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Abstract

In this study, the authors used an online survey fo investigate the perception of noise
pollution by the citizens of Szombathely in Hungary. The datasets were compared to field
measurements taken with a sound-level meter, and a smartphone using a free noise-
measurement app. On the whole, the participants identified the main roads and transport
hubs as the most polluted areas, and parks and green spaces as the least polluted ones.
Our measurements confirm that citizens are well aware of noise pollution in the city,
although in some cases we found slight differences between their subjective perceptions
and the actuality.
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1 Introduction

Most citizens are well aware of environmental problems, although in some cases they are
unable to estimate the extent of environmental noise exposure (Becker et al., 2013). In an
earlier survey, the authors had used a web application to gain information about groups’ and
individuals’ spatial fears of crime (P6dér & Dobos, 2014). They found a significant
difference between ground-truth data and citizens’ perceptions of socio-spatial processes.

We were interested in whether we could detect similar differences in the case of
environmental pollution, whether citizens have a false idea about their environment, or
whether their concept is closer to reality than in the case of sociological data. As noise
pollution is one of the principle (and emerging) environmental problems in urban territories
(EEA, 2013), we concentrated our examination on environmental noise exposure. According
to the literature, assessment is subjective in the case of noise (Becker et al., 2013); it depends
on personal sensitivity, age, health status, and the relationship to the noise source (Bencsics,
2000).

The use of crowdsourced data collection for environmental noise exposure has already been
examined in terms of its feasibility for updating and creating noise maps (P6dér et al., 2015).
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We used sketch maps for a survey, as they have recently been used successfully in
participatory and subjective geographic data systems (Boschmann, & Cubbon, 2014) to
collect unique spatial information about individual encounters.

After the evaluation of the results of the online survey, we carried out control measurements
in the field. The increased accessibility of location-enabled smartphones with a range of
advanced sensors allows information to be obtained more productively. Although user-
generated noise measurements cannot replace professional surveys, they can provide extra
information relevant to strategic noise mapping and monitoring (P6d6r & Révész, 2014).

Our hypothesis was that citizens would not be able to define all areas with high noise
pollution within the city. After the online survey, we designated the main noisiest and
quietest locations identified by the respondents. We carried out control measurements both
there and at other locations to examine the general level of noise pollution in the city.

2 The study area

Szombathely is a typical western Hungarian city. It is situated close to the Austrian border
and is the 10th largest city in Hungary, with around 80,000 inhabitants. There are four main
approach roads for the city, which are sources of relatively high noise pollution. The urban
development strategy of Szombathely identifies 18 urban zones in the city (Figurel). In the
middle of the city, we find the historical centre (see Figure 1 — zone 1). Because of noise
pollution, private transport is partially banned here and has been rerouted to nearby streets,
causing increased noise pollution there. Local people have complained about this. The bus
and train stations form a local transport centre (1).

The western part of the city comprises mainly residential zones (8—11); the eastern part, near
the city’s four main approach roads, includes mostly industrial areas (16). Constant noise
exposure can be detected in the industrial zone, due to the high number of incoming and
outgoing lorries and employees’ private transport.

A residential area virtually encircles the city centre (2). Green spaces are also an important
part of the city’s structure. These are situated mostly in the western part, in zones 4 and 11
(Szombathely Transport Consortium, 2015).
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The structure of Szombathely
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Figure 1: The urban zones of Szombathely

The most critical problem of noise pollution is caused by a wood industry company (one of
the largest in Central-Eastern Europe in zone 15), which is involved in constant disputes
with the citizens of the residential areas nearby.

3 Methodology

Stanley Milgram (1992) developed a free-recall technique in which respondents had to draw
their mental maps on a blank sheet of paper. The problem with this method is that different
people see the same places differently, so it is hard to compare these maps with each other,
and it is difficult to extract information from them. Recently, various data collection
techniques have been developed in mental mapping (Panek, 2016). These include purely
quantitative data collection methods that use surveys; purely qualitative non-drawing-based
ones that use interviews; free-recall data collection techniques based on freely drawn maps;
oriented recall map drawing with an interview; and data collection methods based on existing
maps and images (Letenyei, 2005).

Many studies have used mental and sketch maps (Boschmann & Cubbon, 2014) to interpret
an environment qualitatively in terms of feelings such as fear, desire and stress. Mental maps
are tools for behavioural geographers to comprehend human behaviours based on people’s
impressions of their spatial environment. Sketch maps have been utilised within participatory
and qualitative geographic information systems to describe spatial stories of groups or
individuals (Boschmann & Cubbon, 2014).
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The data acquisition application

In our study, a web application was used for an online survey. The webpage is available at
http://zaj.amk.uni-obuda.hu/. The application is based on the otiented recall map drawing
procedure and is designed for online use and mobile phone applications. For the base map,
we chose Google Maps, which is commonly used by Hungarian citizens. To promote the
online survey and reach potential participants, we used mainly social media (Facebook,
Viber). The sutvey is consequently skewed, because respondents had to have online and
map-reading competencies (use of social media and familiarity with Google Maps). The
survey should therefore be considered as a model experiment. To calculate the results, we
covered the area with a grid (200 metres x 200 metres) and used basic GIS calculating
methods.

The webpage itself uses the Google native web API; the drawing function is available
through Drawing Manager; respondents can use the webpage without the need to register.
There is a short form where participants give their postcode, age, gender and usual mode of
transport, because according to Bencsics (2006) these facts also influence the perception of
noise. After filling in their personal data, the user finds a short explanation of how to use the
map. Following instructions, they can define noisy and quiet places using a polygon tool. The
participants were asked to delineate a minimum of 5 noisy and 5 quiet areas on the map.

Field measurements

With the help of the online survey, we designed a field survey, marking the main
measurement points indicated by respondents.

We tried to position other points in such a way that they would cover the entire area, form a
grid-like layout, and could all be visited within one day on foot or by bicycle.

We used a Testo 816 sound-level meter and a Lenovo K3 Note smartphone with
Noisemeter app, as some recent studies have shown that the latter is the most trustworthy
among Android apps (P6dér & Révész, 2014; Murphy & King, 2016). Noisemeter utilises
the built-in microphone of the mobile device and is able to measure noise in decibels (dB). It
is important to mention, however, that built-in microphones are designed for the human
voice (300-3,400Hz, 40—60 dB) and are not intended to be used in the place of scientific
instruments. (Devices that use Automatic Gain Control will produce significant
measurement errors; Santini et al., 2009.)

There were 14 main points where we took continuous half-hour measurements, using both
sets of equipment, during peak and off-peak hours. For the purposes of this study, peak
hours were defined as 7.00 am to 9.30 am and 5.00 pm to 6 pm on a Wednesday, and oft-
peak hours as 9.30 am to 5 pm on a Sunday. For the additional points, we measured the
noise for 1 minute only during peak and off-peak hours; we used only the smartphone
during peak-hours.

To assess the measurement results, it is important to note that constant noise exposure of
around 30 dB during the night causes sleep disturbance. 30-34 dB hinders communication;
35-54 dB causes serious annoyance outdoors; exposure on a daily basis to 55—70 dB causes
hearing impairment.
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To enhance the quality of the measurements, the recommendations for use of the equipment
need to be taken into account: (1) the Testo Uset’s guide recommends that the instrument
should be used at least 30-50 cm far from the body; (2) In order to guarantee similar external
conditions for the measurements, we completed the measurements on the same weekday (a
Wednesday) for peak-hours, and on a Sunday for off-peak hours, at the end of September;
(3) Measurements were taken during ideal weather conditions (wind speed must be less than
5m/s; it must not be raining; Hungarian Dectee on Noise Measurements 284/2007.) The
average dB (A) was recorded in the database.

4 Results

We had 109 respondents, all except three of whom were local inhabitants. Almost 60 % of
them were women. The eldest respondent was 80 and the youngest 14. The majority of the
participants were in the age groups 21-30 and 5160, with just 3 in the 71-80 age range. If
we look at gender, most male respondents were aged 21-30, and females came primarily
from the 50-60 age group. Most of the respondents were pedestrians (57%); the second
largest group were driving a car (23%); 13% were riding a bike; the remainder were using
public transport.

Instead of analysing the ‘raw’ polygons drawn by the participants, we aggregated the number
of overlapping polygons into a 200 metres x 200 metres grid. We visualised noisy places with
red, quiet places with green, using the bivariate colour method, so the darker the green on
the map, the more people indicated that place as being quiet, and the darker the red, the
more the place was identified as being noisy.
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Figure 2: Maps showing the perceptions of the citizens of Szombathely for noisy (red) and quiet (green)
places.
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We also investigated whether the maps of female and male participants differed. Visual
interpretation of the results confirmed that female and male respondents’ opinions about
noisy and quiet places correlated with each other, despite the fact that, most frequently, male
respondents were driving a car and females were pedestrians, and as such women were more
exposed to environmental noise during their daily journey than men. We discovered a slight
difference in the south-eastern part of the city, which women identified as noisy. However,
this area is missing from the map of the male participants. We therefore examined the
cumulated results further. The overlapping polygons for noisy places clearly correspond to
the city’s main road network, the areas around large shopping malls, and the area near the
train station (Figure 2).

The green (i.e. quiet) places correspond to the parks, botanical garden, lake, cemetery and
residential areas of the city.
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Figure 3: Map created using measurements taken by a Testo 816 sound-level meter, during peak and
off-peak hours. The numbers on the map indicate the results of measurements taken during off-peak
hours.

We visualised only those measurements taken using the Testo 816, as bar charts (see Figure
3). Comparing the measurements taken with the Testo sound-level meter and the Lenovo
smartphone, we could not identify any significant spatial differences. During peak hours,
main streets and traffic junctions produce high levels of noise, and parks and residential areas
are less noisy. Industrial areas produce continuously high noise levels, both on weekdays and
at the weekend. In large shopping malls, we experience high levels of noise during weekends
as well as on weekdays, although dB values during peak hours are higher than in off-peak
hours. The Pearson correlation between measurement (peak and off-peak hours, sound-
meter level and smartphone) is quite high: between 0,83 and 0,94, where p<0,005, which
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means that the correlation coefficient is statistically significant. The deviation between the
mean values of peak and off-peak hours is only 4 dB. In the case of the wood industry
company, our measurement also proved the high level of noise pollution: even without heavy
traffic, we measured 60 dB on the weekend (see Figure 3, measurement point Nr. 50).

We compared the expectations of citizens to the field measurements. As the map (Figure 2)
shows, the survey participants indicated in particular main roads, areas near large shopping
malls, and traffic junctions and roundabouts as being noisy. Our measurements recorded
high levels of noise, of 60—66 dB, for these areas. Participants thought that the patks,
cemetery, botanical garden and lake were quiet; our control measurements showed that
generally the noise level is lower in these areas: we measured 35—-45 dB. However, for one
measurement point at the lake we detected almost 50 dB, and at another control point (Nr.
48) we measured only 34 dB. We also found other measurement points where participants’
expectations of noise were higher than the reality (Nr. 15, 41). In general, they thought that
there was a higher level of noise pollution in the inner city, although banning public
transport has had a noticeable effect on noise levels there.

5 Conclusion and Outlook

The aim of this investigation was to assess the noise levels at various places in Szombathely,
comparing the results of a questionnaire with actual noise measurement data.

We analysed mainly areas next to main roads and industrial locations, where the noise level is
expected to be higher than the average. We also revealed the conflict between the wood
industry company and the local population, whose members actively protest against
environmental pollution (including the noise pollution) caused by the company.

The comparison of people's subjective opinions and the data collected on actual noise
pollution has shown that in many areas the subjectively experienced and the measured noise
levels overlap. This was typical in the case of heavy road traffic, as adults are highly irritated
by traffic noise and consider it a significant health risk (Okokon, et al., 2015).

However, there were some places where biases occurred. This can be explained by the fact
that individuals use different forms of transportation in their everyday life, which clearly
influences their subjective noise-level assessment (Raw & Griffiths, 1988). Furthermore,
passing mood and sensitivity can also affect people’s perception of noise (Waye & Ohrstrom,
2002). As Okokon et al. (2015) have stated, traffic noise is annoying for adults, but the same
level of noise near places such as the lake mentioned above does not produce similar levels
of irritation, and so is not marked on the map as a noisy place.

In summary, inhabitants’ opinions play an obvious and increasing role in protecting the
environment. Recent studies confirm that, in general, people have a good understanding of
the state of their environment. But we should note that sometimes preconceptions play a
role in forming their opinions (Haklay, 2012), as in the case of the lake, which they wrongly
assumed to be a quiet place.
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This type of online public survey can help municipalities to understand how citizens perceive
environmental problems and to involve them in the assessment of their living space (Becker
et al,, 2013), giving them a sense of responsibility for the environment and enabling them to
participate in further environmental decisions.
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