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Railway noise modeling is a requirement for all European countries. Under the European Directive on the As-
sessment and Management of Environmental Noise, 2002/49/EC all member states were obliged to create stra-
tegic noise maps of the major railways by June 30th, 2007. Some of the participating states have their own na-
tional schemes dedicated to noise prediction. For those not having their own noise prediction model, the recom-
mendation is to use the Dutch SRM II Model. The most important assessment criterion is an inaccuracy value, 
which is defined as a difference between the results calculated based on a model and the actual measurements 
under the same atmospheric conditions simulated. Therefore, it is essential to check out which of the main calcu-
lation schemes produces most accurate results. Therefore, all above models were implemented numerically and 
calculations of the noise maps were performed with the use of: Schall 03 developed in Germany, Dutch SRM II 
and the Nordic model engineered in Scandinavia. Those models were tested employing sample passenger trains 
data exploited in Gdansk, Poland. Noise maps were drawn in Cadna A software and then were compared to field 
noise measurement test results. 

1 Introduction 

Noise pollution constitutes a general threat to health and 
wellness. It is estimated that one third of Poles are exposed 
to the noise level which exceeds the level of acceptability. 
In 2002 there were 1.1 million people who were exposed to 
railway noise in Poland. [3]. Furthermore, most people are 
unaware of the threat. For these reasons noise pollution 
should be perceives as an important issue by environmental 
protection organizations. On February 1st, 1993 European 
Commission recognized noise as an essential problem of 
urban environment. In 1996 the Future noise policy, also 
known as a “green paper”, was elaborated. The European 
Directive on the Assessment and Management of Environ-
mental Noise, 2002/49/EC of June 25th, 2002 was based on 
this paper. Its goal was to provide/assure homogenous 
treatment of noise problems in EU, understanding that the 
methods of reduction, prevention and avoidance adverse ef-
fect of the noise [5]. According to the requirements of the 
directive, the member states are obliged to provide access 
to information on noise pollution, and the society of each 
country should be aware of the scale of the problem. Under 
the European Directive 2002/49/EC all member states were 
obliged to create strategic noise maps of the major railways 
by June 30th, 2007 [5, 6]. Some of the participating states 
have their own national schemes dedicated to the noise pre-
diction. For those countries which do not have their own 
noise prediction model, the Dutch SRM II Model is rec-
ommended to be used. In IMAGINE – HARMONOISE 
projects [1] four main national European models are indi-
cated: Schall 03 developed in Germany, Dutch SRM II, the 
Nordic model engineered in Scandinavia and French 
NMPB-FER model. Because of the accuracy and precision 
problems it is essential to evaluate which of these models 
produces most accurate results. Comparison of the simula-
tion effects can be performed on numerical data, noise 
maps or temporal noise charts for a passing-by train. The 
simulation was performed for two areas in Gdansk, Poland. 
Noise maps for railway noise were drawn in Cadna A soft-
ware and then compared. 

2 Chosen European noise prediction 
models 

The partners of the European-founded HARMONOISE 
project dedicated themselves to the realization of a common 

European noise model. The first step of this project was, 
however, to find and evaluate existing noise prediction 
models which could constitute a basis of a new method. It 
was assessed that there are four national methods which are 
well defined and can be used in this project. In the paper 
they are shortly reviewed. 

2.1 German model – Schall 03 

Modeling with Schall 03 begins with a fixed value of 51 dB 
for all noise events. The next step is to add some correc-
tions describing acoustical event of a passing-by train. 
Some parts of these corrections are related to train type, 
train speed and brake types. Next few modifications are 
connected with the track properties and track support struc-
tures. The last part of corrections is connected with the me-
chanism of sound propagation and parameters such as 
sound pressure level, the angle between direction of the 
train and sound propagation. Additionally, corrections are 
used for bridges, level-crossings and curves [1]. 
In the Schall 03 model neither the frequency dependence on 
railway noise nor atmospheric conditions were taken into 
consideration. Therefore even if the source directivity is in-
cluded in the prediction model, physical mechanisms that 
affect sound propagation are not taken into account [2]. On 
the other hand, this model has a very clear construction, and 
it is easily implementable. Contrarily, it takes into account 
only a few of important parameters.  More details can be 
found in the description of this model [1]. 

2.2 Dutch model – SRM II 

The Dutch model is different from the German one. First, 
the modeling is done in octave bands. Moreover, the 
heights of sources are taken into account to be able to pre-
dict the effect of noise barriers. Important parameters of 
this model are the number of trains during a day and night, 
also a type of the train category, track structure, i.e. type of 
sleepers, the number of rail segments, joints and crossings 
and the percentage of brake time of the whole time of train 
ride. A formula for obtaining the emission of noise is avail-
able in the documentation of the Harmonoise project [1, 6]. 
This model has some prefixed values for certain frequency 
band and the height of source. In general, that Dutch model 
may be easily customized for the railway conditions of any 
European country. It is because of its easy-to-use classifica-
tion of trains based on train and braking system type. There 
exists a database entitled ASWIN [1, 7], in which informa-
tion about particular track types and traffic parameters is 
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contained, such as an average speed of passing-by trains 
and the average number of passages per hour, which de-
pends on the track type and train category.  
In Poland and other countries without their own prediction 
methods, SRM II is recommended to be adopted in noise 
calculations [4, 5]. There is no need to find technical para-
meters of a particular train. It is sufficient to know whether 
it is a passenger or freight train and find out the type of 
brakes and drive. 

2.3 Nordic model 

The Nordic method was elaborated as a result of coopera-
tion between Scandinavian countries. The NMT 96 method 
is used to compute equivalent A-weighted noise level in oc-
tave bands and can be used to estimate maximum levels for 
any time period. The propagation module is similar to the 
Dutch propagation model. Atmospheric conditions are tak-
en into account, but results can be computed for positive 
range of temperatures only. The NMT 96 considers the di-
rectivity of sound propagation against the wind. In the ver-
sion of the Nordic method from 2000 (NORD 2000) meteo-
rological parameters such as the speed of the wind, standard 
deviation of the wind speed, wind direction, temperature 
gradient and its standard deviation are considered. The 
NORD 2000 model is an extended version of NMT 96. 
Calculation give values in one thirds octave bands from 25 
Hz to 10 kHz. Sources of railway noise are divided into 6 
heights. Computing noise level requires some input para-
meters, such as for example category of a train and its oper-
ating condition. The latter may be determined by accelera-
tion: a) if acceleration is less than zero it means braking, 2) 
if equal to zero – a constant speed or standing, and c) if 
greater than zero - increasing acceleration of the train. Bas-
ing on the above parameters the level of noise power per 1 
meter of a passing-by train can be modeled. There are five 
categories of Scandinavian trains based on the speed and 
type of a train. More details about this model can be found 
in literature [1]. 

2.4 French model 

The French model is called NMPB-FER (fr. Nouvelle 
Méthode de Prévision de Bruit). It mainly focuses on 
propagation. This scheme comprises two methods of com-
putations. The first takes meteorological conditions favour-
able to sound propagation into account, and the second -- 
homogeneous atmospheric conditions [1]. After both calcu-
lations are performed, the equivalent noise level is com-
puted weighted with percentage time of these two acoustic 
conditions. Trains are divided into four main categories 
with subcategories based on speed and type. The model has 
the possibility to choose the tram option. For track, no pa-
rameters are taken into consideration [1]. In this model, the 
height of noise sources depends on frequency. In this paper, 
the French model was omitted because of big differences 
between the Polish and French trains. Moreover, the 
NMPB-FER method is more based on propagation than 
source modeling. The NMPB model was chosen as most 
consistent with the EU 2000 framework for road noise, and 
was indicated as an interim calculation method for road 
noise. The railway noise method was based on that road 
model. 

3 Measurement 

Modeling in Cadna A with national methods was preceded 
by measurements in Gdansk, Poland. It was performed in 
two series for regular trains coursing. The outcome was 
equivalent A- weighted noise level. The first measurement 
encompassed twenty trains within 40 minutes measurement 
time slot, and the second one nine trains within the same 
time period. The measured background noise level was 
equal to 53 dB. The distance from the measurement loca-
tion to the track line was 20 meters. The measurement mi-
crophone was mounted 1.6 meter above the ground surface. 
The measurements conditions are shown in Table 1 below. 
  

Date 7 V 2007 18 V 2007 
Temperature 12 oC 10 oC 
Relative air humidity  80 % 91 % 
Cloudiness high very high 
Period 40 min 40 min 
Number of trains 20 9 
Equivalent noise level 68.6 dBA 65.7 dBA 
Maximum noise level 89 dBA 88.9 dBA 
Minimum noise level 43.6 dBA - 

Table 1 Atmospheric conditions for both measurements 

4 Results of modeling in Cadna A 
system 

The modeling was performed for two areas. A map was 
computed for the track line from Gdansk Zabianka to 
Gdansk Glowny, a part of railway in Gdansk region, the 
second one was determined for a single location in Gdansk 
Oliwa. These maps were verified as to their prediction ac-
curacy using measurement results. In order to achieve high-
quality of modeling it was obligatory to classify all trains 
passing by the area. These data were the basis for compu-
ting acoustic maps using German, Dutch and Nordic me-
thodology. In Table 2 the outcome of two measurement 
sessions are presented, compared against calculated ones 
for equivalent simulated atmospheric conditions. This table 
illustrates absolute inaccuracy of all three methods consi-
dered in this paper. The German and Nordic model have a 
similar inaccuracy, but it can be noticed that Schall 03 has 
lower inaccuracy for situation with lower number of trains, 
contrarily to the NMT 96 model. The largest discrepancy in 
predicted quantities in comparison to the measurement re-
sults can be noticed for the SRM II (Dutch) model. It re-
sulted in 4 dB for the first and over 6 dB for the second 
measurement session. Of course every national model is 
supported by the databases of noise sources. Each country 
has its unique set of railway rolling stock. Because of vari-
ous definitions of trains, the mentioned simulations differ  
from each other. A similar problem exists for a new Euro-
pean method called IMAGINE [8].  
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No.
P 

[dBA]
Ld_Ger 
[dBA] 

Ld_Dutch 
[dBA] 

Ld_Nord 
[dBA] 

P-Ld_Ger 
[dB] 

P-Ld_Dutch 
[dB] 

P-LdNord
[dB] 

1 68.6 67.1 64.2 68.2 1.5 4.4 0.4 

2 65.7 65.2 59.7 67.1 0.5 6 1.4 
Table 2 Comparison of measured and computed quantities 
for chosen models 
where: P – measurement equivalent noise level, Ld_Ger – 
equivalent noise level calculated using German model 
Schall03, Ld_Dutch – equivalent noise level calculated using 
Dutch model SMR II, Ld_Nord – equivalent noise level cal-
culated using Nordic model NMT96. 

Figures 1 – 3 show noise maps for a part of the modeled 
area using various prediction methods. In order to show the 
difference between these maps it is essential to assign the 
same color range and scale for all models etc. It is worth 
mentioning that results of the implementation of the Dutch 
SRM II model differ from other models. Noise levels in the 
maps belong to the range from 45 dB to 85 dB for German 
and Nordic models, whereas the lowest defined level equals 
-99 dB and reaches the value of 70 dB for the Dutch model 
under the same atmospheric conditions. The maps pre-
sented show differences in propagation components in these 
models. It can be noticed that isophone curves were drawn 
differently near buildings which are present in the investi-
gated area. 
 

 
Fig. 1 Noise map Lden calculated for Gdansk Zaspa – Gdansk Wrzeszcz using Schall 03 

 
Fig. 2 Noise map Lden calculated for Gdansk Zaspa – Gdansk Wrzeszcz using SRM II 
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Fig. 3 Noise map Lden calculated for Gdansk Zaspa – Gdansk Wrzeszcz using NMT96 

Another way to compare chosen methods of railway noise 
prediction is to match up maximum noise level (Lmax) simu-
lated for particular train pass-by in predefined receiving 
point. This can be achieved using “Pass-By Level” function 
of the Cadna A system. The comparison was used for three 
receiving points: Baltic Opera, hospital and Gdansk Oliwa. 
Table 3 shows the results of simulation for: 1) Intercity 
train, 310 meters long, 2) fast train, 163 meters long and 3) 
local, electric train, 60 meters long. 

Receiver 

Lmax [dBA] Level 

Intercity  
310 m 

Fast train 
163 m 

Electric 
train 60 m 
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Oliwa houses 72.9 65.1 80.3 76.6 71.6 80.9 68.4 67.6 67.1

Hospital 81.6 64.1 90.8 86.7 78.4 91.9 82.8 77.9 79.4

Baltic Opera 75.4 61.9 82.9 79 67.1 83.4 72.4 64.7 69.6

Table 3 Maximum noise level from the passing-by train 

The height of the measuring location was assigned at 4 me-
ters. The main influences on the above results were the dis-
tance between the receiver and the track centerline and area 
specification. In all cases Dutch model has the lowest noise 
levels. Presented maximum noise levels were taken from 
simulation of temporary noise levels from pass-by of each 
train. Differences between noise levels values were related 
to the source noise. It is worth noticing that for various 
trains inaccuracies are similar for all described models. Si-
mulated values for the Intercity train type are about 20 dB 
higher than the values obtained for the SRM II (Dutch 
model), and about 8 dB higher than values obtained for the 
German model. For the fast train deviation in both cases is 
lower, and for the electric train all deviations fit in 5-dB in-
terval. 

Another problem is to find relationship between noise level 
and the type of passing-by train. For this purpose simula-
tions for two different train types with the same length (90 
meters) and velocity were performed. Simulation of the first 
of the trains included diversified of speed, whereas single 
velocity was selected for the second type of train. The cho-
sen velocities of the trains were 110 and 140 km per hour 
which are maximum speeds of those trains. Results ob-
tained are shown in Table 4. The table clearly shows that 
the class of the train is an essential parameter for the Nordic 
model. For the Schall 03 and SRM II differences are very 
small, approx. below 1 dB. For all of the presented methods 
velocity was a fundamental parameter. In generated simula-
tion for German model the difference between 110 and 140 
km/h speed is 2 dB for both receiver locations, for the 
Dutch model this difference is equal to 3 dB for both re-
ceiver locations. The variation of noise level for two re-
ceiver locations for the latter mentioned model is higher 
than for the Nordic and German methods. It can be noticed 
that for the location called Hospital the difference was 
equal to 4.5 dB and for the Baltic Opera receiver was equal 
to 2.6 dB. 

Receiver

Lmax [dBA] Level 

Fast train 90 m   
(speed [km/h]) 

Fast train 90 m  
(speed [km/h]) 
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110 140 110 140 110 140 110 110 110

Hospital 83.5 85.6 75.5 78.4 85.7 90.2 83.2 75.2 78.7

Baltic 
Opera 75.2 77.3 65.6 68.6 79.8 82.4 74.2 64.8 69.6

Table 4 Results of pass-bys for 90-meter long trains of dif-
ferent classes 
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5 Conclusion 

In this paper some chosen national European models are 
analyzed. All these methods aim to define the sound source 
of railway noise in a different way. The Schall 03 method 
does not include frequency characteristics of noise, as well 
as atmospheric conditions. Noise sources are categorized 
according to train classes. The Nordic model is more de-
pendent on physical mechanism of sound propagation than 
the German one. The SRM II model defines equivalent 
noise level for predefined atmospheric conditions. Further-
more, the last mentioned method requires information on 
percentage of braking time in entire time of a train ride. The 
model has been highly rated in terms of classification of 
railway noise prediction models. That is why this model 
was recommended to be used by countries without their 
own national method including Poland. Because of moder-
nization of the Polish railways there is a clear need to have 
a prediction model which can simulate noise levels with a 
low inaccuracy. It is also essential to acquire information 
about the threat caused by lengthy exposure to high noise 
levels. Noise prediction models can be used to see in which 
way the planned reform of the railways will govern the en-
vironmental noise pollution. In this context, however the 
inaccuracies of the Dutch model should be better managed. 
The decisions which will be made will have long-term con-
sequences for the future. If for example the SRM II model 
returns values that underestimate sound levels, railway so-
lutions which will be constructed can give higher than al-
lowable noise level.  
If all countries use their own models there will be no possi-
bility to compare results of noise prediction between partic-
ular countries. Simulations of the same situation would re-
sult in a different outcome. Because of this, it is impossible 
to indicate country with the lowest equivalent noise level 
basing on different models. Moreover, it is very difficult to 
say which of the models presented is the most suitable for 
given conditions and for a particular country. A solution of 
the above problems can be seen in the HARMONOISE – 
IMAGINE projects. The main advantage of such an ap-
proach may be its flexibility which may result in using me-
thods implemented in all EU member states. 
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