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Abstract

:

Soundscape analyses and noise measurements should be a part of pre-design works involved in planning green areas in city centers. The aim of the study was to conduct a multi-criteria analysis of the soundscape of three parks in Olsztyn (Poland) as a part of the landscape planning process to determine the directions of re-design of places most exposed to noise. The research included: 1. functional and spatial analysis of the park surroundings in reference to the city environment, 2. analysis of the acoustic map, 3. measurements of sound pressure levels (SPL) at selected points in two periods (leafless and leafy), 4. analysis of characteristic sounds, 5. interview with park users and preparation of a mental map. The results of research regarding the perception of the soundscape of all three parks by respondents differ slightly from the results of both the acoustic map and SPL measurements. The results also confirm the difference between SPL in the leafless and leafy period. Places most exposed to noise are located at the park boundaries along the main access roads, and at park entrances. Recommendations and sample solutions are proposed, based on two suggested design activities, namely the reduction of undesirable sounds, and introduction of desirable sounds to the parks.
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1. Introduction


At the end of the 1960’s, Schafer established The World Soundscape Project that initiated the development of the interdisciplinary research trend of sound ecology [1,2,3]. The main intention of the project was to develop solutions aimed at creating or maintaining an ecologically sustainable sound space with consideration of the relationship between the sound environment and the community [2,4,5].



This article draws on the approach of landscape architecture and soundscape. Soundscape is a key term used in sound ecology. The work of Porteous and Mastin (1985) was devoted to soundscape themes as early as in the 1980s, although the term soundscape was used by Southworth (1969) in a study of urban space in Boston [6,7]. According to international standard ISO 12913-1:2014, it is a perceived physical environment construct, defined as “the acoustic environment as perceived or experienced and/or understood by a person or people in context” [8]. Acoustic indicators are not sufficient to describe it, because it results from complex relationships occurring between various sounds and human auditory perception [9]. As a multidimensional phenomenon, soundscape cannot be measured and described exclusively with numbers [10]. It is therefore important to investigate the subjective evaluation of noise nuisance. This requires learning about people’s sound preferences, and the relationships between certain characteristics of the acoustic environment and the perception of acoustic stimuli [11]. The concept of soundscape introduces a different approach to the analysis of the acoustic environment compared to the concept of noise [12]. Therefore, strategies should not be limited to managing and controlling noise in urban space. Interest in soundscape quality should also increase due to its impact on health, both physical and mental [13,14,15,16]. Soundscape is also increasingly popular in the field of landscape architecture, landscape planning, and design [17,18,19,20,21]. Studies on landscape aesthetics usually involve the analysis of the visual appeal of landscape, and ignore the impact of sounds and other stimuli. Nonetheless, sound increasingly frequently proves to contribute to a positive or negative judgment of “visible” landscapes, and cohesiveness between sound and image is considered to lead to a better assessment of landscapes [22,23,24,25,26,27].



Civilization changes have led to fast disappearance of tranquil areas and traditional soundscapes. The arrangement of communication, industrial, recreational, and service facilities, as well as transportation systems, directly affects the acoustic nature of space. It is not possible to completely eliminate sounds generated by transport, industry, services, etc., in urban areas. An attempt should be made, however, to protect places of high acoustic quality (including quiet areas). In accordance with the idea of sound ecology, the soundscape of cities should be optimized. The sound space should be friendly, aesthetically pleasing, orderly, and functional, and most importantly (if possible) without excessive noise [28].



According to Cerwén and Mossberg, safeguarding the quality of parks and other recreational spaces as quiet areas in the future is likely to emphasize the importance of balancing urban noise even more [29]. Research carried out by Brambilla et al. [30,31] in urban parks in Milan and Rome showed that sound pressure levels are often almost higher than the limits commonly used to define quiet areas.



The quality of urban soundscapes is closely related to the overall urban environmental quality [11,32,33,34]. Noise pollution is a growing problem in the environment of cities, and the design of urban soundscapes as part of sustainable urban landscapes should be taken into account by architects, landscape architects, and urban planners [32,33,35]. Experiments with the soundscape concept in the architectural design process provide new opportunities for progressive design solutions [36], and enable planners, architects, or engineers to assess the likely impact of different design alternatives on a place’s soundscape [5,35,37,38].



Legal protection against noise in Poland is currently based on the Environmental Protection Law Act (2001) [39] and the applicable ordinances compliant with the provisions of the Environmental Noise Directive [40]. With a few exceptions (e.g., criteria for delimiting quiet areas), the aforementioned Act is coherent, and introduces acoustic standards as well as a system of penalties for non-compliance with the law. So far, however, these regulations have not led to any improvement of the acoustic climate in Poland [41]. The current law concerning the protection and shaping of landscape is equivocal and imprecise, and has a generally declarative character. Government administration authorities have no instruments to enforce the law. The analysis of the “Environmental protection programs against noise” projects for Polish agglomerations has shown that protection against noise is often limited to enclosing main transportation arteries with acoustic screens or replacing window frames [42]. The particularly significant issues of spatial planning, separation of quiet areas, or acoustic design of public spaces is neglected. An important role in the protection of the sonic qualities of a landscape should be played by local planning and architectural and landscape design [43]. The important function of urban green areas in reducing noise is recognized by the European Environment Agency. It is referred to in two reports, namely Quiet areas in Europe—the environment unaffected by noise pollution, 2016 [44], and Noise in Europe, 2014 [45].



The aim of the article is a multi-criteria analysis of soundscape based on the example of three parks in Olsztyn (Poland) as a part of the landscape planning process to determine the direction of re-design of places most exposed to noise. Such analyses are usually omitted or treated marginally in the design process, although they may affect the way parks are designed, potentially resulting in reduction of noise nuisance. Users’ opinions regarding aesthetics or function are often taken into account in the design process, while no assessment is undertaken concerning noise or sound preferences.



The presented analyses contribute to expanding knowledge through the use of a simple, multi-criteria analysis process aimed at the identification and evaluation of the soundscape of parks in middle-sized Central and Eastern European cities as an element of design and planning. Importantly, while many studies on the topic of soundscape of parks are available globally, research from Central and Eastern Europe is still scarce, particularly that employing a multidimensional approach towards soundscape. The majority of studies focus only on noise measurements or on soundscape perception in transportation zones. Moreover, different geographic, spatial, and climate conditions of these regions should be emphasized to permit comparison with other regions around the globe in the future.




2. Literature Review


2.1. The Role of Green Infrastructure in Perception of Soundscape


Urban parks and the sound properties of greenery are important in the context of the soundscape quality of an urban environment. Urban parks are considered public spaces important for sustainable urban environments. They provide urban dwellers with places to improve their physical and mental health [46,47,48,49]. They are regarded as tranquil spaces with restorative effects [16,50,51]. Nonetheless, the environmental functions of urban parks involving improvement of the soundscape of the urban environment by reducing noise can be constrained by their size and location [52].



The spatial forms of greenery shaping positive features of the city’s local environment are important in the context of climate change [53,54] as well as noise reduction [55,56]. Urban soil and vegetation can attenuate noise pollution [57,58]. The same concerns green roofs [59] and vegetated surfaces of vertical greening systems [60,61].



Considering the role of greenery in improving the environment, the issue of reducing noise by introducing vegetation is naturally becoming a subject of discussion [62,63]. In this case, the role of greenery is determined by physiographic conditions, terrain, habitat, and climatic conditions, as well as the structure, form, and morphology of individual species. Single and low plantings provide small effects, while greater value is offered by group and compact plantings. Moreover, some researchers draw attention to the possibility of using a variety of combined techniques, e.g., barriers constituting walls constructed in various technologies in combination with vegetation [60,61]. Such technical and engineering solutions provide better results, particularly in the spaces of cities affected by transport noise pollution [63]. While such solutions seem to be expedient in industrial or transportation spaces, aesthetic and environmental issues make them less suited to the park space, although from the point of view of noise reduction they are obviously a basic necessity. With regard to the type of vegetation and its role in noise suppression, various authors have conducted laboratory and “in situ” studies [63,64].



Leaves have the ability to attenuate acoustic waves. The higher the density of greenery, the total surface of the leaves and area of the complex, the greater the damping value [65]. According to Zimny [66], a lawn is the type of vegetation characterized by the lowest acoustic wave absorption capacity due to the low height and low density of the vegetation [66].



According to Czerwieniec and Lewińska [67], hedges consisting of trees or shrubs are often planted in order to suppress noise. This type of acoustic barrier can suppress sounds depending on the density, height, width, and species used [67]. Results of research by Samara and Tsitsoni [64] showed higher noise reductions through a belt of trees than over grass-covered ground. To improve the contribution of vegetation to noise reduction, it should be sufficiently dense to prevent the observer from seeing the road through the vegetation. The level of ground vegetation should also be as high as possible. This is achieved through combining trees and shrubs [51,64,68,69,70,71,72]. According to research by Van Renterghem, the reduction of the level of noise nuisance by vegetation can reach 10 dB Lden [62].




2.2. Research Methods on Soundscapes


Several methods of quantitative and qualitative measurement and assessment of urban soundscapes have been developed [73,74,75,76,77,78,79,80]. This reflects the fact that the assessment of a sound environment cannot be determined by a simple measurement. ISO/TS 12913-3:2019 provides requirements and supportive information on analysis of data collected in situ through methods specified in ISO/TS 12913-2:2018 [81,82].



The human perception of noise is not absolute, and primarily relies on the meaning of sounds in relation to the sources emitting noise and the people exposed to it [32]. Therefore, the methods of measurement and assessment need to account for the subjective impact of noise in correlation with acoustic parameters, for both the negative and positive effects of noise in defining the acoustic quality of an urban environment [32].



As indicated by Kang et al. [10] referring to Fastl and Zwiker [83], psychoacoustics deals with the quantitative link between physical stimuli and the hearing sensations caused by them. Psychoacoustic parameters such as loudness, roughness, sharpness, or fluctuation strength permit the description of the character of an acoustic environment in detail and allow the relation of the physical phenomenon (acoustic environment) to the perceptual construct of the acoustic environment (soundscape). A hearing-related parameter [10] that has proved significant in several surveys [84] is the relative approach parameter, related to perceivable patterns in acoustic signals. On the other hand, researchers of soundscape focus on individual data regarding responses to the acoustic environment [10]. Four primary methods of soundscape research can be designated from the review by Aletta et al. [85]: soundwalks, laboratory experiments, narrative interviews, and behavioral observations. These four methods are predominantly associated with five data collection tools: questionnaires, semantic scales, interview protocols, physiological measurements, and observation protocols [85].



Along with the development of information technologies, mapping soundscapes has been enjoying growing interest in recent years. The numerous works addressing the issue [86,87,88,89] employ, among others, the ecological, humanistic, and acoustic approaches [43] [86,87,88,89].



Soundwalk, defined in ISO12913-2:2018 as “the method that implies a walk in an area with a focus on listening to the acoustic environment” [82], and described by Butler [90] as practice in cultural geography, is also used as a method of studying soundscapes (e.g., [78,91,92]).





3. Materials and Methods


The primary assumptions of the research were based on the following premises:




	
emphasis on the purposefulness of introducing soundscape analyses when designing green areas, including city parks



	
analysis of the degree and direction of noise in the park’s surroundings



	
analysis of the functional and spatial connections in relation to noise level based on the analysis of the acoustic map and own measurements



	
inclusion of noise and SPL measurements in leafy and leafless periods



	
involving park users in research as direct recipients of these spaces



	
indication of design guidelines and proposals for parks, based on the results of soundscape analyses in the park and generally accepted principles of designing green areas








Additional assumptions regarding the selection of the study area and parks were as follows:




	
The research was carried out in Olsztyn, the largest city of the Warmia and Mazury region (with a population of 170,000). Olsztyn was deliberately chosen because of the specificity of its program strategies which prioritize environmental protection and reduction of noise levels, thereby improving the safety and health conditions of residents



	
The choice of research units, i.e., parks, was also determined by the fact that, in the development documents, the city of Olsztyn is declared to be a “Garden City”, environmentally friendly and quiet



	
As mentioned previously, studies in Olsztyn and throughout Poland regarding noise measurements and types of sounds, as well as analyses of sound perception were not taken into account when designing green areas, including parks. The study results may be helpful in the planning and design process, not only in the case of Olsztyn, but also in other cities of a similar structure.








3.1. The Study Area


The study was based on a preliminary analysis of the six largest parks in Olsztyn, Poland (Annex 1). The detailed analyses (discussed in this article) covered three selected parks. The choice of three parks was dictated by their location and function, and predominantly by the absence of disturbing elements, e.g., road or construction works, during the measurements (such disruptions occurred in the other three).



The study area covers three city parks in different parts of the city of Olsztyn in the Warmian-Masurian Voivodeship (Figure 1, Table 1).



The selection of parks for analysis was based on the following:




	
size of parks—they are the largest parks in the city in terms of surface area (from 8.6 ha to 17.4 ha), (see Table 1). The urban forest complex located in the northern part of the city, as well as smaller parks and squares, were excluded from the analysis due to their different nature and use.



	
location—all parks are located in the city center or just outside the city center, within a radius of 4 km from the geometric center.



	
accessibility—all parks are open to the public and frequently visited by inhabitants.



	
source of noise—the parks were selected for analysis based on the assumption that the main source of noise is generated by transport, particularly at park boundaries.



	
functional program—the parks were selected for analysis due to the diverse functional program offered by each of them.








All the analyzed parks have diversified functions, dominated by walking, followed by active sport and recreation, and finally a historical and aesthetic function. The parks are used by the residents daily throughout the year, and are publicly available. In all of the parks, vegetation structure is based on compact plantings of trees and shrubs, and large fragments of lawns, along with low vegetation.



The basic characteristics of the analyzed parks are presented in Table 1.




3.2. Methodological Stages of Research


The research consisted of an analysis of noise level by reference to the acoustic map, followed by SPL measurements in the leafless and leafy periods. These measurements were indicative, complementing the analysis of the acoustic map. The qualitative research consisted of the analysis of characteristic sounds at selected points in two periods (leafless and leafy). The research was supplemented with interviews with park users.



The aforementioned analyses were preceded by a simplified functional and spatial analysis of the park surroundings. Based on the results, the aim was to formulate guidelines and recommendations for landscape design and management targeted at the reduction of perceived noise, as well as improvement of soundscapes and therefore users’ comfort in parks.



The preliminary recognition of the study areas, photo inventory, and description of the elements that may affect the soundscape (vegetation, topography, usable zones, street furniture, etc.), as well as the analysis of functions in the areas located close to parks, were conducted in October 2017. This included a study of the acoustic map (noise map) created by BMT AGROSS, elaborated for the environmental noise protection program for the city of Olsztyn [93].



Analyses of SPL measurements and analyses of characteristic sounds were carried out in April 2018 (leafless period) and May 2018 (leafy period). The analysis of characteristic sounds employed a method of assessing the structure of the soundscape, modified for our research after Bernat [43]. This analysis was carried out at selected points during a walk by listening to and recording characteristic sounds.



In terms of climate and vegetation, the region of Warmia and Mazury is characterized by variable and transient climate. Weather conditions are largely variable both at a daily and an annual scale. Vegetation rapidly develops and becomes leafy after winter and early spring, sometimes lasting until mid-April (cooler period). In connection with this period of analysis, in mid-April the trees were in a leafless state, while at the end of May they were already in a leafy state, as illustrated by photographs taken in particular periods in all parks (due to the imposed limit, this article presents only one example, Figure 2).



Analyses of the soundscape of the parks were first carried out in a leafless state, and then in a leafy state. The examinations were performed in the afternoon (2 p.m.–4 p.m.) on working days (9–12 April 2018 and 22–24 May 2018), in moderate wind and sunny weather. No mass or other events that could interfere with the perception of the soundscape took place in the analyzed areas during the research.



The inclusion of analyses in both the leafy and leafless state during the research was intentional. Vegetation is assumed (based on the available research results of other authors) to be a moderate or neutral sound barrier in comparison to other technical and engineering solutions. While the use of noise barriers along highways is perfectly justified, noise suppression in the city center and nearby buildings by means of screens is difficult due to other functions of these spaces, high number of their users, spatial and conservation issues, or aesthetic reasons. It is therefore difficult to find an optimal solution for green areas bordering, e.g., car traffic. Therefore, the study refers to the need to propose solutions in the form of plant forms, considered not only from the point of view of noise reduction (even if the assumed effect is smaller), when compared to the commonly used acoustic road barriers. The use of plant forms, particularly in parks, is an obvious solution, but it is important to introduce the function of a “green” acoustic barrier. Such “green” barriers are also important from a psychological point of view in the context of perceiving sounds.



3.2.1. Analysis of the Acoustic Map


The study involved an analysis of the acoustic map of the city of Olsztyn [93]. The preparation of the acoustic map and disclosure of study results to residents is stipulated by the provisions of the Act from 27 April 2001, Environmental Protection Law, Journal of Laws of 2008, No. 25, item 150 [39]. Such an obligation results from the implementation of Directive 2002/49/EC [40]. The main objective of the implementation of the acoustic map is to obtain up-to-date information on the acoustic state of the environment with consideration of demographic data on the method of land development and use, and therefore “to create the basis for the development of Community measures to reduce noise from major sources, in particular from road rolling stock [93]”. The indicators for the implementation of the long-term anti-noise policy were introduced into Polish legislation by the ordinance of the Minister of the Environment of 14 June 2007 on permissible noise levels in the environment [94]. These are:




	
long-term average A-sound level expressed in decibels (dBA), determined during all days of the year, with consideration of the time of day, time of evening, and time of night, designated in the Act as LDEN,



	
long-term average A-weighted sound level expressed in decibels (dBA), determined during all nights of the year, designated in the Environmental Protection Law as LN.








The coefficient LDEN was adopted for the tests according to the assumptions of the acoustic map of Olsztyn. It was calculated as follows:


   L DEN    =   10 lg   [  12 24      10  0.1  L D    +  4 24     10  0.1 (  L  E  + 5    )     +    8  24    10  0.1 (  L  N  + 10    )   ]   



(1)




where:



LDEN—is the long-run A-weighted average sound level in decibels (dBA), determined during all days of the year, with consideration of the time of day (time period from 6.00 a.m. to 6.00 p.m.), time of the evening (time period from 6.00 p.m. to 10.00 p.m.), and time of night (time period from 10.00 p.m. to 6.00 a.m.).



LD—is the long-run A-weighted average sound level in decibels (dBA), determined during all times of the day in the year (time period from 6.00 a.m. to 6.00 p.m.),



LE—is the long-run average A-sound level in decibels (dBA), determined at all times of the evening in the year (time period from 6.00 p.m. to 10.00 p.m.),



LN—is the long-term average A-weighted sound level expressed in decibels (dBA), determined during all seasons of the year (understood as time period from 10.00 p.m. to 6.00 a.m.).



Indicator LDEN was calculated based on long-term measurements of average noise levels. The measurements were conducted 4 m above ground.




3.2.2. Test I. Evaluation of the Soundscape of Parks by the Authors in Selected Points in Terms of SPL (a) and Types of Characteristic Sounds (b) in Leafy and Leafless Period


Test I/a. The analyses of SPL aimed at determining which places in the parks are most exposed to noise. The sound pressure levels (SPL) as A-weighted continuous equivalent sound level (LAeq) were measured in dBA values at nodal points of communication routes and in characteristic places. To achieve reliable results, three measurements were carried out at each place and then averaged. Measurements were taken 1.2 m above the ground (reflecting the fact that park users do not only walk but also sit in the park, and that many park users are children). The intervals between the three measurements lasted 60 s. A Beha Amprobe 93517D sound level meter was used for the measurement. The results are presented in the form of a chart and in tables (Annex 2).



The obtained data revealed the quietest and loudest places, as well as the average SPL, for the entire park in leafy and leafless periods. The test procedure also aimed at determining which places in the park are most exposed to noise. Selected measurement points (Table 2) were designated throughout the park in characteristic places, from the park’s borders to its interior, to analyze the entire park space, including the interiors used by residents for a longer period of the day. In this way, the study was not limited to lanes and access roads, particularly those bordering on transport areas, but also included places of where users stayed longer in public spaces.



The analyses performed in two periods aimed at answering the question of whether and to what extent vegetation in a leafless and leafy state reduces noise in the park. The paired t-test was applied to estimate the occurrence of a statistically significant difference between average noise levels during leafless and leafy periods in selected parks (Annex 3).



Test I/b. Analysis of selected characteristic points (e.g., bridges, park entrances/exits, fountains, playgrounds, etc.) in each park in terms of sound structure aimed at specifying characteristic sounds as well as background sounds in given points, and evaluating their quality.



The results of Test I/a and Test I/b obtained in the selected points of a given park in a leafless and leafy state were collected in tables and presented in maps. In the maps, SPL is depicted by color, and the main characteristic sounds and background sounds are depicted in the form of pictograms.




3.2.3. Test II. Interviews with Park Users. Mental Maps


The concept of a mental map, i.e., a subjective image of geographical space in the human mind, unique for each observer, is based on individual experience and information level (mental landscape), and is well established in geography, behavioral sciences, and psychology. Many researchers emphasize that the spatial preferences of the population and related behaviors depend not so much on the objective characteristics of the environment as on their transformed subjective reflection in the mind of every human being (e.g., [95,96]). The mental map is unique for each person, because each person has an individual set of personal experiences and level of information. At the same time, however, certain similarities can be observed between the tastes of people in different groups.



Because public participation is a key element of soundscape design, the subjective opinion of park users was taken into account during the research. The purpose of the survey was to complement Test I, and its aim was to indicate how park users perceive the space of parks depending on noise level.



The study in the form of a walk and interview with respondents in the parks was conducted in the leafy period, on 22 May (Park Jakubowo), 23 May (Kusocińskiego Park), and 24 May (Park Podzamcze) 2018. In each park, 20 participants joined the study. The participants were aged 18–75. All of them were living in Olsztyn during that period. The respondents were selected randomly from among people walking in the park, and before starting the interview they were asked about the frequency of staying in the park. People participating in activities in the park at least once a week were selected for the interview. This criterion allowed for the assumption that they know the structure of the park. The study consisted of mapping areas which, according to the participants, are characterized by positive sounds, and places where unwanted sounds occur (noise). Each participant had the task of indicating these areas on the map. The route ran through the points previously marked for Test I.



The obtained data were digitized and then presented in the graphical form of a mental map.




3.2.4. Guidelines and Recommendations for the Landscape Design and Management of the Analyzed Parks


Based on the information obtained during the research, a set of guidelines and recommendations was developed aimed at the improvement of the quality of the sound environment of parks, including guidelines for plantings, spatial planning, and management.






4. Results


4.1. Structural and Spatial Analysis of the Park Surroundings in Relation to Noise Sources


The analyzed parks are located in the city center (Figure 3) and are therefore adjacent to transport zones (main city roads, railways, trams), service and residential buildings, public utility buildings, and urban infrastructure. Due to such locations, users of the parks (residents) can experience noise of varying intensity, particularly near the zones bordering roads.



The analysis of the acoustic map (parts for selected areas) with consideration of function showed the highest noise intensity caused by main roads right next to the park boundaries.



In the case of the Jabubowo Park (No. 1), this is Wojska Polskiego Street (eastern border of the park). In the case of the Podzamcze park (No. 2), this is Mochnackiego Street and Grunwaldzka Street (southern border of the park), Nowowiejskiego Street/Maria Konopnickiej Street (northern border of the park), and Pieniężnego street (eastern border of the park). In the case of the Kusocińskiego Park (No. 3), this is Dworcowa Street (cuts the park in half), Piłsudskiego Street (southern border of the park), and Leonharda Street (eastern border of the park) (Figure 3).



The residential function has a slightly smaller impact as a source of noise than transport. In the Jakubowo Park, sounds generated by a housing estate are primarily associated with the south-eastern zone, and in the Podzamcze Park is are partially associated with two places, to the south and north-east, as in the Kusocińskiego Park. As for natural forms of greenery, only the Jakubowo Park includes a fragmented border with a dense urban forest complex (north-western part). Both the forest wall (next to the Jakubowo Park) and water reservoirs in all three parks generate positive sounds (Figure 3).




4.2. Analysis in the Jakubowo Park


4.2.1. Analysis of the Acoustic Map within the Boundaries of the Jakubowo Park


The analysis of the acoustic map [93] within the boundaries of the Jakubowo Park (Figure 4) shows the highest noise level occurring in a linear pattern along Wojska Polskiego Street. The noise level there oscillates between 66 dBA and 75 dBA at the eastern border of the park, and decreases towards the central part of the park to 56 dBA-60 dBA, and further towards the west. At the border with Radiowa Street, it reaches 51–55 dBA, and in the western part of the park and at the border with Parkowa Street, the value is the lowest, i.e., 46 dBA-50 dBA (Figure 4).




4.2.2. Test I. Results of Evaluation of SPL Measurements and Characteristic Sounds in the Jakubowo Park


For Test I/a, 58 points were selected for evaluation. Point 32 is perceived as the quietest in the leafless period, and point 52 as the loudest. In the leafy period, point 23 is the quietest, and point 52 is the loudest. Noise generated by car traffic in the leafless period is noticeable along the line from south to north (on the border with Wojska Polskiego St.) in points 14–17, 1, 19, 52, and 43–45, and in the leafy period in points 14–18, 52, 44, and 45. In the leafy period, a reduction in the noise level in points 23–37 is also observed, accounting for the largest difference between the leafless and leafy period (Figure 5). SPL measurements are provided in Figure 6.



For Test I/b, 4 points (5, 19, 23, and 24) were selected for the analysis in terms of sound structure (Figure 5). The comparison of the leafy and leafless periods shows that transportation is the dominant source of noise. Leafy period analyses indicate that noise levels have decreased along the western border of the study area. In both cases, the western part behind the slope is the quietest area in the park. The main source of noise is traffic that surrounds the park mostly from the east, near Wojska Polskiego Street. In Test I/b, this type of sound affected point No. 19 in the leafless period. The example of point 23 shows a significant difference in the change of perception of sounds in the leafless state due to ground works carried out in this part of the park and the resulting occurrence of this type of sound. Positive sounds are generated by trees (leaves, birdsongs; points 9, 23, 24) and water (point 5), particularly in the leafy period. The park is often visited by residents, but also by patients from a nearby hospital, who walk in the park along the paths from the east, resulting in reporting anthropological sounds (pedestrians, point 19, mostly in the leafy period).



Result of the Paired Samples t-test in the Jakubowo Park


With the assumed significance level (α = 0.05), the value p < 0.00001 was obtained as a result of the performed paired-samples t-test. A significant increase in the noise level in the leafless period was observed (M = 63.67, SD = 5.44) in comparison to the leafy period (M = 51.65, SD = 12.81), t(57) = −9.54, p < 0.00001. The result is significant at p < 0.05. (Annex 3).





4.2.3. Test II. Interview with Park Users in the Jakubowo Park


The results of the interview with park users are depicted in a mental map (Figure 7). The study proves that people spending time in the Jakubowo Park recognize the area of the eastern part of the park bordering on Wojska Polskiego St. as the noisiest and most unpleasant. The western and central parts of the park proved to be the highest rated area in terms of sound quality (points 23, 33, 34, 38, 40). Positive rating was given to areas around water reservoirs (points 40–42). In the case of a positive assessment, participants referred to two aspects, namely the positive perception of water sounds and rustling of leaves (in tree stands, especially those near the water reservoir).





4.3. Analysis in the Kusocińskiego Park


4.3.1. Analysis of the Acoustic Map within the Boundaries of the Kusocińskiego Park


The analysis of the acoustic map [93] (Figure 8) shows the highest noise level at Dworcowa Street (71 dBA–75 dBA). On both sides of the border with the street, the noise decreases (66 dBA–70 dBA), declining further to the east and west (61 dBA–65 dBA). From approximately the middle of both parts of the park to the west and east, the values are between 51 dBA–55 dBA. At the eastern border of the park, the values drop to 46 dBA–50 dBA, while the quietest area is located right at the western border of the park, with a noise level of 20 dBA–45 dBA (Figure 8).




4.3.2. Test I. Results of Evaluation of SPL Measurements and Characteristic Sounds in the Kusocińskiego Park


In the Kusocińskiego Park, 54 points were selected for Test I/a. The test shows that in the leafless period, point No. 13 is the quietest, and point No. 29 is the loudest. In the leafy period, point 2 is the quietest, and point 29 is the loudest. In addition to the points listed above, in the leafless period the loudest area was located in the center, at the place where Dworcowa Street divides the park into two parts (points 21, 22, 38, 39), and across the street at points 24, 35–37. In these places (except point 21), a reduction of noise level in the leafy period is perceived. Moreover, larger differences between noise levels perceived in the leafless and leafy period are observed in points 7, 50, 51, 45, 7, and 11 (Figure 9). SPL measurements are provided in Figure 10.



For Test I/b, 4 points were selected for the analysis in terms of sound structure (Figure 9). The characteristic sounds in both periods are sounds of pedestrians, cars, and birdsongs. Traffic is the main source of unpleasant sounds in both periods (negatively perceived sounds are car noise and traffic signals). Test I/b reveals that noise is primarily noticeable in point 27 in the center of the park. Positive sounds are generated by trees (leaves, birdsongs; point 15) and wind (point 8, 13, 15) in the leafy period, less in the leafless period. In the leafy period, a positive sound of water is generated by the fountain on the water reservoir (point 15). The park is often visited in the summer season due to its central location (educational, service, sports, and large residential housing estates nearby). Therefore, anthropological sounds were reported in the leafy period in points 13, 15, 21 (pedestrians and skaters).



Result of the Paired Samples t-test in the Kusocińskiego Park


Assuming the significance level (α = 0.05), the value of p < 0.00001 was obtained as a result of the dependent sample t-test.



The noise level significantly increased in the leafless period (M = 47.27, SD =6.29) compared to the leafy period (M = 42.00, SD = 7.27), t(53) = −6.24, p < 0.00001. The result is significant at p < 0.05 (Annex 3).





4.3.3. Test II. Interview with Park Users in the Kusocińskiego Park


Results of the interview with park users are depicted in a mental map (Figure 11). According to park users who participated in the study, the noisiest and most unpleasant place in the park is the area bordering on Dworcowa street (points 18–25, 37–39). The entrance from the side of sports center Aquasfera (points 29–30), as well as places of sports activities (sports field and skate park “Kusocin”) and playgrounds, were also negatively assessed (point 14).



The area near the water reservoir (point 15), and the place with a large area covered with high vegetation in the western part of the park (11, 12, 47, 52) were quiet places, free of noise, or characterized by positive sounds.





4.4. Analysis in the Podzamcze Park


4.4.1. Analysis of the Acoustic Map within the Borders of the Podzamcze Park


The analysis of the acoustic map (Figure 12) shows the highest noise level in small parts of the park in the south-west at Pieniezny Street, and in the south at Grunwaldzka Street (66 dBA–70 dBA). In the middle of the park, especially along the Łyna River, where the vegetation is dense, the noise level is the lowest (in a range of 46 dBA–50 dBA and 30 dBA–45 dBA).




4.4.2. Test I. Results of Evaluation of SPL Measurements and Characteristic Sounds in the Podzamcze Park


In the Podzamcze Park, 38 measurement points were designated for Test I/a. In the leafless period, point 23 is the quietest, and point 28 is the loudest. In the leafy period, points 4, 5, and 23 are the quietest, and point 30 is the loudest. In the leafless period, the loudest area was located in the north-eastern (points 28–30) and south-eastern part of the park (points 35, 38). These places are near the largest road intersections in the city center and around the old town. In the leafy period in points 28 and 29, and 36, and 37, the perceived noise level decreased, while in point 30 it increased, and in point 35 it was almost at the same level. Larger differences between perceived noise levels in the leafless and leafy period are observed in points 3, 6, 21, 25, 28, 29. The analysis of both periods shows that in the leafless period, the loudest area was located near the car park at Nowowiejskiego Street (North-East), and near Grunwaldzka and Pieniężnego Streets. Results for the leafy period indicate a decrease in perceived noise levels throughout the park (Figure 13). SPL measurements are provided in Figure 14.



For test I/b, 5 points (1, 8, 13, 14, 23) were selected for the analysis in terms of sound structure (Figure 13). Characteristic sounds in both periods are sounds of pedestrians, cars, birdsongs, water, and church bells. Test I/b showed that noise is primarily noticeable in points 8 and 14 in both periods. Positive sounds are generated by trees (rustling of leaves) and birdsongs (points 1, 8, 13, 23) in both periods, and water (points 1, 8, 13, 14) in the leafy period, less in the leafless period. A positive sound of water is generated by the fountain and waterfall (point 14), as well as church bells (point 1). Anthropological sounds were reported in the leafy period in points 8, 13, and 14 (pedestrians).



Result of the Paired Samples t-test in the Podzamcze Park


With the assumed significance level (α = 0.05), the value p < 0.00001 was obtained as a result of the paired-samples t-test.



There was a significant increase in the noise level in the leafless period (M = 43.64, SD = 7.48) compared to the leafy period (M = 40.34, SD = 7.86), t(37) = −3.77, p = 0.00058. The result is significant at p < 0.05 (Annex 3).





4.4.3. Test II. Interview with Park Users in the Podzamcze Park


Results of the interview with park users in the Podzamcze Park are depicted in the mental map (Figure 15). According to the users, the noisiest and unpleasant place in the park is the entrance from Grunwaldzka Street (points 35, 36), Pieniężnego Street (point 38), and Nowowiejski Street (point 27–30), and areas bordering on the old town (point 31). A waterfall and two fountains (points 10–13) and the center of the park (points 14–21) were considered quiet places free of noise, characterized by positive sounds.






5. Guidelines and Recommendations


In order to formulate guidelines for future design, it becomes crucial to analyze the area in terms of the soundscape, as demonstrated by the results of our research. The significance of characteristic sounds, background noises, and information contained in them, identification of noise sources, quiet zones, and pleasant sounds provide the basis for the analysis of the sound of a given area [97].



Management recommendations and guidelines were formulated to preserve the existing valuable sounds, and to ensure that newly introduced sounds will be consistent with them. Revitalization of public spaces including soundscape improvement consists of shaping new sound quality, social, cultural, and economic revival and spatial reconstruction, restoration of harmony and identity of the place, and improvement of the quality of life. In the revitalization process, it is important to take into account the natural conditions of the area. Soundscape quality can be improved by among others removal of sound advertisements, promotion of bicycle and bus transport, separation of bicycle and walking paths, construction of bypasses, exclusion of traffic areas, installation of acoustic screens, establishment of green areas, including pocket parks and sensory gardens [97], as well as creating vertical walls, sound barriers from trees and shrubs, spatial installations, and sound walks [98,99,100]. In landscape design practice, the spatial arrangement of different elements should be perceived as improving the quality of soundscapes [18].



The recommendations are based on two pillars of the proposed design activities. The first concerns reduction of undesirable sounds, and the second the introduction of desirable sounds to the parks. A similar solution is proposed by Cerwén et al. [19]. We propose similar solutions for places located at the entrances to parks, bordering on main streets and located near the street space. Reduction of undesirable sounds is proposed to be obtained through, among others, the use of several sound barriers, assuming the use of various forms of vegetation (Figure 16). The introduction of desirable sounds is recommended, along with so-called visual masking, including the use of high-density vegetation as well as deciduous tree and shrub species, grasses, and perennials with leaves rustling in the wind (Figure 16). Planning such a structure, from dense plant forms right next to the street strip to less dense forms introducing additional sounds (closer to the center of the park), will obtain the effect of better perception of the soundscape. From an acoustic point of view, it is ideal to place a vertical screen as close to the source of noise (the road) as possible, although this is not always possible, as shown in Figure 16—its position is influenced by landscape design requirements regarding the shaping of the street space.



The following management guidelines and recommendations were developed for the improvement of the quality of the soundscape in the analyzed parks.



Jakubowo Park struggles with the problem of noise overload at its borders with main roads. This is not a positive factor, considering that the main function of the park is recreation and relaxation. Moreover, the park is used by patients from a nearby hospital, and such noise levels may not only be conducive to relaxation, but may worsen their health condition. The results also showed that the greenery (lower forms and transparent structure), particularly in the area adjacent to the transportation areas, provides an insufficient barrier to sounds. A noise barrier should be planted as close to the noise source as possible, along the borders with main roads. On the other hand, we propose to take into account the issues of safety and visibility, e.g., in the road lane and at the entrances to the park, as well as to refer to the principles adopted in landscape architecture. For this park, it is proposed to graduate vegetation depending on its density and height. The sound values of the park should be protected, especially around ponds and dense groups of trees.



Kusocińskiego Park is functionally diverse, attracting users of all ages. The park’s greenery is varied in terms of species and levels (perennials, shrubs, low trees, tall trees). This is a factor reducing the average perceived sound intensity in the leafy period. The improvement of the quality of the soundscape in the Kusocińskiego Park requires an increase in the density of trees and shrubs at the park’s borders (in its central and in south-eastern parts). Balancing this with safety issues associated with planning the vegetation at the borders of the park and near the street zone is a common problem. This park is divided by a street line creating a double risk related not only to noise, but also to direct road traffic (there are two large crossroads nearby). In this case, in addition to visual masking, we propose the application of the principles of traffic calming measure design.



Podzamcze Park. Traffic is the main source of unpleasant sounds. In some parts of the park, vegetation effectively reduces traffic noise and the buzz generated by the users of the old town. On the other hand, the north-eastern, eastern, and southern parts of the park lack dense tree stands. Fountains and a waterfall have undoubtedly improved the sound quality of the area. This part of the park, considering positively rated sounds in test II and the opinion of park users, should be protected. For the central part of the park, we suggest introducing elements that generate desirable sounds, including the use of shrub species, grasses, and perennials with leaves rustling in the wind.




6. Discussion


In the course of development of sound ecology, initiated by R. M. Schafer, numerous research projects have examined soundscapes, and various methods of research have been developed, including conducting acoustic measurements as well as phonographic recordings, soundwalks, and interviews [73,74,75,76,77,78,79,80,84,85,86,87,88,89,98,99]. A large library of descriptions and recordings of the soundscape of large and small cities, suburban areas, parks, and gardens has been created. Conscious soundscape design, aimed at improving the sound environments of built-up areas, is also extremely important in planning the space of parks.



The authors conducted the study by treating the space of city parks as places of necessary “oases of silence”, rest, and recreation for residents, places that should certainly not be polluted by noise.



The study results indicate a relationship between functions occurring in the strict city center and their noise source and the occurrence of characteristic sounds, particularly in areas bordering the analyzed parks. This is primarily related to the communication function in parts adjacent to the main streets, where traffic is heavy. The noise level is much higher there. Similar results were obtained in other cities in Poland, namely Bydgoszcz [101] and Kraków [102]. The residential and service function does not affect noise generation to such an extent as the transportation function, evident in the Podzamcze Park and Kusocińskiego Park. The above conclusions are confirmed by the analysis of the acoustic map and our own measurements, as well as interviews with park users. The noise level decreases with growing distance from the main noise source, i.e., the street, as also determined by Szczepańska et al. in zones of municipal housing estates in Olsztyn [103].



Regarding the perception of noise-related discomfort, results of the interviews with users presented in mental maps show that the area of noise perception is slightly larger than in the case of the first two tests (results from the acoustic map and measurements). On the other hand, when users are among compact greenery, the situation changes, although the measurements do not show large differences. This is probably due to the psychological influence of vegetation (people feel good and safe among greenery), as also observed by Brambilla and Maffei [104] and Van Renterghem [62], who showed the importance of the compliance of sounds heard in parks with the expectations of visitors and audiovisual interaction with regard to the sound pressure level. Moreover, the smell of trees may play an important role in the perception of noise [105]. This factor, however, was not taken into account in the research conducted in the parks in Olsztyn.



Results of the interview also confirm that the perception of sound by inhabitants is influenced by well-designed spaces with a large variety of species and plant forms. Such places were often marked as more sound-friendly.



Studies comparing conditions of leafless and leafy periods regarding the impact of vegetation on noise reduction are scarce. Our research revealed a significant difference between values obtained by measurements of sound pressure levels (SPL, LAeq) in the leafless and leafy periods in three parks in Olsztyn. Out of all three parks, the largest difference between the two periods was determined for the Jakubowo Park (12.02 dBA), and the smallest for the Podzamcze Park (3.31 dBA). This suggests that vegetation in the leafless state contributed to noise inhibition less than in the leafy state.



According to the results of the evaluation of characteristic sounds in all parks, background sounds in the leafless and leafy periods included the noise of the wind (positive feeling) and the noise of cars and traffic (negative feeling). Characteristic sounds in the leafless period were associated with seasonal works (Jakubowo Park, Podzamcze Park), pedestrians (all parks), cars (all parks), birdsongs (Kusocinskiego Park), and a waterfall (Podzamcze Park). Characteristic sounds in the leafy period, in addition to those occurring in the leafless period, are sounds generated by the leaves of trees (in all parks), sounds of water in fountains (Podzamcze Park and Kusocińskiego Park), and sounds of water in the water bodies (in all parks). The sounds of leafy trees and water are positive. The role of positive sounds of water and plant sounds is also emphasized by, among others, Liu et al. [70], and Van Renterghem et al. [72]. Van Renterghem et al. [72] point out that interactively composed natural soundscapes mask road noise. According to Axelsson et al. [106], however, the use of water sounds to mask street noise may affect the audibility of not only undesirable but also desirable sounds.



Our study results show that sounds are always present in all three parks include birdsongs and car and vehicle sounds. The research results confirm the necessity of park space design aimed at reducing noise levels, particularly in zones at the border with transport areas, and the introduction of elements generating positive sounds throughout the park, especially in its central parts.



Regarding the problem of the relation between the density of vegetation and potential for noise reduction, a wide variation of opinions is found concerning the effectiveness of plantings as noise attenuators. Many authors suggest the use of compact tree or hedge forms of high density [107,108,109,110,111]. According to Yasin et al. [112] citing Kragh [113], the distance between trees from 3 to 25 m has only a slight effect on noise. Authors of other studies also emphasize the role of evergreen species, especially in all-season conditions. For example, Samara and Tsitsoni [64] suggest planting evergreen shrubs along the roadside to create a living barrier of vegetation sufficiently dense to prevent any casual observer from seeing the road through the vegetation. Another solution is to design vegetation in strips in several rows. Such solutions are appropriate in spaces related to transport, but given the structure of city parks, especially in city centers, such solutions are not always possible due to the specificity of parks (style, history, relations with the environment), as well as for ecological (biodiversity) and aesthetic reasons (inclusion of colors, textures, and plant structures). Therefore, in our recommendations, we propose solutions taking into account the specificity of parks, and not only the density of vegetation (like visual masking [19] or vertical garden/vegetation walls).



The diversity of forms and species obtained through the use of trees and shrubs next to evergreen plants, and planning of low greenery (ornamental grasses, perennials) affects the perception of the soundscape by park users (the psychological aspect is discussed above, e.g., [19]). Although the measurements of the effect of noise reduction in such a situation may suggest otherwise, the potential user of the park may perceive the noise reduction. Therefore, when designing or revitalizing parks, it is worth taking into account the multidimensionality and complexity of planning. As stated by Samara and Tsitsoni [64], the efficiency of tree barriers depends not only on the expected acoustic results, but also on other factors such as safety, maintenance, aesthetics, cost, and acceptance by local communities. The plants used, and methods of manufacturing noise barriers can be combined in a variety of ways.




7. Conclusions


The objective of this study was to analyze the soundscape of three parks as a part of the landscape planning process to determine the directions of re-design of places most exposed to noise. The main conclusions are as follows:




	
Regarding the spatial and functional structure of the city center in Olsztyn and the surroundings of parks, a direct relation exists between the location of parks, functions of the environment, and noise sources, whereas the residential function has a slightly smaller impact than the transportation function.



	
The analysis of the acoustic map showed similar results as SPL measurements. Both analyses indicated a high risk of noise, especially close to the external borders of all three parks.



	
As confirmed by the conducted t-test, the results of SPL measurements in the leafless and leafy period showed that vegetation in the leafless period contributed to noise inhibition less than vegetation in the leafy period.



	
The analysis of characteristic sounds and background sounds in two periods showed variable perception of these sounds, whereas positive sounds (birds singing, water noise, wind noise) were perceived more intensively during the leafy period.



	
There is a relation between the visual and sound perception of parks from the psychological point of view, as confirmed by the results of interviews with park users.



	
The procedure of pre-design analyses in the field of soundscape planning presented in the study should be treated as a proposal to include this type of analysis in the design of urban spaces, particularly parks.



	
The study results also confirm the need to introduce additional analyses taking into account the soundscape in the case of revitalization or renovation of public spaces, including city parks.
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Figure 1. Location of Poland, region of Warmia and Mazury, city of Olsztyn, and the selected parks. 
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Figure 2. Vegetation in the Jakubowo park in two periods. Leafless (April 2018) and leafy period (May 2018). 
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Figure 3. Location of the analyzed parks in the city center, and spatial analysis of the park surroundings in relation to noise sources. 
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Figure 4. Acoustic map within boundaries of the Jakubowo park. Source: Own elaboration based on Acoustic Map of Olsztyn [93]. 
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Figure 5. Results of evaluation of the soundscape (SPL measurements and characteristic sounds) presented in a map of the Jakubowo Park in the leafless and leafy period. Traffic is the main source of noise. In the leafless period, point 32 is the quietest, and point 52 is the loudest. In the leafy period, point 23 is the quietest, and point 52 is the loudest. Characteristic sounds in the leafless and leafy period are described as pictograms for points 5, 19, 23, and 24. 






Figure 5. Results of evaluation of the soundscape (SPL measurements and characteristic sounds) presented in a map of the Jakubowo Park in the leafless and leafy period. Traffic is the main source of noise. In the leafless period, point 32 is the quietest, and point 52 is the loudest. In the leafy period, point 23 is the quietest, and point 52 is the loudest. Characteristic sounds in the leafless and leafy period are described as pictograms for points 5, 19, 23, and 24.



[image: Land 10 00066 g005]







[image: Land 10 00066 g006 550] 





Figure 6. SPL measurements in dBA—Jakubowo Park. 
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Figure 7. Mental map of the Jakubowo Park. Respondents identified noisy spaces (red) and noise-free and positive-sounding spaces (green). 
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Figure 8. Acoustic map within the boundaries of the Kusocińskiego Park. Source: Own elaboration based on Acoustic Map of Olsztyn [93]. 
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Figure 9. Results of evaluation of the soundscape (SPL measurements and characteristic sounds) presented in the map of the Kusocińskiego Park in the leafless and leafy period. The loudest area is located near Dworcowa Street and the Aquasfera Water Recreation and Sports Center. The characteristic sounds are described by pictograms in points 8, 13, 15, and 21. 
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Figure 10. SPL measurements dBA—Kusocińskiego Park. 
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Figure 11. Mental map of the Kusocińskiego Park. Respondents identified noisy spaces (red) and noise-free and positive-sounding spaces (green). 
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Figure 12. Acoustic map within the boundaries of the Podzamcze Park. Source: Own elaboration based on Acoustic Map of Olsztyn [93]. 
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Figure 13. Results of evaluation of the soundscape (SPL measurements and characteristic sounds) presented in the map of the Podzamcze Park in the leafless and leafy period. The loudest areas are located on busy streets and near the car park. In the leafless period, point No. 23 is the quietest, and point No. 28 is the loudest. In the leafy period, points 4, 5, and 23 are the quietest, and point No. 30 is the loudest. Characteristic sounds are described by pictograms for points 1, 8, 13, 14, 23. 
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Figure 14. SPL measurements dBA—Podzamcze Park. 






Figure 14. SPL measurements dBA—Podzamcze Park.



[image: Land 10 00066 g014]







[image: Land 10 00066 g015 550] 





Figure 15. Mental map of the Podzamcze Park. Respondents identified noisy spaces (red) and noise-free and positive-sounding spaces (green). 
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Figure 16. Model example for the Jakubowo park: a plant barrier solution in different zones depending on the distance from the main street, and introduction of positive sounds. Source: authors. 
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Table 1. Basic characteristics of the examined parks.
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	No
	Park
	Location in the City
	Total Area (ha)
	Forms of Greenery
	Type
	Park’s Equipment





	1
	Jakubowo
	Northern part of the center
	9.3
	Including a part of City Forest, old trees, greenery of 2 nature reserves
	Recreation and sports area
	Archeological sites, bicycle paths, hiking trails, rope park, tennis court, forest stadium



	2
	Kusocińskiego
	Central East
	17.4
	Abundance of high vegetation and lawn surface, shrubs, addition of perennials
	Recreation and leisure function
	Fountain, two ponds, skate park



	3
	Podzamcze
	Historic center
	8.6
	Old trees, aquatic vegetation on the banks of water reservoirs, river, plant compositions in representative places
	Recreation and historic function near Lyna River, known as castle park
	Numerous sculptures, fountains, waterfall, bust of Nicolaus Copernicus (from 1916)
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Table 2. Numbers of characteristic points selected for Test I/a, and I/b.
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	Park
	No. of Points Selected for Test I/a

(No. of Points Selected for Test I/b)
	Selected Points in Parks for Test I/b





	Jakubowo (JP)
	58(4)
	5, 19,23, 24



	Kusocińskiego (KSP)
	54(4)
	8,13,15, 21



	Podzamcze (PP)
	38(5)
	1, 8, 13, 14, 23
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