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Abstract

:

Improvement of the walkability of the 15-min community life circle can enhance convenience for residents to obtain daily service facilities. In this paper, by obtaining the Point of Interest (POI) data of daily facilities used by Shanghai residents, we calculate the walk scores of community residents within 15-min walking distance using the walkability assessment tool and analyze the results with population density for spatial correlation. The results show that communities with high walk scores are concentrated in central areas, with low walk scores are scattered in the suburbs of the city. Walking scores are high for access from communities to bus stops and commercial services but low for access to parks and primary schools. The formation of a compact and accessible spatial layout can significantly improve the walkability of the community. Walkability is not only related to the construction of facilities in terms of quantity and space but is also influenced by the degree of spatial clustering in the community. It needs to be reasonably configured in conjunction with the spatial distribution of the community in order to effectively improve the utilization of facilities. Finally, community walkability is significantly and positively correlated with population density.
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1. Introduction


First introduced in 2014, the “15-min community life circle” concept aims to create self-sufficient neighborhoods with essential functions of living, working, healthcare, commerce, education, and entertainment by decentralizing urban functions and services [1]. It follows a proximity-oriented strategy that focuses on the redistribution and placement of urban facilities and resources within the community [2]. Moreno envisioned dense and interconnected socially and functionally mixed communities based on human-scale design to encourage walking [3]. The Cities Climate Leadership Group (C40) recommended the 15-min city concept as a vital strategy for post-COVID recovery. In the wake of the new coronavirus (COVID-19) outbreak, the public wants future urban planning to focus on building adjacent facilities in a 15-min life circle rather than investing in large infrastructure projects to support the economy [4,5,6]. Fifteen-minute cities can lead to a higher quality of life in long-term planning, saving travel time by rethinking the transportation system to create more bicycles and sidewalks. It also promotes sustainable urban development by reducing environmental pollution caused by excessive car use, lowering per capita energy consumption and reducing pressure on public health systems [7,8,9]. At the same time, promoting walking in turn inspires the construction of parks, plazas, and public spaces in communities, better improving the physical activity and mental health of residents [10]. Walkability helps to reduce obesity rates among residents and promotes physical and mental health [11]. Fifteen-minute city strategies can provide advantages for public health and reduce crime rates by providing equal access to employment opportunities [12], services, and open spaces for everyone [13], as well as walkable environments in neighborhoods [14]. It also increases opportunities for socializing in public places, such as sidewalks, reduces transportation costs and enhances a sense of identity [15].



Scholars have focused on the equity [16], accessibility [17], and spatial distribution characteristics [18] of public service facilities in the life circle. Researchers have proposed various models and indicators to assess walkability in both subjective perception and objective dimensions [19]. Walkability is an appropriate term used to describe walking friendliness. The walkability approach has been validated and highly recommended for its effectiveness in measuring neighborhood walkability in different regions [20,21]. It avoids the shortcomings of time-consuming and laborious field observation and inaccurate subjective evaluation data [22]. European and American countries have developed evaluation methods and tools for walkability according to their own characteristics. Walk scores, as pointed out by American scholars in 2007, are now widely used for walking evaluation indexes. This method is used to measure walking around the world and has been widely used in many western countries. However, methods designed for land use planning in North America and Europe are not necessarily generalizable to developing countries, which have different built environments and cultural contexts than the West. Scholars such as Su developed a revised walk score tool to measure walkability in Chinese communities [23]. Weng demonstrated the link between walkability and health outcome indicators, and that walkable communities are not equally supplied or distributed [15], and it should have significant implications for health disparities and land use planning. Currently in developed cities in China, 15-min life circles are gradually becoming integrated into people’s lives, yet few reports have been published on social inequalities in walkable communities in China [21]. It remains to be seen how community life circles will change in the future.



In this paper, we measure the walkability of the 15-min community life circle in Shanghai by collecting data, such as POI, geographic information road network, block length, and population density. The walkability of public facilities within the 15-min walking circle of the neighborhood are explored, such as schools, medical care, bus stops, parks, express delivery, restaurants, shopping and so on, and the spatial distribution characteristics are analyzed. Correlation analysis between the walkability and the population density is carried out to verify the experimental results, and the reasons are analyzed and suggestions for improvement are put forward based on the study.




2. Materials and Methods


2.1. Study Area and Data


Located in the Yangtze River Delta and adjacent to the East China Sea (Figure 1), Shanghai is the major industrial and commercial center, and the most rapidly urbanizing and developed metropolis in China. After undergoing significant socioeconomic transformations over the past forty years [24], Shanghai has experienced urban diseases, such as traffic congestion and increased morbidity [25]. In response, the local government has advocated “15-min walkable neighborhoods”, aiming at providing basic public services, such as education, medical care, elderly care, and commercial services, within 15-min walking distance for each community. In this way, overall walking behavior will be promoted, resulting in equalization of public services, increased health motivation, and improved quality of urban life.



The POI data of Shanghai communities and 14 types of public service facilities are obtained from AutoNavi Map (Table 1); the road network, block length and administrative district boundary data are obtained from the Shanghai land use map. The standard distance decay law was obtained, and the distance decay was divided into intersection decay and block length decay. According to the walking speed of 80/min; the range of 15-min life circle is calculated as 1200 m. The two-level walking system of 0–5 min (0–400 m), and 5–15 min (400–1200 m) were calculated separately to obtain the total walking score. Population density data were obtained from the Shanghai Statistical Yearbook 2021.




2.2. Research Methods


2.2.1. Calculating Walkability: Walk Score


The walkability is calculated in ArcGIS by the following four steps.



(1) Network analysis based on ArcGIS. By obtaining the number of road intersections for spatial connection and network analysis, the road topology data is spatially connected to the road, and the spatial connection between the community points and the block length is established to establish a network data set;



(2) OD cost matrix analysis. The distance from each community location to the selected facility is calculated by creating a new OD cost matrix in the “Network Analyst” window of ArcGIS software. The starting points are then loaded as the communities and the destination points are loaded as the locations of the studied facility points, with the break value set to 1200 m. The final OD line will appear on the map by solving for it;



(3) Decay function. We adopt the tolerance time method [26,27], which represents the time threshold that a person can accept to arrive at facilities. The walking time is divided into two periods: 0-5 min, and 5-15 min. A Gaussian function was used to simulate the underlying decay function. The coefficient does not decrease during 5 min but continuously decreases to 0 at the end of 15 min. The decay rate R(t) is calculated by Equation (1).


  R ( t ) =   {    y 0  + a  e  −     ( t − b )  2    2  c 2      ,     i f        5 < t ≤ 15 min                        1 ,                                 i f        t ≤ 5 min                                        



(1)




where y0, a, b, and c are real constants, expected value μ = b, b = 5, and variance σ2 = c 2.



(4) Walk score correction and normalization of scores to 0–100. Once the original walk scores are calculated based on distance, the scores are modified by the decay factors for street intersections and block lengths. After obtaining the walk score for each community, the maximum walk score was selected in order of walk score. The walk score of each community was divided by the maximum value and then multiplied by 100 to normalize the walk score to 0–100. The walk score was corrected and the scores were normalized to 0–100.




2.2.2. Coverage Rate


The coverage rate of various public service facilities within the 15-min community life circle in Shanghai is calculated with the residential community as the center. If a community can reach a certain facility within 1200 m of the road length, it means that the residential community meets the standard coverage of this public service facility within 15 min walking distance.


   C  i , j , s   =   {   0 , o t h e r s   1 , ∃  F j  ⊂  C  i , s      



(2)






  C  R  i , j   =     ∑  s = 1    m i      C  i , j , s        m i     



(3)






  T C  R j  =     ∑  i = 1   16      ∑  s = 1    m i      C  i , j , s           ∑  i = 1   16     m i       



(4)







“i” represents one of the 16 administrative districts under the jurisdiction of Shanghai, “s” represents a community, “j” represents one of the 14 different types of facilities studied, and Fj represents one of the j-type facilities. Ci,s is the community “s” in an administrative area “i”; Ci,j,s represents whether there is a facility Fj within the walking circle of Ci,s within 1200 m; CRi,j is the coverage rate of facility “j” in the administrative area “i”. “mi” represents the number of communities in an administrative district “i”, and TCRj represents the coverage rate of facility “j” in the whole Shanghai.




2.2.3. Spatial Analysis


The bivariate local Moran’s I statistic [28] is performed to identify the spatial pattern of 15-min community life circles using a spatial weight matrix based on proximity distance. In the study presented here, the statistic captures the correlation between the density of pedestrian groups in a certain administrative area and the average number of types of facilities that are accessible to the communities in the district. The number of types of facilities that are accessible on average within a 15-min walk for all communities in an administrative district can reflect the overall level of walkability of the communities in that district. More specifically, it can be used to detect spatial clusters and spatial outliers. “High-high” clusters (where the population density of a district and the community walkability of the surrounding places are both high) and “low-low” clusters (where the population density of a district and the community walkability of the surrounding places are both low) indicate a significant positive spatial correlation between population density and the accessibility of facilities in a 15-min community life circle. In addition, the spatial outliers include “high-low” outliers (high population density in a low walkability surroundings) and “low-high” outliers (low population density in areas with high walkability), indicating a mismatch in the facility configuration of 15-min community life circle.






3. Results


3.1. Calculation of the Walkability of Various Service Facilities in the Life Circle


After aggregating the initial scores, we group the scores into a 0–100 scale (Table 2). Specifically, communities with higher scores are more walkable. The higher the walkability, the more convenient it is to get to such facilities from the community within the range of 1200 m. That is, it is possible to walk to that type of facility in the shortest amount of time, and the facility can be better used by adjacent residents. A smaller walkability (greater than 0) indicates that the neighborhood residents can reach the facility within 1200 m, but the walking time is longer. A walkability of 0 indicates that there are no such facilities within 1200 m of the neighborhood.



As shown in Figure 2, each colored point in the figure indicates a community. According to the graded walking score to different facilities, the blue community point with a walking score of zero indicates that the community cannot reach that type of facility within 1200 m. It can be visually seen that the overall walking score from communities to bus stops is higher and to parks and squares is lower among municipal utilities. This indicates that a mega-city such as Shanghai has very convenient transportation facilities, but lacks space for residents to relax on a daily basis. While recreation as one of the four functions of cities (Athens Charter proposes four functions of cities: living, working, recreation, and transportation), parks and green spaces are crucial for the physical and mental health of residents [29,30,31]. Among the commercial service facilities, the walking score from the community to shopping malls, convenience stores, and restaurants is high. Among the living facilities, the walking score of barber stores is relatively high, followed by express delivery and banks, and the walking score of telecommunication hall is low. Among medical and health facilities, clinics have a higher walking score than pharmacies. Among the educational facilities, kindergartens have the highest walking score, and middle schools have the worst walking score. As early as the neighborhood unit theory, it was proposed that the residential area should have an primary school as the central building, surrounded by other service facilities, and that children should not go to school more than half a mile. The Neighborhood Unit Theory was proposed by Clarence Perry in 1992 to respond to the problem of increasing motor vehicle traffic on urban roads, at the time threatening the elderly and children crossing the streets, by organizing residential areas with neighborhood units as cells [32,33]. The current substandard allocation of primary school space in Shanghai and the large role of primary school in the 15-min life circle should be taken into account and subsequent planning should improve the walkability from neighborhoods to primary school.



On the whole, the walkability of facilities of a commercial nature is high, but the walkability of facilities of a public welfare nature concerning education and recreation functions is generally low, reflecting that Shanghai still attaches importance to economic development and pays less attention to residents’ well-being.




3.2. Evaluation of the Supply Level of Facilities in “15-Min Walking Circle”


Table 3 is derived from Equations (2) and (3). The coverage rates of various facilities in Huangpu, Yangpu, Hongkou, Xuhui, Jing’an, Putuo, and Changning districts in the central city are all high, while Chongming, Qingpu, and Fengxian districts, which are located on the periphery, have lower coverage rates. Figure 3 is derived from Equation (4) through which it can be seen that bus stations, restaurants, and clinics have the highest average coverage rates, all of which are above 0.9. However, the coverage rates of parks and squares, telecommunication halls, middle schools, and primary schools are lower.



The red dots represent communities with full coverage of 14 types of facilities within 1200 m (Figure 4a), and the blue dots represent communities that are not covered by even one type of facility (Figure 4b). It can be seen that the communities in the central area have the most types of facilities covered, and from the central area to the edge of the city, the types of facilities covered by the communities gradually become less. The layout of the communities with 0 types of facility coverage are very scattered. To meet the facility coverage standards of these scattered communities, it is inevitable to build a large number of facilities, which will cause unnecessary waste. It can be seen that the coverage rate of facilities has a strong relationship with whether the communities layout is concentrated or dispersed, not just the number of facilities.




3.3. Spatial Analysis between Population Density and Overall Level of Walkability of the 15-Min Walkable Neighborhoods


The results of the bivariate cluster analysis are shown in Figure 5a. Eight administrative districts (50%) fall into the “high-high” (6, 37.5%) and “low-low” (2, 12.5%) clusters, which are located in close proximity to each other in the north-central area of the city. This indicates that the population density is high in the central part of the city and the facilities are largely accessible within a 15-min walkable neighborhoods. The two “low-high” outliers (12.5%) are scattered in the eastern Pudong New Area and the southwestern Songjiang Area, which are characterized by low population density but high walkability surroundings. These two areas may face a surplus of facilities, resulting in unnecessary waste. There are no “high-low” outliers, there are no areas with high population density but low walkability surroundings.



The results of the analysis of the bivariate clustering Moran index are shown in Figure 5b. The Moran index result of 0.47 illustrates that the overall level of walkability of the 15-min walkable neighborhoods and population density in the 16 administrative districts are positively correlated. There is a strong correlation between the construction of facilities in 15-min walkable neighborhoods and population distribution, and this result verifies the reasonableness of the walkability level of communities in Shanghai.





4. Discussion and Conclusions


The walking scores of communities to various facilities within a 1200-m range are calculated and corrected by establishing the street network topology and collecting POI of communities in Shanghai and 14 types of facilities related to daily lives of residents. Bivariate local Moran’s I statistics of overall neighborhood walkability levels and population density for the 16 administrative districts under the jurisdiction of Shanghai were used to draw the following conclusions.



Within the 15-min life circle, the coverage rate of bus stops to communities is the highest, the coverage rates of commercial service facilities, such as restaurants, shopping malls and convenience stores are relatively high, and the coverage rates of medical and health facilities, such as clinics and pharmacies, are also high overall. However, the coverage rates of facilities, such as express delivery, parks, telecommunication halls, middle schools and primary schools are low. Ensuring the basic living needs of all community residents is conducive to a healthy living environment. The focus is on building basic facilities (e.g., parks and schools) for residents living in suburban communities. The facilities of parks and primary schools can have a significant impact on the daily lives of residents. Therefore, it is necessary to focus on improving the facilities of parks and primary schools to ensure a reasonable allocation of space.



The walkability is not only related to the number and spatial distribution of facilities but also to the degree of clustering and dispersion of the spatial distribution of communities. Communities with 0 facility coverage are extremely scattered in spatial distribution, indicating that a scattered layout of the communities is not conducive to the utilization of facilities, and this phenomenon can be improved by increasing the spatial clustering of communities. The construction of facilities is not better in terms of quantity, too many will cause unnecessary waste and should be closely linked to the location of community sites to achieve a reasonable distribution of spatial facilities.



Population density and the overall level of walkability of the 15-min walkable neighborhoods in the 16 administrative districts of Shanghai are positively correlated, and in general the higher the population density the more walkable the community. In addition to population density, walkability is also influenced by the age and economic level of the population, which is worthy of subsequent correlation studies. Areas with “high-high” outliers and communities with high walking score are concentrated in central areas, suggesting that older central areas in Shanghai have small neighborhoods and dense streets that are pedestrian-friendly [34]. The “low-low” outliers and less walkable communities are scattered in the urban fringe. This finding is consistent with previous studies of downtown neighborhoods in cities in Western countries [35,36,37].



In terms of facility type construction, the number of facilities in parks and squares, telecommunication halls and primary schools should be increased. Their spatial configuration should be reasonably optimized, and the neighborhood coverage of their facilities should be improved; especially the number of parks and squares should be increased. In Shanghai, where the economic level is growing rapidly, improving the walking score of parks and squares has a great effect on improving the happiness of residents. However, the optimal construction of facilities does not only increase the number of facilities to be built but also requires reasonable site selection in combination with population and other factors. For facilities with low utilization rate caused by unreasonable spatial distribution, the number of this facility should be appropriately reduced or several facilities should be combined into one facility to avoid unnecessary space waste. As for the optimization of the spatial layout of the community, the communities scattered in the suburbs of the city can be gathered together spatially to increase the density of the community, so as to facilitate the reasonable layout of facilities and services.



The formation of a compact and accessible layout is related to land use planning. A highly walkable community is closely connected to a rich and diverse functional area that can be easily reached on foot [38]. A compact layout is thought to enhance walkability by providing more direct and shorter destination paths [39,40]. In addition, walkability should be considered an important indicator for future community scale planning [41].
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Figure 1. Study area. 






Figure 1. Study area.
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Figure 2. Walking score analysis charts of different facilities. (a) Park and square; (b) Bus stop; (c) Shopping mall; (d) Convenience store; (e) Restaurant; (f) Express delivery; (g) Bank; (h) Barber shop; (i) Telecom hall; (j) Clinic; (k) Pharmacy; (l) Kindergarten; (m) Primary school; (n) Middle school. 
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Figure 3. Facility average coverage. 
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Figure 4. The number of types of attainment facilities in each community within the 15-min life circle. (a) The number of types of attainment facilities in all communities; (b) The communities with 0 types of attainment facilities. 
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Figure 5. Local spatial patterns (Bivariate local Moran’s I) between population density and the overall level of walkability of the 15-min walkable neighborhoods in 16 districts. (a) LISA Cluster Map; (b) Moran Scatter Plot. 
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Table 1. Facility classification table for walkability calculation.
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Principle Category

	
Sub-Category

	
Number of POI






	
Municipal utility

	
Park and square

	
4617




	
Bus stop

	
17,951




	
Commercial service

	
Shopping malls (large supermarkets, vegetable markets)

	
13,439




	
Convenience stores (grocery stores, fruit stores, hardware stores, department stores, small and medium-sized supermarkets, etc.)

	
8428




	
Restaurant

	
80,024




	
Medical care

	
Clinic

	
26,624




	
Pharmacy

	
28,566




	
Education

	
Kindergarten

	
2661




	
Primary school

	
1063




	
Middle school

	
1065




	
Living facility

	
Express delivery

	
2636




	
Bank

	
14,572




	
Barber Shop

	
11,206




	
telecommunication hall

	
2711
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Table 2. Grade of the 15-min walkable neighborhoods score.
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	Score
	Description





	61–100
	Highly walkable. Daily trips do not rely on a vehicle.



	31–60
	Very walkable. The majority of daily trips rely on walking.



	16–30
	Moderately walkable. Part of daily trips rely on walking.



	0–15
	Somewhat walkable. The majority of daily trips rely on a vehicle.



	0
	Car-Dependent. Nearly all daily trips rely on a vehicle.
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Table 3. Facility coverage.






Table 3. Facility coverage.





	
Coverage Rate in 16 Districts

	
Municipal Utility

	
Commercial Service

	
Living Facility

	
Medical Care

	
Education




	
Park and Square

	
Bus Stop

	
Shopping Mall

	
Convenience Store

	
Restaurant

	
Express Delivery

	
Bank

	
Barber Shop

	
Telecom Hall

	
Clinic

	
Pharmacy

	
Kindergarten

	
Primary School

	
Middle School






	
Huangpu

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00




	
Xuhui

	
0.85

	
1.00

	
0.99

	
1.00

	
1.00

	
0.86

	
1.00

	
1.00

	
0.75

	
1.00

	
0.96

	
0.99

	
0.85

	
0.84




	
Changning

	
0.97

	
0.99

	
0.99

	
0.99

	
0.99

	
0.96

	
0.97

	
0.99

	
0.93

	
1.00

	
0.95

	
0.99

	
0.78

	
0.87




	
Jing’an

	
0.87

	
0.97

	
0.99

	
1.00

	
1.00

	
0.95

	
0.97

	
1.00

	
0.94

	
1.00

	
0.99

	
0.97

	
0.95

	
0.88




	
Putuo

	
0.75

	
0.98

	
0.97

	
0.97

	
0.98

	
0.70

	
0.89

	
0.90

	
0.72

	
0.98

	
0.85

	
0.95

	
0.46

	
0.69




	
Hongkou

	
0.90

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
0.78

	
1.00

	
1.00

	
1.00

	
0.95

	
0.94




	
Yangpu

	
0.88

	
1.00

	
1.00

	
0.99

	
1.00

	
0.91

	
0.96

	
0.98

	
0.88

	
1.00

	
0.97

	
0.99

	
0.89

	
0.92




	
Minhang

	
0.53

	
0.93

	
0.83

	
0.88

	
0.92

	
0.63

	
0.68

	
0.79

	
0.46

	
0.92

	
0.76

	
0.91

	
0.47

	
0.45




	
Baoshan

	
0.55

	
0.90

	
0.89

	
0.88

	
0.92

	
0.70

	
0.68

	
0.83

	
0.58

	
0.91

	
0.79

	
0.87

	
0.50

	
0.44




	
Jiading

	
0.53

	
0.92

	
0.87

	
0.83

	
0.92

	
0.66

	
0.56

	
0.80

	
0.49

	
0.91

	
0.75

	
0.86

	
0.41

	
0.38




	
Pudong

	
0.53

	
0.93

	
0.81

	
0.84

	
0.90

	
0.56

	
0.68

	
0.76

	
0.55

	
0.92

	
0.74

	
0.87

	
0.49

	
0.45




	
Jinshan

	
0.62

	
0.93

	
0.78

	
0.72

	
0.88

	
0.64

	
0.64

	
0.73

	
0.61

	
0.90

	
0.76

	
0.82

	
0.51

	
0.50




	
Songjiang

	
0.43

	
0.97

	
0.85

	
0.85

	
0.93

	
0.69

	
0.50

	
0.76

	
0.48

	
0.93

	
0.71

	
0.82

	
0.26

	
0.33




	
Qingpu

	
0.49

	
0.95

	
0.81

	
0.78

	
0.89

	
0.52

	
0.54

	
0.73

	
0.41

	
0.89

	
0.65

	
0.84

	
0.33

	
0.34




	
Fengxian

	
0.43

	
0.91

	
0.73

	
0.67

	
0.82

	
0.49

	
0.51

	
0.64

	
0.39

	
0.81

	
0.58

	
0.74

	
0.27

	
0.37




	
Chongming

	
0.35

	
0.77

	
0.69

	
0.39

	
0.68

	
0.38

	
0.46

	
0.51

	
0.33

	
0.58

	
0.63

	
0.73

	
0.34

	
0.29
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