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Abstract: This paper presents the results of a comprehensive study on the assessment of environmental noise levels at 
selected locations used for public events in the city of Banja Luka. The research was conducted with the aim of evalu-
ating the impact of noise on the environment and public health, as well as determining compliance of the measured 
noise levels with applicable legal regulations and the recommendations of the European Union and the World Health 
Organization. The study includes a theoretical analysis of the physical and physiological characteristics of sound and 
noise, their propagation in space, perception, and effects on the human organism, as well as a review of the relevant 
legislative framework. Field measurements were carried out at several representative locations using standardized 
measuring equipment and prescribed methodologies, and the obtained results were analyzed and graphically pre-
sented through noise propagation models. Based on the results, conflict areas with elevated noise levels were identi-
fied, and specific urban planning, technical, and organizational measures for noise reduction were proposed. The noise 
modelling results enabled the definition of a noise protection zone and a maximum permissible sound emission level 
of 78.5 dB(A) for open-air concert organization in the studied student residential area. The conclusions of the study 
provide a professional basis for the development of decisions and action plans aimed at sustainable noise management 
during public events and the improvement of quality of life in the urban environment.
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INTRODUCTION
Continuous technological development, urban expansion, and intensification of human activities 

have led to an increasing degradation of environmental quality, particularly in densely populated urban 
areas (Barboza et al., 2008; Gašić et al., 2010; Ilić, 2015; Ilić et al., 2018a, 2018b, 2018c, 2019a, 2020a, 
2020b; Wang et al., 2020; Ilić and Maksimović, 2021; Zhanibekov et al., 2022; Radović et al., 2022; 
Ćirišan et al., 2023; Popović and Ilić, 2023a, 2023b). As urban systems evolve, the pressure on environ-
mental components intensifies, resulting in complex forms of pollution that directly affect human health 
and living conditions. While air and water pollution have traditionally been the focus of environmental 
protection efforts, environmental noise has emerged as one of the most widespread and persistent stress-
ors in modern cities.

Urban environments are characterized by a constant presence of unwanted sound originating from 
transportation systems, commercial activities, construction works, and various social and cultural events. 
These sound emissions, when exceeding acceptable thresholds, are classified as environmental noise and 
represent a significant disturbance to everyday life (Ilić et al., 2012; Luković et al., 2018; Ilić et al., 2018a, 
2018b; Fino, 2019; Ilić et al., 2019a, 2019b; Farooqi et al., 2023). The expansion of cities and the increasing 
concentration of population have led to a reduction of acoustically protected spaces, while zones intended 
for residence, education, and recreation are increasingly exposed to elevated noise levels.
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Environmental noise is recognized as a major public health concern, with the World Health Organi-
zation identifying it as one of the leading environmental risks to human health, second only to air pollution 
(WHO, 2018). Numerous studies have demonstrated its association with adverse health outcomes, includ-
ing sleep disturbance, cardiovascular diseases, cognitive impairment, stress-related disorders, and reduced 
quality of life (Basner et al., 2014, Mohamed et al., 2021). Unlike many other pollutants, noise exerts both 
immediate and long-term effects, influencing not only physiological responses but also psychological well-
being and social functioning. The presence of sounds originating from both outdoor and indoor environ-
ments inevitably affects health, learning abilities, and students’ academic performance (Ali et al., 2023). In 
student populations, prolonged and repeated exposure to elevated noise levels has been linked to increased 
stress, reduced concentration, and lower academic performance, particularly during nighttime periods (Bu-
chari and Matondang, 2017; Zhang et al., 2019).

In urban settings, noise pollution is not solely associated with traffic and industrial activities. Rec-
reational and cultural events, particularly open-air concerts and public manifestations, represent an increas-
ingly important source of high-intensity noise. Such events are typically intermittent but can generate sound 
pressure levels significantly exceeding background noise, especially in acoustically sensitive zones such 
as residential areas, student campuses, and educational institutions. Previous research has addressed urban 
noise mapping, prediction, and management, providing methodologies for assessing spatial distribution 
of noise and identifying critical exposure zones (Ilić et al., 2021e; Božić et al., 2020; Božić et al., 2018). 
Studies conducted in the city of Banja Luka have highlighted traffic noise as a dominant source, but have 
also pointed to the growing importance of event-related noise in specific locations (Ilić et al., 2012, 2017, 
2018c, 2018e, 2018f; Janjuš et al., 2015a, 2015b). While previous local studies in Banja Luka have pri-
marily focused on mapping and assessing urban traffic-related noise, they have rarely addressed intermit-
tent, high-intensity event-related noise in acoustically sensitive student residential settings. In contrast, this 
study targets open-air concert scenarios within a Zone III student campus environment by coupling baseline 
day/night field measurements with forward-looking acoustic propagation modelling. This approach enables 
scenario-based optimization of stage placement and orientation and provides operational outputs for event 
management, including the delineation of a noise protection zone and definition of a maximum permissible 
emission level for compliant concert organization.

Student residential areas represent a particularly sensitive category within the urban acoustic en-
vironment. The presence of large numbers of young people, combined with the need for rest, study, and 
social activities, creates a complex acoustic context in which both low background noise and controlled 
social events are expected. Excessive noise exposure in such environments may lead to sleep disturbances, 
reduced academic performance, increased stress levels, and long-term health effects (Farooqi et al., 2000, 
2021, 2022; Popović and Ilić, 2023a). Therefore, careful planning and regulation of noise-generating activi-
ties in student zones are essential.

The Student Center “Nikola Tesla” in Banja Luka (Bosnia and Herzegovina) represents a typical 
multifunctional urban space, combining student accommodation, educational facilities, green areas, and 
public spaces frequently used for social and cultural events. Due to its location within a residential and 
educational zone, the organization of open-air concerts at this site requires a detailed assessment of envi-
ronmental noise impact. Determining appropriate locations for sound sources, defining noise protection 
zones, and establishing maximum permissible sound levels are crucial steps in ensuring compliance with 
regulatory requirements and protecting the surrounding population.

Modern approaches to noise management emphasize the integration of field measurements with 
acoustic modeling and spatial visualization. Noise mapping and predictive modeling enable the assessment 
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of different scenarios, allowing planners to evaluate the impact of sound source positioning, orientation, 
and intensity before events take place (Popović et al., 2024b). Such tools are particularly valuable in urban 
environments, where complex interactions between sound sources, buildings, terrain, and population distri-
bution influence noise propagation.

The aim of this study is to assess environmental noise levels at the Student Center “Nikola Tesla” 
during daytime and nighttime periods in order to establish the existing baseline acoustic conditions, and 
to evaluate the suitability of the location for organizing open-air concerts. Special emphasis is placed on 
defining the optimal position of the sound source and determining the maximum allowable noise levels that 
ensure compliance with national regulations while minimizing adverse impacts on students and nearby resi-
dents. By combining in situ measurements with acoustic modeling and noise mapping, this work contrib-
utes to the development of scientifically grounded guidelines for sustainable management of event-related 
noise in sensitive urban environments.

MATERIALS AND METHOD

Location
The Student Center “Nikola Tesla” is located in an urban area of Banja Luka characterized by a 

combination of student accommodation facilities, educational buildings, and accompanying public spaces. 
The location is situated in a densely populated zone with frequent daily human activity, particularly during 
academic periods. Surrounding land use includes residential buildings, internal traffic routes, pedestrian 
zones, and green areas, which makes this location sensitive to increased noise levels, especially during the 
organization of public events. Due to its function and spatial context, the area represents a typical urban 
environment where noise impact can directly affect a large number of users, primarily students and nearby 
residents.

According to national noise zoning, the Student Center “Nikola Tesla” is classified as Zone III, 
which includes pure residential areas, educational and health institutions, and public green and recreational 
spaces. This classification implies stricter noise limits due to the sensitivity of the population, particularly 
students and residents. Noise was measured both during the day and at night at six representative meas-
urement points (MT1–MT6) (Figure 1 and Figure 2). The six measurement locations (MT1–MT6) were 
selected to ensure representative coverage of the study area, taking into account differences in land use, 
proximity to dominant noise sources, building density, and spatial distribution of student residential facili-
ties. This configuration enabled the capture of both background urban noise conditions and areas potentially 
exposed to increased sound levels during open-air concert events.
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Figure 1. Measurement setup at location MT2 during daytime noise monitoring at the Student Center “Nikola Tesla”, showing 
the sound level meter positioned at a height of 1.5 m above ground level.”

Figure 2. Layout of measurement points (MT1–MT6) at the Student Center “Nikola Tesla”, marked on the map with white 
balloons and corresponding location labels.

The model used for assessment of noise level 
The assessment of noise levels was carried out using an acoustic propagation model based on stand-

ardized calculation methods for outdoor sound propagation in urban environments. The model takes into 
account the characteristics of the noise source, spatial configuration of the area, terrain morphology, pres-
ence of surrounding buildings, and distance between the source and receptor points. Sound attenuation due 
to geometric divergence, atmospheric absorption, ground effects, and shielding by obstacles was included, 
allowing for a realistic estimation of noise distribution and identification of zones with elevated noise ex-
posure (Popović et al., 2024a).

The method of noise level calculation
Overview of the basic quantities, concepts and methods according to which the given assessment 

was performed are in accordance with the appropriate technical standard according to national regulation 
(Regulation on Limit Values of Noise Intensity, 2023). Noise level in the point (x, y) genarated by the source 
labeled with index i  in the moment tj  postioned at (xi, yi), is given by next exression:
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RESULTS AND DISCUSSION

Noise measurements
Noise measurements were conducted at six representative measurement points (MT1–MT6), strate-

gically distributed across the location to capture spatial variability in noise exposure (Table 1). 

Table 1. Measured noise values at the location Student Center “Nikola Tesla“

 Measurment 
point

Coordinates of measur-
ing points

Leq 
day

Leq 
night

L1 
day

L1 
night

L10 
day

L10 
night

МТ 1 44°45’55.24”N
 17°12’4.51”E 57,7 46,1 90,4 66,9 79,2 63,9

МТ 2 44°45’56.88”N
 17°12’0.64”E 56,8 55,6 88,1 77,1 83,1 75,6

МТ 3 44°46’0.74”N
 17°12’2.18”E 54,2 51,2 81,8 69,4 76,5 67,5

МТ 4 44°45’59.87”N
 17°11’58.27”E 67,9 69,5 91,2 83,6 85,5 79,4

МТ 5 44°45’57.90”N
 17°11’53.14”E 50,0 55,6 88,8 79,7 80,2 77,5

МТ 6 44°46’2.02”N
 17°11’51.56”E 55,0 50,2 76,2 71,3 71,2 66,9

Daytime noise levels
During daytime measurements, the equivalent noise level (Leq) varied significantly across the loca-

tion. Measurement points MT3, MT5, and MT6 recorded Leq values within the permissible daytime limit 
of 55 dB(A), indicating acceptable acoustic conditions in these areas.

 

𝐿𝐿𝑖𝑖(𝑥𝑥, 𝑦𝑦, 𝑡𝑡𝑗𝑗) = 𝐿𝐿0 + 10 log10
𝑑𝑑0

2

(𝑥𝑥𝑖𝑖 − 𝑥𝑥)2 + (𝑦𝑦𝑖𝑖 − 𝑦𝑦)2 

 
where 𝐿𝐿0is sound level of vehicle, according to the standard calculations (Du et al., 2021) 
measured at referent distance 𝑑𝑑0 = 7,5 𝑚𝑚. Average contribution to the noise level at each point 
of the observed location, caused by the uniform movement of mobile heavy machinery along 
the mine roads, was taken into account. If there are several heavy machines (𝑚𝑚 total number) 
at the location, their total contribution to the noise level at each point of the space at a given 
moment is summarized as follows: 

𝐿𝐿(𝑥𝑥, 𝑦𝑦, 𝑡𝑡𝑗𝑗) = 10 log10 ∑ 100,1𝐿𝐿𝑖𝑖(𝑥𝑥,𝑦𝑦,𝑡𝑡𝑗𝑗)
𝑚𝑚

𝑖𝑖=1
  

Equivalent noise levels (𝐿𝐿𝑒𝑒𝑒𝑒) are obtained by averaging the loudness over time, at each point of 
the surface, as well as taking into account all possible contributions comming from heavy 
machines, whose work is foreseen on pile 3. These time averaging calculations were performed 
in according to the relation 

𝐿𝐿𝑒𝑒𝑒𝑒(𝑥𝑥, 𝑦𝑦) = 10 log10
1
𝑇𝑇 ∫ 100,1𝐿𝐿(𝑥𝑥,𝑦𝑦,𝑡𝑡)𝑑𝑑𝑑𝑑
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where 𝑇𝑇 is the full time of movement of the transport vehicle along the path with the greatest 
predicted contribution to the noise level in populated areas (Popović et al., 2024a). 
RESULTS AND DISCUSSION 
Noise measurements 
Noise measurements were conducted at six representative measurement points (MT1–MT6), 
strategically distributed across the location to capture spatial variability in noise exposure 
(Table 1).  
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L1  
night 

L10  
day 

L10  
night 

МТ 1 44°45'55.24"N 
 17°12'4.51"E 57,7 46,1 90,4 66,9 79,2 63,9 

МТ 2 44°45'56.88"N 
 17°12'0.64"E 56,8 55,6 88,1 77,1 83,1 75,6 

МТ 3 44°46'0.74"N 
 17°12'2.18"E 54,2 51,2 81,8 69,4 76,5 67,5 

МТ 4 44°45'59.87"N 
 17°11'58.27"E 67,9 69,5 91,2 83,6 85,5 79,4 

МТ 5 44°45'57.90"N 
 17°11'53.14"E 50,0 55,6 88,8 79,7 80,2 77,5 

МТ 6 44°46'2.02"N 
 17°11'51.56"E 55,0 50,2 76,2 71,3 71,2 66,9 

 
Daytime noise levels 
During daytime measurements, the equivalent noise level (Leq) varied significantly across the 
location. Measurement points MT3, MT5, and MT6 recorded Leq values within the permissible 
daytime limit of 55 dB(A), indicating acceptable acoustic conditions in these areas. 
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However, at MT1, MT2, and MT4, measured Leq values ranged from 56.8 to 67.9 dB(A), exceed-
ing the regulatory limit. The highest daytime Leq value was recorded at MT4, which is directly infl uenced 
by road traffi  c in Majke Jugovića Street. This confi rms traffi  c as the dominant noise source during the day-
time period.

Peak noise indicators further emphasize the acoustic burden:
• L1 (daytime) values ranged from 76.2 to 91.2 dB(A), exceeding the allowed limit of 70 dB(A) 

at all measurement points.
• L10 (daytime) values ranged from 71.2 to 85.5 dB(A), also exceeding the permitted value of 65 

dB(A).
These elevated peak levels indicate frequent short-term noise events, typical of traffi  c fl ow, accel-

eration, braking, and occasional impulsive sounds, which signifi cantly reduce acoustic comfort even where 
equivalent levels are marginally acceptable.

Nighttime noise levels
Nighttime measurements reveal a more critical situation. The equivalent noise level (Leq) during 

the night exceeded the permissible limit of 45 dB(A) at all measurement points, with values ranging from 
46.1 to 69.5 dB(A). The highest nighttime Leq was again recorded at MT4, confi rming persistent traffi  c 
infl uence even during night hours.

Peak noise indicators during nighttime further confi rm excessive noise exposure:
• L1 (night) values ranged from 66.9 to 83.6 dB(A), exceeding the limit of 70 dB(A) at several 

points.
• L10 (night) values ranged from 63.9 to 79.4 dB(A), with most values exceeding the allowed 65 

dB(A).
Given the function of the area as a student residential zone, these nighttime exceedances are par-

ticularly concerning, as they may contribute to sleep disturbance, reduced recovery, and long-term health 
eff ects.

The spatial distribution of measured equivalent noise levels (Leq) across all measurement points, in 
relation to the prescribed daytime and nighttime limits, is presented in Figure 3.

Figure 3. Equivalent noise levels (Leq) measured at MT1–MT6 during daytime and nighttime at the Student Center “Nikola 
Tesla”. Red horizontal lines indicate the legally prescribed limit values for environmental noise: a dashed line represents the 

daytime limit of 55 dB(A), while a dotted line represents the nighttime limit of 45 dB(A).
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Traffic influence on noise levels
Traffic counting conducted at measurement point MT4 shows that road traffic is the dominant noise 

source at the location. Fifteen-minute traffic counts during both daytime and nighttime periods indicate that 
passenger cars constitute the majority of vehicles, with increased traffic intensity observed immediately 
after the start of the nighttime regulatory period (Table 2).

The persistence of relatively high nighttime traffic volumes explains the elevated nighttime noise 
levels and the limited reduction in Leq values compared to daytime measurements. This confirms that traffic 
noise represents a continuous pressure rather than an occasional disturbance at this location.

Table 2. Number of vehicles at the location Student Center “Nikola Tesla” during noise measurements

Measurement 
point Motorcycles Passenger cars Vans Busses Vehicles >5t Total 

Daytime measurements
MT1 - 3 - - - 3
MT2 - - - - - 0
MT3 - - - - - 0
MT4 15 378 24 - - 417
MT5 - - - - - 0
MT6 - - - - - 0

Nighttime measurements
MT1 - - - - - 0
MT2 - - - - - 0
MT3 - - - - - 0
MT4 - 132 3 - - 135
MT5 - - - - - 0
MT6 - - - - - 0

Noise propagation and proposed sound source position
The proposed position of the sound source (stage) for public events is located at coordinates 

44°45’57.07”N, 17°11’50.04”E. Acoustic modeling of sound propagation from this position shows that, 
under controlled orientation and sound power conditions, it is possible to maintain compliance with regula-
tory limits.

Specifically, the model indicates that:
•	 At the most exposed residential building (Control Point 1), the noise level does not exceed 50 

dB(A), in accordance with the applicable regulation.
•	 Within the defined noise protection zone (marked by the red contour line), the maximum permis-

sible noise level must not exceed 78.5 dB(A).
The noise map (Figure 3) clearly illustrates the directional propagation of the sound field, with con-

tour lines connecting points of equal noise levels. This confirms that appropriate orientation of the sound 
system and strict control of emission levels are essential for minimizing environmental impact.
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Figure 4. Direction and propagation of the sound front from the proposed stage location at the location Student Center “Nikola 
Tesla”. Points on the map with the same noise level are connected by contours, and the values in the legend are given in dB

The obtained results are consistent with findings from previous studies conducted in university 
campus environments, which emphasize the importance of integrating field noise measurements with spa-
tial and model-based approaches to adequately characterize noise exposure patterns. Studies combining 
in situ measurements and noise mapping have shown that such an approach enables the identification of 
spatial variability and localized areas of elevated noise levels within campus settings, providing a more 
comprehensive understanding of environmental noise distribution than measurements alone (Zannin et al., 
2013). Similarly, propagation-model-based campus noise mapping has been demonstrated to be an effective 
tool for analysing different exposure scenarios and supporting spatial planning and management decisions 
in complex university environments (Huang et al., 2022). In this context, the results of the present study 
further confirm the applicability of measurement-supported modelling as a robust framework for assessing 
noise conditions in sensitive student residential areas.

CONCLUSION
This study provides a comprehensive assessment of environmental noise conditions at the Student 

Center “Nikola Tesla” in Banja Luka, with a particular focus on the suitability of the location for organizing 
open-air concerts in a sensitive urban and student residential environment. The combination of systematic 
field measurements and acoustic modeling enabled a detailed analysis of both existing background noise 
conditions and potential impacts associated with event-related sound emissions.

The results clearly indicate that the investigated area is already exposed to elevated noise levels, 
primarily due to road traffic, even in the absence of public events. Daytime exceedances of equivalent noise 
levels (Leq) were recorded at several measurement points, while nighttime measurements revealed wide-
spread and consistent exceedances across the entire location. These findings confirm that traffic noise rep-
resents a continuous and dominant source of environmental noise pressure in the study area, significantly 
limiting the available acoustic capacity for additional noise-generating activities.

Peak noise indicators (L1 and L10) further emphasize the acoustic vulnerability of the location, 
showing frequent short-term noise events that exceed regulatory limits during both daytime and nighttime 
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periods. Such noise characteristics are particularly critical in student residential zones, where uninterrupted 
rest, recovery, and favorable conditions for learning are essential. Persistent exposure to elevated noise lev-
els may contribute to sleep disturbances, increased stress, reduced academic performance, and long-term 
health effects among students and nearby residents.

Despite these constraints, the applied acoustic propagation model demonstrated that, under care-
fully controlled conditions, the organization of open-air concerts at the Student Center “Nikola Tesla” can 
be managed in compliance with national noise regulations. The modeling results confirmed that appropriate 
positioning of the sound source, controlled orientation of the sound system, and strict limitation of sound 
power levels are key factors in minimizing noise propagation toward the most exposed residential build-
ings. The defined noise protection zone and the established maximum permissible noise level of 78.5 dB(A) 
within this zone provide clear operational boundaries for event planning.

The study highlights the importance of integrating measurement-based assessments with predictive 
noise modeling when planning public events in acoustically sensitive urban areas. Such an approach allows 
decision-makers to evaluate different scenarios in advance, identify potential risks, and implement preven-
tive measures before regulatory exceedances occur. This is particularly relevant for multifunctional urban 
spaces, where residential, educational, and recreational functions coexist.

In a broader context, the findings underline the necessity of proactive noise management strategies 
in student residential zones. Urban planning and event organization should not rely solely on post-event 
monitoring, but rather on scientifically grounded planning tools that balance social and cultural activities 
with the protection of public health and quality of life. The methodology applied in this study offers a prac-
tical and transferable framework that can be used for similar locations in other urban environments.

Overall, this research confirms that sustainable management of event-related environmental noise 
is achievable through a combination of accurate field measurements, advanced modeling techniques, and 
strict adherence to regulatory requirements. By defining optimal sound source locations and maximum 
allowable noise levels, it is possible to support cultural and social activities while preserving the acoustic 
comfort and well-being of student populations and surrounding communities.
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