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Abstract

:

Public sports facilities have the potential to improve their functions as active living infrastructures (ALIs) in combination with bicycle lanes and green spaces. A favorable sequence of exercise intensities in different scenes is important for individuals to take physical activity scientifically. Our research aimed to explore the feasibility of promoting and consolidating this sequence using reasonable daily exercise routes concatenated by public sports facilities, green spaces, and bicycle lanes. Taking 25 major public sports facilities in Nanjing as an example, we obtained the cycling routes from open-source data and delineated the facilities’ cycling catchment areas to assess the coordination of bicycle lanes and facilities. Further, we evaluated the potential interactions between facilities and green spaces by checking the spatial intersections between park entrances and the above routes. The results revealed that with the integration of bicycle lanes, public sports facilities could provide services to most residential areas, and potential interactions between the facilities and parks existed already. Therefore, it was feasible to design reasonable daily exercise routes coupled with the existing facility layout. Moreover, the service gaps and potential interactions were affected by the layout of the facilities, the density of the bicycle lanes, the configuration of green spaces, and the official planning proposals. This research advances the understanding of how public sports facilities can be pivotal to the cooperation of ALIs with other infrastructures.
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1. Introduction


Urban health problems deriving from sharp conflicts between social development and environmental problems due to rapid urbanization have attracted increasing attention. Thus, the practice of a “healthy city” has been carried out in diverse and unique ways universally [1,2,3,4]. Public infrastructures for health promotion came into being in response to the active life concept of “integrating physical activity into daily life” [5,6]. Not only the layout design of these infrastructures, but the ways citizens use and experience them, are hot issues in urban planning.



According to the statistical yearbook of diseases and clinical experience, in recent years, physical inactivity has caused various chronic diseases [7]. During the COVID-19 pandemic, studies found a correlation between chronic disease and the risk of severe illness and death [8,9]. As early as 2010, the WHO proposed global recommendations on physical activity for health to prevent non-communicable diseases through increased activity at the population level [10]. It suggested that mild exercise could not meet the demands of healthy living, and that moderate or vigorous exercise is necessary. Exercise of mixed intensities can be beneficial in many aspects, such as letting individuals challenge themselves in a tolerable way and maximizing the benefits of exercise in a relatively short time. It has been found that placing some moderate exercises prior to milder ones is more beneficial because of the greater fat oxidation and lower stress it elicits [11].



Public sports facilities featuring professional training and support facilities serve as critical exercise and active-living hubs for citizens. Understanding how well these facilities work and their layouts is crucial. The literature on public sports facilities focuses on walking accessibility, spatial layout, and optimal site selection [12,13,14]; on relevance with the built environment, specificity, the regional population, and economy [15,16,17]; on the types of sports provided [18]; and on the users of the facilities [19,20]. However, there is a gap between the importance placed on public sports facilities for promoting exercise and the research done on it. The propensity for going to public sports facilities is affected by travel convenience and experience. Focusing on the travel convenience, the assessment of the facility service capacities provides the basis for improving the convenience, in which the delineation of catchment areas is an important method. In the literature, the methods of delineating catchment areas are based mainly on radius and straight-line distance, and on consumption costs [21,22,23]. When shifting the focus to the travel experience, the travel routes and the places passed need to be addressed. The effects of the surrounding built environment, perceived availability, individual preference, etc., need to be considered.



How to encourage citizens to take daily exercise is a comprehensive issue where urban infrastructures should be included as research objects. Public sports facilities play an irreplaceable role in sports infrastructure and must interact with other infrastructures, such as transportation infrastructures and green infrastructures, etc., to provide services more efficiently. However, the possibilities of such interactions depend on the spatial layout in ways rarely discussed in the literature [6,24]. We summarized the infrastructures for promoting daily exercise, such as bicycle lanes, walkways, open spaces, and sports facilities as “active living infrastructure” (ALI) [6]. Considering the popularity, user modes, intensity of exercise provided, and morphological characteristics, we selected bicycle lanes and parks from ALIs as the interactive objects of public sports facilities in our study.



Cycling is a non-motorized mode of travel that combines low carbon emissions and exercise [25], which not only improves the health of the population but reduces inequality [26,27]. Cycling has prominent advantages over walking in short- and medium-distance travel because of its range and speed. However, cycling infrastructure is more sporadic and temporary than walking infrastructure [6]. In healthy city practices, the importance of bicycle lanes has been recognized; Los Angeles, Amsterdam, and New York in particular have put forward bike-friendly design guidelines. COVID-19 has made cycling an important part of daily travel, especially for commuting, in many cities around the world [28]. In the long term, cycling can also reduce the consumption of fossil fuels.



Compared with public sports facilities and bicycle lanes, green spaces have stronger neighborhood effects due to their larger size and more flexible boundaries [29,30]. Parks are important green spaces where mild exercise can be carried out to mitigate the negative effects of vigorous exercise [31,32]. Green spaces improve health not only physically but also psychologically. A study on emotional health risks pointed out that green spaces and water are critical to mitigate the negative emotional hazards in high-risk areas [33]. Another study has found that the perceived availability of green space has positive implications for health [34]. Adding parks to travel routes can improve the travel experience and increase the benefits of exercise for cyclists. In addition, studies have also shown that people who visit parks frequently also have positive attitudes toward bicycles and physical exercise [35].



We began our study by analyzing the coordination of bicycle lanes and facilities by delineating facilities’ cycling catchment areas. A new research method was used to delineate public sports facilities’ cycling catchment areas, relying on big data. Given the closed or semi-closed form of residential communities in China, which result in longer distances than previous models, we used the Baidu Map API to obtain travel routes and residential areas. Using the catchment areas, we then evaluated the service capabilities of public sports facilities according to different indexes. By measuring the residential areas, population and number of residential buildings served by facilities through bicycle lanes, we provided a reference for the coordination between sports facilities and bicycle lanes in the quantification. Second, we studied the spatial intersections between cycling routes and park entrances to explore the potential interactions between the facilities and green spaces for cyclists. The research results can show planners the underserved areas and the cycling routes that meet the need for the reasonable daily exercise routes we envisioned intuitively. On the basis of our research, planners can also consider high-frequency bicycle lanes as references for greenway construction. Our findings will help urban planners improve the layout of ALIs and extend the influence of public sports facilities.




2. Materials and Methods


2.1. Study Area and Subjects


Nanjing, which hosted the Youth Olympic Games in 2014, is the only city in China besides Beijing to have hosted international Olympic events. By 2021, 148 public sports facilities and 174.6 km of greenways had been built in Nanjing. That year, the per-capita area of gymnasiums in Nanjing reached 3.23 square meters, much higher than the average of Chinese cities [36]. The study area covered the main urban region of Nanjing, including six districts: Xuanwu, Qinhuai, Jianye, Gulou, Qixia (part), and Yuhuatai (part). These encompassed 44 sub-districts (Jie-dao), an area of 308.52 km2, and a population of around 3.66 million (according to 100 × 100 m precision raster data from 2010).



Because of the longer travel distances of cycling and the clear intentions of cyclists, we selected more comprehensive and attractive public sports facilities as study subjects. According to the classification requirements (Table 1) and planning documents proposed in the Master Plan of Nanjing in 2019, there are 25 “city and district level” (city/province level, and district/new town level) public sports facilities meeting the need (Figure 1).




2.2. Data Sources


We took the cycling routes from residences to public sports facilities as crucial data and superimposed the following data onto it: the outlines of the administrative districts, the locations of public sports facilities, the locations of residential buildings, the outlines and areas of residential communities, the local population information, the outlines of parks, and the locations of entrances to those parks.



The location data on public sports facilities and park entrances were corrected by a field investigation. The location data for residential buildings were based on POI queries that included the geographical coordinates of a large number of residential buildings in the study area. The cycling routes from residences to sports facilities were based on the routes recommended by the Baidu Map API, which included information on the distance, duration, and start and end points [37]. The local population data were based on the population density data for Nanjing (100 × 100 m precision raster data from 2010). The outlines of the administrative districts used were those of the municipal administrative divisions and sub-district administrative divisions of Nanjing. Closed and semi-closed communities are special residential agglomeration forms in China, usually having relatively clear enclosed boundaries. The outlines of the residential communities were based on the area of interest (AOI) queries in the Baidu Map API.




2.3. Methods and Indexes


We superimposed the above data and used indexes to delineate the cycling catchment areas to assess the service capacities of the facilities and identify the spatial intersections between cycling routes and park entrances. The procedures (Figure 2) and relevant indexes (Table 2) are given below.



Step 1. Using the Baidu map API and a ground survey, we identified the entrances of 25 public sports facilities (72 entrances) and 50 parks (318 entrances).



Step 2. Coding with Python, we called the POI and AOI query functions on the Baidu Map to search for the POIs of residential buildings and the AOIs of residential communities within 80 square kilometers around 25 public sports facilities.



Step 3. With Python, we called the tourism navigation function of the Baidu Map to search for the recommended cycling routes connecting public sports facilities to the POIs of residential buildings. The routes were then screened with time thresholds of 15, 10, and 5 min.



Step 4. We used ArcGIS10.6 to superimpose the POIs of residential buildings and the AOIs of residential communities onto cycling routes to delineate the cycling catchment areas. Then, the administrative districts, populations, and core densities of the POIs were combined to let us evaluate the service capabilities at different levels.



Step 5. We used ArcGIS10.6 to create 500 m and 50 m buffers separately around the entrances to the parks. One precondition for cyclists to enter a park is perceived availability. The buffers were based on the visibility of people and the built environment. A distance of 500 m is one at which people can recognize the outlines of things, and it is close to the diameter of many parks in Nanjing. It was thus considered as an idealized standard for cyclists to recognize that a park is nearby. Considering the road width and the occlusion of buildings, we defined 50 m as the standard for cyclists to be able to see a park entrance in detail. The buffers were superimposed onto the cycling routes to analyze the spatial intersections between the routes and entrances and the potential interactions between public sports facilities and parks.





3. Results


3.1. Service Capacities of Public Sports Facilities Based on Bicycle Lanes


3.1.1. Service Capacities of Facilities at the City Level


The service areas, service populations, and service POIs of public sports facilities within 5, 10, and 15 min are given in Table 3. The service-area and service-population data showed that the service capacity of the public sports facilities was not satisfactory, and the service POIs indicated that the facilities served more than half of the residential building POIs. This might be due to differences in residential aggregation and a varying population density. Because residential buildings were the main areas for citizens’ daily activities and future occupancy of vacant housing, we compared the residential building POIs’ nuclear density and cycling catchment areas to evaluate the rationality of the distribution of a public sports facility.



On the whole, there was a spatial consistency between the residential building POIs and the cycling catchment areas within 5, 10, and 15 min. The service areas were consistent with a high nuclear density (Figure 3), meaning the current distribution of public sports facilities was generally reasonable. The inconsistency between the service areas and nuclear density indicated that there were underserved areas in the northwest and southeast. The service capacities of the facilities in the central areas were better than those in the peripheral areas of the city.




3.1.2. Service Capacities of Facilities at the District Level


The results showed that different indexes at this level had different priorities in judging the results of a beneficiary status (Table 4). Within 5, 10, and 15 min, Qinhuai and Gulou Districts had the best benefits when the service population was taken as the measurement standard. When the other two indexes were used as the standard, Qinhuai and Xuanwu Districts received a better service.



In addition, within the different time thresholds, the beneficiary status of each district was different (Figure 4). Within 5 min, the public sports facilities in Jianye District had 1281 service POIs, significantly more than the rest. This indicates that the facilities there were spatially closer to the surrounding residential buildings, and the service capacity for short-distance travel in this district was higher than in the others. Within 15 min, the service areas of Xuanwu District were the largest, as was the service population. This means that the facilities in Xuanwu District had the strongest service capacity for long-distance travel.




3.1.3. Optional Capacities of Facilities at the Sub-District (Jie-Dao) Level


At the micro scale, we changed the perspective, adding optional capability as a standard. Following the definition of the assignment of POIs, we summed the assignments of every sub-district (Jie-dao) and divided the total by the area of each (Figure 5). The results showed that Fenghuang Jie-dao, Chaotiangong Jie-dao, and Laowucun Jie-dao had the best optional capabilities. Huaqiao Road Jie-dao, Xinjiekou Jie-dao, Meiyuan Xincun Jie-dao, and Hongwu Road Jie-dao were second. The reason for this might be that these streets had longer histories than the rest. The older Jie-dao in cities were more likely to have higher building densities and better public infrastructures, including bicycle lanes and sports facilities, at all levels.




3.1.4. Ranking of Facilities by Service Capacity


According to planning documents, the government has built sports facilities at different levels with the concept of a “10 min life circle.” We ranked the service capacities of the facilities by three indexes within 10 min (Figure 6). The results show that the service capacity was inconsistent with the facilities’ level. Some district-level facilities had high service capacities, such as Nanhu Gymnasium and Jianye Amateur Sports School, while some city-level facilities had a low capacity. The reason might be that some city-level facilities were massive, usually those in newly built areas, while the surrounding infrastructures were incomplete. By contrast, the scale of district-level facilities was smaller, and they were usually surrounded by dense residential buildings, and a better surrounding infrastructure.





3.2. Potential Interaction between Green Spaces and Facilities by Bicycle Lanes


We screened 15,249 routes intersecting the buffers (Figure 7), accounting for 54.8% of the total samples (27,840 routes). Every district owned routes that met the conditions, but the qualified routes only in Qinhuai, Jianye, Yuhuatai, and Qixia Districts exceeded 50% of the samples in themselves (Table 5).



Xuanwu District had the most routes, and Qixia District had the fewest. Xuanwu District had the most greenspaces and facilities, and the spatial distances between them were close. In Xuanwu District, the public sports facilities were almost all distributed along the edges of the green spaces. This was confirmed by the proportion of qualified routes. In Qixia District, however, there were only two facilities, both in the south of the district, and the green spaces were mainly in the north, meaning they were completely separated. Yuhuatai District also had fewer qualified routes than the other districts, but mainly because there were only one facility and fewer route samples in this area. To judge by the proportion of qualified routes, the green spaces and facilities in Yuhuatai District were not separated. To be precise, through a field survey, we found that the only public sports facility in this district was indeed close to green spaces.



3.2.1. Probability of Interaction during Travel


We defined the probability of the interaction between public sports facilities and parks during travel as the ratio of the length of one route intersecting 500 m buffer zones to the length of the route itself. The ratios for all the qualified routes were greater than 0, which means that interactions could occur on all of them. The higher the ratio, the longer cyclists would stay within the influence of the parks, and the greater the probability of an interaction.



The results showed that the characteristic of probability in each district was different (Table 5, Figure 8). The probability of an interaction in Qinhuai, Jianye, and Gulou Districts were not centralized, while those in Xuanwu, Yuhuatai, and Qixia Districts were clustered. In the extreme case, the probability of an interaction above 0.75 exceeded 80% of Xuanwu District, which might be caused by the similarity of qualified routes. Moreover, the probability above 0.5 exceeded 50% of every district, except Qixia Districts. It meant that the great probability of an interaction occurred on many qualified routes, where reasonable measures could be taken to turn the probability into a reality.




3.2.2. Times of One Route Passing by Park Entrances


A total of 7287 routes were screened, accounting for 26.2% of the total samples (Table 5). The qualified routes exceeded 50% of the samples only in Yuhuatai District. Qixia District had the fewest qualified routes with only three. Most of the routes passed park entrances only once, and the number was 5979. In the extreme case of Xuanwu District, however, there were 20 routes that passed the entrances five times each (Figure 9). By the number of qualified routes and times passing entrances, Xuanwu and Qinhuai Districts did better than the others. This means that the potential interactions between the public sports facilities and parks in those two districts were already strong.






4. Discussion


4.1. Reasons for the Service Capacity Gaps of Public Sports Facilities in Cycling Access


We compared the service capacities of public sports facilities on the basis of cycling catchment areas, which showed the current coordination of bicycle lanes and public sports facilities. The spatial distributions of underserved areas showed that the service capacities of the facilities in peripheral areas were inferior to those in central areas, especially in the northwest and southeast. This means that residents of central areas could fully enjoy public sports facilities by cycling, but those in peripheral areas benefited less. This result appears to be consistent with previous studies [39]. Moreover, the service capability gap was reflected not only in service areas, service populations, and service POIs, but in the optional capability. We also discovered, contrary to common sense, that the service capacities of facilities were inconsistent with the construction levels: some district-level facilities had much greater capacities than some city-level facilities.



The service capability gap between facilities in urban centers and those in peripheral areas was caused by differences in the population, housing density, and infrastructure construction. There were highly clustered residential communities in the southeast and northwest of the peripheral areas, even denser than some central areas, but lacking city- and district-level facilities. This phenomenon reflected the fact that the population aggregation in those areas exceeded the infrastructure planning, resulting in the vacancy of the public sports facilities. Not only that, the population density, residential density, and bicycle lane density in the city center were much higher than in the peripheral areas, which also affected the service capacities of the sports facilities at different levels. Both the city- and district-level facilities showed great service capacities in the city center. By contrast, the capacities of some city-level facilities in the peripheral areas were even worse than those of district-level facilities in the city center. This was not caused by the facilities themselves; in fact, the facilities in the peripheral areas were newly built and well equipped. The main reasons were that the construction of nearby supporting infrastructure was imperfect, the residential populations were small, and the vacancy rate of residential buildings was high. This means that those facilities had high idle service capacities for a period of time. The same phenomenon occurred in other cities [12,40]. However, in China, this kind of idleness is usually short term. It is a characteristic of civic planning in China that construction often precedes population migration. It was difficult for us to predict social changes, such as housing occupancy and migration in the region, but the Chinese government is accustomed to guiding population agglomeration in this way. In addition, the topographical aspects of the city affected the service capacity, especially at the sub-district (Jie-dao) level. Zhong Mountain and XuanWu Lake are located in northeast Nanjing and create geographical obstacles to bicycle travel.




4.2. Factors in the Potential Interaction between Parks and Facilities


We evaluated the potential interactions between public sports facilities and parks by identifying the spatial intersections between park entrances and cycling routes. The gap in the number of qualified routes confirmed the distances between green spaces and sports facilities. It turned out, though the planners might not have intended this, that green spaces and sports facilities were mostly located close together, which is worth thinking about. In districts with large numbers of routes, facilities were mostly located around parks; these included Xuanwu, Qinhuai, Gulou, and Jianye Districts. In Xuanwu District in particular, the facilities were distributed almost along the edge of Zhong Mountain. The numbers of qualified routes in Yuhuatai and Qixia Districts were small, but their situations differed. The facilities were not far from green spaces in Yuhuatai District, which was consistent with the high proportion of qualified routes. By contrast, the number and proportion of qualified routes in Qixia District were both small, which was consistent with the spatial separation of green spaces and facilities in this district.



Moreover, we found clustering in the probability of an interaction, which might be related not only to the distances between green spaces and facilities, but to the road network structure. The clustering was caused by similarity among routes: some routes shared the same segment, and it was these segments that intersected the buffers around park entrances. This might mean that improving those route segments would benefit a larger number of routes. By counting the times of a single route passing by park entrances, we found that most routes passed entrances once or twice, and only a few routes passed more often. This might be caused by the morphological characteristics of green spaces. The most extreme example was in Xuanwu District, where routes passed park entrances five times. This was due to the park being banded and having a shape similar to that of the routes themselves.




4.3. Thinking about Exercise Promotion in a More Operational Way


A large number of studies have explored the topic of the built environment promoting exercise, from multiple perspectives. Green spaces, sports facilities, and bicycle lanes are widely discussed and are often regarded as independent research objects [41,42,43,44,45]. Some scholars have recognized that active living infrastructure is not independent, however. They have proposed the importance of creating urban systems with sports spaces, facilities, and green space connected [46,47,48]. However, that is only a general suggestion. The research on how to promote daily exercise with the help of public infrastructure in more operational ways is insufficient. What we conceived is a specific scenario: the reasonable daily exercise route. We think this is a way to make the system more concrete and operable. This scenario is one kind of urban system in which sports facilities are connected with green spaces by bicycle lanes. We mainly verified the feasibility of such a system and suggested how to implement the system by focusing on specific objects. Some detailed implementation methods are described in Section 4.4. Other researchers could also construct a system by imagining other scenarios, as we did, and could implement their system by verifying the feasibility and analyzing how to improve it for different objects.




4.4. Optimization of Suggestions


4.4.1. Solutions to the Shortage of Public Sports Facilities


The scale of additional facilities must be judged in accordance with the long-term regional development plan, future permanent population, and so forth. It is necessary to propose new facilities in the southeast and northwest areas or to upgrade the existing, low-level facilities. In addition, there were some universities in these underserved areas. Their gymnasiums included excellent sports apparatus and might be opened to the public, which has been a trend [49]. That would require the government to take the lead and improve management systems to alleviate the imbalance between public demand and the available resources. In the central areas, due to land shortage and complex land transactions [50], it would be difficult to add facilities on a large scale. We suggest that the management department increase the sports equipment and projects in the existing facilities, add new entrances and exits, and improve the surrounding environment to reduce travel obstacles [51].




4.4.2. Planning of Bicycle Lanes That Combine Green Spaces and Public Sports Facilities


The planning of bicycle lanes must be done in consideration of exercise travel routes and green spaces. The density of the bicycle lanes in the peripheral areas was low, which is true in many Chinese cities [52]. We suggest that when adding bicycle lanes, planners pay attention not only to the economic and social conditions of the surrounding areas but to the coordination of bicycle lanes with public sports facilities. Bicycle-oriented spaces should also receive attention. Previous studies have shown that micro-scale built environments, such as wider roads with more streetlights and trees, a higher sky openness, and a proximity to mountains and water, facilitate running [53,54]. Similarly, bicycle-oriented spaces are easily incorporated into the urban fabric through the design of streetscapes, greenways, or greenbelts to promote cycling and improve the travel experience. By observing the cycling routes in the study, we were able to identify the high-use road segments, which would be valuable for improvement.



In addition, cycling routes that have spatial intersections with parks are of a special significance. Benefiting from the strong neighbor effects of parks and perceived access to green spaces, these routes could exert their influence in multiple ways that might be valuable for greenway planning. At the time of the study, the concept of riding friendship was still in its infancy in China, and only a few big cities, such as Shenzhen and Beijing, attached importance to it [55,56]. Improvements to bicycle-oriented spaces will enhance the riding experience and promote the development of friendly riding in other Chinese cities.




4.4.3. Encouragement of Cyclists and Users of Public Sports Facilities to Enter Parks


It is worthwhile to encourage cyclists and users of public sports facilities to enter parks, in view of the preference of the population and the characteristics of different training intensities. One of the most direct ways to do so is to make people aware of the presence of the park, for instance by placing guide signs to increase the possibility of an interaction. Interactions between the 500 m buffer and cycling routes could provide locations for these signs. Furthermore, reducing the barriers around park entrances will help people recognize parks visually [57]. The feelings produced on the way to the park, such as insecurity or a fear of injury, can also affect one’s willingness to enter. It is necessary to provide a safe environment for people to travel from public sports facilities to parks. Last but not least, it is crucial to spread awareness that mixed-intensity exercise and reasonable exercise sequences can promote a healthy lifestyle.





4.5. Advantages and Limitations


We used a new method to get data from open-source data and defined indexes in the Chinese context to delineate the catchment areas. Open-source data were more convenient, precise, and informative than traditional sources. Depending on how people perceived physical distance and the characteristics of residential communities in China, we gathered the AOIs of residential communities from local big-data platforms to determine service areas. This research method expresses respect for regionalism. Next, we checked for spatial intersections between the park entrances and cycling routes to evaluate potential interactions between the facilities and parks. The 500 m and 50 m buffers around park entrances were designed with different meanings, and the problem was simplified to the intersections of geometric figures.



The limitations to this study include the following. We ignored some complexities of the real situation. For example, residential buildings and communities were reduced to geometric figures, ignoring differences in the number of households, building density, and community size. Our evaluations of the potential interactions were also based only on whether people could see parks, ignoring various other influences on their observations, such as the attractiveness of different parks, psychological conditions while cycling, and one’s attention level after physical training.





5. Conclusions


This study expands how public sports facilities are viewed and considers them as active living infrastructures from a comprehensive perspective. First, we employed big data to acquire cycling routes from residential buildings to public sports facilities and to delineate cycling catchment areas. This step was focused on linking citizens and sports facilities through bicycle lanes and evaluating the current service capacity. Our findings provided insights into underserved areas and service capacity gaps, and especially into why and how these arose at different scales. Second, we identified spatial intersections between park entrances and cycling routes and then selected the regions with better existing conditions. The results revealed that parks could be seen during travel from residential buildings to public sports facilities, even if they were not deliberately designed this way. Planners need to improve the perceptibility of parks to cyclists, however, for instance by increasing the guide signs, reducing shielding, and providing safe environments to encourage people to enter parks.



In addition, we would like to express the view that the infrastructure for promoting an active life is not an independent matter. This fact can be recognized if we design some example scenarios. By ordering sports in intensity from moderate to mild, we were able to design an operable system connecting public sports facilities and green spaces. Other researchers could construct similar systems to connect sports spaces and green spaces by imagining other scenarios. We believe that our method can function as a reference. In addition, researchers can further study the routes we selected. These routes are based on bicycle lanes, which have the potential to become high-quality greenways, connecting residential areas, parks, and public sports facilities. Researchers can continue to evaluate them using different indicators, such as green visibility, service scope, and carbon emission, etc., to find the best daily exercise routes to recommend, or they can identify the segments with the highest usage among the routes we chose, as references for greenway planning.



Furthermore, the Baidu Map API provided us with a new way to obtain data. In comparison with the traditional acquisition methods, big data are promptly updated and informative, and should be recognized for this. All in all, we hope to have demonstrated the feasibility of concatenating daily exercise routes with public sports facilities, bicycle lanes, and green spaces, to promote healthy city development in China.
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Figure 1. Distribution of public sports facilities in the study. 
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Figure 2. Operating flow of the study. 
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Figure 3. Spatial consistency and inconsistency between POI core density of residential buildings and service areas based on time thresholds. (a) POI core density of residential buildings; (b) service areas based on time thresholds. 
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Figure 4. Service areas based on time thresholds at the district level. 
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Figure 5. Optional capacities at the sub-district level. 
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Figure 6. Ranking of public sports facilities by three indexes. (a) Service POIs; (b) service areas; (c) service population. 
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Figure 7. Cycling routes intersecting buffers. (a) Routes intersecting 500- and 50 m buffers all over the study areas; (b) five examples of routes intersecting 50 m buffers. 
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Figure 8. Probability of interaction. 
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Figure 9. Times of one route passing park entrances. 
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Table 1. Four-level classification of public sports facilities in Nanjing.






Table 1. Four-level classification of public sports facilities in Nanjing.





	Classification
	Target Population
	Sports Project Type
	Function





	City/province level
	City-wide and above
	Gym, swimming pool, national fitness center, sports park, sports training base, sports school
	Sports events, competitive training, national fitness



	District/new town level
	District-wide
	Swimming pool, national fitness center, sports park
	National fitness



	Community/new town level
	Community-wide
	Sports center, fitness park
	National fitness



	Village level
	Village-wide
	Training station, fitness park
	National fitness
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Table 2. Relevant indexes.






Table 2. Relevant indexes.





	Index
	Definition
	Remark





	Service areas
	Residential building AOIs within the cycling catchment areas of the public sports facilities.
	Considering the concept of “leaving home” and people’s cognition of distance in their residential areas [38], the service areas were determined by residential community AOIs.



	Service POIs
	Number of residential building POIs within the cycling catchment areas of the public sports facilities.
	This describes the number of residential buildings that public sports facilities could serve.



	Service population
	Population, calculated from population density data on Nanjing and service areas.
	This describes how many residents public sports facilities could serve.



	Assignment of POI
	Assignment based on the number of routes that each POI owns.
	Some POIs had multiple routes, which meant an optional capability.



	Probability of interaction during travel
	Ratio of the length of one route intersecting a 500 m buffer around park entrances to the length of the route itself.
	The higher the ratio, the longer cyclists would be able to recognize the parks, and the greater the probability of interaction.



	Times of one route passing by park entrances
	Times deduced from the intersection points of the cycling route and the 50 m buffer around park entrances.
	The number of intersections points (n) and the times one route passed by the park entrances (N) could be expressed as N = [(n + 1)/2] or [n/2] + 1.
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Table 3. Service capacities of facilities within 5, 10, and 15 min at the city level.
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	Time
	Service Areas (ha)
	Service POIs
	Service Population





	5 min
	1271.73
	3588
	222,127



	10 min
	3623.14
	11,620
	628,472



	15 min
	5176.69
	16,584
	912,876










[image: Table] 





Table 4. Service capacities of facilities within 5, 10, and 15 min at the district level.
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District

	
Number of Facilities

	
5 min

	
10 min

	
15 min




	
Service Areas (ha)

	
Service Population

	
Service POIs

	
Service Areas (ha)

	
Service Population

	
Service POIs

	
Service Areas (ha)

	
Service Population

	
Service POIs






	
Qixia

	
2

	
118.62

	
1873

	
191

	
330.09

	
6,504

	
609

	
492.16

	
14,064

	
1105




	
Qinhuai

	
5

	
254.78

	
79,053

	
900

	
813.81

	
219,206

	
3116

	
1366.21

	
356,502

	
19,679




	
Xuanwu

	
8

	
336.54

	
39,742

	
939

	
1088.84

	
137,310

	
3386

	
1916.48

	
246,207

	
5541




	
Jianye

	
4

	
253.46

	
36,137

	
1281

	
1024.71

	
132,511

	
2107

	
1271.85

	
245,978

	
3551




	
Gulou

	
5

	
227.69

	
57,648

	
860

	
778.42

	
190,743

	
2844

	
1249.14

	
337,576

	
5045




	
Yuhuatai

	
1

	
71.56

	
3,121

	
192

	
160.27

	
6,999

	
448

	
317.23

	
19,679

	
853
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Table 5. Number of routes intersecting the buffers.






Table 5. Number of routes intersecting the buffers.





	
District

	
Route Samples

	
500 m Buffer

	
50 m Buffer




	
Qualified Routes

	
Proportion

	
Qualified Routes

	
Proportion






	
Qixia

	
690

	
498

	
72.2%

	
3

	
0.4%




	
Qinhuai

	
3883

	
3358

	
86.5%

	
1859

	
47.9%




	
Xuanwu

	
8825

	
4179

	
47.4%

	
3127

	
35.4%




	
Jianye

	
6513

	
3758

	
57.7%

	
1204

	
18.5%




	
Gulou

	
7255

	
2860

	
39.4%

	
1197

	
16.5%




	
Yuhuatai

	
674

	
596

	
88.4%

	
375

	
55.6%




	
Total

	
27,840

	
15,249

	
54.8%

	
7765

	
27.9%
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