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Abstract The development of our civilization and increasing noise pollution are strongly connected. In
2021, the Tatra National Park was visited by a record number of tourists — about 4 million 600 thousand.
The previous record was broken in 2018 - then the Polish Tatra Mountains were visited by 3 million 800
thousand. people. The aim of the paper is the analysis of noise pollution and soundscape of the most popular
national park in Poland - Tatra National Park. The Koscieliska Valley was selected for the study, because it
is the second area in the park in terms of the number of tickets sold according to the statistics kept by the
Tatra National Park. The paper presents the results of the analysis of acoustic measurements and ambisonic
recordings made during four seasons using classical method and the soundscape method. In addition,
psychoacoustic parameters and soundecology indicators such as: loudness, sharpness or roughness, ACI
(acoustic complexity index), NDSI (normalized difference soundscape index), BIO (bioacoustic index), ADI
(acoustic diversity index), AEI (acoustic evenness index) were calculated.
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1. Introduction

Since the 28ht of April 2022, a uniform text of Act on Nature Protection [1] has been in effect. The
aforementioned Act distinguishes the following forms of nature protection: national parks, nature reserves,
landscape parks, areas of protected landscape, Natura 2000 areas, nature monuments, documentary sites,
ecological grounds, natural and landscape complexes, species protection of plants, animals and fungi. Of the
listed forms of nature protection, national parks and landscape parks are particularly important, especially
in view of the size of the protected areas. According to this law, a national park comprises an area of
outstanding natural, scientific, social, cultural and educational values, with an area of not less than 1,000
hectares, in which all nature and landscape features are protected. National parks are usually established
to conserve biodiversity, resources, inanimate nature and landscape features, to restore natural resources
and components, and to restore deformed natural habitats, plant habitats, animal habitats or fungi habitats
[1]. The protection plan for the national parks includes the designation of strict, active and landscape
protection areas. On areas bordering the national park, the buffer zone of the national park is designated.

There are 23 national parks in Poland, they are distinguished by a relatively small area - from over 2
thousand ha (Ojcowski National Park) to about 60 thousand ha (Biebrza National Park). National Parks
cover a mere 1% of Poland's territory [2]. In national parks or in the natural environment in general, we
look for places of peace and quiet, and sometimes for scientific inspiration [3, 4]. Hence, due to their
exceptional natural values, the national parks have been attracting large numbers of visitors for many years,
resulting in a steady increase in the number of tourists in their area. Currently, the attendance in Polish
National Parks varies in individual parks - from less than 12 thousand people to about 4,60 million visitors
a year. The highest turnout was noted down in Tatra National Park in 2021.

Tatra National Park (in Polish: Tatrzanski Park Narodowy; abbr. TPN) is the one of the largest national
parks in Poland located in the Tatra Mountains in southern Poland and was established on 30t of October
1954. It was created to preserve Poland's only high alpine area with the deepest caves, numerous lakes,
streams, creaks and karst springs, as well as natural and cultural features unique in the country and Europe,
and with their rich biodiversity. About 70% of the park is covered by forests and mountain pine scrub, and
the remaining 30% are alpine grasslands, rocks and water.

TNP is bordered to the Slovakia Tatra National Park (TANAP-I). Since 1993 the mountain range of Tatras,
together with the Polish part of the Tatra National Park, has been identified as natural, biosphere reserve
of UNESCO [5]. Tourism in the TPN is organized and supervised by the authorities of the national park - all
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tourist entrances to the park are monitored through the sale of admission tickets. Based on data from ticket
sales in the Tatra National Park, the most popular trails are as follows: the red coloured trail to Morskie Oko
and the green coloured trail on the section Koscielisko Kiry - shelter in the Ornak glade which constitutes
about 52% of the total entry traffic to the Tatra National Park [6].

There is an increasing concern among politics and environmental researchers that one of the elements
of environmental protection is the protection of the acoustic environment [7-11]. Of particular interest for
the protection of a high-quality acoustic environment is the use of soundscape approach and eco-acoustic
indicators [12-15]. Soundscapes can contain several sounds that can occur at the same time or separately
in time. Depending on the perception of the sound and its uniqueness soundscape can be divided into:
natural, sensitive, endangered, unique, recreational, representative, cultural, and everyday soundscapes
[13-15]. Within each soundscape, management objectives and monitoring directions for threat as well as
value protection are defined [16-18]

Sound events can be analysed from the perspective of their source, function and social context (warning,
internal, landmark, relaxing, stress-inducing, status-indicating sounds) as well as associations and
symbolism. Also, the spatial and temporal dynamics of occurring sounds can be analysed, and human impact
on natural soundscapes is evaluated [11, 19-22].

Based on surveys conducted among the authorities of national parks and their analysis, it can be
concluded for most national parks that noise problems are moderate. On the other hand, in the case of four
parks, the occurrence of noise was assessed as high (Drawienski, Ojcowski and Karkonoski PN) or very high
(Tatrzanski PN) [23]. In 2006, a small number of measurements of the sound pressure level were carried
out at various points of the Tatra NP. Based on the measurements carried out, it was found that: the acoustic
background for the Tatra National Park is 30 - 35 dB, the equivalent sound level on hiking trails is 34.7 -
62.5 dB, tourists grouping: 48.6 - 57.5 dB, car traffic: 64.2 - 70 dB, Ornak glade shelter 48.6 - 53.6 dB [24].

The aim of the paper is the analysis of acoustic indicators and noise pollution of the most popular valley
- Koscieliska Valley in the Tatra National Park. The Koscieliska Valley was selected for the study, because it
is the second most popular area in the park in terms of the number of sold tickets. Three measurement
points were selected in the valley: Koscielisko Kiry entrance to the valley, a glade by the Ornak shelter and
the Smreczynski pond. The paper presents the results of the analysis of acoustic measurements and
ambisonic recordings made in four seasons using classical method and the soundscape method. In addition,
psychoacoustic parameters and eco-acoustic indicators such as: loudness, sharpness or roughness, ACI
(Acoustic Complexity Index), NDSI (Normalized Difference Soundscape Index), BIO (Bioacoustic Index), ADI
(Acoustic Diversity Index), AEI (Acoustic Evenness Index) [25, 26] were calculated for all the mentioned
points and seasons.

2. Methods and measurement

The highest turnout (about 3 million visitors) is noted down in Tatra National Park. The second trail in the
TPN, which is characterized by intense tourist traffic, is the green coloured trail on the section Koscielisko
Kiry - shelter in the Ornak glade (Tab. 1). In Koscielisko Kiry, 21.7% of total inbound traffic to the TPN was
observed. For comparative measurements of acoustics environment three points at Koscieliska Valley have
been selected (Tab. 2). The measurements of sounds and their recording were made using the following
measuring equipment: sound level meter Svan 971 and Svan 979, Class 1, noise monitoring station Svan
307, Class 1, Soundfield SPS200 1st order ambisonic microphone, ZOOM H6 and F8n recorders.

Table 1. Tourist traffic statistics in Tatra National Park (Hiking tickets).

Tourist traffic statistics - tickets

Year TPN Koscieliska Valley
2021 3390 243 529 620
2020 2467121 429 140
2019 2748410 519929
2018 2766761 478 507
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Table 2. Tourist traffic statistics in Koscieliska Valley - TPN (Hiking tickets).

Tourist traffic statistics - tickets sold in Koscieliska Valley

Year Spring Summer Autumn Winter
2021 92857 277 854 86 456 72373
2020 50309 249953 47125 81623
2019 127 523 274 332 62 194 55498
2018 131707 236 662 52 164 57974

For comparative measurements of acoustics environment three points at Koscieliska Valley have been
selected: Kiry - at the entrance to the valley, PTTK shelter on Hala Ornak - a clearing to the left of the
entrance to the shelter and Smreczynski Pond - at the observation deck (Fig. 1). During four recording
sections following events were recorded: rustle of trees, noise of a stream, wind, sheep grazing, horses
passing, footsteps (squeaking snow, crampons), noise of people, screams of children, passing vehicles.
Measurements were made at 3 measuring points, taking into account the variability of the seasons. the
measurements were made on the following days: November 23, 2019; February 15, 2020; May 23, 2020;
September 12, 2020.

Figure 1. Selected measurement points: a) Kiry - at the entrance to the valley, b) PTTK shelter on Hala
Ornak - a clearing to the left of the entrance to the shelter, c) Smreczynski Pond - at the observation deck.

Table 3. Sound pressure level values, Laeq 5 min [dB (A)], in Koscieliska Valley.

Place Season

Spring Summer Autumn Winter

Kiry - at the entrance to the valley 60.1 61.1 60.1 59.0

PTTK shelter on Ornak Glade - a clearing to the left of the
entrance to the shelter

Smreczynski Pond - at the observation deck 40.5 52.1 45.0 41.7

46.7 59.3 48.0 52.4

3. Results

The conducted measurements and analyses allowed for the calculation of SPL, sound spectrograms, and the
determination of psychoacoustic parameters. Selected characteristics of SPL changes over time,
spectrograms and acoustic parameters are presented in Table 3 and Figures 2 and 3. Calculated
psychoacoustic parameters and eco-acoustic indicators are presented in Table 4 and 5.

The analyses of SPL values show that at the measurement point at the entrance to the valley, which is
strongly affected by access road noise, SPL values do not depend on the season and remain at 60 dB (A).
The greatest variability characterises the SPL values near the PTTK shelter on Hala Ornak and they are
related to the intensity of tourist traffic during the season. Here the highest levels are observed in summer
and winter respectively: 59.3 and 52.4 dB (A). An increase in SPL value in summer and autumn is noted at
the measurement point at Smreczynski Pond. Interpretation of some of these results requires analysis of
the time course and spectrograms. Changes in levels are not directly correlated with changes in tourist
traffic. It can be noted that the summer increase is related to increased tourist traffic, while the winter and
autumn increase is related also to atmospheric conditions.

3of6



Vibrations in Physical Systems, 2022, 33(3), 2022325 DOI: 10.21008/j.0860-6897.2022.3.25

|
|
11:31:52 11:41:52 11:51:52 12:45:55 12:50:55

Time [hh:mm:ss] Time [hh:mm:ss]
Autumn Winter
- LAeq
— Lyegq total
14:35:35 14:45:35 14:55:35 12:27:41 12:42:41 12:57:41 13:12:41 ‘
Time [hh:mm:ss] Time [hh:mm:ss]

Figure 2. Equivalent level-time course of the sound pressure level at P2 - PTTK shelter on Ornak Glade.
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Figure 3. Sound spectrogram at P2 - PTTK shelter on Ornak Glade.
Table 4. Sound pressure level and psychoacoustic parameters in Ornak Glade.
Parameter Symbol [unit] Spring Summer Autumn Winter
Sound pressure level (A) Laeq, 3min [dB] 46.2 59.5 48.0 50.4
Sound pressure level (C) Lcegq, 3 min [dB] 51.3 61.5 49.7 52.1
5th percentile sound pressure level Lars [dB] 50.2 65.6 54.2 57.7
95th percentile sound pressure level Laros [dB] 39.3 52.2 40.3 429
N5 - percentile Ns [son] 3.8 9.9 8.3 4.7
N95 - percentile Nos [son] 7.3 15.1 8.1 8.7
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Table 5. Values of calculated eco-acoustic indicators in Koscieliska Valley.
Abbreviations: ACI - Acoustic Complexity Index, ADI - Acoustic Diversity Index,
AEI - Acoustic Evenness Index, NDSI - Normalized Difference Soundscape Index,

BIO - Bioacoustic Index.

Season
. Spring Summer Autumn Winter
Indicator
1 2 3 1 2 3 1 2 3 1 2 3

ACI 1882 1979 1982 | 1952 1936 1979 | 1889 1869 1967 | 1817 1864 1982
ADI 078 016 0.02 | 0.77 092 0.32 061 190 0.02 | 083 0.74 0.27
AEI 083 089 090 | 083 081 088 | 079 049 090 | 082 083 0.89
NDSI -0.46 -033 -0.15]|-0.53 -0.63 -0.51 | -0.56 -0.26 -0.14 | -0.76 -0.55 -0.50
BIO 6.02 331 4.08 | 3.70 6.08 545 391 385 311 | 389 4.00 341

The calculated values of the indicators confirm that the acoustic activity is not high. Slightly higher values
of ACI factor (Smreczynski Pond) indicate a slightly higher activity of birds. Slightly higher values of the
NDSI index indicate the occurrence of higher wind. Low ADI values (Koscieliska Valley entrance, point no.
1) show that the soundscape is not containing many vocalizing species. Higher values of the NDSI coefficient
(Smreczynski Pond) indicate greater biophonic activity and minimal noise in 1 - 2 kHz and indicate higher
levels of biophonic activity in the soundscape. Similar values of the AVI coefficient show that all three
soundscapes are similarly saturated.

4. Conclusions

The research findings indicate that Koscieliska Valley in Tatra National Park is characterised by diverse and
unique soundscapes however it is also affected by road traffic and tourism, resulting in noise hazards. The
measurements of the sound pressure levels made it possible to examine the daily and seasonal variability
of the noise levels. Both unpleasant sounds (people talking, children shouting and crying) and pleasant
sounds (birds singing, snow rustling, gentle wind noise) were present at the measurement points
mentioned.

There were very high values of the sound pressure level in very popular places of the national park,
especially at the entrance to the Koscieliska Valley. There was a noticeable increase in the sound pressure
level at PTTK shelter on Hala Ornak in summer by arout 7 dB. It is reasonable to assume that changes in the
acoustic conditions prevailing in the Tatra National Park have resulted in a deterioration of living conditions
for animals and resting tourists.

It is worth noting that the annoyance of said noise is determined not only by the SPL values but also by
its perception. Therefore, noise protection should not be limited to the control of acoustic standards, it
should also include the shaping of high-quality soundscapes. Furthermore, attention should be paid to the
design of rest areas which should include masking sounds as the green areas are potential tranquil areas.

It is also important to continue studies on soundscapes supported by long term acoustic monitoring and
field observations. The studies require an interdisciplinary approach with collaboration of park services
and local governments. It is also necessary to develop an implementation of a noise protection strategy in
vulnerable areas

Moreover, it was proven that ambisonic recording could be used not only for research purpose, but also
in various artistic installations, music compositions etc. As an example, an electronic composition “Tatra”
by Katarzyna Sochaczewska was made using ambisonic recordings of unique sounds recorded in the
Koscieliska Valley [27, 28]. Natural sounds were used in artistic way. It is an example how to save a unique
soundscape for posterity.

Acknowledgements

This work was funded by the Department of Mechanics and Vibroacoustics of AGH University of Science
and Technology in Cracow, Poland, grant number 16.16.130.942.

Additional information

The author(s) declare: no competing financial interests and that all material taken from other sources
(including their own published works) is clearly cited and that appropriate permits are obtained.

5of6



Vibrations in Physical Systems, 2022, 33(3), 2022325 DOI: 10.21008/j.0860-6897.2022.3.25

References

1.

N

RPEYoNR

= O

12.
13.
14.
15.
16.
17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Journal of Laws of the Republic of Poland 2022, item 916, The announcement of the uniform text of
the Nature Conservation Act. (in polish);
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20220000916

Statistics Poland; https://stat.gov.pl/portal-edukacyjny/polskie-parki-narodowe-wystawa/

B. Borkowski, K. Suder-Debska, ]. Wiciak, A.M. Szlachta; Acoustic panels inspired by nature; Archives of
Acoustics 2021, 46(1), 135-146.

P. Malecki, C. Czopek, ]. Piechowicz, ]. Wiciak; Acoustic analysis of the glacier caves in Svalbard; Applied
Acoustics 2020, 165, 107300.

UNESCO; Biosphere reserves in Europe & North America; http://www.unesco.org/new/en/natural-
sciences/environment/ecological-sciences/biosphere-reserves/europe-north-america/

Tatra National Park; Statistics; https://tpn.pl/zwiedzaj/turystyka/statystyka

WHO Environmental noise guidelines for the European Region, 2018,

IS0 12913-1 (2014), Acoustics - Soundscape - Part 1: Definition and conceptual framework.

ISO/TS 12913-2:2018, Acoustics - Soundscape - Part 2: Data collection and reporting requirements.

. ISO/TS 12913-3:2019, Acoustics - Soundscape - Part 3: Data analysis
. A. Fiebig; Soundscape standardization dares the impossible - Case studies valuing current soundscape

standards; Proceedings of the 23rd International Congress on Acoustics, September 9-13,2019, Aachen,
Germany, in CD-ROM

S. Olson, P. Reid; Protecting national park soundscapes; National Academies Press, 2013.

R.M. Schafer; The book of noise; Price Print: Vancouver, Canada, 1970.

R.M. Schafer; The music of the environment; Universal Edition, 1973.

R.M. Schafer; The tuning of the world; A.A. Knopf: New York, USA, 1977.

L. Brown; A Review of Progress in Soundscapes and an Approach to Soundscape Planning; International
Journal of Acoustics and Vibration 2012, 17(2), 73-81.

D. Czopek, P. Matecki, ]. Piechowicz, ]. Wiciak; Soundscape Analysis of Selected Landforms on
Spitsbergen; Archives Of Acoustics 2019, 44(3), 511-5196.

S.L. Dumyahn, B.C. Pijanowski; Soundscape conservation; Landscape Ecology 2011, 26, 1327-1344.

T. Oberman, K. Jambrosic, F. Aletta, ]. Kanh; Towards a soundscape surround index; Proceedings of the
23rd International Congress on Acoustics; Aachen, Germany, September 9-13, 2019.

R. Benocci, G. Brambilla, A. Biscieglie, G. Zambon; Eco-Acoustics Indices to Evaluate Soundscape
Degredation Due to Human Intrusion, Sustainability, 2020, 12, 10445.

A. Farina; Soundscape ecology: principles, patterns, methods and applications; Springer: Dordrecht,
Netherlands, 2014.

B.C. Pijanowski, ]. Villanueva-Rivera, S.L. Dumyahn, A. Farina, B.L. Krause, B. Napoletano, S.H. Gage,
N. Pieretti; Soundscape ecology: the science of sound in the landscape; BioScience 2011, 61(3),
203-216.

S. Bernat; Awareness of Noise Hazards and the Value of Soundscapes in Polish National Parks; Archives
of Acoustics 2013, 38(4), 479-487.

M. Wagner, W. Nowakowski, K. Czarnowska; Noise pollution of the Tatra National Park (in Polish:
Zanieczyszczenie hatasem Tatrzanskiego Parku Narodowego); Aura 2006, 9, 32-34.

C. Sanchez-Giraldo, C.C. Ayram, ].M. Daza; Environmental sound as a mirror of landscape ecological
integrity in monitoring programs; Perspectives in Ecology and Conservation 2021, 19(3), 319-328.

C. Andrews, ]. Dick; The potential use of acoustic indices for biodiversity monitoring at long-term
ecological research (LTER) sites: a summary of current knowledge, equipment and methods; Technical
Report, UK Centre for Ecology & Hydrology, Edinburgh, 2021.

D. Czopek, K. Sochaczewska, ]. Wiciak; The soundscape of the Koscieliska Valley in the Tatra National
Park - case study; EuroNoise 2021 Congress, Madeira, Portugal, October 25-27, 2021.
https://soundcloud.com/katkasochaczewska/soundtales-tatra

© 2022 by the Authors. Licensee Poznan University of Technology (Poznan, Poland). This article is an open
access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/).

60f 6



	4. Conclusions
	Acknowledgements
	Additional information
	References

