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Abstract

:

The safety, inclusivity, accessibility, and green communities emphasized in the United Nations’ Sustainable Development Goals (SDGs) play a vital role in the establishment of child-friendly cities. The governments are actively promoting the development of sustainable, child-friendly cities that prioritize people’s needs and aim to enhance the well-being of residents, from children to families. However, there is limited research utilizing GIS analysis techniques and internet big data to analyze spatial equity in children’s spatial accessibility. Therefore, this study introduces an innovative approach focusing on the community level. Drawing on data from the popular social networking platform mobile application “Xiaohongshu” and employing network analysis methods based on walking and driving modes, this study analyzed and investigated the accessibility of children’s spaces in the city of Hangzhou, China. Regarding spatial characteristics, the distribution of children’s space resources in the main urban area of Hangzhou exhibited a “peripheral low and central high” trend, which was closely linked to the distribution of population space. This pattern indicates potential significant disparities in the allocation of children’s space resources. Notably, the core area of Hangzhou demonstrated the highest level of accessibility to children’s spaces, with Gongshu District exhibiting the best accessibility. Conversely, non-core urban areas generally had relatively poor accessibility. Furthermore, different types of children’s spaces, such as indoor cultural spaces, indoor entertainment spaces, outdoor parks, and outdoor nature areas, all exhibited the highest accessibility in the city center, which gradually decreased towards the periphery. Additionally, this study evaluated the convenience of children’s spaces in various communities by combining population size and accessibility levels. The findings revealed that communities in the core area had higher accessibility levels in the northwest–southeast direction, while accessibility decreased towards the northeast–southwest direction. Consequently, the relative convenience of these communities tended to be lower. By examining spatial equity, this study provides valuable insights into the promotion of sustainable, child-friendly cities that prioritize people’s needs and contribute to the well-being of residents, from children to families.
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1. Introduction


Currently, there is a growing societal and national focus on the upbringing and development of the future workforce. As children are expected to constitute the primary labor force for decades to come, this social evolution has imposed heightened demands on the creation of spaces tailored to meet children’s needs [1]. Consequently, numerous scholars have initiated research on children’s spaces, presenting various experiences and strategies for constructing child-friendly cities [2,3,4,5].



The significance of constructing children’s facilities within the basic spatial units of communities in urban areas is emphasized in United Nations reports. These reports indicate that urban planning has started to adjust its strategies, with a focus on social equity, people-centered decision making, and the impact of the built environment on children [6,7]. Hangzhou, located in the southeast of China, has emerged as a pioneer in child-friendly construction, being one of the initial pilot cities, in this respect, in China. Currently, there are 60 demonstration “children’s homes” located in various townships or streets within Hangzhou. Additionally, the city has developed a series of plans regarding children’s spaces.



Accessibility [8,9] can be defined as the relative ease with which the locations of facilities can be reached from a given point, taking into account factors such as distance, time, and associated costs. Spatial equity [10,11] reflects the fair distribution of resources within a region. The accessibility metric can serve as an inspiring indicator for measuring the effectiveness and equity of urban facilities. Examining the accessibility and equity of children’s spaces at the community scale can provide a scientific foundation for the government and relevant departments to execute child-friendly city construction with greater precision.



Currently, there is a significant amount of research available on the accessibility of children’s spaces, with a primary focus on several key aspects [12]. Firstly, regarding transportation, the accessibility of children’s spaces is greatly influenced by various modes of travel, particularly, walking or cycling, as well as traffic safety. Schools serve as the main destinations for children’s daily travel. Notably, comprehensive research and practical implementations related to children’s travel routes, including walking to school or utilizing school buses, have been conducted in countries such as the United States and New Zealand [13,14]. These initiatives provide valuable insights for enhancing the accessibility of children’s educational spaces.



Public green spaces play a crucial role as venues for children’s outdoor activities, promoting their physical and mental health development [15,16]. Current research on the relationship between green spaces and children primarily focuses on the correlation between the accessibility of green spaces and children’s behavioral patterns and cognitive abilities, as demonstrated by studies conducted by Reyes et al. [17] and Fernandes et al. [18].



Furthermore, in alignment with the United Nations’ Urban Development Goal [7], it is essential for children to reside in healthy, safe, inclusive, green, and thriving communities. The community represents a vital spatial unit for establishing a child-friendly city and serves as an ideal setting for children’s daily activities. As a result, the community serves as a primary entry point for research in this field. Chen et al. [19] examined various types of communities, while Wang et al. [20] conducted research specifically on the accessibility and usability of children’s spaces within the distinct area of hutongs. Consistent with other studies, these findings indicate the existence of diverse types of children’s spaces within the reachable range of a community, highlighting the need for sensible planning to mitigate the limitations on children’s activities to some extent [21].



With the advancement of technology and the availability of data, researchers have utilized methods such as GIS and travel surveys to analyze the accessibility of children’s spaces. Scholars typically focus on specific children’s service facilities. Currently, isochrone methods and two-step floating catchment area (2SFCA) analysis are widely employed in specialized studies on children’s spaces, including children’s hospitals and preschool education facilities. Accessibility analysis is conducted to examine spatial equity and propose corresponding improvement measures [22,23,24].



In general, a substantial amount of research has been devoted to exploring the accessibility of children’s spaces, covering aspects such as children’s mobility and community resources [17,19,24,25]. Currently, research on children’s space accessibility primarily concentrates on investigating the effects of factors such as transportation modes, geographical location, community facilities, and household composition on the proximity of children’s spaces. While some scholars have studied specific types of children’s space planning, such as green spaces in children’s environments, there is a lack of research that incorporates GIS technology to explore spatial equity and employs indicators such as spatial accessibility to evaluate and design spatial layout characteristics. The utilization of analysis based on mobile internet big data to explore the accessibility attributes of various types of children’s spaces at the community level, illuminating the spatial layout of children’s spaces, remains scarce.



In order to address these research gaps, this study employs GIS spatial analysis techniques and considers accessibility and supply–demand matching to calculate the spatial accessibility of different types of children’s facilities and communities in the urban area of Hangzhou city under various travel modes. Simultaneously, the convenience level of community residents is examined, with the urban area of Hangzhou city as the research area. Our study aims to address the following two questions: (1) How is the spatial equity of children’s spaces at the community scale? (2) What are the characteristics of the children’s space pattern in the urban area of Hangzhou city? By addressing these research questions, this paper ultimately reveals the spatial equity of children’s space resources in Hangzhou city’s communities. Furthermore, this study also seeks to optimize and allocate children’s facilities in the urban area, providing scientific recommendations for building child-friendly cities.




2. Materials and Methods


2.1. Materials


In this study, a total of 176 children’s facility points in Hangzhou were selected as the research subjects. Based on the functions and activity scenes outlined in Hangzhou’s child-friendly urban planning, these facilities were classified into four categories: indoor cultural facilities, indoor entertainment facilities, outdoor park facilities, and outdoor natural landscape facilities. Data were collected from the popular social networking app “Xiaohongshu” in 2020, which has a wide audience and represents a new type of popular social platform. The selection of children’s spaces shared by users on the Xiaohongshu platform ensured the effectiveness and relevance of these spaces to residents to a certain extent, although the data might have a bias towards parent–child preferences. Keywords related to parent–child travel in Hangzhou were used to extract the names of the children’s spaces from the app, and the latitude and longitude of all children’s spaces were determined using geolocation. The collected data were cleaned and extracted for subsequent analysis. Specifically, there were 21 locations classified as indoor cultural facilities, including parent–child bookstores and exhibition halls. Indoor entertainment facilities included resort hotels, parent–child restaurants, and indoor amusement parks, totaling 66 locations. Outdoor park facilities consisted of parks, entertainment industrial parks, and outdoor children’s parks, with a total of 54 locations. Outdoor natural landscape facilities included 35 sites.



The study area was limited to the urban regions of Hangzhou and was divided into two parts: the core area (including Xihu District, Binjiang District, Shangcheng District, and Gongshu District) and the remaining areas, with a total of 2362 communities/villages provided by the government. Population data for 2020 were obtained from the WorldPop website, specifically, 100 m × 100 m population grid data. Based on the acquired community data, the population grid data were statistically classified and assigned to each community according to their spatial locations. Road network data for the entire city of Hangzhou in February 2021 were obtained from OpenStreetMap and further divided into driving and walking networks. The speed limits for different road levels aligned with the maximum driving speed limits in China, namely, 100 km/h, 80 km/h, 60 km/h, and 40 km/h for road levels from 1 to 4, respectively. The walk score method enhanced by Lu et al. in 2012 was utilized, wherein standard walking was defined as 3 mph (approximately 4.8 km/h) and converted to 80 m/min [26].




2.2. Methods


This study utilized GIS network analysis techniques on the ArcGIS 10.8 platform to calculate travel cost indicators using OD cost matrices and service area planning methods. The OD cost matrix analysis involves determining the connectivity costs, such as time and distance, between multiple origins and destinations to identify the path with the lowest cost [27]. The accessibility of children’s spaces was calculated by considering the children’s spaces as the starting point and the community as the destination. Similarly, the accessibility of the community was calculated with the community as the starting point and the children’s space as the destination. Service area analysis focused on the supply side and determined the network range that supply points could cover within a specific connectivity cost.



The Walk Score, also known as the mobility convenience index, is a quantitative measure of walkability [28]. It assesses the ease of walking between a starting point and a destination, indicating the likelihood of people reaching their destination on foot. A higher Walk Score signifies greater walkability and increased accessibility to amenities within walking distance. This study calculated accessibility based on the OD cost matrix and service area analysis, referencing the Walk Score.



The basic Walk Score of facility points was obtained through OD cost matrix analysis and the distance decay law (Table 1), as shown in Equation (1). The distance decay formula was derived through curve fittings


    W   0   =  ∑    y   i      



(1)




where     W   0     represents the basic Walk Score,     y   i     represents the distance decay rate from each facility point to the community within the threshold range, and   i   represents a destination location that is included within a certain walking distance. In addition, as shown in Table 1, y is defined as a function of x. Different value ranges correspond to different expressions for x.



Considering the influence of road networks and the surrounding environment of children’s spaces, the intersection density index was introduced to further adjust the Walk Score. The intersection density calculation formula (Equation (2)) and the adjusted Walk Score formula (Equation (3)) are as follows:


  ρ =   N   π   r   2      



(2)




where   ρ   represents the intersection density in units of intersections per square kilometer,   N   represents the number of intersections within the travel distance radius (3.2 km) around the facility point, and r represents the travel distance of 3.2 km (Euclidean distance) according to the maximal travel range;


  W =   W   0   ( 100 −   y   1   )  



(3)




where W represents the adjusted Walk Score,     W   0     represents the basic Walk Score, and     y   1     represents the distance decay rate corresponding to the intersection density. When   ρ   is set to ≥200, 150–200, 120–150, 90–120, 60–90, and <60,     y   1     equals 0, 1, 2, 3, 4, and 5, respectively.



Regarding car accessibility in the context of driving mode, service area analysis techniques and distance decay effects were utilized to calculate the car accessibility index within a search range, as shown in Equation (4):


  y =     e   − 0.5 *   (   1000   r   )   2       ( 1 −   e   − 0.5   )     S   C    



(4)




where y represents the distance decay rate, r represents the service radius, which is the designated travel distance in the driving mode, and     S   C     represents the supply–demand ratio, which considers the community areas radiated by children’s spaces. The ratio is calculated by dividing the service area size   S   (in km2) obtained from service area analysis by the number of communities C within that service area.



The normalized walking and driving accessibility indices for children’s spaces and communities are expressed as follows:


    W   1   =   W −   W   m i n       W   m a x   −   W   m i n      



(5)







To better quantify the level of accessibility to communities and children’s spaces in the calculation of community accessibility, the concept of relative convenience was introduced. The relative convenience of a community is calculated by multiplying its population by its accessibility index, as shown in Equation (6):


  Q = P   W   2    



(6)




where   Q   represents the relative convenience,   P   represents the community population, and     W   2     represents the comprehensive accessibility index. The relative convenience indicator measures the convenience level of a community when considering its population size.





3. Results


3.1. Spatial Distribution Characteristics of Children’s Spaces in Hangzhou


The spatial distribution characteristics of children’s spaces in urban areas can serve as an indicator of the equity of community child space resources. Figure 1a illustrates the overall population density pattern, which exhibited high density in the city center (core area), low density at the periphery, and a decreasing population density radiating outward from multiple points. In Hangzhou’s urban area, the northeastern region demonstrated significantly higher population density compared to the western part. This variation can be attributed to factors such as physical geography and human elements. The core area, located in the northeastern region, benefits from more favorable natural geographic conditions compared to the suburbs. Additionally, differences in historical urban planning policies, distribution of social resources, and transportation development have contributed to spatial disparities in population density within Hangzhou [29]. The core area comprises small communities with dense populations, while the southwestern and central parts of Xihu District predominantly consist of communities with populations below 3500 people. Gongshu District, on the other hand, is the most densely populated administrative district, with all communities having populations exceeding 9000 people.



Figure 1b demonstrates the distribution of children’s spatial facility points, displaying a high density in the city center, which gradually decreases radially from the center outward. The core area exhibited a greater number of children’s spatial facility points, aligning with the spatial distribution trend of the population in Hangzhou’s urban area. The distribution of indoor and outdoor children’s spatial facilities appeared relatively balanced, indicating equitable resource allocation (Table 2). As the city center typically serves as the core commercial district with a stronger economic foundation, the development of children’s spaces is comparatively more advanced there, reflecting the planned layout of a child-friendly city in Hangzhou. However, outdoor park facilities and natural spaces are relatively scarce in the city center compared to other urban areas.



Conversely, indoor entertainment and cultural facilities demonstrated a higher quantity in the city center, particularly indoor cultural facilities. The distribution pattern of indoor and outdoor facilities differed due to the rapid urbanization and the dense concentration of buildings, which have somewhat limited the development of outdoor children’s spaces in the city center. Indoor entertainment facilities (e.g., parent–child restaurants, parent–child hotels, indoor amusement parks) and indoor cultural facilities (e.g., children’s exhibition halls, parent–child libraries) are often located in busy areas with high population mobility as they are commercial in nature. This corresponds to the population distribution pattern within Hangzhou’s urban area. In Xihu District’s Xihu Scenic Area, Xiaoshan District, and Yuhang District, the development of outdoor children’s spaces has progressed more rapidly and matured compared to other urban areas, owing to the presence of natural landscapes.




3.2. Evaluation of Children’s Spatial Accessibility


Children’s space plays a crucial role in the development of child-friendly cities and served as the primary focus of this research. By considering children’s space facility points as demand centers and community points as supply centers, accessibility results were calculated. Figure 2 illustrates the spatial equity in the accessibility results based on different travel modes. Within a threshold range of 3200 m and among 176 children’s space facility points, at least one community was found to have access to 174 facilities. The average walking accessibility level was 21.01, with a standard deviation of 24.14, indicating significant disparities in the equity of children’s space facilities. The walking accessibility of children’s space facility points in Hangzhou’s urban area demonstrated higher accessibility in the northeast and lower accessibility in the southwest, gradually decreasing from the city center towards the periphery. The indoor entertainment facilities located in Gongshu District exhibited the highest walking accessibility. In the core area, particularly in Gongshu District, the accessibility level was generally higher compared to other districts, indicating a greater equity of children’s spaces in the core area than in other regions.



To obtain a comprehensive accessibility level for children’s spaces, the walking and driving accessibility results corresponding to walking and driving travel modes were combined, normalized, and classified (Table 3). The distribution of the comprehensive accessibility level for children’s space facility points revealed a decreasing trend from the city center towards the periphery. Overall, the accessibility of children’s space facility points was relatively low. Indoor cultural and indoor entertainment facilities had significantly better accessibility compared to the two outdoor categories. Among them, cultural facilities for children’s spaces demonstrated the highest average accessibility. This suggests that exhibition halls and children’s bookstores in Hangzhou have extensive service coverage and better spatial equity.




3.3. Comprehensive Evaluation of Children’s Spaces at the Community Scale


As a basic unit of the city, community spaces play a crucial role in assessing the accessibility and convenience of children’s spaces at the community scale. This evaluation helps measure the spatial equity and rational layout of children’s spaces.



To begin with, the average travel time required for pedestrians from each community center to all reachable children’s spaces was calculated based on the travel time, with a 5 min interval and an upper limit of 40 min. Meanwhile, the accessibility level of pedestrian access and the overall accessibility level of the community were determined using the same method as that for children’s space accessibility (Figure 3). The average pedestrian travel time in communities showed a radial increase towards the city center. In Hangzhou’s urban area, over 70% of the communities appeared to have poor accessibility to children’s spaces. Communities with measurable average pedestrian travel time were found to be mainly concentrated in the city center and the western part of Qiantang District. In areas outside the city center, communities with children’s spaces either inside or nearby were primarily within a 10 min walking distance. It can be observed that the average pedestrian travel time in communities in the city center was significantly higher than in other administrative districts, indicating a higher fairness of community resources in this area. This may be attributed to the smaller size of the communities in the city center, denser road networks, and a larger number of children’s spaces within a 40 min walking distance, resulting in a longer average travel time on foot.



Regarding pedestrian accessibility, we found a total of 912 communities within walking reach in Hangzhou’s urban area, with 46 communities having a high level of accessibility, accounting for 5.04%, and 408 communities having a low level of accessibility, accounting for 44.74%. Communities with high or relatively high pedestrian accessibility levels appeared mainly located in the core area and the western part of Qiantang District. Particularly, the northern part of Xihu District and the southern part of Gongshu District exhibited the highest accessibility levels. In contrast, the overall pedestrian accessibility levels in other administrative districts were significantly lower than those in the core area.



After considering multiple transportation modes, the number of communities with effective accessibility levels within the study area significantly increased, and the distribution trend aligned with that in communities with high pedestrian accessibility. This indicated that the newly added accessible and effective communities were more prone to reach children’s spaces by car. However, fewer communities had high accessibility levels compared to those with children’s spaces accessible by walking. The three communities with the highest accessibility level were Yaoyuan Sixiang Community in Xiaoying Street in Shangcheng District, Hongling Community in Caihe Street, and Chaoming Street in Gongshu District. Except for the city center, the accessibility levels in other areas were generally low or relatively low, with low-accessibility communities scattered widely. This indicated significant disparities in the fairness of distribution of children’s space facilities at the community scale, particularly between core and non-core areas. These differences arose because non-core areas accounted for a larger proportion of the total area, and there, children’s spaces were found to be sparsely distributed and thus challenging to reach by walking or at a distance exceeding the driving threshold range. Conversely, the core urban area appeared smaller in size and with a high concentration of children’s spaces, which resulted in significantly higher accessibility levels for the communities compared to those in non-core areas, consistent with the characteristics of children’s space accessibility.



To provide a comprehensive evaluation of community accessibility, this study introduced the concept of relative convenience. The relative convenience index, as shown in Figure 4, was used to assess the match between the community’s accessibility level and the population demand. A low value of relative convenience indicates a great mismatch between accessibility and population demand. The results indicated that the relative convenience of the communities was primarily low, with only a few communities exhibiting high relative convenience. There was a decreasing trend moving out from the city center. Extremely low relative convenience indicates a significant mismatch between accessibility levels and population demand, leading to poor service quality and equity issues. The statistical analysis revealed that 58.70% of the communities had a low-level relative convenience, indicating a substantial mismatch between accessibility levels and population demand in over half of the communities. The communities with moderate or high relative convenience accounted for only 0.93% of all communities and appeared to be concentrated in the core urban area. Furthermore, the communities with qualified relative convenience demonstrated a southwest-to-northeast distribution pattern. This suggests that when considering population factors using precise and data-oriented methods, the accessibility level of community children’s spaces in Hangzhou was further reduced. Therefore, there is an urgent need to increase the construction of children’s spaces in these areas.





4. Discussion


Equity in the accessibility of children’s spaces holds significant importance in the development of child-friendly cities. The proposed accessibility metric can serve as an inspiring indicator for measuring the effectiveness and equity of urban facilities. While current efforts have focused on enhancing the accessibility of children’s spaces and examining related influencing factors, there remains a scarcity of studies utilizing mature GIS technology methods to investigate the equity of multi-category children’s spaces at the community scale. This paper integrates and advances prior research. Unlike previous studies that relied on online POI data, we selected data from the Xiaohongshu APP platform, which better reflect the genuine and effective use of children’s space. Additionally, this study enhances traditional research methodologies by considering street intersection density alongside service radius and population factors in the prevailing two-step mobile search method [24]. In line with the community-building goals of the United Nations’ SDG Report, we not only utilized kernel density analysis but also incorporated indicators such as the walking index to analyze spatial equity from the perspective of children’s spatial and community accessibility [30].



In this study, children’s spaces were categorized into four groups based on children’s activities. The results illustrate that the trends of spatial inequity in different types of children’s spaces were significantly different, with indoor children’s spaces demonstrating greater equity than outdoor spaces. Overall, outdoor nature facilities exhibited the lowest average accessibility to children, potentially limiting children access to nature and impacting their physical and mental well-being. From a community standpoint, the uneven and varied distribution of children’s space resources across different streets and communities is evident. Greater community equity was observed in the core urban area, while most urban periphery communities were found to offer limited space for children. Although the diversification of transportation modes has broadened the range of activities available to children and enhanced equity in the distribution of children’s space resources, families in marginal urban areas may incur higher costs to access these resources. The scarcity of children’s space within communities may reduce the frequency of children’s travel and daily independent activities.



Numerous other factors influence children’s spatial equity within communities, including transportation, social safety, gender, and ethnicity, all of which can impact the distribution of children’s spaces [31]. Spatial inequality may exist among children from different economic backgrounds. Strong community relationships, diverse memberships, and a blend of living and learning patterns contribute to increasing the frequency of children’s activities and the accessibility of children’s spaces. Meanwhile, the increase in disparities in public services within streets or communities can also lead to disparities in the equity of children’s spaces. Future additions of children’s spaces should focus on activity areas within streets or communities, plan different types of children’s spaces based on distinct community conditions, and expand flexible children’s spaces such as “play streets” to their full potential.




5. Conclusions


Based on geographic information data on the distribution of children’s spaces, community population data, and road network data in Hangzhou, we conducted a study on the accessibility level of children’s spaces at the community scale using the GIS network analysis method. The main findings are as follows:



The spatial distribution of children’s spatial facility points in the study area was correlated with the spatial distribution of the population, exhibiting a “low level in the periphery, high level in the center” trend. Locally, it displayed a point radiation distribution pattern. The number of indoor and outdoor children’s spaces in Hangzhou’s urban areas appeared roughly equal, indicating balanced resource allocation.



In terms of children’s space accessibility analysis, the core urban areas of the study area exhibited the highest accessibility, with Gongshu District having the highest accessibility level. Non-core urban areas had relatively poor accessibility, and the accessibility levels of various aspects of children’s spaces decreased from the city center towards the periphery.



Regarding community accessibility analysis, the accessibility level of community children’s spaces was the highest in the city center and gradually decreased moving outward. In core urban areas, community children’s space accessibility was higher in the northwest–southeast direction and gradually decreased outward in the northeast–southwest direction. There was a clear distinction in population accessibility between communities, reflecting differences in service effectiveness. Overall, the communities appeared to have a relatively low convenience level, indicating a mismatch between children’s space and population needs.



Based on the above conclusions, the overall accessibility of children’s spaces in Hangzhou’s urban areas is average. Therefore, the following recommendations are proposed to optimize the siting of children’s spaces: (1) The government should prioritize adding children’s spaces in community areas without data to ensure comprehensive coverage of children’s space accessibility in urban areas. (2) In the construction of core urban areas, children’s spaces should be added moderately based on community needs and relative convenience indicators, with a focus on the east–west direction of the core urban areas. (3) In non-core urban areas, children’s spaces should be gradually added starting from communities with higher accessibility levels, improving the spatial pattern of children’s spaces in urban areas.



This study has certain limitations that should be addressed in future research. Firstly, if the relevant data at the community level are available, it is recommended to further investigate the influence of various factors mentioned in the discussion on the accessibility and fairness of community children’s space resources. Secondly, although this study utilized population data from all age groups throughout the year, future research should strive to obtain more detailed data on household composition in each community to generate more targeted analysis results.
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Figure 1. (a) Spatial distribution of the population in Hangzhou. (b) Spatial distribution of children’s space in Hangzhou. 
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Figure 2. Level of spatial accessibility of children’s facilities. 
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Figure 3. Community–children’s space accessibility levels. (a) Average community walking accessibility time. (b) Community walking accessibility levels. (c) Combined community accessibility levels. (d) Comprehensive accessibility level in the core area. 
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Figure 4. Relative convenience of different neighborhoods. 
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Table 1. Distance decay law (where y represents the distance decay rate, and x represents the travel distance in kilometers).
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	Reachable Time (Min)
	Travel Range (km)
	Distance Decay Rule
	Remarks





	5
	0.4
	  y   = 100
	No decay occurs within <0.4 km



	30
	2.4
	   y = − 30.328   x   3   + 113.64   x   2   − 154.51 x + 148.33   
	Decay reaches 12 at 2.4 km



	40
	3.2
	   y = − 79.916   x   3   + 684.36   x   2   − 1953.8 x + 1864   
	Decay occurs, <0 beyond 3.2 km










 





Table 2. Distribution statistics of children’s spaces.
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	Classification
	Indoor Cultural Facilities
	Indoor Entertainment Facilities
	Outdoor Park Facilities
	Outdoor Natural Landscape Facilities
	Total





	Xihu District
	2
	8
	13
	12
	35



	Shangcheng District
	5
	9
	7
	0
	21



	Binjiang District
	3
	9
	2
	0
	14



	Gongshu District
	6
	14
	1
	1
	22



	Linping District
	1
	3
	4
	2
	10



	Yuhang District
	1
	6
	10
	7
	24



	Qiantang District
	1
	4
	4
	1
	10



	Fuyang District
	0
	2
	1
	4
	7



	Xiaoshan District
	2
	8
	11
	7
	28



	Lin’an District
	0
	3
	1
	1
	5



	Total
	21
	66
	54
	35
	176










 





Table 3. Statistical table of the comprehensive accessibility levels of children’s spaces.
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	Category
	Mean
	Standard Deviation





	Total
	24.40
	28.68



	Indoor cultural facilities
	46.82
	32.22



	Indoor entertainment facilities
	33.25
	33.75



	Outdoor park facilities
	13.07
	13.78



	Outdoor natural landscape facilities
	11.77
	16.31
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