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INTRODUCTION

Both unquestionable benefits and burden-
some and “incidental products” come with the 
progressive development of civilization. The lat-
ter pose a threat to the human and natural envi-
ronment, usually as of various forms of pollution. 
Among them, noise plays an increasingly impor-
tant role [Silva, Mendes 2012; Trombetta Zan-
nin, de Sant’Ana 2011]. Sounds of high intensity 
can have a negative impact on animal and hu-
man health and interfere with the functioning of 
some ecosystems [Basner et al. 2014; Popławska 
et al. 2012; Sadowski 1999; Stansfeld, Matheson 
2003]. Nowadays, noise is considered as the most 
important factor determining the quality of the 
living environment, leisure and work [Frei et al. 
2014; Mirowska, Mróz 1999; Nurzyński 2005].

Due to the deteriorating state of the acoustic 
climate – defined as a set of acoustic phenomena 
occurring in a given area – irrespective of the 
sources that cause it [Engel 2001], files on this 
phenomenon have been developed and imple-
mented. They take into account large urbanised 
areas and the main communication routes, where 
noise is one of the main pollutants. Directive 
2002/49/EC of the European Parliament and of the 
Council relating to the assessment and manage-
ment of environmental noise, and the ordinance 
of the Minister of the Environment (October 1, 
2012) changing the ordinance on permissible 
noise levels in the environment [Dz. U. 2012 r., 
poz. 1109], raise issues of protection from noise, 
acoustic climate management and its forecasting. 
According to these legal instruments, they have 
been designated basic indicators of noise.
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should prove helpful in forecasting changes in the acoustic conditions and spatial 
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Evaluation and efficient modelling of acous-
tic conditions, especially in large city areas, 
would not be possible without the GIS technol-
ogies and noise mapping [De Kluijver, Stoter 
2000; Kwiecień, Szopińska 2012; Longley et al. 
2006]. Maps present all acoustic phenomena oc-
curring in a given area (including distribution of 
the acoustic field and exposure to noise). They 
must be prepared based on measurements of av-
erage equivalent sound level (LA) – made in ap-
propriately selected locations. The insight and 
precision of the preliminary analysis determines 
the accuracy of the cartographic studies and the 
reliability of assessment of the acoustic climate 
variability. This information should be made pub-
lic. It has a crucial meaning for the functioning of 
the State Environmental Monitoring and creating 
programs to protect the environment from noise 
[Directive 2002/49/EC; Dz. U. nr 62, poz. 627].

Strategic noise maps, which are a reliable 
source of information about the acoustic climate, 
must be taken into account in the input materials 
when preparing local development plans. Acous-
tic data and appropriate analysis of existing and 
potential sources of noise make it possible to 
minimize the problem of environmentally harm-
ful sound levels at the stage of creating the project 
plan [Szopińska 2011].

The aim of this paper is to evaluate the di-
versity of general phenomena related to noise 
(source, threats, propagation conditions, variabil-
ity) in the area included in the selected district of 
Lublin, as well as to demonstrate the need to take 
into account the state of the acoustic climate in 
the spatial planning process and the resulting ben-
efits. Accomplishing the research task involves 
making numerous observations (direct and indi-
rect) and developing detailed acoustic maps.

MATERIAL AND METHODS

The area of acoustic and planning research is 
located in the northern part of Lublin – the largest 
Polish city east of the Vistula. It covers the south-
ern edge of the Ponikwoda district (geodesic sec-
tion 42-Wiktoryn) surrounded by streets: Mag-
noliowa (from the north), Walecznych (from the 
east), Unicka (from the south) and Spółdzielczości 
Pracy (from the west). Its total area is 40.6 ha. 
Residential areas and other built-up areas prevail 
here. A Roman Catholic cemetery takes up a sig-
nificant part of the surface (Figure 1).

The research was carried out in stages in 
2014–2015. These included:
•• setting up measurement stations to cover the 

entire area with observation;
•• performing acoustic measurements, taking 

into account three types of days (daily, week-
end and holiday), and three times of the day 
in different periods (day 6:00–18:00, evening 
18:00–22:00, night 22:00–6:00);

•• determining the average equivalent sound 
level (LA) at each position and assessing the 
variability of acoustic phenomena depending 
on the time and the character of the day;

•• preparation of acoustic maps for each time of 
the individual days and map of the long-term 
average sound level;

•• carrying out analyses of the current spatial 
development for compliance with acoustic 
considerations;

•• identification of needs and opportunities shap-
ing the acoustic climate in the area of research.

Sectors in the form of a regular grid of rect-
angles were determined on a 1:10000 scale back-
ground topographical map. A measuring station 
was located in the central part of each of them. 
Additional observation stations were situated 
along the main roads being the most important 

Figure 1. The study area and the location of acoustic 
measurement positions
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potential source of noise in the area of research. 
In total 23 positions were chosen (Figure 1). Field 
coordinates of control points were determined 
using GPS Trimble Juno 3B Handheld (ArcPad 
software). Measurements of the equivalent sound 
level (LA) for each position were performed using 
a Center 390 Data Logger sound level meter. Ob-
servations were carried out in three sessions (in 
the individual days), representing the time of day, 
evening and night – in line with the recommen-
dations of Directive 2002/49/EC. Cartographic 
descriptions were prepared on background topo-
graphic maps using ArcGIS software. For this 
purpose, the backing map raster was transferred 
into the program and calibration made in accor-
dance with the coordinate system NGCS 1992. 
The individual objects of the technical infrastruc-
ture were vectorized. Then, the layer containing 
the position of the measuring points was included 
in the created map file and assigned the sound 
level equivalent value (LA). Interpolation of re-
sults of sound levels measurements took place 
with regard to the barriers (primarily buildings) 
in the propagation of acoustic waves. Processing 
the generated layers entailed, among other things, 
determining the range values for fixed intervals 
of 5 dB and assigning them an appropriate colour 
capturing the scale of the phenomenon. 

The illustrative state of the studied area devel-
opment was determined based on a 1:10000 scale 
topographic map. The functions of the area were 
designated by the City Geoportal maps [geopor-
tal.lublin.eu]. The obtained information was veri-
fied and supplemented during the site inspection. 
On this basis, the map of development of this part 
of the city was prepared, distinguishing the fol-
lowing functions: the area of single-family and 
multi-family housing, the area of service devel-
opment, cemetery, and grounds of public roads. 
The structure of land ownership is also defined.

RESULTS AND DISCUSSION

The results of the sound level measurements 
indicate considerable differences in the acoustic 
conditions in the study object, which is consistent 
with the data presented in the reports of the In-
spectorate for Environmental Protection [2013]. 
They vary depending on the character and time of 
day and the location of the observation positions. 
Different trends are noticeable in the variation co-
efficients of equivalent sound level (LA) for times 
in individual days. Irrespective of the character of 
the day, the most dynamic acoustic field was ob-
served in the daily times. On weekdays and dur-
ing the weekend, it decreased in the evening and 
night. The evening time of festive days featured 
the lowest variability of sound level during the 
study period. The least uniform acoustic climate 
(Lden) was recorded on weekend days. The differ-
entiation of sound levels in this period is much 
greater than on a festive day (Table 1).

Noise maps prepared for this article (10 elab-
orations) confirmed the significant variability of 
the acoustic climate at particular times and days, 
but also showed large spatial differences of the 
phenomena related to noise emission to the en-
vironment. The emitted noise is greatest along 
routes with high traffic levels, which can be seen 
on each map. The values of equivalent sound lev-
els (LA) decrease with the distance from the road, 
and are so low in areas isolated from vehicular 
traffic that they do not threaten human health. 
Acoustic climate also changes spatially under 
the influence of barriers standing in the way of 
sound waves. If there is a high density of near 
main roads, the noise level is reduced by a se-
ries of buildings located along the street (shield-
ing effect). If the existing buildings are dispersed 
or do not exist at all, isograms showing a higher 
level of the equivalent sound (LA) cover a larger 
area, reducing its value gradually, not abruptly. 
Figure 2 shows the two selected noise maps – 

Table 1. Variability of averaged equivalent sound level (LA) in the study area in individual measurements terms

Indicator
Weekday Weekend day Festive day

*d e n den d e n den d e n den
Average equivalent 
sound level (LA) [dB] 55.4 51.6 46.2 51.1 53.3 51.9 45.3 50.2 50.1 51.7 47.0 49.6

Standard deviation 9.1 7.8 6.8 8.7 10.6 9.3 6.2 9.4 7.0 6.6 6.6 6.9
Variation coefficient 
[%] 16.4 15.1 14.6 17.0 19.9 18.0 13.6 18.8 14.0 12.7 14.0 13.9

* d – day time, e – evening time, n – night time, den – all day
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the first relates to the period of day (Ld) the most 
disadvantaged in acoustic terms and the second – 
long-term average sound level (Lden).

The acoustic climate of the research object 
was also analysed in terms of exceeded permis-
sible sound levels in the environment, specified 
in the Polish Regulation of the Minister of the En-
vironment of 1 October 2012 [Dz. U. 2012 r., poz. 
1109]. The largest share of the area with more 
than normative levels of sound occurs during the 
daytime of the daily day – which is nearly 27% 
of the analyzed terrain (Figure 2a). The festive 
days are unique in this regard when in a similar 
period the sound intensity is much lower. The 
area covered by harmful levels of noise is up to 
seven times less than the other days. It involves 
a much smaller intensity of traffic during this in-
terval. During the daily day the acoustic climate 
becomes more mellow in the evenings and at 
night, when the surface area exposed to excessive 
sound level is half that in the daytime. Reverse 
trends are recorded during festive days which 
increase the percentage share of the area threat-
ened by sound intensity – dangerous to health 

(Table 2). In extreme cases, a noise value equal 
to or exceeding 70 dB was recorded (weekdays 
and weekend). According to Kossakowski [2011] 
negative effects on the human body can manifest 
themselves at these levels.

The analysis of areas with sound levels ex-
ceeding the permissible level shows a variation 
in the evening hours of three measurement terms. 
While the differences are small between a normal 
and festive day, on weekend days there is a signif-
icant change in relation to other terms. The area 
threatened by high levels of noise in the weekend 
evenings is almost two times higher than in the 
remaining days and makes up 18.2% of the sur-
face of the object. The largest share of the area of 
excessive sound level at night occurs during fes-
tive days and is 10.5%. It is slightly smaller in the 
daily day. This share decreases more than two-
fold at the weekend compared to other days and 
amounts to only 4.2% of the study area (Table 2).

Cadastral data indicates a definite advan-
tage of residential areas (mostly single-family 
houses) and other built-up areas within the study 
area [geoportal.lublin.eu]. A substantial surface is 

Figure 2. Acoustic maps: a) daytime of the daily day (Ld), b) long-term average sound level (Lden)
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occupied by a Roman Catholic cemetery in the 
eastern part (25% of the study). The whole is sup-
plemented by not very extensive industrial areas, 
service and arable land. Most of the buildings 
are privately owned. In the eastern part, grounds 
belonging to legal persons prevail – a cemetery 
and a block of flats with an adjacent area. Land in 
the central and western parts is usually individual 
property and includes parcels of single-family 
houses. Land owned by the municipality of Lu-
blin comprises the area of the primary school 
and plots with municipal roads. State Treasury is 
mainly the owner of voivodeship roads (VR) and 
national roads (NR) [geoportal.lublin.eu].

There are fourteen roads of different class-
es (typed as the most important source of 
noise) in the study area. The largest of these 
is Spółdzielczości Pracy Avenue (the western 
boundary of the object), which is the main road 

of faster motion (NR-19). Due to the transit type 
and significant volume of traffic, it should be 
considered a key threat to the acoustic climate 
in this part of the city (Figure 3a). A large traf-
fic load and noise emissions are also recorded in 
the area of Unicka Street (the southern boundary 
of the object), which is the main road (VR-835) 
(Figure 3b). The threat from the emitter is greater 
since multi-family houses are located in its vicin-
ity and a new housing estate has been built. This 
status confirms the opinion that sufficiently accu-
rate analyses in the field of spatial planning are 
not carried out. The individual spatial elements 
are localised based on partial information, and not 
real observations [Szopińska 2011]. The signifi-
cantly exceeded permissible sound levels for both 
roads and a large number of residents point to the 
need for applying effective security solutions in 
this area [Dz. U. nr 179, poz. 1498]. Noise is of-

Table 2. Percentage of space in different ranges of average equivalent sound level (LA) 

Average equivalent sound 
level (LA) [dB]

Weekday Weekend day Festive day

*d e n d e n d e n

≤ 35 0.0 0.0 0.5 0.0 0.0 0.5 0.0 0.0 0.2

35.1–40 0.0 0.0 18.5 6.9 6.2 19.3 5.7 0.0 12.8

40.1–45 7.4 18.2 27.0 13.7 14.8 33.7 25.2 15.0 31.8

45.1–50 23.6 25.2 31.5 18.1 22.6 28.5 18.0 30.4 26.0

50.1–55 24.2 25.9 12.7 19.4 20.7 13.7 26.0 24.6 18.6

55.1–60 17.9 19.3 7.4 18.6 17.5 4.2 21.5 17.8 9.5

60.1–65 12.5 9.1 2.3 11.6 10.9 0.0 3.6 11.0 1.0

65.1–70 11.6 2.2 0.0 6.9 4.9 0.0 0.0 0.7 0.0

> 70 2.8 0.0 0.0 4.5 2.4 0.0 0.0 0.0 0.0
Total surface area of 

exceedances [%] 26.9 11.3 9.7 23.0 18.2 4.2 3.6 11.7 10.5

* d – day time, e – evening time, n – night time

Figure 3. Residential buildings in the immediate vicinity of noisy road objects: a) part of Spółdzielczości Pracy 
Avenue, b) intersection of Unicka Street and Spółdzielczości Pracy Avenue
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ten classified here as permanent because of the 
timing [Dz. U. nr 62, poz. 627].

Another main road situated in the research 
area is Gen. Władysław Anders Avenue. It cuts 
centrally the discussed object (east-west), di-
viding the cemetery into two parts. Walecznych 
Street (the eastern border of the object) is not as 
big an acoustic threat compared with those traffic 
routes, which stems from its local character and 
lower car traffic. Almost the entire length has a 
high cemetery wall, acting as an acoustic screen 
(Figure 4a). Within the cemetery, especially in its 
central part, a range of groups of trees and shrubs 
can be observed (deciduous and coniferous spe-
cies) (Figure 4b) influencing on the propagation 
of sound. Plantings in a row made along the main 
avenue are an important element of the vegetation 
(ash and maple).

The remainder of the roads in the area of re-
search are access roads. They have little effect on 
the acoustic climate due to the small number of 
passing vehicles. It is worth noting that the main 
roads in the discussed area are in very good con-
dition. Their surfaces have been modernised re-
cently. According to Gronowicz [2003] and To-
karski et al. [2012] this is of great importance for 
the quality of the acoustic climate as the type of 
road surface is one of the main factors influenc-
ing the noise level of communication, in addition 
to the type of tyres and the weight and speed of 
passing vehicles.

The study area, which includes a sensitive 
area located at one of the main sources of noise 
– Spółdzielczości Pracy Avenue – does not have 
fully regulated state planning. Although residen-
tial development is located not far away to the 
east side of the artery (Figure 3a), a local zon-
ing plan specifying the purpose of land and its 

management and development methods [Dz. U. 
nr 80, poz. 717] has not been implemented there 
yet [geoportal.lublin.eu]. This should be changed 
as soon as possible, taking into account the need 
for solutions to improve and stabilize the acoustic 
climate. The noise, which is not controlled in a 
uniform and comprehensive manner, over time, 
causes significant environmental degradation 
[Kompała 2002, 2005]. The current housing func-
tion of this part of the study area is not compat-
ible with existing acoustic conditions, and even 
contributes to their deterioration. The location of 
some buildings and small spaces between them 
causes reflection and imposition sound waves, 
thereby maintaining the high sound pressure 
away from the noise source [Ariza-Villaverde et 
al. 2014; Popławska et al. 2012]. A kind of buffer, 
protecting the interior of the estate, is created in 
places where residential buildings are in the im-
mediate vicinity of lane of the road (the south-
western part of research object). The sound level 
goes from high at the edge of the road to very low 
in the depth of the building. In the eastern part of 
the study area there is a cemetery fenced off from 
Walecznych Street by a high wall (shielding). 
Many plants are also present there. The noise 
level gradually reduces within relatively free (un-
developed) fields with distance from the road be-
ing its source [Nurzyński 2005]. As a result, just 
behind the cemetery (around the school) there is 
a friendly acoustic climate meeting the standards 
set for those areas connected with the stay of chil-
dren and youth [Dz. U. 2012 r., poz. 1109].

It is necessary to develop and implement the 
concept of spatial development, in accordance 
with the acoustic circumstances, in order to im-
prove the safety and quality of life of the local 
population. It should contain solutions for the 

Figure 4. Cemetery objects limiting the propagation of sound waves in the eastern part of the study area: 
a) high fence, b) dense vegetation
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individual areas’ functions and building location, 
or the use of noise protection measures [Direc-
tive 2002/49/EC; Dz. U. nr 62, poz. 627]. Due 
to the high risks to the acoustic climate, the big-
gest changes are proposed in the area adjacent 
to Spółdzielczości Pracy Avenue (national road) 
(Figure 5b).

Along the artery, on the side of single-family 
buildings, the first buffer strip should be sepa-
rated consisting of several sequences of acoustic 
screens and greenery enclosing them. Trees and 
shrubs would perform support and aesthetic func-
tions here [Gradkowski 2010; Leśniak 2012]. It 
is proposed to locate a service area behind the 
strip. Requirements regarding the permissible 
sound levels are not too stringent for such ob-
jects. Besides, high-density housing service will 
serve as a second buffer reflecting and absorbing 
sound waves [Waloszczyk, Michałowska 2008]. 
An acoustic shadow should be created behind the 
buildings [Popławska et al. 2012]. The area with 
the housing function is designed at a safe distance 

from the road, providing good acoustic conditions 
for residents. Due to the high level of traffic noise 
we would abandon the housing building just off 
the street, and if possible replace it for service de-
velopment. Storied green belts should be used to 
a greater extent. High greenery will be used, for 
example, on the square in the southern part of the 
object, where it will muffle the noise and improve 
the acoustic environment of the multi-family 
block. The applied changes will have little impact 
on the distribution (Figure 5) and percentage of 
land performing different functions in relation to 
the total area of the object (Table 3).

CONCLUSIONS

The scope of observation and analytical ac-
tivities proposed in the article seems sufficient to 
prepare detailed acoustic maps and consequently 
to determine the degree of exposure of residents 
and the environment to the impact of abnormal 

Figure 5. Development of the research object: a) current status, b) proposed protective changes
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sound levels. It also allows the evaluation of the 
relationship between the state of development 
and land use and the prevailing acoustic climate. 

The specific nature of spatial development of 
the analyzed area indicates the narrow spectrum 
of potential noise sources within it. The advantage 
of housing building surrounded by roads of dif-
ferent classes, as well as the lack of industrial ob-
jects, testify to the dominant share of traffic noise 
and its potential threat to the local community. A 
significant temporal and spatial variability of the 
acoustic climate has been demonstrated. Large 
variations exist between different times of the day 
and days of different character, but it also depends 
on the position of the site in relation to the noise 
source. Days with the greatest variability of aver-
age equivalent sound level (LA) proved to be the 
weekend, and the smallest diversity occurred dur-
ing the festive days. Daytime of the daily day and 
weekend is characterised by a significant threat 
to an above-standard sound level (large areas ex-
posed to noise). In both cases, the acoustic cli-
mate changes to a milder one in the evenings and 
at night, while the opposite trend was recorded 
during festive days. Then, as the time passes, the 
percentage share of the area exposed to the inten-
sity of sound dangerous to health increases.

Spatial variability of average equivalent 
sound level (LA) depends on the location relative 
to the main roads. Areas along the communica-
tion routes are exposed to high noise levels. Ex-
isting buildings, protecting against sound waves, 
plays an important role in the spatial variability of 
the acoustic climate (the phenomenon of screen-
ing). The method of sound propagation depends 
on the type of land and the level of housing den-
sity. The presence of green areas and a cemetery 
with many shelterbelts has a soothing impact on 

the acoustic climate. Objects of this type form 
the urban areas’ enclave of relative silence, si-
multaneously improving the natural values. The 
process of spatial planning cannot exclude the 
analysis of environmental factors. The manage-
ment of urban areas especially must take into 
account contemporary threats, such as noise (re-
quired compatibility of concept planning to local 
acoustic circumstances).

It is possible to form an acoustic climate that 
is friendly for residents by assigning a suitable 
function to each section of land. Arrangement of 
residential areas away from the noise sources and 
the appropriate design of buffer zones to reduce 
the sound level near roads are particularly impor-
tant. This should effectively reduce the transmis-
sion of noise near main transport routes, applying 
classical screens and roadside vegetation belts 
and using service development to shield resi-
dential areas. Well-conceived planning activities 
can meet the requirements of spatial order, whilst 
minimizing the impact of burdensome factors on 
the natural environment and human habitation.
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