

  sustainability-15-08991




sustainability-15-08991







Sustainability 2023, 15(11), 8991; doi:10.3390/su15118991




Article



Quality Evaluation of Park Green Space Based on Multi-Source Spatial Data in Shenyang



Yiyang Guo 1, Guoping Lei 1,* and Luyang Zhang 2





1



Department of Land Resources Management, School of Humanities and Law, Northeastern University, Shenyang 110169, China






2



School of Public Administration, Chongqing Technology and Business University, Chongqing 400067, China









*



Correspondence: guopinglei@126.com







Academic Editors: Bing Kuang and Min Zhou



Received: 5 April 2023 / Revised: 8 May 2023 / Accepted: 31 May 2023 / Published: 2 June 2023



Abstract

:

Park green spaces serve as essential urban public recreation spaces and represent significant components of urban construction land. Investigating the quality of park green spaces is a vital requirement for the establishment of a high-quality urban living environment and the enhancement of land use efficiency. This study developed a quality evaluation index system for park green spaces in Shenyang, considering the constituent elements of recreational spaces. By categorizing 168 park spaces into four size grades and employing the entropy-TOPSIS method with multiple data sources, the research assessed and analyzed the generally quality of park green spaces in Shenyang. Additionally, the study analyzed factors limiting park green spaces and introduced the Recreational Quality Index (RQI) to represent the distribution of park green space resources within the study area. The results demonstrated that 46 low-quality park green spaces require urgent improvement, and the riverside area and the vicinity of the second ring road possess high-quality park green space resources. Barriers of the same scale in park green spaces exhibited similar characteristics. Park green spaces in Huanggu District were allocated recreational resources optimally. The analysis determined that system construction and deep cultural heritage are crucial factors. This study can offer a scientific basis and recommendations for the development of park green spaces and the enhancement of efficient urban land use.
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1. Introduction


Recreation constitutes one of the four fundamental functions of modern cities. As stipulated by the “CJJT 85-2017 Standard for classification of urban green space” [1], the primary purpose of parks and green spaces is recreation, rendering them critical elements of urban public recreation spaces [2,3]. Concurrent with China’s rapid economic and social development, the spiritual and living needs of the population are continuously growing, rendering recreation an essential requirement for residents. Park green spaces, owing to their temporal and spatial convenience, are the preferred locations for daily recreation [4]. As cities transition into a stage of a high-quality development, park green spaces, as urban construction land, have entered a phase of “quality” improvement, and high-quality outdoor recreation areas have become scarce spatial resources within cites. Research on the quality of park green spaces is a crucial prerequisite for constructing a high-quality urban living environment [5].



The quality of park green spaces, also referred to as quality, reflects the appeal of park green spaces to users. This quality is associated with the frequency of visitor engagement with green spaces, and represents a key factor influencing the physical and mental well-being of urban residents [6,7,8,9,10]. Park green spaces foster various leisure and recreation activities by providing venues, facilities, environments, and services, consequently promoting physical and mental health and enhancing residents’ happiness [11]. Research has indicated that the quality of green spaces significantly contributes to the satisfaction and happiness of urban residents [12]. In Western countries, studies on park health benefits and fairness have been conducted, and tools such as the Community Park Audit Tool (CPAT), Environment Assessment of Public Recreation Spaces (EAPRS), and Quality Index of Park for Youth aimed at attracting young people’s physical activities, have been widely employed [13,14,15]. In recent years, analogous evaluation systems have been studied in China [16].



In light of the distinct functional positioning of park green space, some scholars consider factors such as the degree of beauty or visual landscape of green space landscape structure, ecological environment or ecological value, quality of public service, and quality of tourist experience as evaluation targets [17,18,19,20,21]. These evaluation tools encompass park-internal details and comprehensive indicators, but they accentuate management and construction, overlooking people-oriented recreational needs and perceptions. Evaluations based on different functions primarily concentrate on a single aspect of park green space. The aforementioned research approaches are challenging to implement on a large scale due to human and material constraints.



Owing to data availability, prior assessments of park green space quality have predominantly depended on subjective methods, such as satisfaction surveys and field surveys. With the progression of spatial information technology, spatial big data, including POI data, have grown increasingly prevalent. POI data offer information on the location and category of park green spaces, possessing the advantages of easy accessibility and extensive area coverage [22]. Remote sensing data can also rapidly collect information on temperature, vegetation, and other ground-level features [23]. These technologies supply more reliable data for the quantification of evaluation indicators, rending the results of park green space quality evaluations more scientific and objective [24,25].



Focusing on the recreational function of park green spaces, this paper develops an evaluation index system for park green spaces in Shenyang city. By integrating field surveys and spatial data, this study assesses and analyzes park green space quality, furnishing a solid, robust scientifically based foundation for enhancing urban living and municipal governance.




2. Study Area and Data


2.1. Study Area


Shenyang serves as the capital of Liaoning Province, a megacity, the core city of the national metropolitan circle, and a national historical and cultural city. According to data from the 7th census, the permanent population of Shenyang City’s jurisdiction is 6.42 million, the urbanization ratio of the city is 84.52%, and the population over 60 constitutes 23.24%. Given the high degree of urbanization and aging, the city has a pressing need for park green space construction. This study area encompasses the three-ring region of Shenyang City, which includes the city’s primary built-up area and spans seven districts, covering a total area of 455 km2 (Figure 1).



Shenyang City features urban park green spaces established in various periods and featuring an array of types. The earliest modern city parks in Shenyang were founded in the early 20th century, such as Wanquan Park (1906), Dadong Park (1925), Zhongshan Park (1926), and others. As of 2021, the green area within the built-up zone is 221.5 km2, with a green coverage rate of 40.68%, a green rate of 38.87%, and a per capita park green space area of 13.65 m2. At present, the total area of park green spaces in the three-ring region of Shenyang City is approximately 2518 hm2, encompassing diverse comprehensive parks and community parks, as well as the Shenyang Riverside slow lane system, comprising a strip park along the Hunhe River and the coastal parks alongside several canals in the city.



The construction of park green spaces in Shenyang City has yielded favorable results in terms of both quantity and quality. As the city’s population density increases and the demand for an enhanced quality of life grows, park green spaces serve a crucial function in improving urban quality. In December 2021, Shenyang City unveiled the “Shenyang Park City Construction and Greening Implementation Plan in the Near Future”, which establishes new objectives for the development of park green spaces within the city.




2.2. Data


The data employed in this paper encompass the third national land survey data, park facilities survey and evaluation data, Landsat 8 remote sensing data, POI data, and road network data.



The data source for the parks and green spaces is derived from the “Park and Green Space” land category in the third national land survey data. In this paper, the park green spaces must satisfy the following two criteria: (1) the area exceeds 0.5 hm2; (2) it is accessible to the public and possesses at least one recreational facility, exhibiting a recreational function. Based on these conditions, the park green spaces conforming the area criteria requirements were screened using the third national land survey data. Through Baidu Street View and actual surveys, a total of 168 park green spaces were finally identified (Figure 2).





3. Methods


3.1. Construction of Urban Park Green Space Quality Evaluation Index System


3.1.1. Framework for Recreational Space


Drawing from the study of urban recreation theory, and considering the binary spatial level, recreational space is conceptualized as a space system comprising physical space and recreational behavior space [26]. While emphasizing the regional aspect of the venue, it is also essential to concentrate on recreational activities and behaviors [27].



Physical space can be subdivided into natural physical environment space and artificial environment space. The genesis of urban park green spaces lies in the artificial transformations executed within cities to satisfy people’s yearning for proximity to natural landscapes. Based on the analysis of recreational physical space components, it can be divided into artificial natural elements and artificial facilities elements [28]. Natural elements refer to landscapes created in park green spaces to mimic the natural environment, such as mountains, water, and vegetation. Facilities elements pertain to various recreational facilities constructed in park green spaces to accommodate recreational activity needs.



Recreational behavior space arises from users’ recreational activities within physical space, and recreational space cannot exist without individuals. Based on the shifts in recreational users’ spatial positions, an uncertain flow space is generated, and any space where a person’s recreational activity extends constitutes part of the recreational space [29]. In reality, the space where recreational users participate in recreational activities in park green spaces is not confined to the park itself, and the entire recreation process, including traveling, arriving, playing, resting, and returning, involves areas external to park green spaces.



Drawing the aforementioned theories and empirical situations, the ecological environment of the park constitutes a man-made natural component of the recreational physical space and an elemental prerequisite of park visitors. The facilities provided by the park are both man-made facilities catering to the recreational physical and behavioral space, domains, encompassing an array of sports venues and facilities. The subjective perception of the diverse activities occurring within the recreational domain is strongly contingent upon the quality and variety of facilities. Whether one is engaged in leisurely sports or using a park’s amenities, the convenience of options such as accessible transportation, shopping, or dining have an important impact on one’s perceptual and decision-making processes. Hence, the grounded composition of the recreational space, the landscape ecology, the facilities of the park, and the location support conditions constitute the framework for the quality evaluation index system (Figure 3).




3.1.2. Indicator Selection


The park green space’s landscape ecology environment, facilities of the park, and location support conditions have been selected as primary indicators. In line with the feasibility principle of index system construction and bearing in mind the availability of data and index quantification, a quality evaluation index system for leisure and recreation in Shenyang City’s park green space has been established, consisting of 15 secondary indicators (Table 1).



	
Landscape ecology: The landscape ecology of park green space comprises man-made natural components. The “blue” component refers to water bodies, and the “green” component refers to green space. The presence of water systems or lakes within the park provides visitors with more opportunities for recreational activities, while the water adjacent to the park also enhances its aesthetic value. Vegetation is a primary feature of park construction, as it serves as an important public resource that influences the quality of leisure and recreational experiences by providing ecological and ornamental value. Given that Shenyang is a northern city, water bodies and vegetation provide significant ecological and scenic values for visitors. Due to the subjective nature of ornamental value, “whether adjacent to the water” and “vegetation coverage rate” have been identified as secondary indicators based on ecological values. Additionally, due to the climate conditions of the study area and the cooling effect of park green space [30], the “summer temperature” is selected as another secondary indicator, given that citizens’ outdoor activities are primarily concentrated during the summer months.



	
Facilities of park: The criteria for facilities of park are specified in the “GB51192-2016 Code for the design of public park” [31]. Facilities are categorized into recreational facilities, service facilities, and management facilities. This paper focuses on recreational facilities. Depending on the park’s scale, relevant requirements for facility placement are established, including “mandatory” and “optional”. Owing to the extensive area covered by the assessed park green spaces, the assessed facilities include “mandatory” and “optional” facilities for all park types. Moreover, signs, garbage bins, and toilets within service facilities significantly impact visitors’ recreational quality and should be employed as evaluation indicators. Consequently, the secondary indicators for park facilities in this study comprise rest seats (B1), sports and fitness facilities (B2), garbage bin facilities (B3), pavilions and galleries (B4), road signs (B5), and public toilets (B6). Indicators B1-B5 should be evaluated based on their existence, quantity, maintenance status or quality, and diversity.



	
Location support conditions: Location support conditions encompass spatial location conditions and business activity, representing recreational behavior space. Spatial location conditions refer to the accessibility of the park green spaces. Residents utilize various transportation modes to access parks, including walking, cycling, public transportation, and driving. Therefore, considering the different transportation modes, the number of bus routes within a certain range (C3), the number of bus stops (C4), road density (C5), and the number of parking lots (C6) are selected as secondary indicators. Urban forms exhibit numerous types, and in light of the actual recreational needs of recreation, dining and convenient shopping are the primary requirements during recreational activities. Thus, the number of surrounding restaurants (C1) and the number of supermarkets and convenience stores (C2) are selected as secondary indicators.







3.1.3. Indicator Calculation


	
Landscape ecology indicator A






A1 is assigned a value of 1, 0.5, or 0 based on the topological relationship between water bodies and park green spaces. A2 and A3 are computed using remote sensing images; the Landsat 8 image from 22 July 2021 with high vegetation coverage in summer is selected as the data source. The Landsat 8 data undergo radiometric calibration, and the linear spectral mixture decomposition method is used to calculate the vegetation coverage using multispectral bands 1–7, while the surface temperature is inverted utilizing the Landsat 8-based band 10 single window algorithm. The average values within each park green space represent the A2 and A3 indicator values.
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Facilities of park indicator B







Values for indicators B1 to B5 are derived from the scores of each facility, with the evaluation data obtained from on-site surveys conducted between June and August 2021. Following the “GB51192-2016 Code for the design of public park”, the facilities are evaluated based on three factors: the presence or lack of facilities, the quantity and quality of the facilities, and the diversity of the facilities. The score range spans 0–10 points, the utilization of park green spaces is observed, and representative populations are chosen for questionnaire surveys to evaluate the demand for the facilities. The B6 indicator value is acquired through calculation.
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Location supporting condition indicator C







The location supporting condition indicator encompasses POI data, public transportation routes, and city road network data. The POI data and public transportation route data were obtained from Baidu Maps in 2020, including attributed information such as name and spatial location. The city road network data is derived from the third national land survey data. Convenience stores and supermarkets are screened from the POI shopping data. The number of public transportation routes at each bus stop is computed using ArcGIS. The number of various data points in the park green space buffer zone is determined as C1, C2, C3, C4, and C6 indicator values. The total length of roads and area in the buffer zone are computed, and the road density is calculated as the C5 indicator value.





3.2. Quality Evaluation


3.2.1. Park Green Space Scale Division


To reduce the impact of scale on the evaluation results, the park green spaces are classified into four categories based on area, namely community, block, regional, and city scales, referencing the “Park Design Standards” (GB51192-2016) and the “Urban Green Space Classification Standards” (CJJT 85-2017). The study area comprises the urban built-up area with a relatively small number of large park green spaces, encompassing a limited number of sizable park green spaces. Parks larger than 10 hm2 are grouped into city scale, those smaller than 2 hm2 are of community scale, those between 2 and 5 hm2 are of block scale, and those between 5 and 10 hm2 are of regional scale.




3.2.2. Entropy Weight-TOPSIS Park Green Space Quality Evaluation


This study aims to evaluate the quality of the park green spaces themselves. The entropy value method is employed to objectively assign weights to each of the four levels of park green spaces, reducing subjective influence. The specific calculation steps are not elaborated in detail [32].



Based on the weights of the indicators determined by the entropy method, the TOPSIS model is utilized to rank the park green spaces in terms of comprehensive scores. As a distance-based comprehensive evaluation method, TOPSIS possesses the advantage of obtaining original data information and objectively reflecting the gaps between different schemes [33].



The weights of quality evaluation indicators for park green spaces of varying sizes are displayed in Table 2.




3.2.3. Kernel Density Estimation


Kernel Density Estimation (KDE) is a nonparametric test method for unknown probability density functions capable of reflecting the distance attenuation effect in the spatial distribution of geographical phenomena and is suitable for detecting spatial hot spots and identifying concentrated areas. The kernel function formula is:


  f  ( x )  =  1  n h    ∑  i = 1  n  k  (    x −  x i   h   )   



(1)







In Formula (1): n represents the number of park green spaces; h denotes the bandwidth, which is the search radius; k refers to the distance weight; x − xi is the distance from the center point to the sample point.



In accordance with the “15-min Living Circle” concept, a search radius of 1500 m and a spatial resolution of 100 m were established.





3.3. Quality of Recreation in Park Green Spaces


Park green spaces represent scarce recreational resources in urban areas, correlating not only to quantity but also to quality. It is indisputable that larger park green spaces can provide more recreation space and functions for residents, while scale factors play a role in the evaluation index in this study. Consequently, the Recreation Quality Index (RQI) is defined. The RQI of park green spaces reflects the recreational service capacity of park green spaces. Under the same quality level, a larger scale correlates to stronger recreation service capacity. The calculation formula is expressed as follows:


  R Q  I i  = A  S i  ×  C i   



(2)






  A  S i  =  {           S i   2    0.5 ≤  S i  < 2          S i   5      2 ≤  S i  < 5          S i    10     5 ≤  S i  < 10          S i    m e a n  ( S )       S i  ≥ 10          



(3)







  R Q  I i    represents the recreation quality index of park green space i, A represents the area index calculated according to the scale level,   m e a n  ( S )    represents the average value of urban park green spaces, and    C i    represents the quality score of the park green space.





4. Results and Analysis


4.1. Evaluation Results of Park Green Space Quality


4.1.1. Quality and Quality Level of Park Green Spaces


The TOPSIS comprehensive score reflects the distance between the evaluated object and the optimal solution; a higher score corresponds to a smaller difference from the optimal solution. Utilizing MATLAB software based on the entropy-weighted TOPSIS method, the quality evaluation of park green spaces at four scale levels is conducted, and the TOPSIS comprehensive score box plot of park green space quality is depicted (Figure 4).



In general, the quality score box plot of park green spaces in the study area occupies a relatively low position, with lower scores. When comparing the quality scores of park green spaces of various scales, the scale emerges as the primary factor limiting the quality of park green spaces. Once the scale exceeds a certain range (regional parks), the quality no longer increases with the growth of the park green space scale. The scores of urban parks and neighborhood parks appear similar or even lower. In comparing the box body length, the internal differences in quality of urban parks and community parks are relatively large, while those of neighborhood parks and regional parks are relatively small. The quality characteristics of park green spaces on different scales are as follows: community parks have an overall low score and large internal differences; urban parks exhibit high scores in leading positions, but large internal differences, revealing a two-level differentiation; neighborhood parks maintain overall low scores and small differences; regional parks display high overall scores and small differences, rendering them the most balanced park type in terms of quality.



Employing the natural breakpoint method, parks can be divided into three levels from high to low (Table 3). Among them, 75 medium-quality park green spaces are the most numerous, followed by 47 high-quality and 46 low-quality park green spaces. The proportion of high-quality park green spaces is relatively small. In terms of different scales of park green spaces, regional parks exhibit the highest proportion of high-quality green spaces, while neighborhood parks possess a significantly higher proportion of low-quality green spaces compared to other scales.




4.1.2. Spatial Characteristics of Park Green Space Quality


The spatial distribution of park green space quality levels is illustrated in Figure 5. To depict the spatial distribution of park green space quality in Shenyang, kernel density analysis was performed and is displayed in Figure 6.



High-quality park green spaces predominantly reside within the Second Ring Expressway and primarily consist of urban parks along the canal. Based on Figure 6, the spatial distribution of Shenyang’s park green space quality levels exhibits the following characteristics: high-density areas are situated near the Second Ring and along the Hun River and canal, with a wide-ranging sub-high-density area near the Second Ring and a smaller sub-high-density area along the central urban area’s canal. Consequently, waterfront areas and regions near the Second Ring Road constitute the concentrated zones of high-quality park green spaces in Shenyang.





4.2. Analysis of Limiting Factors for Park Green Space Quality


Employing the obstacle degree model, this study calculates the obstacle degree of each indicator for the leisure and recreation quality of park green spaces in Shenyang. Obstacle factors are identified based on an obstacle degree greater than 10% [34], and the frequency and total obstacle degree of these factors are presented in Figure 7 and Table 4.



According to the results in Figure 7 and Table 4, the obstacle factors for community parks center around the ecological environment A and park facilities B. The primary obstacle factors for neighborhood parks are vegetation coverage (A2) and summer temperature (A3), with the secondary obstacle factor being number of supermarkets and convenience stores (C2). Regional parks and urban parks feature larger scales, and park facilities are generally well-developed. The main obstacle factor for regional parks is vegetation coverage (A2), with summer temperature (A3) as the secondary factor. For urban parks, the primary obstacle factor is vegetation coverage (A2), and the secondary obstacle factors are number of supermarkets and convenience stores (C2) and number of bus lines (C3).



Obstacle factors of park green spaces yield the following findings: (1) Due to spatial scale constraints, community parks grapple with insufficient environment and facilities. Enhancing space utilization and incorporating multifunctional technology and intelligent facilities can compensate for the space deficiency. (2) Supporting facilities surrounding neighborhood parks require improvement. Offering mobile points can assist in meeting visitors’ needs. (3) Public transportation and parking lots near regional parks do not yet satisfy residents’ travel requirements. Some park recreation facilities necessitate an increase in quantity or replacement of outdated facilities. (4) Urban parks experience relatively poor public transportation due to their geographical location. As urban built-up areas expand, bus and subway lines and station settings should take into account favoring park green spaces to boost recreational resource utilization. (5) Urban parks demonstrate excellent water friendliness. However, due to the scale limitations of community and neighborhood parks, water bodies become the primary limiting factor. Small, refined water elements can be suitably added to enhance aesthetic and ecological value. (6) Shenyang’s park green spaces maintain good vegetation coverage but the cooling effect remains debatable. Recreational facilities, such as corridors and indoor venues, can be increased. Adding greenery outside the park may also help mitigate high temperatures caused by the urban heat island effect.




4.3. Park Green Space Recreation Resources


The Recreation Quality Index (RQI) comprehensively reflects the allocation of park and green space recreation resources in a region, encompassing both quantity and quality. The RQI results of 168 park green spaces were calculated and divided into five levels (Figure 8). Based on the district as a unit, the distribution of park and green space recreation resources in various districts within the third ring of Shenyang city was analyzed, including the number of park green spaces, total area of park green spaces, per capita area of park green spaces, and recreation quality (Figure 9).



According to Figure 8 and Figure 9, the distribution of the number of park green spaces in various districts appears to be relatively balanced, while a significant difference exists in the total area of park green spaces between districts. Huanggu District features the highest recreation quality, and the total area and per capita area of park green spaces also remain at a relatively high level. The total and per capita areas of park green spaces in Tiexi and Dadong Districts are notably lower, with Tiexi having the largest population. Hunnan and Yuhong Districts exhibit the lowest number and recreation quality of park green spaces. Heping and Shenhe Districts maintain a medium level in all aspects. Overall, Huanggu District represents the area with the highest quantity and quality of park and green space recreation resources, featuring a reasonable scale composition and balanced quality. There are 10 high-quality, 13 medium-quality, and 5 low-quality park green spaces, with a substantial number of medium- and high-quality park green spaces.



Considering the actual situation, the advantages of park and green space recreation resources in Huanggu District encompass: (1) System construction and investment. The Xinkai River flows from east to west through Huanggu District, connecting the North Canal Garden, and serving as an essential component of Shenyang’s waterfront slow lane system. The construction and investment of facilities are substantial, offering a favorable ecological environment and high-quality recreational facilities. (2) Rich cultural heritage. Huanggu District hosts parks with deep historical heritage, such as Beiling Park, Beita Park, and Sheli Pagoda Beach Park; early parks in New China that attract a large number of residents to participate in cultural and sporting activities, becoming an integral part of their daily lives; and parks with distinct cultural themes, such as Huanggu Heroes Park and the 724 Fitness Corridor, reflecting Shenyang’s heroic spirit and industrial core. Moreover, Beiling Park in Huanggu District is a World Cultural Heritage site, featuring a considerable amount of green space and an extensive radiation range, playing a significant role in enhancing the service capacity of park green space resources in the region.





5. Conclusions and Discussion


In 2018, General Secretary Xi Jinping first proposed the concept of “Park City”, which represented the future direction of urbanization in China. Park green spaces serve as prerequisite carriers for the construction of “Park Cities”. Enhancing the quality of park green spaces is vital and a crucial means to improve the quality of the living environment. In this study, according to the composition of recreational elements, park green space recreational spaces are divided into material spaces and activity spaces, and a quality evaluation index system for parks and green spaces in Shenyang City is established. By integrating multi-source heterogeneous data, this study balances the accuracy of research evaluation with the scientific nature of spatial data, achieving an evaluation of park and green space quality and analyzing the quality and limiting factors of park green spaces. The introduction of the Recreation Quality Index (RQI) has elucidated the advantages and weak areas of recreational resources in park green spaces in Shenyang City.



The disparity in park green space quality, in terms of quantity and space, accentuates the inequity experienced by residents in enjoying park green space recreation resources and public facilities. This study reveals that 46 low-quality park green spaces in the study area urgently require improvement. Waterfront areas and the vicinity of the Second Ring Road are concentrated areas of high-quality park green space resources, while other regions still necessitate further enhancement of park green space quality and a reduction in the number of low-quality park green spaces. Comparing the evaluation results of park green space quality across different scales, it becomes evident that scale and quality exhibit a certain correlation, but scale does not equate to quality. High-quality park green spaces of regional scale account for the majority and display the most balanced quality. The introduction of the Park Green Resources Recreation Quality Index (RQI), integrating park green resource quantity and quality elements, demonstrates that Huanggu District possesses the optimal overall allocation of park and green space resources. It is concluded that system construction and exceptional cultural connotation are two crucial factors representing the direction of urban park green space recreation resource planning and construction. The statistical results indicate that obstacle factors of the same scale of park green space exhibit certain similar characteristics, and improvement measures should be implemented according to their respective features. Moreover, the water body is a significant factor in enhancing the quality of park green space in the study area.



This research can offer suggestions for ameliorating the quality of park green spaces and optimizing recreational resources. Measures to enhance the quality of park green spaces of different sizes vary. Firstly, small-scale park green spaces should receive increased investment. In this study area, community parks are the most numerous, serving a large population of residents. However, due to poor management and space constraints, certain issues exist with their internal environment and facilities. Secondly, attention should also be directed towards the external support and environment of parks. For large-scale park green spaces, external supporting facilities are even more crucial, as they both improve resource utilization and provide superior public services to residents. Lastly, in addition to hardware facilities, the construction of park green spaces should also incorporate soft cultural characteristics, expanding the range of recreational activities offered in park green spaces and satisfying residents’ pursuit of a better life.



Park City represents the most recent theoretical advancement in urban development. Catering to human settlement activities, forming cultural connotation characteristics, and integrating “production-living-ecological spaces” are the construction objectives of high-quality park green spaces. However, there are certain limitations to the research methods employed in this study. The index system in this paper is not sufficiently comprehensive, as it primarily focuses on the content that users can utilize and must possess according to park green space construction standards. Structures other than pavilions are not considered because they are not essential projects within park green spaces and lack evaluation standards. Due to challenges in acquiring information, cultural activities such as exhibitions in park green spaces were not incorporated into the evaluation indicators. Digitalization and information management for park and green space management can enhance the feasibility and universality of the methods compensating for these shortcomings. Building upon the evaluation of park and green space quality, the issue of resource allocation fairness for park green spaces is the next topic to be researched.
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Figure 1. A map of the study area. 
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Figure 2. Distribution map of park green space. 
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Figure 3. Recreation perspective index system framework. 
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Figure 4. Box plot of quality scores for different scales of park green spaces. 
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Figure 5. The evaluation results of park green space quality in Shenyang. 
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Figure 6. Spatial distribution of scale and quality level kernel density of park green space. 
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Figure 7. The statistical chart of 10% obstacle factor frequency of green space in parks of different scales. 
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Figure 8. Recreation Quality Index of park green space. 
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Figure 9. The distribution of green space recreational resources in parks of each administrative region. 
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Table 1. The index system of Shenyang park green space quality evaluation.
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Primary

Indicator

	
Secondary

Indicator

	
Unit

	
Description






	
Landscape

Ecology A

	
Adjacent to the water A1

	
-

	
1 for within the park, 0.5 for along the river,

and 0 for not being adjacent to the water




	
Vegetation coverage A2

	
%

	
Vegetation coverage value per unit area within the park




	
Summer temperature A3

	
°C

	
Negative factor, average surface temperature

within the park




	
Facilities of Park

B

	
Resting seats B1

	
-

	
Facility survey evaluation, 0–10 point

system, 6 points are the basic qualifying

score, and scores are added and subtracted

based on evaluation points.




	
Sports and fitness facilities

B2

	
-




	
Trash can facilities

B3

	
-




	
Pavilions and galleries

B4

	
-




	
Road signs and indications

B5

	
-




	
Public toilets B6

	
No./hm2

	
Total number of toilets at the park entrance

and within the park/park area




	
Location Support Conditions

C

	
Number of food and beverages C1

	
No.

	
Number of food and beverage POIs within

500 m boundary




	
Number of supermarkets and

convenience stores C2

	
No.

	
Number of supermarkets and convenience

stores POIs within 500 m boundary




	
Number of bus lines C3

	
No.

	
Total number of bus lines within 500 m

boundary




	
Number of bus stops C4

	

	
Total number of bus stops within 500 m

boundary




	
Road network density within

500 m C5

	
km/km2

	
Length of roads within 500 m boundary/area




	
Number of parking lots C6

	
No.

	
Number of public and roadside parking lots

within the 300 m boundary
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Table 2. Entropy weights of quality evaluation indicators for park green spaces of different sizes.
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Primary Indicator

	
Weight




	
Community

	
Block

	
Region

	
City






	
A

	
0.186

	
0.187

	
0.173

	
0.091




	
B

	
0.666

	
0.549

	
0.498

	
0.471




	
C

	
0.095

	
0.157

	
0.228

	
0.260
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Table 3. The statistics of quality level of different scale park green spaces (unit: number).
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	Quality Level
	Community
	Block
	Region
	City
	Total





	High
	15
	12
	10
	10
	47



	Medium
	32
	19
	10
	14
	75



	Low
	15
	16
	4
	11
	46



	Total
	62
	47
	24
	35
	168
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Table 4. The factors affecting leisure quality of green space in various parks.
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	Community
	Obstacle Degree
	Block
	Obstacle Degree
	Region
	Obstacle Degree
	City
	Obstacle Degree





	First

Obstacle
	A3
	15.1996
	A3
	10.3670
	A2
	4.0306
	A2
	9.3057



	Second Obstacle
	B6
	8.0018
	A2
	7.2655
	A3
	3.8568
	C2
	3.9426



	Third

Obstacle
	B2
	4.2314
	C2
	1.3016
	C3
	1.2284
	C3
	3.6766



	Fourth Obstacle
	B5
	4.0482
	B6
	1.2562
	C6
	1.0500
	-
	-



	Fifth

Obstacle
	A2
	2.3784
	C5
	0.8625
	-
	-
	-
	-
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