results for the scenario 1 with traffic flow equally distributed on roads B and C are used as reference 

100 % in each case. The results of this evaluation are summarized in table 4. 

 

Table 4 - Noise Score summed up for all 16067 residents and normalized in each case to 100% for 

scenario 1 

 

In case 1 (all buildings the same sound insulation) the Highly-Annoyed (HA) concept recommends to 

concentrate the traffic completely on road B, while by distributing it on both roads the largest noise 

score is produced. Applying the proposed expression (18) the distribution of the traffic on both roads is 

recommended. 

Table 5 - Distribution of residents on Lden-intervals related to the most exposed façade (4m height) 

Interval of Lden B C B and C

min max

60 14191 14256 13626

60 62 300 207 279

62 64 276 487 327

64 66 64 56 128

66 68 73 162 551

68 70 425 75 291

70 72 262 234 532

72 74 246 316 237

74 76 201 245 67

76 78 30 30 30

78 80 0 0 0  

Table 5 shows that the solution proposed by the HA-concept produces 201 residents that are exposed 

with levels in the uppermost interval 74 – 76 dB(A), while with the solution recommended by equation 

(18) only 67 residents are exposed to these levels (30 residents in the level interval 76 – 78 dB(A) live 

in buildings facing roads A and D and are therefore not relevant for this decision). This is the basic 

decision: Should we prefer solution B with three times more people exposed with the highest level 

interval because at lower levels (e.g. 70 – 72 dB(A)) there are about half as many? The answer taking 

into account the discussion and the arguments above is clear: As long as these residents with high 

exposures are not better protected it is not allowed to bundle the traffic flow that way. 

Now, an improved insulation of 40 dB for all facades with Lden larger than 70 dB(A) was taken into 

account (case 2) and the calculation was repeated. Table 6 shows, that the application of the proposed 

equation (18) recommends now strongly to bundle the traffic on road C, while again nearly the same 

noise score for bundling on road B or road C results if the HA-concept is applied.  

 

 

Method Case 1: R = 30 dB all buildings Case 2: R = 40 dB for LDEN > 70

B and C B C B and C B C

NS (HA) 100 89 91 100 88 87

NS (equ. 18) 100 148 175 100 148 34
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Table 6 - Distribution of residents on Lden-intervals related to the most exposed façade (4m height) 

where the exceeding of 30 dB by the façade isolation is subtracted from the level outside 

Interval of Lden B C B and C

min max

60 14191 14256 13626

60 62 562 441 811

62 64 522 803 564

64 66 265 301 195

66 68 103 192 581

68 70 425 75 291

70 72 0 0 0  

Table 6 shows the distribution of exposures in that case – we have by far more residents in the 

uppermost level interval 68 – 70 dB(A) in case of bundling on road B than on road C. But even in this 

case the HA concept ranks bundling on B or C nearly equivalent. 

From these results it can be concluded that the HA-concept is not only methodically wrong if noise 

scenarios shall be ranked. It even cannot be recommended to use the %HA-curve as an 

approximation when the highest noise exposures shall be reduced first. 

Based on the detailed results of this investigation it is recommended to keep a ranking system for 

noise immissions as simple and transparent as possible and not to include different aspects as it was 

proposed in /19/. The decision among alternative possible noise mitigation plans is always a 

compromise where many additional non-acoustical aspects have to be taken into account. But it is a 

fiction that these influences can be included in the scoring system. Even if high noise levels at the 

façade are less annoying when a parc with low noise levels is somewhere nearby, it is hardly possible 

to quantify this effect for all possible configurations. Integrating it in the scoring system means to 

decide about the acceptable increase of noise levels at the facades when a parc is installed 

somewhere. If these exchange relations cannot be quantified, the formal construction of an expression 

will result in solutions that will not be acceptable in many cases. 
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