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Abstract: In the Republic of Croatia, the transposition of the Environmental Noise Diredtive 2002/49/EC (END) is 
based mainly through the Noise abatement Act (Official Gazette 20/03) and the associated bylaws. Simultanouesly with 
the building of the legal system in that area, certain cities and counties strive to apply best practice in the field of the 
environment protection by applying most recent European directives and reccomondations. During 2004, City of Va-
raždin, as the first city in the Republic of Croatia, begins with the preparation and later development of the traffic noise 
map aligned with the requirements of the END. This article presents main project aims and achievements and as well 
learned lessons with the respect to the applicability of the EU recommendations for the Croatian noise map projects, 
incuding the overview of the data mining process for the necessary data inputs required for the calculation of the noise 
maps. Special attention has been paid to the reliability and accuracy of produced  map constructed on the basis of 
computational methods. This task was performed by the short-term validation of the road traffic noise map performed 
by the measurement of the road traffic noise according to the HRN DIN 45642. 
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1. INTRODUCTION 

In 1996, European Union has estimated that around 20 
percent of inhabitants in Western Europe suffer from noise 
levels that scientists and health experts consider to be unac-
ceptable [1]. The number of additional 170 million EU citi-
zens from the 'acoustical grey areas' with the exposure to 
such noise levels causing serious annoyance during the day-
time and night sleep disturbance, results in the new frame-
work for the European noise policy. According to the ap-
propriate political initiative, in the June 2002, the Environ-
mental Noise Directive 2002/49/EC (END) [2] has been 
adopted. The main objective of this proposal is to establish a 
common EU framework for the assessment and manage-
ment of exposure to environmental noise through the fol-
lowing most important instruments: 
− Establishing of the harmonised noise indicators and as-

sessment methods for environmental noise. 
− Gatering the noise exposure information in the form of 

‘noise maps’. 
− Making noise exposure data available for the public. 

Aligned with the concept of the sustainable development 
as a dominant development strategy of the Republic of 
Croatia, the wider context approach towards the environ-
mental protection becames more serious, so the problem 
of the environmental noise is generally aligned with the 
long-term strategy of the national social, economic and 
public health interests. The first step towards complete 
harmonization with the EU standards is made with the 
declaration of the Noise Abatement Act [3]. In this Act, 
the framework of the future legal system for the manage-
ment of the environmental noise has been settled up. Just 
like in the other European states, this Act implicates the 
creation of the noise maps and latter action plans for the 
counties, cities, municipalities and City of Zagreb until 
the mid February 2006. The corresponding bylaws for the 
procedure of the noise map and action plans development 
is not yet officially published. This temporary stagnation 
in the building of the legal system didn't stop the respon-
sible persons in the City of Varaždin in their striving to 
apply best practice in the field of the environment protec-
tion. 
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Therefore, they contracted the Brodarski institut for the 
development of the traffic noise map aligned with EU di-
rectives and recommendations. This article presents our 
experiences during application of the END for the traffic 
noise-mapping project of the City of Varaždin. 

2. CREATION OF NOISE MAP 

Some previous noise mapping pilot projects shows that 
the END requirements cannot be fulfilled based on noise 
maps calculated for a height of 4m and with grid spacing 
of 10m. Such maps are usable to see the spatial distribu-
tion of noise and to derive action plans, but the punctual 
uncertainty is too large to decide about the exposure of 
facades and of the number of persons that live in dwell-
ings that are exposed to defined intervals of noise levels. 
Therefore, in accordance with the [4], the traffic noise 
map of the City of Varaždin was calculated with the grid 
of 5 m with a calculation height 5 m above terrain. The 
whole project last approx. 8 months divided into 5 
phases: 
− Data collecting. 
− Calculation of the road traffic noise map 

− Making of the preliminary road traffic noise map. 
− Short-term validation of the road traffic noise map. 
− Final calculation of the road traffic noise map. 
− Annoyance analysis. 

− Calculation of the rail traffic noise map with the an-
noyance analysis. 

− Calculation of the traffic noise map with the annoy-
ance analysis. 

− Presentation of the results to the City council and to 
the public. 

2.1. Data collecting 

It is well known that the results of the noise map made by 
the computational interim methods strongly depend upon 
the quality of the input data. Such data is generally di-
vided into several different groups: 
− Input data about the geographical issues (contour 

lines, slope edges, ridges or fraction edges, punctual 
height information, type of ground with the respect to 
the possible absorption, obstacle plan view and the 
corresponding heights, meteo data, …). 

− Input data about road traffic (traffic composition for 
the day, evening and night, type of flow, position of 
the traffic-lights, traffic speed) 

− Input data about rail traffic (traffic composition for the 
day, evening and night, train speed, rail type, ..) 

− General urban-spatial planning data about the noise 
mapping area including demographic data (land use 
map of the area, population data, the data about the 
noise collecting procedure). 

The most of the data and the corresponding sources used 
for the City of Varaždin – Noise map project are pre-
sented in the (Table 1).  

2.2. Creation of the road traffic noise map 

By the completion of the data collecting, unavoidable ed-
iting, formatting and input, the computer model of the 
City of Varaždin, with the corresponding road traffic net-
work was built. Described with the numbers, the model 
contain 102571 obstacles for the sound propagation, 1762 
segmented noise line sources with the total length of 
67318 m and 18039 segmented parts of the ground terrain 
information in the range of (160-200) m. 

 

Description of the necessary data Source of the used input data 

Terrain topography data (contour lines, slope edges, 
ridges or fraction edges, punctual height information) 
Type of ground with the respect to the possible absorption
Obstacle plan view and the corresponding heights, type of 
obstacles 

Croatian base map 
Digital ortophoto of the City of Varaždin 
Morphological map of the City of Varaždin 
Proposal of the General town plan 
On-site review 

The width and the midlines of the road traffic lanes Croatian base map 
Digital ortophoto of the City of Varaždin 

Road traffic data Development conception of the traffic system in the City 
of Varaždin 
The previous measurements of the number of vehicles. 

Rail traffic data Croatian railways 
Train traffic data Croatian railways 
Classification of the traffic lanes Development conception of the traffic system in the City 

of Varaždin 
Proposal of the General town plan (Rev. Sep. 2004) 

Type of road traffic lane surface Inaccessible 
Demographic data Demographic study of the City of Varaždin 
Meteo data State Meteorological and Hydrological Service 

Table 1. The input data used for the City of Varaždin noise-mapping project
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The noise mapping area was determined by the responsi-
ble city department (Fig. 1) covering approx. 11,3 km2, 
with the perimeter of 15,2 km. 

 

Fig. 1. The noise mapping area of the City of Varaždin 
with the measuring points for the short-term validation 

The production of the road traffic noise map was made 
through the following activities: 
− The pre-final calculation of the sound immision con-

tour maps (SICM), for the day (06.00-20.00), evening 
(20.00-22.00) and night period (22.00-06.00) in ac-
cordance with the [3]. 

− The short-term validation of the road traffic noise map 
[5]. 

− The final calculation of the SICM. 
− The annoyance analysis. 

The main set-up for the calculation of the SICM was: 
− SICM were calculated on the basis of the input data, 

with the grid of 5 x 5 m with a calculation height 4 m 
above terrain. 

− The calculated noise values of the SICMs represents 
free field noise levels. 

− The road traffic lanes were divided into two groups. 
The first one, with the known (measured) traffic data, 
and the second, with the derived (calculated) traffic 
data. 

− The road traffic speed used for the computer model 
was speed taken from the traffic signs (e.g. speed 
limit). 

− For all obstacles, the constant reflection coefficient 
was used, except in the cases when the on site review 
gives the basis for the peculiar value. 

− The heights of the obstacles were determined based on 
the on-site review (numbering of the storeys) or the 
orthographic images. 

− The buildings with the minimum plan area less then 
10 m² and height less then 2 m, were not neglected. 

− The walls and fences with the height less then 2 me-
ter, and the length less then 10 m are neglected. 

− The long-term correction due to the meteorological 
conditions were taken into account by using the de-
fault EU values for the day (50% favourable atmos-
pheric conditions), evening (75% favourable atmos-
pheric conditions) and night (100% favourable atmos-
pheric conditions) period. 

The computer 3D model of the noise mapping area (Fig. 
2) completely represents the input data and it is generally 
presumed that in such format represents real geographical 
and traffic conditions. 

 
Fig. 2. Part of the 3-D modelled City of Varaždin 

The final calculation of the road traffic noise map, with 
the software B&K LIMA [8] lasts 71 hours on the appro-
priate workstation (DELL Precision WS 670; P4 XEON 
3,6 GHz, 2 GB DDRAM2, SCSI 160 GB HDD). The 
LIMA model including input data, databases and corre-
sponding results occupies 4,31 GB. The SICM of the road 
traffic noise for the day, evening, night and for the whole 
day with the appropriate European noise indicator are 
presented on the (Fig. 3. - Fig. 6.), respectively. 

2.3. Short-term validation of the road traffic noise 
map 

The short term validation of the calculated levels was 
conducted through the simultaneous measurement of the 
noise levels and road traffic volume/composition on the 
50 measuring points (mostly crossroads) covering whole 
noise mapping area (Fig. 1). The selection of the measur-
ing points position was done with the primary aim of the 
data collecting for the road traffic volume, composition 
and speed. In such way, the possibility of the crude errors 
of the presumed road traffic data is minimised. The meas-
urement was done through the September and October of 
2004, during day, evening and night period. The measur-
ing intervals were chosen in such way that represents the 
reliable samples for the peak road traffic volume and for 
the rest period of the day. 
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Fig. 3. Lday SICM of the road traffic noise 

 
Fig. 4. Levening SICM of the road traffic noise

 
Fig. 5. Lnight SICM of the road traffic noise 

 
Fig. 6. Lden SICM of the road traffic noise 
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At the end of the measurement interval with time duration 
T=15 minutes, for each measurement point, the following 
data were collected: 
- Total counted road traffic volume on the specific road 

during 15 minutes interval. 
- Calculated average road traffic volume on the specific 

road during one hour. 
- Counted and calculated percentage of heavy vehicles 

on the specific road during 15 minutes interval. The 
categorizations of the vehicles were done according to 
the DIN 45642:2004-06 - Messung von 
Verkehrsgeräuschen / Measurement of traffic noise. 

- Calculated percentage of heavy vehicles on the spe-
cific road during one hour. 

- Measured noise level as a LAeq,T=15 min. 
- Mean value of the measured LAeq,T=15 min levels, for the  

meas. intervals during day, evening and night period. 

The example of the measurement point with the corre-
sponding data is shown on the (Fig. 7) and (Table 2). 

 

Fig. 7. The crossroad of the Braće Radić street and the J. 
Križanića street 

BRAĆE RADIĆ BRAĆE RADIĆ J. KRIŽANIĆA 
n <n> ptv <ptv> n <n> ptv <ptv> n <n> ptv <ptv> DATE/TIME 

(15 min) (1 h) (%) (%) (15 min) (1 h) (%) (%) (15 min) (1 h) (%) (%) 

LA,eq,T / 
dB(A) 

<LA,eq,T>
/ dB(A)

2004-10-05T07:00 152 9,9 95 15,3 48 8,3 69,8 
2004-10-05T07:15 130 10,8 76 10,5 26 7,7 70,2 
2004-10-05T07:30 125 4 44 0 14 35,1 68 
2004-10-05T14:00 3,8 3,8 126 6,3 41 4,9 67,7 
2004-10-05T14:18 12,7 12,7 131 14,5 59 1,7 68,9 
2004-10-05T14:45 4,9 

463 

4,9 

7,68 

100 

381 

9 

9,26 

50 

158 

4 

10,28 

69,2 

68,9 

2004-10-04T20:00 1,9 1,9 64 4,7 33 3 66,7 
2004-10-04T20:15 2,8 

178 
2,8 

2,35 
63 

254 
3,2 

3,95 
38 

142 
7,9 

5,45 
65,9 

66,3 

2004-10-04T23:20 7 0 8 0 6 0 59,5 
2004-10-05T04:35 3 

20 
0 

0 
1 

18 
0 

0 
2 

16 
50 

25 
58,5 

59 

Table 2. The measured data on the crossroad of the Braće Radić street and the J. Križanića street 

The comparison between the calculated and measured 
noise levels results is presented on the (Table 3.). By 
having in mind, that the input data for the noise map are 
yearly averaged values, the results from the short-term 
measurements and the calculated values cannot be com-
pared directly. Therefore, in this project it is presumed 
that the significant difference between the calculated and 
measured noise levels exists if the absolute difference ex-
ceeds 3 dB(A). Such requirement was fulfilled on the 
seven measuring points, and the main reasons were: 
− Impact of the noise from the construction works to the 

measured noise levels. 
− Temporary regulation of the traffic flow that change 

overall traffic condition in the neighbouring streets. 
− The measured speed of vehicles on some streets is 

higher than the allowed. Hence, the calculation of the 
noise levels was conducted with the speed limits from 
the traffic signs, the difference occurs especially with 
the higher measured speed and lower allowed speed 
limits. 

− On some points, it is obvious that the input data for 
the road traffic composition wasn’t completely cor-
rect, especially for the night period. 

− The data upon the road surface type were very poor; 
even it is one of the most important parameter for the 
noise calculation. 

− For the night period, the data about road traffic com-
position must correspond to the yearly average values, 
emphasizing to the heavy vehicle percentage. This 
fact is very important especially in the “quiet areas” 
where the levels are below 45 dB(A). 

2.4. Creation of the rail traffic noise map 

The input data for the rail traffic noise map (characteris-
tics of the track sections, rail joints, vehicle specifica-
tions, rolling stock, speed distribution, driving conditions 
…) were obtained mostly in the local office of the Croa-
tian railways. Hence, the 3-D model of the city was al-
ready constructed for the road traffic noise data, the input 
of data was much shorter. The SICM of the rail traffic 
noise for the day, evening, night and for the whole day 
with the appropriate European noise indicator are pre-
sented on the Fig. 8 - Fig. 11., respectively. 
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Table 3. The results of the short term validation of the road traffic noise map of the City of Varaždin 
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Fig. 8. Lday SICM of the rail traffic noise 

 
Fig. 9. Levening SICM of the rail traffic noise

 
Fig. 10. Lnight SICM of the rail traffic noise 

 
Fig. 11. Lden SICM of the rail traffic noise
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2.5. Creation of the traffic noise map 

The calculation of the traffic noise map is performed by 
the energetic summation of the results of the partial noise 
maps (road and rail). The SICM of the traffic noise for 
the day, evening, night and for the whole day with the 
appropriate European noise indicator are presented on the 
Fig. 14 - Fig. 17, respectively. 

The annoyance analysis as a procedure for determining 
the number of noise-affected people and the degree of 
their affection is widely accepted in various forms. For 
the purpose of the annoyance analysis, as a substantial 
part of every noise map, the demographic data and land 
use data are properly collected and entered into the soft-
ware [8]. In this project, the method known as a 
LärmKennZiffer (LKZ)-Method (Noise-Evaluation-
Index-Method) was used. The primary reason for such 
selection was its applicability to the all source groups, i.e. 
road and rail traffic. Except the calculated noise levels 
from the grid results, this method calculate LKZ noise 
index, as a measure for noise affection, by taking in ac-
count following parameters: 
− type of building, 
− building structure, 
− use of the building, 
− building density. 
The results of calculations with LKZ-method are: 
− Exceedance (E) of defined allowed noise values de-

pending on different land uses. In the Republic of 
Croatia, those values are detemined by the [9]. 

− Number (NUM) of inhabitants affected by noise ex-
ceeding defined allowed noise values. 

− Degree of affection, as a product of E and NUM 

In addition to that, END requires detailed information 
about: 
− The estimated number of people living in dwellings 

that are exposed to each of the bands of values (55-59, 
60-64, 65-69, 70-74, > 75) of Lden in dB(A), sepa-
rately for noise from road, rail and together. 

− The estimated number of people living in dwellings 
that are exposed to each of the bands of values (50-54, 
55-59, 60-64, 65-69, > 70) of Lnight in dB(A), sepa-
rately for noise from road, rail and together. 

By the overlaying the administrative boundaries of the 
statistical districts with the known number of citizens and 
area occupation (Fig. 12) with the land use and the acous-
tical zones (Fig. 13) it is possible to calculate very pre-
cisely distribution of the noise affected inhabitants and 
LKZ index. The result of the annoyance analysis for each 
individual noise map (road, rail and total traffic), were 
presented as: 
− Table with the summary results for the conducted an-

noyance analysis (Table 4.), 

− Table and chart with the distribution of the inhabitants 
of the City of Varaždin according to the 5 dB(A) 
bands for the day (Fig. 18) and night (Fig. 19). 

 
Fig. 12. The admin. boundaries of the City of Varaždin 

(ID number, number of inhabitants, area occupation) 

 
Fig. 13. The acoustical zones of the City of Varaždin 

(Zone, 2, Zone 3, Zone 4, Zone 5) 
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Fig. 14. Lday SICM of the traffic noise 

 
Fig. 15. Levening SICM of the traffic noise

 
Fig. 16. Lnight SICM of the traffic noise 

 
Fig. 17. Lden SICM of the traffic noise 
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Table 4. Traffic noise annoyance analysis for the City of Varaždin 

 

 
Fig. 18. Inhabitants distribution of the City of Varaždin 

according to the 5 dB(A) bands for the day period 

 

Fig. 19. Inhabitants distribution of the City of Varaždin 
according to the 5 dB(A) bands for the night period 
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3. CONCLUSION 

The preliminary results of the traffic noise map of the 
City of Varaždin shows that the road traffic noise affects 
almost 27 % of inhabitants during day period, while the 
45 % are affected during night. Energetic summation of 
the noise maps shows that the rail traffic noise, in present 
state doesn't represent significant problem. The LKZ 
noise indexes for day and night are relatively high, but the 
only reason isn't only noise levels that originate form the 
traffic, but also in the poor national legislation. Namely, 
LKZ index are derived from the product of exceedance of 
defined allowed noise values depending on different land 
uses and the number of inhabitants affected by noise ex-
ceeding defined allowed noise values. Hence the "new" 
Croatian bylaw didn't accept the noise level of 60 dB(A) 
for the daily period [9], the LKZ index are unreasonably 
high. 

This project shows that the transposition of the END in 
the Croatia is possible, with high degree of similarity with 
other European countries at the beginning of the noise 
mapping process. Our experiences, as an acoustic con-
sultant, shows high level of misunderstanding of the main 
aim of the Directive, i.e. road transport noise, railway 
noise, aircraft noise around airports and industrial noise. 
In most of the legal institutions, general thinking is that 
the noise maps process covers all noise sources (animals, 
nature, neighbours, bars etc.) and the creation of the noise 
maps will solve small scale problems. Therefore, the edu-
cation of all participants in the noise mapping process 
(legal institutions, counties, cities, municipalities, acoustic 
consultants) is high priority task for the responsible gov-
ernment body. 

In addition, the necessary data for the production of the 
noise maps in most of the cities exists, but its dispersity is 
similar to the other European states in this phase of the 
END transposition. 

The acceptation of the European noise indicator will cer-
tainly have impact on noise limits issued by the Croatian 
legislation. Namely, in the Croatian legal system, the A-
weighted equivalent continuous sound pressure level 
LAeqT is the only valid term. Therefore, the allowed noise 
limits, either for the present state or future planned values 
must be expressed in such terms that are comparable to 
the European noise indicators. 

Annoyance analysis, as a substantial part of the each 
noise mapping process, is one of the major temptations 
during whole process. First, in Republic of Croatia there 
is no existing exposure and/or annoyance analysis from 
the different types of noise sources. 

Therefore, the one of the existing standardized procedure 
for the annoyance analysis can be chosen as a "croatian 
standard" or the unique procedure can be developed. For 
both cases, the legal act [9], that regulate highest allowed 
noise levels in living environment must be immediately 
corrected at least for following reasons: 
− The allowed noise levels and planned values are not 

harmonized with the European noise indicators. 
− The allowed noise levels for the different land use 

type isn't harmonized with the requirements of the 
END, so the result of annoyance analysis becomes 
poor. 

Despite that, by the development of the complete legal 
system, is it possible to expect efficient Noise Abatement 
Act able to follow the dynamic process of socio-economic 
development and to perceive, support and promote posi-
tive trends in the noise abatement procedures. 
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