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Abstract

:

The acoustic landscape directly affects people’s perceptual experience, which is crucial to enhancing urban greenways’ visibility experience. This study analyzed data from three typical urban greenways in Fuzhou City. By classifying and combining the landscape space into two levels of “enclosure–coverage”, the space was categorized into six types: covered, uncovered, open, semi-open, semi-enclosed, and enclosure space. We explored the characteristics of soundscape perception and the factors affecting the evaluation of soundscape perception in different landscape spaces. The results showed that differences in sound sources between day and night led to differences in the soundscape of different spatial types. The sound pressure level decreased with an increasing degree of enclosure and coverage. The evaluation scores of sound source perception and soundscape perception were significantly different in different degrees of spatial enclosure and coverage, where the open space and covered space were the most sensitive to sound, and the open space played a positive role in enhancing the harmony of the artificial sound. Pleasantness and richness were the main factors influencing overall perception, contributing 50% and 17%, respectively. Visitors’ age, residence type, and visit frequency were the main factors affecting the evaluation of soundscape perception. The conclusions provide a reference and data for improving urban greenways’ soundscape quality.
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1. Introduction


With the rapid advancement of urbanization, environmental problems are becoming more prominent, residents’ demand for an urban natural environment is becoming increasingly persistent, and urban greenways have been rapidly developed [1,2]. An urban greenway is a multi-functional green corridor network formed by linking various natural or artificial elements in the urban spatial environment [3], which is essential for the city’s ecological protection and optimization, leisure and recreation development, and chronic transportation [4,5]. Urban greenways can better serve residents’ recreation and fitness needs and become an essential place for urban residents’ daily leisure activities [6]. Therefore, it is crucial to enhance the visiting experience of urban greenways.



Current research on the urban environment has gradually progressed from the visual landscape to multi-dimensional senses in which the acoustic landscape, as an essential part of the urban landscape, has an excellent restorative effect on the public’s psychological perception and health benefits [7,8,9,10]. A soundscape refers to “the acoustic environment that an individual or group perceives, experiences or understands in the environment under a specific scene”, and the soundscape has gradually been paid attention to by scholars as an important factor affecting human life and behavioral habits. The research objects of soundscape perception characteristics are mainly different spatial environments, such as parks, green spaces, neighborhoods, classrooms, etc. [11,12,13,14,15]. For example, Zhang X et al. found that changes in soundscape dimensions in the urban plaza space can help improve soundscape comfort [16]. Xie, H et al. found that the soundscape of historic districts mainly consists of artificial sounds of folk activities, sounds of street vendors, and natural sounds, such as running water and birdsong [17]. Liu, J et al. found that soundscape pleasantness and eventfulness in historic districts positively affect the historical and modern landscapes, respectively [18]. F. Ruotolo et al. found that green parks accompanied by natural sounds were preferred [19]. Nikhil Bhandari et al. found that poor acoustic conditions in the classroom could interfere with effective teaching and learning [20]. However, few studies on soundscape perception in ribbon green spaces, such as urban greenways, have been conducted to date.



In the study of urban greenways, their grid pattern, landscape design and evaluation, greenway vegetation, and the land use status of neighboring areas play an essential role in urban construction and development [21,22,23,24]. Many scholars have researched this issue [25,26,27]. Fan SS et al. studied the landscape structure and network characteristics of the Guangzhou urban greenway system and analyzed the possible impact of natural and socio-economic factors on the construction of urban greenways [3]. Teng MJ et al. developed an innovative method for analyzing a multifunctional urban greenway network based on remote sensing and a geographic information system [5]. Iran J.C. Lopes et al. provided recommendations for the construction of urban greenway networks based on the MCR methodology for building sustainable green space systems in cities [28]. Junga Lee et al. found that people preferred vegetation-rich environments in urban greenways [6]. Samuel J. Keith et al. found that motivation to socialize, de-stress, and enjoy nature facilitated longer greenway trips [26]. Urban greenways connect diverse landscape spaces through linear natural elements, essential constitutive factors that give urban greenways multiple characteristics, such as connectivity, permeability, radiation, and versatility. However, more studies must be performed on the spatial characteristics of the landscape shaped by greenways and their impacts on visitors. Scholars use various types of plant forms, specifications, etc. to create distinctive landscape spaces, combining the three levels of “base–enclosure–cover” and the three materials of “water–plants–construction surface” to form 17 types of landscape space, such as architectural surface base open space [29]. There are differences in the effects of different landscape space types on users’ soundscape perception [30,31]; for example, soundscape perception was rated well in open and covered spaces [30]; social and natural sound perception was most significant in semi-open and semi-enclosed spaces [29]; and covered spaces were most negatively affected by specific sound sources in urban parks [31]. Partially open or dense green spaces were considered the quietest and most welcoming environments [32]. Open space facilitated acoustic comfort [33]. The character and quality of the soundscape of a site directly affect visitors’ satisfaction with the site [34]. Therefore, exploring the soundscape perception characteristics of different landscape spaces in urban greenways is essential to enhance visitors’ recreational experience.



This study takes three typical urban greenways in Fuzhou City as an example, breaks through the traditional way of dividing the landscape space by plants, classifies urban greenway landscapes more comprehensively at the level of “coverage–enclosure”, collects subjective and objective data within different types of landscape spaces, and analyzes these data through data measurements of physical acoustic parameters, statistical analysis of questionnaire data, and other methods. The objective attributes and perceptual characteristics of the soundscape in urban greenways are analyzed from different dimensions. The influence of demographic and sociological factors on the perceptual characteristics of sound sources and the soundscape in urban greenways is explored. Then, the perception and preference differences are determined to provide a theoretical basis for constructing and developing urban greenways. The specific questions of this study are the following:




	
How are soundscapes in urban greenways characterized?



	
What are the characteristics of sound source and soundscape perception in different landscape spaces in urban greenways?



	
What are the factors influencing soundscape perception in different types of landscape spaces in urban greenways?









2. Data Sources and Processing


2.1. Sample Site Selection


Located on the East China Sea coast, Fuzhou is the capital of Fujian Province, with a population of more than 8.4 million people, and it has a massive demand for urban recreational space. Fuzhou emphasizes constructing an “urban slow walking system” and an “urban community ten-minute fitness circle”. In this study, three typical urban green spaces were selected as case study sites, namely, Fuzhou Urban Forest Trail (“Fu Dao”), Jinji Mountain Park City View Trail (“Jinji Mountain Trail”), and Feifeng Mountain Olympic Park Health Trail (“Feifeng Mountain Trail”) (Figure 1). All three greenways are characterized by free access, abundant space, and high foot traffic; they also differ in size, location, and environment and cover Fuzhou’s main types of greenways. Fudao, with a length of 19 km, is located in the center of the city and is a crown forest trail; Jinji Mountain Trail has a length of 3.4 km, is located in the center of urban traffic, and provides an overview of the city forest trail; Feifeng Mountain Trail, with a length of 4.2 km, is located on the outskirts of the city. It is a wetland forest trail, and the trail weaves around the mountain, the lake, and the buildings. The selected measurement points meet the accessibility and typical characteristics to ensure the correct functional space, landscape, and spatial scale differences; to ensure that the spacing between two adjacent measurement points is more significant than 100 m; to ensure that the spatial distribution is relatively uniform; and to ensure that the specific locations of the measurement points are correct, as in Figure 1.



Through the preliminary pilot survey, the typical sound sources of the greenway were recorded and categorized into three categories (natural sound (biological and geophysical sound), artificial sound (human sound), and mechanical sound (sound made by machinery)) [35], with a total of eleven typical sound sources (Table 1), which were used as the essential information for the subsequent public questionnaire survey.




2.2. Questionnaire Design


The questionnaire for this study was conducted in three selected urban greenway areas. The questionnaire was designed to be divided into three main sections (Supplementary Materials, File S1), the first of which was a survey of the respondents’ basic information related to gender (male and female), age (<18, 18–24, 25–30, 31–40, 41–50, 51–60, 61–70, and >70 years of age), educational attainment (junior high school or below, senior high school or secondary school, bachelor’s degree or college, and postgraduate student and above), occupation (tradesperson, student, not working), whether they feel stress in their lives (tiny, a little bit, average, a lot, very much), type of residence (foreign tourists, local tourists, neighboring residents), frequency of visits (multiple times per week, once per week, once per month, two to four times per month, one time in several months, first time), and length of visit (less than 1 h, 1–2 h, 2–3 h, 3–4 h, half a day, and more). The statistical information of the survey results is shown in Figure 2.



In the second part, respondents were asked to evaluate their perceptions of the various types of sound sources in the greenway in which they were located, including three aspects of perceived frequency, perceived strength, and preference, which were evaluated using the following 5-point scales: Perceived Frequency Scale, with contents of 1—very infrequent, 2—quite infrequent, 3—average, 4—quite frequent, 5—very frequent; Perceived Strength Scale, with contents of 1—extremely weak, 2—quite weak, 3—average, 4—quite strong, 5—extremely strong; and Preference Scale, with contents of 1—extremely disliked, 2—quite disliked, 3—average, 4—favored, 5—extremely favored [36].



The third part asked respondents to provide an overall evaluation of the soundscape perception of their greenway space. In soundscape evaluation, semantic differentials are often used to identify critical factors in soundscape features to assess soundscape quality [37,38]. Pleasantness and eventfulness are the main components of soundscape perception [39]. In this study, these two main components were measured using six indicators containing pleasantness, harmony, comfort, richness, change, and quietness [31,40,41], which were also evaluated using a 5-point scale, and the content of the perceptual evaluation scale was 1—strongly disapprove, 2—more disapprove, 3—average, 4—more approve, and 5—strongly approve.




2.3. Data Collection


The field survey was carried out from July to October 2023. Physical acoustic parameter data were measured at each collection point using a sound level meter (AWA6228) with a sensitivity of −28 dB and a sound pressure level measurement range of 20–132 dBA in the low range and 30–142 dBA in the high range. Each point was measured once in the morning, once in the afternoon, and once in the evening. Each measurement lasted 10 min, with the handheld instrument approximately 1.6 m above the ground. The sound level meter was calibrated before each measurement, including the continuous equivalent sound pressure level (LeqT) and the cumulative percentile sound level (L10 and L90), which represent the foreground and background sounds of the soundscape environment, respectively. During the measurement process, the measurements were conducted quietly, and pedestrian visits were avoided to ensure that the results accurately reflected the soundscape characteristics of the greenway at each measurement point.



After the data collection of acoustic parameters was completed, randomly selected tourists in the greenway were informed of the purpose of the survey and the way of answering, and the interviewer did not guide the expression of the content of the related soundscape perception. The questionnaire was anonymous, and respondents who agreed to participate were given a separate questionnaire conducted by the interviewer at a place where they could stay to fill it out so as not to be disturbed by other tourists or hinder other tourists’ sightseeing. To minimize the bias caused by the chance of selecting respondents at a given time, the number of questionnaires equal to the number of measurement points was controlled separately for each sampling point, and arrangements were made to conduct multiple surveys at different times. The questionnaires were selected to be administered in a favorable-weather environment. Each questionnaire lasted 14 h, concentrating on three periods: 8:00–12:00, 15:00–18:00, and 19:00–21:00.




2.4. Statistical Analysis


The survey was conducted in three greenways in Fuzhou City from 8:00 to 21:00, 264 questionnaires were distributed, and 263 valid questionnaires were obtained after excluding invalid questionnaires, with a recovery rate of 99.62%. Reliability analysis and factor analysis were used to test the reliability and validity of the questionnaires, respectively. The reliability of the data was analyzed using the Cronbach α reliability value of the Sound Source Perception and Soundscape Perception Evaluation Scale; the validity of the data was analyzed using Bartlett’s Spherical Test and the KMO value. Two comprehensive sound source perception indicators, namely sound source dominance degree and sound source harmony degree [42], were quoted for in-depth statistical analysis (Table 2). The multiple independent samples test of the Kruskal–Wallis nonparametric test was used to analyze the variability of sound source perception in different types of landscape spaces and the overall soundscape perception characteristics in landscape spaces, and the one-way ANOVA test of the Kruskal–Wallis nonparametric test was used to make two-by-two comparisons in different spaces. The salient factors in the soundscape perception were then extracted using principal component analysis. The relationship between soundscape perception and sound source perception in different types of landscape spaces was analyzed using Spearman’s rho correlation and then through stepwise linear regression, respectively, with soundscape pleasantness and richness as dependent variables and 27 perception indicators of 10 categories of sound sources with significant correlation with the overall soundscape perception Spearman’s rho as independent variables. The six categories of space were analyzed separately to explore the relationship between sound source perception and the general soundscape perception. Differences in soundscape perceptions between tourists interviewed for different attributes were analyzed using nonparametric tests, in which gender was tested by Mann–Whitney U and age, education, occupation, stress level, type of residence, frequency of play, and length of play were tested using the Kruskal–Wallis test. Spearman’s rho correlation was used to analyze the correlation between the two. All of the above analyses were performed using SPSS 27.0 software to analyze the statistics.





3. Results and Analysis


3.1. Classification of Landscape Space Types


To comprehensively explore the relationship between the acoustic landscape perception characteristics and spatial type characteristics of urban greenways, this study draws on the method of Xingzi Zhao to break through the traditional use of plants to divide the landscape space [29] and more comprehensively categorize the urban greenways with rich landscape space. The three levels of “substrate–enclosure–cover” and the three materials of “water–plants–construction surface” are combined to classify the landscape space because the urban greenway is a continuous belt corridor that is coherent in terms of substrate and materials, and there is not much difference. Therefore, this study draws on the methodology of “enclosure–coverage” to categorize the landscape space and divides the space into six types of space: covered space, uncovered space of the coverage type, open space, semi-open space, semi-enclosed space, and enclosed space of the enclosure type.



The spatial types and classification indexes of greenway landscape are shown in Table 3; because the “base” level of the sample plots is coherent and generally consistent, this study only analyzes the spatial classification of the urban greenway in terms of the vertical structure of the “cover” and the horizontal structure of the “enclosure”, two types [29]. The coverage type contains two kinds of spaces, uncovered spaces and covered spaces, and the enclosure type includes four kinds, enclosed spaces, semi-enclosed spaces, semi-open spaces, and open spaces. Among them, uncovered space refers to incomplete closure of the visual nature at the top of the vertical; covered space refers to almost closure of the top materiality in the vertical; open space refers to the visualization in the horizontal direction that is completely open, including to the plaza, the view of the city landscape, less than a face of the shade, and all around openness without secrecy; semi-open space means that the visual nature of the horizontal direction is not entirely closed, and one to two surfaces limit the penetration of the view; semi-enclosed space means that the optical system is roughly wholly enclosed, with two to three sides closed to the line of sight; enclosed space means that it is utterly closed both visually and physically in the horizontal direction, with more than three sides blocking the view. Combining both coverage and enclosure types yields a comprehensive coverage of eight landscape space classifications: uncovered–open space, uncovered–semi-open space, uncovered–semi-enclosed space, uncovered–enclosed space, covered–open space, covered–semi-open space, covered–semi-enclosed space, and uncovered–enclosed space (Appendix A).




3.2. Characterization of Objective Attributes of the Soundscape in Different Types of Landscape Spaces


China’s national acoustic environment quality standard stipulates that “the daytime sound limit is 55 dBA, and the nighttime sound limit is 45 dBA”, according to the day–night distinction [43]. To deeply investigate the soundscape characteristics and sound environment quality of urban greenways and to more clearly understand the day and night characteristics of soundscape perception to provide data support for the construction of greenways, the data collected in this study will be categorized by day and night. The daytime research time is from 8:00 a.m. to 6:00 p.m., and the nighttime is from 7:00 p.m. to 10:00 p.m., to further characterize the objective attributes of the soundscape from the time dimension to the different types of landscape spaces in the space of urban greenways, as well as to provide references for the future spatial construction of urban greenways.



The L10, LeqT, and L90 trends for the six landscape spaces were roughly the same, with L10 having the highest sound pressure level and L90 the lowest. In terms of coverage type, the acoustic indicators in uncovered spaces were all higher than those in covered spaces; in terms of enclosure type, open spaces had the highest sound pressure levels, and enclosed spaces had the lowest; a comparison of the two revealed that the changes in sound pressure levels within spaces of the coverage type were more significant than those of the enclosure type (Figure 3a). Regarding the time dimension, the acoustic indicator values of various landscape spaces during the daytime complied with the standard except for the L10 indicator of open space, semi-open space, semi-enclosed space, and uncovered space, which slightly exceeded 55 dBA. Still, at nighttime, all of the indicators exceeded the standard of 45 dBA, and it is worth noting that the L90 background sound intensity of open space was different from the highest in the daytime (Figure 3b).




3.3. Characterization of Spatial Sound Source Perception in Different Types of Landscapes


3.3.1. Perceived Characterization of Sound Source Dominance


The analysis of the dominant degree of sound sources in different types of landscape spaces is shown in Figure 4. Among the different enclosure types (Figure 4a), the sound source with the highest dominance degree in the enclosed and semi-enclosed spaces was the cicada sound; in the semi-open space, the birdsong was the sound source with the highest dominance degree. In the enclosed, semi-enclosed, and semi-open spaces, the dominance of natural sounds (cicada and birdsong) was higher than that of artificial and mechanical sounds. In open spaces, cicadas and talking sounds were the most dominant sound sources; children’s play and traffic sounds were much more prevalent than in other types of spaces. In different cover types (Figure 4b), cicadas were the most dominant sound source, and cicada and bird sounds were more prevalent than artificial and mechanical sounds. Overall, the dominance of sound sources in covered spaces was higher than in uncovered ones. Comparing each space in the enclosure type and the coverage type, in the enclosure type, sound sources in open and semi-open spaces had the highest degree of dominance; in the coverage type, the supremacy of sound sources in covered spaces was higher. Looking at different times of day (Figure 4c), cicadas were the sound source with the highest dominance, and both natural and artificial sounds had higher dominance than mechanical sounds. The day–night differences between the various types of sound sources were minor. Still, it is worth noting that the day–night differences between birdsong and children’s playfulness were significant in that the dominance of birdsong was higher in the daytime than in the nighttime, and the predominance of children’s playful sounds was higher at night than during the day.




3.3.2. Characterization of Sound Source Harmony Perception


The characterization of sound source harmony perception is shown in Figure 5. From a general point of view, the harmonic characteristics of each sound source in each type of space were similar, and the harmonics of natural sounds were higher than those of artificial and mechanical sounds. The sounds of birdsong, cicadas, and wind blowing on leaves were the three sound sources with the highest harmony ratings among the multiple sound sources. In contrast, the sounds of conversation, traffic, and machines had the lowest harmony ratings. Comparing the various types of spaces, the harmony of traffic sound (SHD = −1.2694) was the weakest in the open space, and the harmony of cicadas (SHD = 2.6152), birdsong (SHD = 2.0537), and windblown leaves (SHD = 1.8255) was the highest. Birdsong sound harmony (SHD = 2.2510) was the highest, and traffic sound harmony (SHD = −0.5033) was the lowest in the enclosure space, indicating that space with a taller enclosure amplifies the effect of sound on people and increases their preference for sound. Regarding sound source type, natural sound harmony was the highest, and mechanical sound harmony was the lowest. The harmony of sound sources affects tourists’ perceptual preference for sound and tour experience, and natural sounds, such as birdsong, significantly influence soundscape perception. In contrast, artificial sounds, such as mechanical and traffic sounds, had a more significant negative impact [31,44,45].




3.3.3. Perceived Variability Analysis of Sound Sources


The results of the analysis of the variability of sound source perception in different landscape space types are shown in Table 4. In the coverage-type space, there was a significant difference in the dominance degree of wind-blown leaf sound, conversation sound, and music sound (p < 0.05, p < 0.001). Among them, the difference in the dominance degree of wind-blown leaf sound was the largest (r = 12.156); in terms of the harmony of sound sources, only the sound of birds chirping had a significant difference (p < 0.05). In the enclosure-type space, the dominant degree of cicadas, conversations, children’s playfulness, and traffic sounds showed highly significant differences (p < 0.001), in addition to the dominance degree of birdsong, footsteps, and machine sounds (p < 0.05). Only children’s playfulness differed in the harmony index (r = 8.667).



The dominance degree of wind-blown leaf sound, conversation sound, music sound, and harmony degree of birdsong significantly differed within the covered and uncovered spaces (Table 4). This study further analyzed the two-by-two comparisons of typical sound source perceptions with significant differences in the four types of spaces in the enclosure type, and the results are shown in Table 5. In terms of sound source dominance, cicada sounds showed highly significant differences between semi-open and semi-enclosed spaces (p < 0.001); bird sounds showed substantial differences between semi-open and enclosed spaces (p < 0.05); and conversation sounds and children’s playful sounds showed highly significant differences between open and semi-open spaces (p < 0.001). In addition, the sound of conversation showed a significant difference between open and semi-enclosed spaces and open and enclosed spaces (p < 0.01); the sound of footsteps showed a substantial difference between semi-open and semi-enclosed spaces (p < 0.01); the sound of children’s playfulness showed a significant difference between open and semi-enclosed spaces (p < 0.01); the sound of traffic showed a significant difference between open and semi-enclosed spaces (p < 0.05), in addition to offering a highly significant difference between open and enclosed spaces (p < 0.001); and, finally, machine sounds were significantly different between semi-open and semi-enclosed spaces and semi-open and enclosed spaces (p < 0.05, p < 0.01). In terms of sound source harmony, there was a significant difference between children’s playful sounds within open space and semi-open space (p < 0.05).





3.4. Characterization of Overall Soundscape Perception in Different Types of Landscape Spaces


3.4.1. Analysis of Overall Soundscape Perception Dimensions


The six evaluation indicators of soundscape perception were analyzed using principal component analysis, and two common factors of overall soundscape perception were extracted, with a cumulative contribution of variance of 67.952% (Table 6), which is higher than similar studies [28], that better explain the characteristics of soundscape experience in urban greenways. Therefore, the overall soundscape perception of landscape space contains two dimensions. Among them, the variance contribution rate of the common factor F1 was 50.329%, which was mainly related to “pleasant”, “harmonious”, and “comfortable” and was expressed as soundscape pleasantness. The variance contribution rate of the common factor F2 was 17.623%, and it was mainly related to “rich” and “varied”. It was expressed as soundscape richness.




3.4.2. Analysis of Variability in Overall Soundscape Perception


The differential analysis of the overall soundscape perception characteristics in the six types of landscape spaces (Table 7) showed that the soundscape pleasantness and richness scores showed significant differences in the enclosure space types (p < 0.05).



Further pairwise comparisons were made to characterize the perceived differences in soundscape pleasantness and richness in the enclosed landscape spaces (Table 8). The results showed that there was a significant difference in soundscape pleasantness in the “open–enclosed” space (p < 0.05 open space pleasantness M = 27.6721, enclosed space pleasantness M = 29.3361). There was a significant difference in soundscape richness between “open and semi-open” spaces (p < 0.05, open space richness M = 4.0748, semi-open space richness M = 4.7514), further illustrating that different degrees of greenery affect the pleasantness and richness of the soundscape [31,36].





3.5. Analysis of Influencing Factors of Overall Soundscape Perception in Different Types of Landscape Spaces


3.5.1. Relationship between Sound Source Perception and Overall Soundscape Perception


Spearman’s rho correlation analysis was conducted between sound source perception and overall soundscape perception in different landscape spaces, and the results are shown in Table 9. Sound source dominance and harmony differed significantly from the general soundscape perception indicators of pleasantness and richness. Among the coverage types, most sound sources were dominant, with correlation in uncovered spaces. In contrast, the correlation between sound source harmony and soundscape perception was more robust in covered spaces. Among the enclosure types, both dominance and harmony of sound sources in open spaces were most significantly related to overall soundscape perception. In comparing the two dimensions of soundscape perception of pleasantness and richness, the correlation between pleasantness and sound source perception was more significant than richness.



To further explore the sound source factors that influence the overall soundscape perception of tourists in different types of landscape spaces, including soundscape pleasantness and richness as dependent variables and 21 perceptual indicators from 12 categories of sound sources with significant correlations with the overall soundscape perception Spearman’s rho, described above as independent variables, stepwise linear regression analysis was performed for each of the six spatial categories. The results are shown in Table 10. The model variables did not have the problem of covariance (VIF < 10). Still, the R2 values were small, indicating that the regression model was adequate but needed a more assertive explanation related to the complex influence mechanism of soundscape perception, which was also confirmed in the previous studies [46,47,48,49,50].



The results of the stepwise linear regression analysis between the different spaces and the overall soundscape perception are shown in Table 10. Concerning cover type, traffic sound dominance was negatively correlated with soundscape pleasantness and richness in uncovered space. In the covered space, wind-blown leaf sound harmony was significantly positively correlated with soundscape pleasantness, and birdsong sound harmony positively affected both soundscape pleasantness and richness. Therefore, increasing birdsong has a positive effect on enhancing soundscape perception in the covered space. There was a significant negative correlation between sweeping sound harmony and soundscape pleasantness, so in the management of public hygiene of urban greenways, it is necessary to consider the reasonable setting of the time and frequency of sweeping activities to reduce the impact of sweeping activities on users’ subjective perception. Regarding enclosure type, in semi-enclosed space, there was a significant negative correlation between the harmony of sweeping sound and the richness of soundscape. In semi-enclosed spaces, the harmony of birdsong has a significant positive correlation with the pleasantness and richness of soundscape perception, and the dominance of birdsong also has a significant positive effect on the pleasantness of soundscape. There was a negative correlation between traffic sound and both dimensions of soundscape perception in the open space. No significant correlation was presented between the two dimensions of related sound source and soundscape perception in the enclosed space. In summary, the results of the above data further confirm that natural sounds played a positive role in enhancing the evaluation of soundscape perception [51], in which the positive effect of birdsong was more prominent. In contrast, artificial sounds were not conducive to enhancing soundscape pleasantness [46], and, at the same time, synthetic sounds would weaken people’s perception of soundscape richness [52].




3.5.2. Relationship between Tourists’ Demographic, Social, and Behavioral Characteristics and Overall Soundscape Perception


Using reliability analysis and factor analysis in SPSS 27.0, the reliability and validity of the scale part of the questionnaire were tested, respectively, resulting in the Cronbach’s α reliability value of the questionnaire’s sound source perception and soundscape perception evaluation scales as 0.751 and 0.783, which were both greater than 0.7, indicating that the data had good reliability; the validity analysis was mainly carried out through Bartlett’s test of sphericality and the KMO value analysis test, and the results showed that KMO was 0.6 and Bartlett sphericity p < 0.001, indicating good data validity.



Numerous cases have shown strong correlations between demographic factors, sociological factors, and soundscape evaluation [34,36]. This study analyzed the relationship between demographic and sociological characteristics and the soundscape perception of urban greenways through Spearman’s rho correlation analysis (Table 11). The results showed that age was the most significant user characteristic. As age increased, the degree of harmony of cicadas, birdsong, and children’s playful sounds and the sense of pleasure and quietness in soundscape perception were higher. In comparison, the degree of predominance of frog sounds, wind-blown leaves, footsteps, machine sounds, and the harmony of traffic sounds was lower. Secondly, regarding the influence of the type of residence, neighboring residents rated the soundscape perception of cicadas and birdsong and the harmony of footsteps higher than foreign tourists and the dominant degree of wind-blown leaves sound, machine sound, and the harmony of traffic sound lower. As the frequency of visiting increased, the ratings of perceived dominance of cicadas, birdsong, and sweeping sounds increased, and the ratings of perceived harmony perception of birdsong and footsteps increased. Still, the ratings of perceived harmony of soundscape perception decreased. In terms of education level, educational background showed a significant positive correlation (p < 0.05) on the perceived harmony of frog sounds, wind-blown leaf sounds, and traffic sounds, as well as the perceived dominance of machine sounds and the perceived quietness of the soundscape, indicating that the higher the education level, the more sensitive the perceived machine sounds and the higher the ratings of the perceived harmony of frog sounds, wind-blown leaf sounds, and traffic sounds, as well as the perceived quietness of the soundscape. The effect of gender on soundscape perception was mainly focused on the perception of the dominance of various types of sound sources, with males being more sensitive than females to the perception of wind-blown leaf sounds, footsteps, and sweeping sounds and scoring lower on soundscape harmony perception. The stress level showed a significant positive correlation (p < 0.05) with the perception of footsteps and music sounds, indicating that the higher the stress, the higher the predominance and harmony perceptions of footsteps and music sounds. The longer the playing time, the more sensitive the perception of footsteps, sweeping, and music sounds, but the perceived harmony of children’s playful sounds was rated lower. The data showed an insignificant correlation between occupational aspects and the overall soundscape perception of the urban greenway.






4. Discussion


4.1. Perceived Characteristics of Sound Sources in Different Types of Landscape Spaces


The sound pressure level decreased with the increase in the degree of enclosure and coverage. On the one hand, the greenway was mostly combined with the urban space. The space with a high degree of openness was exposed to the urban environment on a larger scale and was thus subject to the more significant interference of the urban ambient noise [53]. On the other hand, it might be because plants had an absorbing effect on sound; plants mostly enclosed the greenway space, and the higher the degree of enclosure coverage of the space, the denser the plants, so the sound absorption effect was more apparent [54,55,56]. The sound pressure level changed at different times; the daytime sound pressure level was less than 55 dBA to meet the standard, and at night, it was more than 45 dBA, thus exceeding the standard. In comparison with the same sound level index of different spaces, the nighttime L90 background sound index of the open space was no longer the highest value. It was weaker than in the daytime, in line with a previous study [52]. Namely, there were differences in the acoustic landscape between daytime and nighttime. This might be because the greenway’s primary sound sources differed between daytime and nighttime. The direct sound source during daytime originated from the external urban space, which reduced the greenway’s sound pressure level through the plants’ shading effect [54]. In contrast, the sound source at nighttime mainly came from the users’ activities (inside the greenway).



There were differences in the effects of degree of enclosure and degree of cover on sound perception. The lower the degree of spatial enclosure, the more abundant the types of sound sources perceived, perhaps because plants in the horizontal enclosure had a more excellent masking and filtering effect on sound [57,58]. Previous studies have confirmed that increasing the thickness and density of vegetation is beneficial to enhancing noise reduction [59]. The higher the degree of spatial coverage, the more sound sources were perceived, and increasing the degree of coverage favors the degree of perception of sound sources associated with cicadas, birdsong, conversations, footsteps, sweeping, music, etc. On the one hand, this might be because the sound of cicadas and birdsongs was mainly emitted by cicadas and birds that were in the surrounding trees, which led to a more robust perception of the sound sources of cicadas and birdsongs under the coverage of shade; on the other hand, it might be because the weather was scorching in the summer in Fuzhou, and people preferred to move around in the space where there were trees with shades, which led to an increase in the artificial sounds in the space under the coverage, which was more intensely perceived [52]. In addition, sound sources were perceived differently at different times of the day, with diurnal differences evident for birdsong and children’s playful sounds. The dominance of birdsong was higher in the daytime than in the nighttime, which may be related to birds’ work and rest habits, and most of the birds chirped during the daytime [60]. Children’s playful sounds’ predominance was higher at night than during the day, probably because children were more active at night due to the higher daytime temperatures during the research period. At the same time, children’s activities also appeared to occur in the node plaza.



The degree of enclosure of the landscape space affected the harmony of artificial sounds. The highest harmonization of children’s playful sounds, sweeping sounds, and music sounds in open spaces might be due to the greater willingness to engage in human activities, including children’s play in open spaces dominated by nodal plazas that provide a larger space for more extensive activities, more forms of activities, and enriching visual factors compared to the predominantly linear spaces of the urban greenway [61], or because children’s activities in open spaces dominated by nodal plazas are in line with the users’ expectations of the soundscape [62,63]. This further justified the conclusion that the creation of landscapes within the space affects the perception of the sound source [30].




4.2. General Soundscape Perception Characteristics of Different Types of Landscape Spaces


In the principal component analysis of soundscape perception factors, soundscape pleasantness explained more than 50% of most of the variance, which was much larger than the soundscape richness of 17.623%, thus indicating that soundscape pleasantness significantly impacts soundscape perception in urban greenways. Therefore, the soundscape optimization process was more effective in improving soundscape pleasantness. In soundscape pleasantness, the factor coefficients of pleasant (F = 0.831) and harmonious (F = 0.843) were higher than comfortable (F = 0.820), which was different from the conclusion of the previous study that “comfortable” was the primary factor influencing soundscape preference [64]. Perhaps this is because the last object of research for the city park, the paper’s research subject of the urban greenway, attracts people who are different from the tourists in the city park, who may prefer static recreation, while urban greenway users look for sports and excursions, and thus the linear design of the greenway guides people to move forward, resulting in the tourists in the urban greenway being more focused on the pleasure and harmony of the feeling. Therefore, in the construction of urban greenways, the pleasure and harmony of soundscape perception could be improved to enhance the degree of soundscape pleasure, thus improving the soundscape perception experience. The factor coefficient of quietness was very low (F < 0.5), which might be due to the significant difference in the evaluation criteria of people’s quietness in urban greenways, resulting in a substantial difference in the evaluation of the quietness dimension in soundscape perception within different spatial types [65]. It was also possible that the significant differences in tourists’ audiovisual expectations of urban greenway excursions affected tourists’ judgments of the quiet dimension of soundscape perception [66], resulting in a poor analysis of the quiet dimension data, which were not included in the factor analysis. The soundscape pleasantness and richness scores showed significant differences (p < 0.05) in different enclosure-type landscape spaces, which was similar to the overall soundscape perception characteristics of soundscapes in event spaces of urban parks and so on [31]. Among them, the soundscape pleasantness scores between open and enclosed spaces showed significant differences (p < 0.05), which was the same as Jiang Liu et al.’s findings [52,67], namely, that different degrees of green enclosure in the landscape affect visitors’ soundscape perceptions.



The primary sound sources affecting the overall soundscape perception differed in all landscape spaces. In various types of spaces, artificial sounds, such as traffic and sweeping sounds, were prone to adverse effects, while natural sounds, such as birdsong and wind-blown leaf sounds, were conducive to enhancing soundscape pleasure and richness. The results indicated that natural sounds positively strengthened the touring experience during tourists’ visits [18] and further confirmed that natural sounds were beneficial to enhancing the perceptual experience of the soundscape. In contrast, artificial sounds hurt the soundscape experience [14,68]. Therefore, in the space created in the greenway, attention should be paid to the protection and creation of natural landscapes, increasing natural sounds, and taking measures to control the interference of traffic sounds. At the same time, vegetation should be actively protected, or natural landscapes should be constructed to attract insects and birds, thus increasing natural sound to mask traffic noise and reducing or avoiding traffic sound interference if necessary. In the covered space and semi-enclosed space, the harmony of the sweeping sound of sanitation workers affected the pleasantness and richness of the soundscape, respectively, which might be because artificial sounds, such as sweeping sound, in the semi-enclosed space would cover up the other sound sources in the space [52], thus affecting the richness. Therefore, in the work design of the semi-enclosed space of the greenway, the construction of public sanitation facilities should be strengthened to maintain the cleanliness of this space; meanwhile, the arrangement of cleaning work should be adjusted to reduce the frequency of sweeping in this space. Notably, the degree of birdsong sound dominance in a semi-enclosed space was not conducive to the perception of soundscape pleasantness. Still, birdsong harmony played a positive role in this space, which was probably because the inconsistency of the audiovisual environment in the urban greenway affected the pleasantness of soundscape perception and reduced the positive role of birdsong in soundscape perception when one only heard birdsong but did not see the bird [10]. It might also be because the presence of negative birdsong sounds like crows’ in semi-open spaces were not favorable to the perception of soundscape pleasantness [69], but it still played a positive role in soundscape perception in a birdsong soundscape with a high degree of harmony, which indicated that appropriate birdsong factors are still beneficial to soundscape perception [10]. Therefore, suitable bird habitats should be established to build a consistent natural soundscape in the urban greenway, adding comfortable or welcome birdsong to improve the perception of the soundscape in the urban greenway.




4.3. Characteristics of Soundscape Perception among Users with Different Demographic Sociological Characteristics


Emphasis on human characteristics is conducive to more targeted enhancement of the living environment for residents during rapid urbanization. This study showed that tourists’ age, type of residence, frequency of visit, education level, gender, stress level, and length of visit significantly affected the perception and evaluation of sound sources. Among them, age had a strong influence. The older the tourists were, the more they could feel the pleasure and quietness of the urban greenway and the less sensitive they were to the perception of sound sources. On the one hand, this might be because older people have richer life experiences and higher requirements for soundscape connotation [49]. On the other hand, it might be related to the fact that the elderly population does not often perceive the soundscape through audio–visual integration [8] or possibly due to a decrease in the ability to perceive high-frequency sound sources as they get older [70], which may lead to an insensitivity to the perception of some of them. However, urban greenways are conducive to creating a high-quality environment for activities close to nature, which is of great significance to the elderly population; therefore, the construction of urban greenways should emphasize the construction of age-friendly facilities, including infrastructure at resting points and barrier-free facilities. Neighboring residents perceived more vital natural sounds in the urban greenway, which probably had to do with the familiarity of neighboring residents with the surrounding environment, and increased familiarity and attachment to the place would be conducive to improving the touring experience [71,72]. First-time tourists rated the sense of harmony in the urban greenway higher. Still, sensitivity to the perception of some sound sources, such as birdsong and cicadas, was weaker, which might be related to the tourists’ freshness and unfamiliarity with the environment. The positive emotions brought by the sense of freshness could help improve the satisfaction of the journey [73]. Still, unfamiliarity with the scene may lead to the perception of some sound sources in the urban greenway needing to be addressed. Those with a higher educational background were less tolerant of machine sound, the more stressed and more prolonged playtime visitors were more sensitive to artificial sound, and the longer playtime visitors found more unacceptable the children’s playful sound, which might be because individuals with higher education, higher stress, or more extended playtime had higher expectations of the soundscape. The artificial sound was not in the range of expectations [63]. Therefore, further measures should be taken in urban greenway planning, such as rational zoning, improving children’s play infrastructure, and attenuating or shielding artificial sound to satisfy their needs. Male tourists were more sensitive to the perceived sound of wind blowing leaves, footsteps, and sweeping sounds. Females rated the perceived harmony of the urban greenway higher, which might be due to the different functions of using the urban greenway and the different paths taken between males and females [74] and may also be due to the different visiting mentality of males and females [8], thus leading to the difference in the perception of soundscape between males and females.





5. Limitations and Future Work


This study explored the characteristics of sound source perception and overall soundscape perception within different landscape spaces in an urban greenway and further explored the differences and influencing factors. However, there were still some limitations to the research process. In the sound source part, the study could not control the visitors to perceive the same soundscape, and therefore the perception of some sounds might be missing. In the connection between soundscape perception and other sensory characteristics, this study mainly focused on the soundscape part and combined part of the visual characteristics of the landscape space. Still, different sensory experiences also had a particular impact on the touring experience [33], and further research will combine multidimensional sensory perception and touring experience. In the division of spatial types, this study only investigated the degree of coverage and enclosure of urban greenways. However, the substrate material of the same urban greenway remained highly coherent and consistent, and there was still a distinction between the substrate materials of different greenways in Fuzhou. It needs to be further researched whether it affects the perception of the soundscape of urban greenways. In the analysis of the environment, this study focused on the summer season; whether there are new sound sources and new visual landscapes in other seasons that will affect the soundscape perception of urban greenways, and whether different environmental conditions, such as temperature and humidity, are closely related to the soundscape perception, need to be deeply studied in the future. In addition, the relationship between sound pressure level and soundscape perception will be the focus of future research.




6. Conclusions


Based on field surveys of three typical urban greenways in Fuzhou, China, this study analyzed the perceptual characteristics of the soundscape in six spatial types through objective acoustic data measurements and statistical analysis of questionnaire data. It explored the influence of demographic and social factors on soundscape evaluation. The results showed that the soundscape of urban greenways differed within two time and space dimensions. In the temporal dimension, the different primary sound sources at other times of the day in the urban greenway led to differences in the acoustic landscape between day and night; in the spatial dimension, the sound pressure level decreased with the increase in the degree of enclosure and the degree of coverage. The sound source and soundscape perception evaluation scores significantly differed in spatial enclosure and coverage degrees. The richness of the perceived sound source type increased with the decrease in the degree of spatial enclosure or the increase in the degree of coverage. The open and covered spaces were more sensitive to sound, and the open spaces were conducive to improving the harmony of artificial sound in urban greenways. Pleasure and richness were the main dimensions affecting the perception of soundscape in urban greenways, contributing 50% and 17%, respectively, and the difference was most significant between open and covered spaces. The natural sound was favorable for enhancing the evaluation of soundscape perception in urban greenways, while the artificial sound was unfavorable to the soundscape experience. Therefore, it is possible to improve the pleasantness and harmony of the soundscape of urban greenways by increasing the natural sound and reducing the interference of artificial sound, thus improving the soundscape perception score. Demographic and sociological characteristics, age, type of residence, and frequency of tourist visits were the main factors influencing the evaluation of the perception of the soundscape of urban greenways. Older people perceived pleasure and quietness in urban greenways more intensely and were less sensitive to some sound sources; neighboring residents were more capable of feeling the charm of natural sounds in urban greenways; and first-time visitors were more capable of handling the harmonious charm of urban greenways. Therefore, in the construction and improvement of urban greenways, certain measures, such as improving the construction of elderly and youth-friendly infrastructure, enhancing the sense of local attachment and freshness, adopting reasonable zoning, and dealing with artificial sound to a certain extent, can be considered to meet the needs of tourists and enhance the charm of urban greenways.



The above conclusions can provide a reference basis and data support for the optimization and future planning and construction of urban greenway soundscapes and help decision makers and designers to formulate corresponding construction strategies according to the public’s demand and expectations for the soundscape to continuously improve the charm of urban greenways and play a positive role in excellent soundscapes. Meanwhile, other influencing factors that cause differences in soundscape perception characteristics of urban greenways still need to be further explored, such as multidimensional sensory perception, particular sound source factors, etc. There are still many components to be studied in different environmental characteristics, including further division of space types to recognize the soundscape perception characteristics more comprehensively and so on. In future research, the above factors and soundscape perception characteristics and their differences and correlations will be investigated to further the comprehensive knowledge of soundscape perception of urban greenways and provide a construction reference basis for the soundscape perception characteristics of public spaces.
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Figure A1. Schematic diagram of measurement points and corresponding landscape space within the study area. Notes: The numbers in the lower left corner of the figure are the serial numbers of the measurement points. 






Figure A1. Schematic diagram of measurement points and corresponding landscape space within the study area. Notes: The numbers in the lower left corner of the figure are the serial numbers of the measurement points.



[image: Forests 15 00670 g0a1a][image: Forests 15 00670 g0a1b]







 





Table A1. Overview of measurement points.






Table A1. Overview of measurement points.





	Point No.
	Located Trail
	Coverage Type
	Enclosure Type
	Degree of Coverage
	Degree of Enclosure
	Cover Material
	Enclosure Material
	Ground Material
	Proximity to

Urban Roads





	01
	FD
	Uncovered
	Semi-enclosed
	1/4
	2/3
	G
	G&C
	Steel grating
	Nearer



	02
	FD
	Covered
	Semi-enclosed
	2/3
	3/5
	G
	G&C
	Steel grating
	Nearer



	03
	FD
	Uncovered
	Open
	0
	1/5
	None
	G&C
	Steel grating
	Nearer



	04
	FD
	Covered
	Enclosed
	3/4
	4/5
	G&C
	G&C
	Steel grating
	More distant



	05
	FD
	Covered
	Semi-enclosed
	3/4
	2/3
	C
	G&C
	Steel grating
	More distant



	06
	FD
	Covered
	Enclosed
	3/5
	4/5
	G
	G&C
	Steel grating
	More distant



	07
	FD
	Uncovered
	Open
	0
	0
	None
	none
	Brickyard
	Near



	08
	FD
	Uncovered
	Semi-open
	1/4
	1/3
	G
	G&C
	Steel grating
	Near



	09
	FD
	Uncovered
	Semi-open
	0
	1/3
	None
	G&C
	Steel grating
	Nearer



	10
	FD
	Covered
	Semi-open
	2/3
	1/3
	G
	G&C
	Steel grating
	Nearer



	11
	FD
	Uncovered
	Semi-open
	1/3
	1/3
	G
	G&C
	Steel grating
	More distant



	12
	FD
	Uncovered
	Enclosed
	1/3
	4/5
	G
	G
	Brickyard
	Distant



	13
	FD
	Uncovered
	Semi-enclosed
	0
	3/5
	None
	G&C
	Steel grating
	More distant



	14
	FD
	Covered
	Enclosed
	2/3
	4/5
	G
	G&C
	Steel grating
	Distant



	15
	FD
	Uncovered
	Open
	0
	1/5
	None
	G&C
	Steel grating
	More distant



	16
	FF
	Uncovered
	Open
	0
	0
	None
	none
	Asphalt
	Near



	17
	FF
	Uncovered
	Open
	0
	0
	None
	none
	Planks
	Nearer



	18
	FF
	Uncovered
	Enclosed
	1/3
	4/5
	G
	G
	Asphalt
	More distant



	19
	FF
	Uncovered
	Semi-enclosed
	1/3
	3/5
	G
	G
	Asphalt
	More distant



	20
	FF
	Uncovered
	Open
	0
	0
	None
	none
	Asphalt
	More distant



	21
	FF
	Covered
	Semi-open
	2/3
	1/4
	G
	G&C
	Asphalt
	More distant



	22
	FF
	Uncovered
	Semi-enclosed
	0
	3/4
	None
	G
	Asphalt
	Distant



	23
	FF
	Uncovered
	Semi-open
	0
	1/4
	None
	G&C
	Asphalt
	More distant



	24
	FF
	Uncovered
	Semi-enclosed
	0
	2/3
	None
	G
	Asphalt
	Distant



	25
	FF
	Uncovered
	Enclosed
	1/3
	4/5
	G
	G
	Asphalt
	Distant



	26
	FF
	Uncovered
	Semi-enclosed
	0
	2/3
	None
	G
	Asphalt
	Distant



	27
	FF
	Uncovered
	Semi-enclosed
	0
	2/3
	None
	G
	Asphalt
	Distant



	28
	FD
	Uncovered
	Semi-open
	0
	1/4
	None
	C
	Steel grating
	Nearer



	29
	FD
	Uncovered
	Semi-open
	0
	1/4
	None
	C
	Steel grating
	Nearer



	30
	FD
	Covered
	Enclosed
	2/3
	4/5
	G
	G&C
	Steel grating
	Distant



	31
	FD
	Covered
	Semi-enclosed
	2/3
	2/3
	G
	G&C
	Steel grating
	Distant



	32
	FD
	Uncovered
	Semi-enclosed
	1/3
	2/3
	G
	G&C
	Steel grating
	Distant



	33
	FD
	Uncovered
	Semi-open
	0
	1/3
	None
	G&C
	Steel grating
	Distant



	34
	FD
	Uncovered
	Semi-enclosed
	1/4
	3/5
	G
	G&C
	Steel grating
	Distant



	35
	FD
	Uncovered
	Semi-open
	0
	1/2
	None
	G&C
	Steel grating
	More distant



	36
	FD
	Uncovered
	Open
	0
	1/5
	None
	G&C
	Steel grating
	More distant



	37
	FD
	Uncovered
	Semi-open
	0
	1/3
	None
	G&C
	Steel grating
	More distant



	38
	JJ
	Uncovered
	Semi-open
	0
	1/3
	None
	C
	Brickyard
	More distant



	39
	JJ
	Covered
	Semi-enclosed
	2/3
	2/3
	G
	G&C
	Brickyard
	More distant



	40
	JJ
	Uncovered
	Semi-enclosed
	1/4
	2/3
	G
	G&C
	Brickyard
	More distant



	41
	JJ
	Uncovered
	Semi-open
	0
	1/3
	None
	G&C
	Brickyard
	More distant



	42
	JJ
	Uncovered
	Semi-open
	0
	1/3
	None
	G&C
	Brickyard
	More distant



	43
	JJ
	Uncovered
	Semi-open
	0
	1/4
	None
	G&C
	Brickyard
	More distant



	44
	JJ
	Covered
	Semi-open
	2/3
	1/3
	G
	G&C
	Brickyard
	More distant



	45
	JJ
	Uncovered
	Semi-open
	0
	1/4
	None
	G&C
	Brickyard
	More distant



	46
	JJ
	Covered
	Enclosed
	4/5
	4/5
	C
	G&C
	Brickyard
	Distant



	47
	JJ
	Covered
	Semi-enclosed
	4/5
	3/5
	G
	G&C
	Brickyard
	Distant



	48
	JJ
	Uncovered
	Semi-enclosed
	1/3
	3/5
	G
	G&C
	Brickyard
	Distant



	49
	JJ
	Uncovered
	Enclosed
	1/3
	4/5
	G
	G&C
	Brickyard
	Distant



	50
	JJ
	Covered
	Semi-enclosed
	2/3
	3/5
	G
	G&C
	Brickyard
	Distant







Notes: The weather during the test was clear, with no wind and high visibility. Regarding the “located trail”, FD is Fudao, FF is Feifeng Mountain Park, and JJ is Jinji Mountain Park; regarding the “Cover Material” and “Enclosure Material”, G is green, C is construction, G&C is combined green and construction.
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Figure A2. Photography of the instruments used in the study. Notes: (a) is the sound level meter (AWA6228); (b1,b2) are the photos of the sound level meter used in the research; (b3,b4) are the photos of the questionnaire used in the research. 
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Figure 1. A geographic location map of the three urban greenways in Fuzhou City selected for this study. Notes: the number in the circle is the serial number of the measurement point. 
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Figure 2. Statistical information of questionnaire respondents’ sample demographic, social, and behavioral characteristics (n = 264). 
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Figure 3. Analysis of acoustic indicators of different types of landscape spaces in urban greenways. Notes: (a) indicates the analysis of acoustic indicators for the whole day without day and night; (b) indicates the analysis of acoustic indicators by day and night. 
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Figure 4. Characterization of perceived sound source dominance in urban greenway landscape space. Notes: (a) is the spatial analysis of the enclosure type; (b) is the spatial analysis of the coverage type; (c) is the analysis of different times. 
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Figure 5. Characterization of sound source harmony perception in urban greenway landscape space. 
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Table 1. Typical sound source composition in the case of city greenways.
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Sound Category

	
Sound Source

	
Abbreviations






	
Natural sound

	
Sound of frogs

	
SF




	
Cicadas singing

	
CS




	
Birds singing

	
BS




	
The sound of wind blowing leaves

	
TR




	
Artificial sound

	
The sound of talking

	
AT




	
Footsteps

	
FS




	
Children playing

	
PC




	
Sweeping sounds

	
SS




	
Music

	
MN




	
Mechanical sound

	
Sounds of traffic

	
ST




	
Sound of machines

	
MS











 





Table 2. Sound source dominance and sound source harmony derivation model.
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	Model Equation





	     S D D   ( j i )   =   P O S   ( j i )   ×   P L S   ( j i )     



	     S H D   ( j i )   =   1 /     e     ∑  j = 1   n      P F S   ( j )   / n −   P F S   ( j i )       + 1   − 0.5   ×   P O S   ( j i )   ×   P L S   ( j i )     







Notes: SDD is a sound dominant degree; SHD is a sound harmonious degree; POS is perceived occurrences of sound; PLS is perceived loudness of sound; j is the jth sample; i is the ith source; and n is the sample size.













 





Table 3. Spatial types of urban greenway landscapes.
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Type of Space

	
Combinatorial Approach

	
Number of Collection Points

	
Schematic Representation of Collection Points






	
Type of Coverage

	
Uncovered

	
0 ≤ d/L ≤ 1/2

	
191

	
[image: Forests 15 00670 i001]




	
Covered

	
1/2 < d/L ≤ 1

	
73

	
[image: Forests 15 00670 i002]




	
Type of enclosure

	
Open

	
0 ≤ i/L < 1/4

	
44

	
[image: Forests 15 00670 i003]




	
Semi-open

	
1/4 ≤ i/L ≤ 1/2

	
79

	
[image: Forests 15 00670 i004]




	
Semi-enclosed

	
1/2 < i/L ≤ 3/4

	
97

	
[image: Forests 15 00670 i005]




	
Enclosed

	
3/4 < i/L ≤ 1

	
44

	
[image: Forests 15 00670 i006]








Notes: L = length of the site boundary, i = length of the enclosing boundary, d = length of covering boundary; Material of enclosure and coverage: Green or Construction.













 





Table 4. Differential analysis of sound source perception in different landscape spaces of urban greenways.
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Sound Source

	
Covered-Type Space

	
Enclosed-Type Space




	
SDD

	
SHD

	
SDD

	
SHD






	
SF

	
1.252

	
0.342

	
6.541

	
1.533




	
CS

	
0.499

	
0.285

	
19.577 ***

	
1.385




	
BS

	
2.466

	
4.799 *

	
12.890 *

	
4.086




	
TR

	
12.156 ***

	
1.635

	
2.918

	
5.820




	
AT

	
6.315 *

	
1.065

	
21.175 ***

	
2.955




	
FS

	
0.907

	
0.388

	
14.297 *

	
5.013




	
PC

	
0.183

	
0.281

	
21.053 ***

	
8.667 *




	
SS

	
0.168

	
1.734

	
3.714

	
5.154




	
MN

	
6.844 *

	
0.086

	
6.571

	
3.858




	
ST

	
0.579

	
1.413

	
17.371 ***

	
3.228




	
MS

	
1.060

	
0.000

	
15.719 *

	
5.559








Notes: * indicates p < 0.05, and *** indicates p < 0.001.













 





Table 5. Pairwise comparative analysis of perceived variability of sound sources in landscape spaces with different enclosure types of urban greenways.
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Norm

	
Sound Source

	
K1–K2

	
K1–K3

	
K1–K4

	
K2–K3

	
K2–K4

	
K3–K4






	
SDD

	
CS

	
2.471

	
1.073

	
0.013

	
4.354 ***

	
2.486

	
−1.058




	
BS

	
2.726

	
1.610

	
−0.329

	
−1.452

	
−3.099 *

	
−1.996




	
AT

	
4.372 ***

	
−3.698 **

	
−3.524 **

	
0.991

	
0.378

	
−0.435




	
FS

	
−2.525

	
−0.349

	
0.090

	
−3.553 **

	
−2.423

	
0.454




	
PC

	
4.495 ***

	
−3.612 **

	
−2.478

	
1.247

	
1.686

	
0.706




	
ST

	
1.947

	
−2.876 *

	
−4.037 ***

	
−1.032

	
−2.628

	
−1.859




	
MS

	
−2.150

	
−0.281

	
−1.299

	
−3.006 *

	
−3.622 **

	
−1.243




	
SHD

	
PC

	
2.672 *

	
−2.099

	
−0.739

	
0.799

	
1.834

	
1.232








Notes: * indicates p < 0.05, ** indicates p < 0.01, *** indicates p < 0.001; K1 is open space, K2 is semi-open space, K3 is semi-enclosed space, and K4 is enclosed space.













 





Table 6. Results of the principal component analysis of soundscape perception factors of the urban greenway landscape space.
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Common Divisor

	
Factor

	
Ingredient

	
Variance Contribution/%




	
1

	
2






	
F1

(Soundscape pleasure)

	
Pleasant

	
0.831

	
—

	
50.329




	
Harmonious

	
0.843

	
—




	
Comfortable

	
0.820

	
—




	
F2

(Soundscape richness)

	
Rich

	
—

	
0.811

	
17.623




	
Varied

	
—

	
0.900




	

	
Quiet

	
—

	
—

	











 





Table 7. Difference analysis of overall soundscape perception in different landscape spaces of urban greenways.






Table 7. Difference analysis of overall soundscape perception in different landscape spaces of urban greenways.





	Norm
	Covered-Type Space
	Enclosed-Type Space





	Soundscape pleasantness
	2.986
	8.459 *



	Soundscape richness
	2.536
	8.493 *







Notes: * indicates p < 0.05.













 





Table 8. Pairwise comparative analysis of the variability of soundscape perception in different landscape spaces in urban greenways.
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	Norm
	K1–K2
	K1–K3
	K1–K4
	K2–K3
	K2–K4
	K3–K4





	Soundscape pleasantness
	−2.334
	2.419
	2.648 *
	0.004
	0.667
	0.687



	Soundscape richness
	−2.693 *
	1.466
	2.199
	−1.585
	−0.200
	1.114







Notes: * indicates p < 0.05; K1 is open space, K2 is semi-open space, K3 is semi-enclosed space, and K4 is enclosed space.













 





Table 9. Spearman’s correlation analysis of soundscape perception and sound source perception in different landscape spaces of urban greenways.
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Type of Sound Source Sense

	
Spatial Type

	
Dependent Variable




	
Pleasure F1

	
Richness F2






	
Degree of Superiority

	
No coverage

	
SF (−0.125 *)

AT (−0.180 **)

FS (−0.126 *)

PC (−0.154 *)

MN (−0.132 *)

ST (−0.200 **)

MS (−0.169 **)

	
AT (−0.142 *)

PC (−0.124 *)

ST (−0.144 *)




	
Covered

	
BS (0.136 *)

FS (0.123 *)

	
BS (0.123 *)

FS (0.126 *)




	
Enclosed

	
—

	
—




	
Semi-enclosed

	
—

	
—




	