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to determine corrective action.

1 Introduction

Preliminary a survey research was made. The area
of the research was Velenje Municipality in general
since the project was motivated by the Municipal
Spatial Plan actions. The public opinion survey did
not underline noise as the most annoying landscape
element. Other environmental indicators were more
exposed, e.g. odours and exhaust. Since the survey
results are of subjective character they can still be
used as a complementary data for the empirical part
of research.

Further noise monitoring upgraded the public
opinion survey, focussed to the areas, where inhabit-
ants did use to complain about the noise problems con-
nected to the following sources: traffic (35.5 %), street
noise in block apartments' quarts (20.1 %) and even 18.3
% of the asked people complained about the neigh-
bours. Of course the survey present the subjective but
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up to date moment of the research (Final Report,
2010).

Environmental noise has become a major issue in
densely urbanized areas. The impact of this external-
ity on the quality of life is reflected by a decrease in
the residents' well-being and subsequently a decrease
in property values. A considerable number of studies
have used hedonic pricing (HP was not used in the
discussed case, structured on the in situ measure-
ments) to assess the impact of noise on property
markets, but few of them have considered the exist-
ence of submarkets. Theoretically, it could be expec-
ted that the marginal value of 1 dB varies according to
the neighbourhood's noise exposure, the property
characteristics (e.g. insulation level) and the annoy-
ance experienced by residents. The noise measuring
could be used to determine whether noise has a sta-
tionary impact on property prices (Duarte, Tamez,
2009).
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Sazetak: Buka je prepoznata kao zagadivac zraka jer utjeGe na kvalitetu okoliSa. Utjecaj buke ovisi o njezinoj razini;
moze biti malo neprijatna ili toliko neugodna da ometa naSe poslovanje ili je ¢ak opasna po zdravlje. Projekt je
usmjeren na mjerenja potrebna za strucni temelj za procjenu stupnja izloZenosti pojedinih lokacija (i njihovog
stanovnistva) razli¢itim izvorima buke kako bi se pripremilo to€no prostorno prikazivanje i skup najhitnijih i
najucinkovitijin popravnih mjera. Rezultati istraZivanja upotrijebit Ce se za: a) uspostavljanje mjera protiv buke i b)
dopunjavanje kartografskog temelja i uvjeta za upotrebu zemljiSta (op€inski prostorni plan) i utvrdivanije razine zastite
od buke, Sto e omoguciti jednostavnije i autenticnije izdavanje dozvola za daljnju upotrebu prostora u istrazivanim
podrucjima. Metoda reciprocnih udaljenosti s tezinama (Inverse Distance Weighted Method) omogucila je prikazivanje
izmjerenih vrijednosti buke. Rezultati tog istraZivanja posluZzit ¢e kao pocetna tocka za utvrdivanje kriticnih podrucja s

prekomjernom razinom buke i odredivanje mjera za popravljanje stanja.
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1. Uvod

Provedena je preliminarna anketa. Podrudje istraZiva-
nja bila je opéina Velenje jer su projekt pokrenule radnje
Op¢inskog prostornog plana. Javno mnijenje nije istaknu-
lo buku kao najneugodniji element okoliSa. Vise su istak-
nuti drugi okoli$ni pokazatelji, poput smrada i ispusnih
plinova. Iako su rezultati ankete subjektivnoga karaktera,
moZe ih se upotrijebiti kao dodatni izvor podataka za em-
pirijski dio istraZivanja.

Dodatni nadzor buke unaprijedio je anketno istraziva-
nje u podrudjima u kojima su se stanovnici Zalili na proble-
me sa sljedecim izvorima buke: promet (35,5%), uli¢na buka
u éetvrtima s blokovima stanova (20,1%) te se ¢ak 18,3% an-
ketiranih osoba Zalilo na buku susjeda. Naravno, rezultati
ankete su subjektivni, ali aZurni (Final Report, 2010).

Buka u okoliu postala je velik problem u gusto naselje-
nim gradskim podrucjima. Njezin utjecaj na kvalitetu Zivo-
ta vidljiv je iz smanjenog blagostanja stanovnika te pada
L

vrijednosti nekretnina. Znacajan broj istrazivanja primi-
jenio je hedonisti¢ko odredivanje cijena (nije upotreblje-
no u ovom slucaju, koje se sastoji od mjerenja in situ) kako
bi se odredio utjecaj buke na trziste nekretnina, no dio njih
razmatrao je postojanje podtrzista. U teoriji, moZe se oce-
kivati da marginalna vrijednost od 1 dB ovisi o izloZenos-
ti buci susjeda, svojstvima nekretnine (npr. razini izolacije)
te neugodi stanovnika. Mjerenjem buke moZe se utvrditi
utjede li ona na cijenu nekretnina (Duarte, Tamez, 2009).

Imisija buke uvelike ovisi o mikrolokacijama. Poseb-
nost buke kao nepozeljne pojave je brzina njezine promje-
njivosti u prostoru i vremenu. Zbog toga se zagadenje
bukom moze prikazati samo kao procjena njezine raspros-
tranjenosti (Cigale, Lampic, 2002).

2. Podrugje istraZivanja

IstraZivanje je potaknuto drZavnim propisima koji se
odnose na prostorno planiranje lokalnih zajednica. Kao
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Table 1. Limit values for specific noise protection areas (after Off

icial Journal of the Republic of Slovenia, No. 105/2005)

Tablica 1. GraniCne vrijednosti za odredena podrucja zasticena od buke (prema Official Journal of the Republic of Slovenia,

br. 105/2005)

Area Noise level dB/Daytime Noise level dB/Night Time
Podrudje Razina buke (dB)/po danu Razina buke (dB)/po no¢i
i) residential areas / podrudja stanovanja <50 <40
ii) areas with national parks, hospitals/ <55 <45

podrudja s nacionalnim parkovima,

bolnicama
iii) mixed business-trade-residential areas / <60 <50
poslovno-trzi$no-stambena podrudja
iv) industrial, commercial parks / <75 <65
industrijska, komercijalna podrugja
Table 2 Average annual daily traffic (Source: URL 2)
Tablica 2. Prosjecan dnevni promet (izvor: URL 2)
Year/area Researched area a) Ljubljana southern bypass Ljubljana northern bypass
Godina/podrudje Podrudje istraZivanjaa)  JuZna ljubljanska obilaznica Sjeverna ljubljanska obilaznica
2005 8228 17 225 30 000
2007 9076 18120 37 900
2008 9168 18536 50500
[ 111.4 107.6 168.3

Noise immissions are highly dependent on micro-
locations. Noise speciality as undesirable phenomen-
on in the environment is its rapid variability in time
and space. That is why noise pollution could be
presented only by estimation of its prevalence and
distribution (Cigale, Lampic, 2002).

2 Area of the Research

The research was encouraged by the national regu-
lations concerning the spatial planning in local com-
munities. Consequently the level of the protection from
noise should be determined as the expert base for the
sanitation of the overburdened areas. Slovene Regula-
tion on limit values of indicators of environmental noise
(No. 105/2005) established four areas where noise
should be discussed (measured and limited) separately
regarding the activities taken there: i) residential areas,
ii) areas with national parks, hospitals, iii) mixed busi-
ness-trade-residential areas and iv) industrial, commer-
cial parks. Strategic noise map and Action plans were set
as an obligation for areas with over 250 000 inhabitants,
roads with over 6 mio transits annually, railways with

over 60 000 train passages per year and major airports.

During fieldwork three residential areas (category i)
pretty burdened with mostly local traffic were re-
searched (Fig. 1): a) the middle circle indicates regional
state road, heavy burdened with freight and passenger
traffic in transit to Austria. It performs lack of motorway
provision in the northeast part of Slovenia; b) most
northern research area was selected due to establish-
ment of the state road impact in the higher situated,
residential area with local transport. The third, most
southern area belongs to the local road surroundings
with suspected decrease of traffic noise with increased
altitude (c).

Regarding the Slovene Regulation on limit values of
indicators of environmental noise (No. 105/2005) the
data of traffic burdens was available only for the are a)
with regional importance in national road net. Areas b)
and c) are categorized only as local lines.

Since the area a) the middle circle, where heavy freight
and passenger traffic in transit to Austria influences the
surrounding residential area, belongs to regional state
road system, the data on average annual daily traffic is

publicly accessible (URL 2). For an objective assessment of
—1
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posljedicu toga potrebno je odrediti razinu zastite od buke
kao stru¢ni temelj za saniranje preoptereéenih podrudja.
Slovenski propisi o grani¢nim vrijednostima pokazatelja
buke u okoli$u (No. 105/2005) odreduju Cetiri podrucja u
kojima se buka treba mjeriti i ograni¢avati: i) podrudja sta-
novanyja, i) podrudja s nacionalnim parkovima, bolnicama,
iii) poslovno-trZi$no-stambena podrudja te iv) industrijska,
komercijalna podrudja. Strateska karta buke i akcijski pla-
novi odredeni su kao obvezni za podrudja s viSe od 250 000
stanovnika, ceste s vise od 6 milijuna prijelaza godi$nje, Ze-
lieznicke pruge s vise od 60 000 prijelaza godisnje te vece
zracne luke.

Terenskim radom obuhvacena su tri podrudja stanovanja
(kategorija i) koja su prili¢no optereéena uglavnom lokalnim
prometom (sl. 1): a) sredi$nji krug pokazuje regionalnu drzav-
nu cestu, koja je opterecena teretnim i putnickim prijevozom
prema Austriji. Ona pokazuje nedostatak autocesta u sjevero-
isto¢nom dijelu Slovenije, b) ve¢ina sjevernog podrudja istra-
Zivanja izabrana je zbog utjecaja drZavne ceste u podrudju
stanovanja bogatijeg stanovnistva s lokalnim prijevozom. Tre-
¢e i najjuznije podrudje pripada okolini lokalnih cesta s previ-
denim smanjivanjem buke s pove¢anjem nadmorske visine (c).

Prema slovenskom propisu o grani¢nim vrijednostima
pokazatelja buke u okoliSu (No. 105/2005), podaci o pro-
metnoj optere¢enosti bili su dostupni samo za podrudje a)

s regionalnim znacajem unutar mreZe drzavnih cesta. Po-
drugjab) i ¢) kategorizirana su samo kao lokalne linije.

Bududi da podrudje a) (sredi$nji krug), u kojem teretni
i putnicki prijevoz prema Austriji utjeCe na okolna podru-
{ja stanovanja pripada sustavu regionalnih drzavnih ces-
ta, dostupni su podaci o prosje¢nom dnevnom prometu
(URL 2). Kako bi procjena cesta optere¢enih prometom bi-
la objektivna, dodali smo rezultate dviju najoptereénijih
drZavnih cesta blizu glavnoga grada Ljubljane.

Podaci su pokazali da je podrudje istraZivanja mnogo
manje zagadeno bukom. U usporedbi s prosje¢nim dnev-
nim podacima za 2005., juzna ljubljanska obilaznica bila je
dva puta optereéenija, a sjeverna ljubljanska obilaznica
gotovo Cetiri puta optereéenija nego podrudje a).

Podaci pokazuju povecanje prometa. Uveli smo poka-
zatelj promjene prometa. Najveéa promjena dogodila se
na sjevernoj ljubljanskoj obilaznici (I,4s/,005=168,3), promet
u nasem podrudju istraZivanja takoder je povecan za in-
deks 111,4. Najmanje je povecanje zabiljeZeno na juznoj
ljubljanskoj obilaznici (I,,005=107,6).

3. Metodologija

Osnovni principi Propisa o buci u okolisu (EC/2002)
sli¢ni su onima koji se odnose na druge sveobuhvatne

Figure 1 The researched areas allocation (Source: The Surveying and Mapping Authority of the Republic of Slovenia; Final
Report 2010)
Slika 1. IstraZivana podrucja (izvor: Drzavna geodetska uprava Republike Slovenije; Final report 2010)

L
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Figure 2. The measuring pdints net

soin Velenie: =

Slika 2. MreZa mijerenih toaka

traffic burdened roads we added the results of the two
heaviest burdened state roads near the capital of
Ljubljana.

The data introduced our researched area as much
less noise polluted. Comparison for year 2005 of the av-
erage annual daily traffic data established, that
Ljubljana southern bypass was twice more burdened
whereas Ljubljana northern bypass was almost four
times more traffic than the discussed area a).

The data shows increasing of the traffic. As an indic-
ator to find out how the traffic changed we put index.
The highest increase occurred at Ljubljana northern by-
pass (I,gs/2005=168.3), the traffic at our researched area
also increased by index 111.4. The least increase of
traffic burden was evidenced at Ljubljana southern by-
pass (Lygs/2005=107.6).

3 Methodology

The underlying principles of the Environmental Noise
Directive (EC/2002) are similar to those underpinning

other overarching environment policies (such as air or

waste). In terms of monitoring the environmental prob-

lem the competent authorities are required to draw up

"strategic noise maps" for major roads, railways, air-

ports and agglomerations, using harmonised noise in-

dicators L, (day-evening-night equivalent level) and

L, (night equivalent level). These maps are a tool for

assessing the number of people annoyed and sleep-dis-

turbed respectively throughout Europe (80 mio EU cit-
izens are supposed to be exposed to excessive noise
level).

The usual approach to noise level decreasing, which
we also used, is to track the next steps:

1) Recognition of the problematic areas; measure-
ments and public opinion survey combined into
noise maps; further systematic monitoring would be
very welcome at sites where exceeded values show
up;

2) Measures' proposal for sanitation (decrease) of noise
level; measures should be re-evaluated at declared
periods to prove the real improvement of the envir-
onmental quality state;

—1
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propise o okoliSu (poput onih koji se odnose na zrak ili
otpad). Kad je rije¢ o nadziranju problema u okolisu,
nadleZne ustanove trebaju proizvesti "strateSke karte

buke" za glavne ceste, Zeljeznicke pruge, zratne luke i

aglomeracije upotrebom uskladenih pokazatelja buke

Ly, (razina koja odgovara danu-veceri-noci) i L, (razina

koja odgovara nodi). Te su karte alat za procjenu broja

ljudi koje buka smeta ili budi iz sna diljem Europe (pro-
cjenjuje se da je 80 milijuna gradana Europske unije izlo-

Zeno prekomjernoj razini buke).

Uobicajeni pristup smanjivanju razine buke, koji
smo i mi primijenili, sastoji se od sljede¢ih koraka:

1) prepoznavanje problemati¢nih podrudja, mjerenje i
anketiranje rezultiraju kartama buke; daljnje sus-
tavno nadziranje bilo bi dobrodoslo na podru¢jima
na kojima se pojavljuju prekomjerne vrijednosti bu-
ke

2) prijedlog mjera za saniranje (smanjivanje) razine
buke; mjere treba ocijeniti u odredenim periodima
kako bi se dokazalo stvarno pobolj$anje stanja kva-

Nasa je metodologija slijedila predloZene korake, a
istraZivanje se sastojalo od:
« utvrdivanja poloZaja GPS-om
¢ mjerenja mjeraem tlaka zraka na terenu
+ konacno, metodom recipro¢nih udaljenosti s tezi-
nama interpolirali smo izmjerene vrijednosti.

Metoda reciprocnih udaljenosti s tezinama

Svaka metoda interpolacije procjenjuje vrijednosti
mjerenja na izabranim poloZajima koji se nalaze izme-
du poloZajima s poznatom vrijednos¢u. Kvaliteta po-
vrsine aproksimiranog modela ovisi o mjerenju koje se
interpolira, raspodjeli uzorkovanih to¢aka i odabranoj
metodi interpolacije. Sto je gus¢a i homogenija raspo-
djela danih tocaka, to je rezultat vjerodostojniji. Meto-
da recipro¢nih udaljenosti s teZinama pretpostavlja da
svaka dana tocka ima lokalni utjecaj, koji se smanjuje
recipro¢no s udaljenosti od interpolirane tocke. Tocke
blize interpoliranoj tocki imaju vecu tezinu od onih
koje su udaljenije. Ta metoda procjenjuje vrijednost

litete okolisa
3) treba primijeniti nove aktivnosti/intervencije i po-
drzati ih stavovima stru¢njaka.

sjeciSta dvaju profila mreZe stanica raCunajuéi pro-
sje¢nu vrijednost danih tocaka blizu svakog sjecista.

Table 3. Comparison of Noise Level Measured with Recommended Noise Level Standards and Guidelines by WHO and Other Selected
Countries for built areas (Ramdzani et al., 2010; The Environmental Noise Directive (2002/49/EC)); noise is caused by road, traffic or railway
Tablica 3. Usporedba izmjerene razine buke s razinom buke preporuéenom prema Svjetskoj zdravstvenoj organizaciji i drugim odabranim
zemljama za izgradena podrucja (Ramdzani i dr., 2010; Propis o buci okoliSu (2002/49/EC)); buku uzrokuju ceste, promet i ZeljezniCke pruge

Selected Noise Level Standards Noise level dB/Daytime Noise level dB/Night Time
Odabrani standard razine buke Razina buke (dB)/po danu Razina buke (dB)/po noéi
WHO recommended Health Criteria / 55 45
Zdravstveni kriterij Sv. zdravstvene organizacije
Germany (Noise Level Guidelines)/ 45 35
Njemacka (Smjernice za razinu buke)
Australia (Recommended Outdoor Background Noise 45 35
Level) / Australija (PredloZena razina pozadinske buke
za vanjske prostore)
Japan (Environmental Quality Standards) / 45 35
Japan (Standardi kvalitete okoli$a)
EU (most vulnerable area of noise protection) / 55 45

Europska unija (najranjivije podrudje zastite od buke)

Table 4 Noise measurements 2012 (in dB)
Tablica 4. Mijerenje buke u 2012. (u dB)

Table 5 Noise measurements 2013 (in dB)
Tablica 5. Mijerenje buke u 2013. (u dB)

Median / Medijan 53,2 Median / Medijan 57,15
Average / Prosje¢na vrijednost 57,8 Average / Prosje¢na vrijednost 58,34
Max / Najveca vrijednost 78,6 Max / Najveca vrijednost 78,1
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3) New activities/interventions should be placed in the
space and supported by additional expert attitude.
Our methodology of work followed the recommen-

ded steps. We included in our research activities as fol-

lows:

* Firstly, we use GPS for accurate determination of
locations;

* Field measurements were carried out with air pres-
sure gauge;

*  Finally, the method of inverse spacer weights (IDW -
inverse distance weighted) - was used for the point
interpolation of measuring points.

Inverse Distance Weighted Method

Each method of interpolation determines or estim-
ates value of the measurements at selected locations
which lie between locations with a known monitored
value. Quality of approximated model surface depends
on the measurement that is interpolated, the allocation
(distribution) of sample points and chosen interpolation
method. In principle, the denser and more homogen-
eous distribution of the given points leads to a credible
result.

The method of inverse distance weights (IDW) as-
sumes that any given sample point has its local impact,
which decreases with the inverse potency of the dis-
tance from the interpolated point. Points closer to the
interpolated point are weighted (influential) more than
more distant ones. IDW method assesses the value of the
intersection of the two profiles of the cellular network
by calculating the average value of the given sample
points near each intersection. This approach thus allows
a greater impact of closer points than more distant ones.
The method is applicable in cases where the influence of
the studied variables decreases with the distance from
the sample locations. For example, the interpolation of
point location of pollutants, the concentration de-
creases with distance from the location of contaminants
and the use of this method is logical. The disadvantage
of this method is that the approximated surface can
reach local extremes (minima and maxima) only in the
given point, which does not reflect the situation in
nature. IDW method is suitable for the preview of the
approximated surface (Bartier, 1996).

Regulation on limit values of indicators of environ-
mental noise provides special limit values of noise
caused by the traffic (Official Journal of the Republic of
Slovenia No. 105/2005). Limits are prescribed for:

A) Resident area: 60 dB (day value), 6:00 a.m. to 6:00 p.m.;
B) Mixed land use: residential area, public infrastruc-
ture: 65 dB (day), 6:00 a.m. to 6:00 p.m.

4 Results and Discussion

Further on we collected the guidelines for limiting
sound level, connected to traffic infrastructure and
compare them between World Health Organization and
countries from different world's areas. EU directly fol-
lows the WHO (45 dB) noise level standards while other
countries have more strict night allowed value of noise.
It is the same situation concerning the daytime noise
level (55 dB is EU and WHO standard, other countries are
more rigorous with 45 dB).

Preliminary public opinion survey established noise
as an annoying or disturbing environmental factor for
the majority of respondents (score 3 on a scale of 1-4),
but it is necessary to take into account that the human
perception of noise is highly subjective.

The results of survey surprised; we supposed that
noise was the main disturbing factor but we found out
that smell, exhaust gases as well as vandalism were in-
cluded. The fact that noise was not a major disruptive
factor was confirmed by the question: How much are
you in your living environment disturbed by the noise?
Since 32.2 % of respondents thought that the noise was a
little annoying, 26.8 % of respondents replied that the
noise was quite annoying,.

As the most common noise sources respondents in-
dicated road traffic (35.5 % of questionnaires), then the
noise from the street caused the annoyance at 20.1 % re-
spondents, because most of them were living in block of
apartments. As the third most common source of noise
was indicated the noise of neighbours (18.3 %).

The measuring took place in two separate sections;
the first in 2012 and the second in 2013. In both cases we
measured during daytime trying to catch the most fre-
quent periods: morning and afternoon rush hour. For
comparison with statutory limits we discussed on the
measured values with three parameters: median, aver-
age and maximum value. The results were as follows:

«  The average values of noise measurement didn’t ex-
ceed the statutory limit values at sampling in both
years

*  Limits were exceeded in 18.9 % of cases in year 2012

« In 2013: 51 % of measurements over average value
were evidenced nearby the transit regional road
(area a) and 21.9 % in single-family houses quarter by
the local road (area c), but in single-family houses'
quarter above regional road (researched area b); all
the measured values were higher than average
value.

Using collected results and GIS (ArcMap) two maps
were produced for noise distribution performance. In

—1
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Map 1 Spatial distribution of noise, measurements in 2012
Karta 1. Prostorna raspodjela buke, izmjereno 2012.

Ona stoga daje veéi utjecaj blizim totkama. Metoda je
primjenjiva u slu¢ajevima u kojima se utjecaj prouca-
vanih varijabli smanjuje s udaljeno$¢u. Na primjer, pri
interpolaciji tocaka poloZaja zagadivaca, njihova se
koncentracija smanjuje s udaljeno$¢u od zagadivaca i
upotreba te metode je logi¢na. Nedostatak je te meto-
de taj da aproksimirano podrudje moze dose¢i lokalne
ekstreme (minimume i maksimume) u samo jednoj
tocki, $to ne odgovara situaciji u prirodi. Metoda je po-
godna za pregled aproksimiranog podrudja (Bartier,
1996).

Propisi o grani¢nim vrijednostima pokazatelja bu-
ke u okoliSu sadrZe posebne grani¢ne vrijednosti buke
(-
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Map 2 Spatial distribution of noise, measurements in 2013
Karta 2. Prostorna raspodjela buke, izmjereno 2013.

koju uzrokuje promet (Official Journal of the Republic

of Slovenia, br. 105/2005). Propisana su ogranicenja za:

A) podrudje stanovanja: 60 dB (dnevna vrijednost), od
6:00 do 18:00 h

B) zemljiSte mjeSovite upotrebe: podrudje stanovanja,
javna infrastruktura: 65 dB (dnevna vrijednost), od
6:00 do 18:00

4. Rezultati i rasprava
Skupili smo smjernice za ograni¢avanje razine bu-

ke povezane s prometnom infrastrukturom i usporedi-
li ih s onima Svjetske zdravstvene organizacije i zemalja
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general blue shade stands for a good living standard
with 40 dB noise pollution and less. Yellow categorized
areas mean noise burden around 60 dB, whereas with
the highest noise level areas nearby the noise source,
road traffic (70 dB and more) were burdened.

Next finding gives important information. Hedges as
green barriers showed up as a very convenient measure.
They brought 10-15 dB less noise right behind its posi-
tion. Some more findings were established, also due to
chosen GIS method:
¢ The Inverse Distance Weighted Method (IDW)

proved to be convenient for the interpolation of

noise measurement values; the enough dense net of
measurement sites condition was fulfilled
« Values in most noise polluted areas near roads
quickly decrease with altitude increase
Measurements during the night would be welcome
 Measuring present the peak periods’ (rush hour)
conditions, what was made on purpose to check the
most outstanding situation.

5 To Conclude

In principle denser allocation of measuring points
gives more credible results. Although the detailed figure
of noise distribution is almost impossible to produce
since many factors have an important impact and their
impact varies; e.g. distribution of the buildings, the type
and dimensions of the buildings. So the noise level could
change at very short distances. Our data collection bases
on many disadvantages but still can be used for a frame-
work presentation of the areas with noise troubles.
There is more noise polluted area obvious close to the

traffic lines whereas the noise level decrease very
quickly when green barriers are used (over 10 dB de-
crease of noise). We could generally speak of 1) the most
»stuck to the roads« areas with very annoying noise
pollution (over 60 dB) and 2) areas polluted with noise of
50 dB and less, what correspond to the WHO recom-
mendations. Further investments in buildings (installa-
tion of a multi-layer windows and noise protection
facades) could bring even better results in terms of
lower noise pollution effects.

There are some more possibilities for the noise level
decrease:

« Installation of noise barriers

+  Speed limits and traffic diversion

« Building bicycle lanes and limiting traffic in the city

¢ Relocation of production plants, arrangement of
venues.

Measuring took place during the day time only.
Some additional traffic counting data for all the road
sections would be useful. Consequently the data should
not be used for the strategic mapping of noise level that
has become an obligation for EU cities with over 250.000
inhabitants. But basic insights in the living environment
quality were offered using the performed results and
combine it with public opinion survey. Municipal Space
Plan could benefit better expert oriented and sustain-
able decisions.
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diljem svijeta. Europska unija izravno prati standarde
buke Svjetske zdravstvene organizacije (45 dB), dok su
druge zemlje stroZe po dozvoljenoj no¢noj razini buke.
Isto je stanje s dozvoljenom dnevnom razinom buke
(Europska unija i Svjetska zdravstvena organizacija do-
zvoljavaju 55 dB, a druge su zemlje rigoroznije s 45 dB).

Preliminarna anketa pokazala je da je buka neugodan
ili ometajuéi ¢imbenik okoliSa za vedinu ispitanih (3 na
ljestvici 1-4), no nuZno je uzeti u ozbir da je percepcija
buke vrlo subjektivna.

Rezultati istraZivanja iznenadili su nas. Pretpostavili
smo da ¢e buka biti glavni ometajudi ¢imbenik, no rezul-
tati su pokazali da su uklju¢eni smradovi, ispusni plinovi
i vandalizam. Cinjenicu da buka nije glavni ometajuci
Cimbenik potvrdilo je pitanje: ,,Koliko vas u Zivotnoj oko-
lini smeta buka?* Da buka ometa smatralo je 32,2% ispi-
tanih, dok je 26,8% njih smatralo da je buka vrlo
neugodna.

Kao najéeséi izvor buke ispitanici su naveli cestovni
promet (35,5% ispitanih), a zatim uli¢nu buku (20,1%) jer
ih veéina Zivi u stambenim blokovima. Buka susjeda iz-
dvojila se kao treci najceséi izvor buke (18,3 %).

Mjerenje je provedeno u dva navrata, 2012. i 2013, U
oba smo slucaja mjerili za vrijeme dana kako bismo za-
hvatili kriti¢na razdoblja: jutro i poslije podne kad se lju-
di vraaju s posla. Propisana ogranicenja usporedili smo
s trima parametrima izmjerenih vrijednosti: s medija-
nom, prosje¢nom vrijednosti i najve¢om vrijednosti. Re-
zultati su sljededi:

* prosjeCne vrijednosti izmjerene buke nisu prekora-

Cile propisane grani¢ne vrijednosti ni 2012. ni 2013.

« grani¢ne vrijednosti prekoraCene su u 18,9% slucaje-
vau 2012.ali

¢ 1 2013. godini 51% mjerenja iznad prosjecne vrijed-
nosti zabiljeZeno je u blizini regionalne ceste (po-
drudje a) i 21,9% u Cetvrti s kuéama s po jednom

obitelji u blizini lokalne ceste (podrudje c), dok su u

Cetvrti s kuama s po jednom obitelji iznad regional-

ne ceste (podrudje c) sve izmjerene vrijednosti bile

viSe od prosjecne vrijednosti.

Upotrebom dobivenih rezultata i geoinformacijsko-
ga sustava (ArcMap) proizvedene su dvije karte raspo-
djele buke. Podrudja osjencana u plavo prikazuju dobar
Zivotni standard razine buke od 40 dB ili manje. Zuta po-
drudja oznacavaju optereéenost bukom oko 60 dB, dok
su podrudja najvise razine buke ona u blizini cestovnog
prometa (70 dB i vise).

Sljede¢i nalaz daje vazne informacije. Grmlje kao ze-
lene zapreka pojavljuje se u vrlo prikladnoj mjeri. Ono
sniZava razinu buke iza sebe za 10-15 dB. Ustanovljeni
su jo§ neki nalazi uslijed izabrane metode GIS-a:

 metoda recipro¢nih udaljenosti s teZinama pokazala
L

se prikladnom za interpolaciju vrijednosti izmjerene
buke; ostvaren je uvjet dovoljno guste mreZe mjere-
nih poloZaja

¢ vrijednosti u bukom najzagadenijim podru¢jima br-
20 se smanjuju s povecanjem nadmorske visine

«  bilo bi dobro provesti mjerenja po no¢i

 mjerenje uvjeta u kojima se ljudi vraéaju s posla uci-
njeno je namjerno kako bi se provjerilo najkriti¢nije
razdoblje.

9. Zakljucak

U principu, ve¢a gusto¢a mjerenih to¢aka daje vjero-
dostojnije rezultate. Gotovo je nemoguce do¢i do detalj-
nih podataka raspodjele buke zbog velikog broja vaznih
¢imbenika i njihovog razliitog utjecaja, npr. raspodjele
zgrada, tipa i veli¢ine zgrada. Stoga se razina buke moze
promijeniti na vrlo malim udaljenostima. Nase prikup-
ljanje podataka ima mnoge nedostatke, ali moZe se pri-
mijeniti za prikazivanje podrudja s problemati¢nom
razinom buke. Podru¢ja zagadena bukom uglavnom se
nalaze u blizini prometnica, pri ¢emu se razina buke
spusta ako se upotrebljavaju zelene zapreke (smanjenje
za viSe od 10 dB). Opéenito moZemo govoriti o 1) podru-
jima koja su najblize cestama i velikog zagadenja bu-
kom (viSe od 60 dB) te 2) podrugjima zagadenima bukom
od 50 dB i manje, $to odgovara preporukama Svjetske
zdravstvene organizacije. Daljnje ulaganje u zgrade
(ugradnja viSeslojnih prozora i zastitnih procelja) moglo
bi dovesti do jos boljih rezultata u pogledu smanjenja
zagadenosti bukom.

Postoji nekoliko moguénosti za smanjenje razine
buke:

« ugradnja zapreka buci

« ograniCenje brzine i skretanje prometa

* izgradnja biciklistickih staza i ograniavanje prome-
taugradu

* premjestanje tvornica.

Mjerili smo samo po danu. Bilo bi korisno dobiti do-
datne podatke za sve dijelove cesta. Shodno tome, dobi-
veni podaci ne bi se trebali upotrebljavati za stratesko
kartiranje razine buke koje je postalo obvezno za grado-
ve s viSe od 250 000 stanovnika u Europskoj uniji. No,
mjerenje je dalo osnovni uvid u kvalitetu Zivotnog oko-
liSa u kombinaciji s anketom javnog mnijenja. Opéinski
prostorni plan profitirao bi od stru¢nih i odrZzivih odlu-
ka.
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