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15-min pedestrian distance life circle and
sustainable community governance in Chinese
metropolitan cities: A diagnosis

Wenjun Ma', Ning Wang', Yuxi Li' & Daniel(Jian) Sun@® 23>

Urban planning has shifted from “land-oriented” to “human-oriented” and metropolitan cities
start to focus on 15-min life circle community planning during recent years. As multiple
dimensions of living service facilities are included, proactive supervision and real-time eva-
luation are essential in the governance and spatial planning of large cities, referring to urban
physical examination. This study proposes a community life circle diagnosis system based on
multisource urban big data to evaluate the community public service facilities, in which the
performance of urban living service, in terms of fairness, accessibility, and diversity were
assessed, and the services related to the health and emergency facilities apart from the daily
living service were investigated. Four representative Chinese megacities Beijing, Shanghai,
Shenzhen, and Wuhan, were selected for the implementation and empirical analyses of the
diagnosis system, which were further compared regarding the existing community life circle
facility service. Then, situations in Shanghai in 2011, 2016, and 2021 were longitudinally
compared to verify the influencing factors toward community life circle facilities. The results
indicated that Shanghai has the highest quality of service of 15-min community life circle
among the four Chinese cities, followed by Shenzhen, Wuhan, and Beijing, according to the
average coverage rate of citywide living service facilities. However, the municipal government
in Shanghai still needs to improve the investment in public resources in the suburbs, focusing
on facilities related to elderly care, life security, and community travel. Findings of this study
may assist metropolitan development with policy and funding priorities, by using urban big
data together with traditional empirical data (e.g. social-economic data, built environment,
etc.) to diagnose sustainable community development problems.
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Introduction

he origin of the “life circle” can be traced back to “the third

National Development Plan” initiated by Japan in the

1970s, which emphasizes the spatial scope of community
residents’ daily activities, such as shopping, leisure, commuting,
and socializing by walking around their residences (Xiao et al,
2014). As the regular urban walking speed is about 4-5km per
hour, the 15-min community can be interpreted as approximately
1 km walking distance. Consequently, a 15-min walking life circle
covers 3-5 square kilometers under ideal conditions, in which
residents may access a variety of daily service facilities, such as
education, health care, and leisure conveniently, thus satisfying
the quality and sustainability of lives. The core issue of com-
munity life circle construction is to rationally allocate a variety of
public service facilities, with the layout directly affecting the
quality of urban residents’ lives. The early research mainly
focused on the spatial accessibility of public service facilities, such
as medical care, education, and parks (Weng et al, 2019).
Researchers have explored the impact of different types of facil-
ities on social lives, such as the correlation between the accessi-
bility of medical facilities and the healthy level of residents (Van
Herzele and Wiedemann, 2003), the correlation between the
accessibility of food supermarkets and the incidence of obesity
and other chronic diseases (Hare and Barcus, 2007), the acces-
sibility of schools and the career development of future genera-
tions (Pearce et al, 2007). A variety of measurements for
accessibility of the facilities, e.g., container method (Field et al.,
2004), shortest distance method (Field et al.,, 2004), minimum
travel cost (Smith et al., 2012), cumulative opportunity (Smith
et al.,, 2012), kernel density (Boone et al., 2009), gravity model
(Boone et al.,, 2009), two-step mobile search (Luo and Wang,
2003), and so on, have been proposed accordingly. In fact, under
the influence of the concept of spatial justice, research interests
have been increasing in the allocation of public service facilities in
the community of socially vulnerable groups. Particularly,
research on the spatial inequity of public service facilities has
become one of the hottest subjects in recent years, which refers to
whether the accessibility of urban public service facilities is related
to the socioeconomic attributes or social demands of all residents
(Talen, 1998). The common measurements include the
Mann-Whitney U test, ordered correlation analysis, analysis of
variance, bivariate spatial autocorrelation and regression analysis,
etc. (Smoyer-Tomic et al., 2004). Areas with low socio-economic
levels were found more likely to suffer from spatial inequity in
public service facility allocation. For example, Zenk et al. (Tan
and Samsudin, 2017) analyzed community medical facilities and
revealed spatial inequity in the distribution of breast screening
facilities in Chicago, where African-American citizens have
relatively longer travel distances and bus travel time. Moreover,
research on park crowding in Los Angeles revealed significant
differences in the quality of park services between blacks and
whites, which occurs more in areas where blacks live (Zenk et al.,
2006).

Meanwhile, econometrics methods and empirical models have
been incorporated into the layout optimization and site selection
of urban public service facilities (Bigman and Re Velle, 2010;
Church and Velle, 1974; Langford et al., 2008; Murray and Tong,
2007; Sister et al., 2010). Church and Velle (1974) proposed the
maximal coverage model to obtain the optimal site selection
scheme of facilities by maximizing residential coverage under a
given number of facilities. During the last 20 years, the focus has
changed from the theoretical models on the location choice of
public service facilities to the simultaneous development of spatial
optimization theory and practical applications. Langford et al.
(2008) investigated the impact of population distribution on
facilities in Cardiff, UK, and put forward optimization strategies
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accordingly. Bigman and Re Velle (2010) studied the optimiza-
tion model for the layout of public service facilities from the
perspective of consumer behavior patterns. For the location-
allocation model, a commonly used model for layout optimiza-
tion of public service facilities, Murray and Tong (2007) con-
ducted a comprehensive and systematic theoretical investigation
of the spatial optimization model of public service facilities. Vora
et al. (2015) proposed the optimal layout scheme of medical
assistance facilities in Western India using the location-
allocation model. Although the objective in the configuration
of almost all public service facilities is accessibility and avail-
ability, the existing studies merely focused on one type or level of
facilities, and seldom consider multiple types and levels of
facilities comprehensively (Zhan et al., 2019). Meanwhile, the
existent situations were generally evaluated thus to propose
optimization strategies and solutions, which unfortunately are
devoid of longitudinal quantitative comparison in the time
dimension to evaluate the effectiveness of facility planning and
construction (Zhan et al., 2019).

This study proposes to evaluate urban development dynamics
and promote high-quality and sustainable urban development. A
community life circle diagnosis was introduced for high-density
megacities to carry out 15-min community life circle planning,
analyzing the construction of community life circle, and investi-
gating the development trend of the community. Public service
facility configuration was investigated as the core of community
life circle planning. In addition to the daily living service facilities,
the study also includes health and emergency facilities and carries
out a comprehensive assessment from the perspectives of both
living services and health and safety during COVID-19 pandemic
prevention and control. Four Chinese megacities cities, namely
Beijing, Shanghai, Shenzhen, and Wuhan, were selected as
empirical examples in spatial dimension to compare the con-
struction quality of the community life circle. Meanwhile,
Shanghai in 2011, 2016, and 2021 were selected as the investi-
gating subjects for the longitudinal comparison of the community
life circle planning implementation results (Zhou, 2020). The
remainder of the paper is structured as follows: section “Meth-
ods” presents the framework of the evaluation system, as well as
the empirical socioeconomical and community-built environ-
mental data collection issues. Section “Empirical implementation
and result analyses” implements the diagnosis system first in the
spatial dimension using Beijing, Shanghai, Shenzhen, and
Wuhan, and then in the time dimension using the empirical
situations of Shanghai in 2011, 2016, and 2021, respectively.
Finally, conclusions and future research directions are provided
in the section “Conclusions”.

Methods

Framework and indexes of evaluation system. With the rapid
development of urban science and technologies, the emergence of
massive data enables to generate effective indexes to satisfy the
living requirement of urban residents (Liu et al., 2020; Zhan et al.,
2018). The diagnosis system of the community life circle con-
structed adopted multisource urban data combined with the
traditional statistical data (census population and environment)
and new big data (e.g., Point of Interest, POI and OpenStreetMap,
OSM data) (Chen et al., 2020; Sun et al, 2016). The overall
evaluation system consists of a living service assessment, and a
health & safety assessment, as presented in Fig. 1. The living
service assessment was carried out from three aspects, including
fairness, accessibility and diversity, while the health and safety
assessment mainly focused on disaster and epidemic prevention,
healthy and sustainable travel and urban green space levels.
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Fig. 1 Sustainable community-life circle diagnosis framework. The overall
evaluation system consists of a living service assessment and a health and
safety assessment.

Living service assessment. By sorting out the relevant policy
requirements of cities that have carried out life circle planning
and summarizing the opinions from the selected experts, this
study chose 16 living service facilities in seven categories as the
evaluation indexes, including education, culture, sports, admin-
istration, commerce, elderly care, and medical care. Basically, the
fairness index mainly assesses the existence of certain living ser-
vice facilities, while accessibility and diversity indexes quantify the
levels of service (QOS) based on certain principles, e.g. analytic
hierarchy process (AHP), Shannon-Wiener index. The specific
measurement was conducted as follows: first, the pedestrian road
networks for the life cycle were established within ArcGIS soft-
ware. Then, the service area of each residential area was deter-
mined with a buffer radius of 1000 m, to generate a 15-min
community life circle. Finally, the distribution of living service
facilities within each community life circle was calculated and
analyzed.

Fairness index: The fairness index was further divided into the
coverage rate and the qualification rate. The coverage rate reflects
the proportion of the total number of residential neighborhood
zones (RNZ) covered by living service facilities within a region,
mainly measuring the construction level of the community life
circle. Here, RNZ refers to the areas with relatively concentrated
residential buildings in cities, instead of an official administrative
district. Taking the city of Shanghai as an example, more than
27,000 sampling data were obtained from www.lianjia.com. The
largest residential neighborhood zone of Shanghai Kangcheng in
Xinzhuang Town has 12,238 households, with about 32,100
residents, while some small districts only have dozens of single-
family villas or houses in suburban areas. In this study, RNZ k is
covered if residents can reach type i public service facility within
15-min walk (1000 m). The calculation formula is as follows:

(6 = 1 3iel C,<1000 0
M0 Vie T, C,>1000
m
CR. = Zk:lf(cki) (2)

! m

where i is the facility type, I is the collection of all facility types,
Cy; is the distance (m) between RNZ k and facility type i, m is the
total number of RNZs within the region, and CR; is the aggre-
gated coverage rate of the public service facility type i.

In addition to the coverage rate, the qualification rate considers
the daily demands of residents and the substitutability of various
public service facilities, reflecting the construction completeness
of the 15-min community life circle. Based on the survey results
of Ma et al. (2022), this study sets the relatively important and
difficult-to-replace facilities as mandatory, while others may be
substituted with each other as bonus ones. Definitions of
qualification criteria for the living service facilities are as follows:

Education: Has kindergarten, primary school and middle
school (all three)?

Culture: Has community cultural room, and one of either
library or cultural activity center (at least one)?

Sports: Has fitness center, playground and sports center
(all three)?

Administration: Has community service center, and one of either
district office or judicial office (at least one)?

Commerce: Has food market and post office?

Elderly care:
Medical care:

Has elderly care facility?
Has health center?

Accessibility index: As the number of facilities is also closely
related to residents’ daily lives, the accessibility index was pro-
posed to further measure the facilities in the community life
circle. The weight of each facility was determined with the AHP
method (Golden et al., 1989). Fifty urban planning experts from
Shanghai, Wuhan, Quanzhou, and Ningbo were invited to rank
and score the importance of various living service facilities,
mainly consisting of experienced local planning policymakers and
decision-makers. Based on the results, education facilities were
ranked as the most important in the community life circle, fol-
lowed by commerce, medical care, sports, culture, and elderly
care facilities, with the administration facilities coming last.

In addition to the experts, community residents from two
megacities (Beijing, Shanghai) and four provinces (Guangdong,
Jiangsu, Zhejiang, Hubei) were surveyed, to rate the demand and
importance of different facilities. 412 valid questionnaires were
collected both online and offline, among which 26 persons in
charge of neighborhood committees in Shanghai were interviewed.
According to the responses from the community residents, medical
care facilities were ranked as the most important in daily life,
followed by commerce, education, sports, culture, elderly care, and
administration facilities. High consistency was found between the
survey results of community residents and expert opinions, as
shown in Fig. 2. Only the importance sequence of medical care and
education facilities was changed, which may be due to the increased
demand for neighborhood medical treatment during the COVID-
19 epidemic. Therefore, a judgment matrix of the pairwise relative
importance of all categories of facilities was constructed based on
the experts’ scorings as in Table 1. A similar calculation was carried
out for subclass facilities, with all results input into YAAHP, a
decision analysis software based on AHP, to obtain the weight
coefficients of living service facilities, as presented in Table 2.

Then, the accessibility index (Ay) of an RNZ k is calculated as
follows:

n
where i is the facility type, W; is the weight of facility i, Fy; is the
quantity index obtained after standardization covered by the life

circle of RNZ k, and 7 is the total number of facility types.

Diversity index: When the fairness and accessibility indexes of
two life circles are similar, the types of living service facilities
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Fig. 2 Average ranking of the importance of facilities by residents and experts. Large values represent the high importance of the facility.

owned by the two communities may be significantly different,
although the life circles with a balanced distribution of facilities
tend to provide a higher level of service. Therefore, the facility
diversity for each RNZ was measured by introducing
Shannon-Wiener index. The index was first used to calculate
species diversity in the field of ecology, then extended to built
environment areas (Frank and Pivo, 1994; Van Eggermond and
Erath, 2016). The calculation formula is as follows:

Son; . n;
=— > tn-

i=IN N “)

Hy

where Hj, is the diversity index of RNZ k, i is the facility type, s is
the number of facility type in the life circle, n; is the number of
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Table 1 Judgment matrix of all categories of facilities.
Importance Education Commerce Medical care Sports Culture Elderly care Administration
Education 1 11 13 14 16 18 19
Commerce 1/1.1 1 1.2 13 1.5 1.8 19
Medical care 1/1.3 1/1.2 1 11 1.2 17 1.9
Sports 1/1.4 1/13 1/11 1 11 1.6 1.8
Culture 1/1.6 1/15 1/1.2 1/11 1 14 1.6
Elderly care 1/1.8 1/1.8 1/1.7 1/1.6 1/1.4 1 12
Administration 1/1.9 1/19 1/1.9 1/1.8 1/1.6 1/1.2 1
i . i . type i facilities in the life circle, and N is the total number of all
Table 2 Weight of living service facilities. facilities within the life circle
Category Factor  Subclass Condition  Calculated Health and safety assessment. During major public health events,
weight weight weight e.g., COVID-19 epidemic prevention and control, “health” and
Education 0.1941  Kindergarten ~ 0.4097 0.0795 “safety” become the primary goals of urban residency. Therefore,
Primary 03776 0.0733 the construction of disaster prevention, medical treatment,
school transportation, environment, and other related facilities in the
Middle school - 0.2127 0.0413 community life circle were investigated.
Culture 0.1310 Library 0.3218 0.0422
S:rittirral 0.3842 0.0503 Disaster and epidemic prevention index: Community is the
Cultural room  0.2940 0.0385 fﬁndarpental guaranteehof urban soc1§:ty sefcfurlt)fi. Stal}rltlnghfrom
Sports 01469  Playground 0.3677 0.0540 the resident derr}andw en a community suffers from galt ar}d
Sports center  0.2325 0.0342 .sa}fety emergencies, eight disaster anfi epidemic prevention facil-
Fitness center 0.3998 0.0587 ities (afﬁhatlng to the three ca.tegorles,.named Disaster preven-
Administration  0.0878  District office  0.2856 0.0250 tion, Community safety, and Life security) were proposed based
Community 0.4517 0.0397 on the survey results (Ma et al.,, 2022). The accessibility of the
center facilities was introduced to evaluate the disaster and epidemic
Judicial office  0.2627 0.0231 prevention capability of the community life circle. The weight of
Commerce 01827  Food market  0.6154 0.1124 each facility was determined through the AHP method, as pre-
Post office 0.3846 0.0703 sented in Table 3.
Elderly care  0.0987 fldﬁ_rtly care 10000 0.0987 Then, the disaster and epidemic prevention index in RNZ k is
acility i
Medical care 01588  Health center  1.0000  0.1588 caleulated as follows:

n
where i is the facility type, W; is the weight of facility type i, Ry, is
the standardized quantity index of the ith type of disaster and
epidemic prevention facilities covered by the life circle of RNZ k,
and 7 is the total number of facility types.

Healthy and sustainable travel index: Walking is the primary
mode of transportation within the life circle, while public trans-
portation is more advocated for traveling between the commu-
nities. Access to a complete pedestrian network and a wide variety
of public transportation stations not only enable community
residents to travel healthily but also provide more alternatives
during safety emergencies (excluding epidemic events). These, in
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turn, promote the community’s low carbon and sustainable
capabilities, thus improving the health of the travel structure of
daily travel and guaranteeing the safety of the community.
Therefore, considering the road network density and the number
of bus stops covered within the life circle, the healthy and
sustainable travel index for a residential area k is calculated as
follows:

where Dy, is the road network density within the life circle of RNZ
k, and Py is the number of public transportation stations covered
by the life circle of RNZ k after standardization.

Urban green space index: As an essential part of urban infra-
structure, green spaces not only improve the health performance
of community residents, enhancing the quality of the community
environment but also improve the regional resilience to emer-
gency events (Braubach et al,, 2017). This study incorporated the
evaluation of green space into the diagnosis process of the
community life circle, in which the area scope and accessibility
significantly impact resident activities. The proposed index for a

Table 3 Weight of disaster and epidemic prevention
facilities.
Category Factor  Subclass Condition Calculated
weight weight weight
Disaster 0.222 Reception 0.5238 0.1164
prevention space
Emergency 0.4762 0.1058
site
Community 0.354 Hospital 0.3324 onz7
safety Health center  0.3646 0.1292
Fire station 0.3030 0.1073
Life security 0.424 Supermarket 0.4026 0.1705
Market 0.3119 0.1321
Community- 0.2855 0.1210
level green
space

residential area k is calculated as follows:
E, = Gi/dj (6)

where Gy is the per capita public green space area within the life
circle of RNZ k, and d; is the distance from district k to the
nearest public green space, used to approximate the accessibility.

Study area. Four representative high-density megacities in China,
namely Beijing (the Capital and the largest city in north China),
Shanghai (the economic center and the largest city in east China),
Shenzhen (one of the most developed cities in south China), and
Wuhan (capital of Hubei province, and the largest city in central
China) were selected as the investigation subjects, to implement
the proposed diagnosis system on different empirical cases. Each
city has a permanent population of more than 10 million,
representing the highest level of development in northern, east-
ern, southern and central China, respectively, as presented in
Fig. 3a. Then, Shanghai, the largest city in China, with 16
administrative districts, including seven central city areas and
nine suburbs (Fig. 3b) was selected for a longitudinal comparison
from the time dimension. The changes and development of the
community life circle from 2011 to 2021 were analyzed, thus
assessing the implementation of the community life circle
planning.

Data collection and cleansing. The urban data used for the
diagnosis system include residential, public service facilities, street
networks, and other statistical data, among which the residential
data were derived from the Lianjia website (www.lianjia.com) and
Amap (www.amap.com). The number of residential dataset
records of Beijing, Shanghai, Shenzhen, and Wuhan in 2021 are
22,642, 27,466, 16,292, and 13,351, respectively after data cleanse,
while those of Shanghai in 2016 and 2011 are 23,665 and 17,478.
The public service facility datasets were derived from Amap POL
Overall 104,231, 119,571, 70,680, and 61,917 POI points of
facilities in Beijing, Shanghai, Shenzhen, and Wuhan were col-
lected for 2021 while the number of facility datasets for Shanghai
in 2016 and 2011 are 95,324 and 55,379, respectively. The urban
street network data was derived from the OSM map, on which
some road sections were modified according to the existing
conditions of each city. The statistical data includes population
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and suburb administrative districts in Shanghai.
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2 and public green space areas. The population datasets were
S- 25 2L QNA3Se Yunn ox obtained from the census parcel data in each city, and the green
O |o® RN AhOER0 000 o space data were derived from the official websites of urban
landscaping bureaus and other relevant government sectors.
c
]
o
2 (80 392 33928 2938 93 Empirical implementation and result analyses
Spatial dimension evaluation
Living service assessment results. Table 4 presents the coverage
., rates for each category of living service facilities in Beijing,
|35 e N O © G o Shanghai, Shenzhen, and Wuhan, respectively. First, for the
2 § Zl5g 93 YRIImE 5222 9 fairness assessment, as the average coverage rates of living service
facilities in the central areas of each city were calculated, which
are significantly higher than those in the corresponding suburbs.
2 The four cities were ranked as Shanghai, Shenzhen, Wuhan, and
% % 2 3 3 E =0 3 See 2 § § = g Beijing, from high to low in terms (()1f the coverage ratedof li]‘;i?g
service facilities (82.4, 80.7, 78.1 and 75.1, as presented in bo
values). By each facility type, Beijing performs well in the medical
£ care facility coverage rate, while Shanghai enjoys advantages in
£ education, administration, and elderly care facilities. Shenzhen
3 [®0 9us So-<w~nn~ o~o0 gy . e
2 |8Y 288 FNFLYS g3 Y has an OIiIEiltandmg culture, spfor‘;ls,fan.?tcoinmer.ce \f/ilzaﬁty cover-t
age rate. The coverage rates of all facility types in Wuhan are a
tl%e middle level. One important finding is that the coverage rate
5l_s of elderly care facilities in Shenzhen 1§ orzily 29%, fﬁr below thath of
R P OO MmO OON O~ < the other three cities. This may be due to the reason that
2|52|25 Ss& Fs5nos 2294 R4 Shenzhen is an “immigrant” city compared to the other cities,
with rather younger residents.
From the results of the qualification rate, the average quantity
2 of qualification RNZs in central city areas of Beijing, Shanghai,
& 2|35 292 229509 S89e s3 Shenzhen, and Wuhan are much higher than those of suburbs. In
o U |00 00N SOORANE GOSN oW . . .
~ comparison, Shanghai has the highest average number of
8 ualification indexes, attaining 6.5. When compared to the
S £ guburbs, Shenzhen has the highest average number of 4.6. The
3 T e mon omemae o omem average number of qualification indexes of all RNZs in Beijing,
2 3 |82 ¥s5 SRIINE Bh8% & Shanghai, Shenzhen, and Wuhan cities are 4.9, 5.5, 5.1, and 5.3,
S respectively. Figure 4 presents the spatial distribution of RNZs
E with different qualification indexes in the four cities. The RNZs
g Elog with a high number of qualification indexes in Beijing, Shanghai,
& ié’ £2 g 2 § 2 s 2 § § ; § § ; § § X ; g and .V-Vuhan are mainly concentrated in the central city areas.
- ©|UFT 22 Additionally, a large number of RNZs were found with a high
£ number of qualification indexes in the new suburban areas of
2 Shenzhen, where the overall distribution is relatively even.
£ g In terms of the proportion of the individual number of
(] 2 oo m-x coNTtY— YTNOW Qe . . . . . .
0 £ [9g v5g Jgg988 =988 &9 qualification 1ndexe.s for the. re31(.1.e.nt1a.l community, the propor-
= tion of no one qualified (0) in Beijing is significantly higher than
? those in the other three cities. Most of these areas are distributed
c H in the outer suburbs of the city. Shanghai accounted for the
‘n e cnom moonto anwn oo highest proportion of full-qualified (7) by more than 30%, mainly
f & |88 HER IHAEHRE ©xE &1 distributed in the central city area. In terms of facility types, as
5 presented in Fig. 5, both Shenzhen’s elderly care facilities and
& Beijing’s culture facilities are low, which may require additional
k- w |58 attention in future facility investment allocation.
E S E2l9n og® xenowo woon o Next, for the accessibility assessment, Shanghai was found with
:.o 2 [§5|60 INE SJRRAVCE KR~ && the highest overall accessibility index, as shown in Fig. 6a. Wuhan
= and Shenzhen have similar levels, and Beijing is with the lowest
2 _ ~ one. The accessibility of medical care facilities in RNZs of Beijing
S 3 8 §v 2 %é > &% 0 @ % is outstanding, while that of sports, administration, and elderly
-2 . @5_2 - 53 S 22% Lg E:::_E>E care facilities in Shanghai is relatively higher. A residential
g H 2f %coj EE2L25CREE58ETE, community in Shenzhen has the advantage of the accessibilities of
W ga 3250802 nbbo 3 awWET education, culture, and commerce facilities, while the accessibility
E % of elderly care facilities is extremely lower than that of the other
G] c z three cities.
: % g £3 Finally, for the diversity assessment, as shown in Fig. 6b, the
9 g % o . Z g 2§ facility types in central city areas of all four cities are more than
® & E £ 5 £ E 8 B¢ those in the corresponding suburbs. Among them, Beijing and
. - - hd A © wm =< Shanghai have the most significant difference in the types of
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Fig. 4 Qualification situation of residential areas. The residential neighborhood zones with the high number of qualification indexes in Beijing, Shanghai
and Wuhan are concentrated in the central city areas, while in the new suburban areas of Shenzhen are dispersed.

facilities between central city areas and suburbs, with an average
difference of four types. In contrast, Shenzhen has the slightest
difference of only 1.8. Overall, Shanghai performs the best, with
an average of more than 13 types of facilities within the

residential life circle citywide and more than 15 types of facilities
in the central city area. Beijing performs best in terms of the
overall Shannon index, followed by Shanghai, Wuhan, and
Shenzhen.
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Fig. 6 Accessibility and Diversity index in Beijing, Shanghai, Shenzhen, and Wuhan. a Accessibility index and b Diversity index.

Health and safety assessment results. For the disaster and epi-
demic prevention assessment, as shown in Fig. 7, Shenzhen has
the best overall performance in disaster and epidemic prevention,
followed by Shanghai and Wuhan, while Beijing needs further
efforts. By each facility type, Beijing has the advantage in the

8

accessibility of community safety facilities. Shanghai has a higher
level of disaster prevention facilities, and Shenzhen has a rela-
tively complete construction of life security facilities.

Table 5 presents the results of the healthy travel assessment.
Shanghai ranks first in the list with an overall healthy travel index
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Table 5 Healthy travel indexes in Beijing, Shanghai,
Shenzhen, and Wuhan.

City Central city Suburban Diff. between Citywide
area Central City and
Suburb
Beijing 1.55 0.59 0.96 1.24
Shanghai  3.07 0.94 213 2.01
Shenzhen 2.54 1.22 1.32 1.99
Wuhan 157 0.76 0.81 1.39

of 2.01 (in bold value), followed by Shenzhen. Wuhan and Beijing
are on a similar level. The indexes in the central city areas of the
four cities are higher than that of the suburbs. Of the four cities,
Shanghai has the largest difference in the indexes between the
central city area and suburban (2.13), while that in Wuhan is the
smallest (0.81), as presented in bold values.

The last one is urban green space assessment. As presented in
Fig. 8, Shenzhen and Beijing are the top two cities benefiting from
higher per capita public green space. Although Wuhan has a
higher per capita public green space than Shanghai citywide, it
still ranks behind Shanghai on the overall urban green space
index due to accessibility. For all four cities, the indexes of the
central city areas are higher than those of the suburbs. Shenzhen
has the largest difference between the central city and suburban
areas, while Shanghai and Wuhan have comparable smaller
differences.

Time dimension evaluation

Living service assessment results. As presented in Table 6, the
average facility coverage rate in Shanghai has been significantly
improved during the last ten years (from 2011 to 2021), in which
the improvement in suburban areas is slightly higher than that in
central city areas. By the facility type, education facilities only
increase slightly. The coverage rate of primary and middle schools
even decreased from 2011 to 2016 and then arose. Culture
facilities have been improved significantly, especially the cultural
room, increasing from 7.2% to 44.3%. The coverage rates of
sports and elderly care facilities, particularly the former one,
increased significantly from 2011 to 2016 and then steadily
improved. The coverage rate of administration facilities remained
stable, among which the coverage rate of the community center
increased significantly. The commerce and medical care facilities,

which had already been with rather high coverage rates in 2011,
did not change much during the last 10 years.

On the qualification quantity, as shown in Fig. 9a, the average
qualification items in central city areas are significantly higher
than those in suburban areas, and with comparable larger
improvements in central city areas, i.e., the difference between the
central city and suburban areas increases. In terms of adminis-
trative division, Putuo District in the central city area and
Baoshan District in the suburbs increased the largest, while
Chongming, Qingpu, and Jinshan Districts in the suburbs only
increased slightly. By facility type, sports and culture facilities
have improved the largest, as presented in Fig. 9b. Sports facilities
also have markedly improved from 2011 to 2016, while culture
facilities have improved significantly from 2016 to 2021. From
2011 to 2016, facilities for the elderly have significantly improved
and remained stable since then. The qualification rates of
education, commerce, and medical care facilities have remained
steady, while administration facilities have steadily improved over
the years.

In terms of diversity assessment, as presented in Fig. 10, the
central city areas of Shanghai perform better than the suburbs. All
indexes are higher than the average values of the city, and the
improvements in the central city areas are larger than that of the
suburbs. Figure 10a shows that Putuo District in the central city
area and Baoshan District in the suburbs have the largest
improvement. In contrast, Qingpu District and Chongming
District in the suburbs have improved the least. The number of
facility types in Chongming District even decreased, which may
be due to the reason that the improvement of facility construction
did not catch up with the speed of residential expansion. As
presented in Fig. 10b, the Shannon Indexes of both Huangpu
District in the central city area and Baoshan District in the
suburban area have been improved significantly so that the
distribution of facility quantity has changed to a more balanced
situation. Shannon indexes of four suburban districts, Chongm-
ing, Fengxian, Jiading, and Qingpu decreased during the first five
years (2011-2016). Then, the indexes in these areas keep
increasing in the latter five years (2016-2021), which may benefit
from the implementation of community life circle planning in
Shanghai in 2016.

Regarding accessibility assessment, Fig. 11 presents the
accessibility of living service facilities in Shanghai, which has
steadily improved over the past decade. Individual facility type,
education, culture, and medical care facilities increased at a
similar rate over the years. Sports facilities demonstrated the most
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Table 6 Coverage rate of living service facilities in 2011, 2016, and 2021 in Shanghai (%).

Category Subclass 201 2016 2021
Central city Suburban Citywide Central city Suburban Citywide Central City Suburban Citywide
area area area
Education Kindergarten 98.7 911 949 99.7 94.5 96.9 99.9 93.7 96.8
Primary school ~ 97.8 79.4 88.6 97.6 791 87.6 97.3 70.2 83.7
Middle school 98.8 80.1 89.4 98.8 76.7 86.9 98.3 74.7 86.5
Culture Library 65.3 27.7 46.4 85.5 38.7 60.2 87.7 41.5 64.6
Cultural center  56.6 38.9 47.7 85.8 50 66.5 91.4 57.2 743
Cultural room n 33 7.2 25 10.5 17.2 58.6 30 443
Sports Playground 64.2 29.1 46.6 97.1 73.5 84.3 98.3 725 85.4
Sports center 77.8 36.7 57.2 98.4 63.8 79.7 98.8 69.1 84.0
Fitness center 87 52.8 69.8 99.3 82.0 90.0 99.8 84.3 921
Administration District Office 82.1 25.6 53.8 79.7 19.5 471 90.4 24.2 57.3
Community 90.6 63.6 771 99.5 88.8 93.7 99.8 o1 95.5
center
Judicial office 90.7 65.9 783 94.2 64.8 783 99.4 81.1 90.2
Commerce Food market 99.9 93.6 96.7 100 95.6 97.6 100 97 98.5
Post office 100 931 96.5 100 98.8 99.4 100 98.3 99.2
Elderly care Elderly care 829 413 62.0 95.4 57.7 75.0 97.2 54.3 75.8
facility
Medical care Health center 96.3 75.6 859 98.9 84.6 91.2 99 821 90.6
Average facility coverage 81.2 56.1 68.6 90.9 67.4 78.2 94.7 70.1 82.4
Commerce
Baoshan
Changning Chongming
Yangpu Fengxian Administration Education
Xuhui Jiading 2021
- 2016
Putuo ¢ Jinshan 2011
Elderly care Sports
Jingan Minhang
Huangpu Pudong
Hongkou Qingpu
Songjiang Culture Medical care
(a) (b)

Fig. 9 Standard status of living service facilities in 2011, 2016 and 2021 in Shanghai. a Average qualification quantity and b qualification rate. Note:
District names in red color represent downtown districts while black for suburban districts.

remarkable improvement, significantly higher in the first 5 years
(2011-2016) than in the latter 5 years (2016-2021). On the
contrary, the administration and commerce facilities showed
comparable smaller improvement during the first 5 years than in

10

the latter five years. The accessibility of elderly care facilities
improved the least, which remained almost unchanged during the
last 5 years (2016-2021). These to some extent reflected the
emphasis on switching in facility allocation of Shanghai.
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Fig. 12 Spatial distribution of accessibility index in Shanghai (2011, 2016, and 2021). Since 2016, the overall accessibility of facilities began to increase,
and areas with high indexes started to appear in the “new center” of suburban administrative districts.

To reveal the spatial distribution of the overall accessibility for
the city, the Bayesian Kriging interpolation analysis was carried out
by taking each residential community as the measuring point
(Gupta et al., 2017). Figure 12 shows the visualization results of the
spatial distribution of the overall accessibility index in Shanghai for
2011, 2016, and 2021, respectively. The accessibility index was
categorized into six levels from lowest to highest (using Natural
Breaks). In 2011, all suburbs of Shanghai were with low indexes
and only a small portion of central city areas were with high values.
Since 2016, the overall accessibility of facilities began to increase,
and areas with high indexes started to appear in the “new center”
of suburban administrative districts. The areas with high index in
the central city also expanded. By 2021, the low-value areas further
shrunk, while the high-value areas continue to grow, and finally,
the high-value areas started appearing in the suburbs.
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Health and safety assessment results. Figure 13 presents the
empirical index values for disaster and epidemic prevention
assessment, from which the improvement rate of Shanghai during
the first 5 years (2011-2016) was found less than that in the last 5
years (2016-2021). By each facility type, the improvement of
community safety and life security facilities during the first 5
years was not significant, much smaller than that in the last 5
years. The improvement of disaster prevention facilities was on
the contrary. During the decade, the accessibility of disaster
prevention facilities improved the most, while the accessibility of
life security facilities improved the least. From the perspective of
spatial distribution, the trend is similar to the overall accessibility
index, as presented in Fig. 14. The high-value index areas existed
in the central city areas in 2011 and then gradually spread
outward.
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central city areas in 2011 and then gradually spread outward.

Table 7 Healthy travel indexes in Shanghai (2011, 2016, and
2021).

Year Central city Suburban Diff. between central Citywide

During the latter 5 years, the indexes of several suburb districts
decreased, which may be related to the large-scale expansion of
suburban residential areas.

Conclusions
This study proposes a set of general diagnosis procedures for

area city and suburb
2011 2.65 0.99 .67 1.82
2016 2.96 0.88 2.08 1.84
2021 3.07 0.94 213 2.01

community life circles. Comprehensive analyses of the con-
struction of the life circles were carried out from both living

Table 7 presents the results of the healthy travel assessment.
The overall citywide travel index increased slightly from 1.82 to
2.01 during the decade. The indexes of central city areas are
higher than suburban areas, and the gaps in between increased
over the years. From the perspective of spatial distribution, as
presented in Fig. 15, the travel index in central city areas did not
change significantly due to intensive land use. With abundant
land resources in the suburbs, new roads, metros, and
transportation facilities substantially improved the convenience
of community travel, and the low-value areas decreased over the
years (Sun and Ding, 2019; Zhong and Sun, 2022).

In terms of urban green space assessment, as presented in
Fig. 16, for each year the central city areas perform better than the
suburbs on average. The indexes of central city areas have
improved more than the suburban areas during the past 10 years,
with the difference in between increased. In terms of adminis-
trative district, two suburb districts, Jiading and Minhang and two
central city districts, Hongkou and Changning improved
significantly during the decade, while the other two suburb
districts, Chongming and Baoshan only improved slightly.

12

services and health and safety. In terms of spatial dimension
application, the latest assessments of Beijing, Shanghai, Shenzhen,
and Wuhan in 2021 were implemented. The advantages and
disadvantages of the facility configurations in each city were
analyzed to assess the status quo of community life circle con-
struction. The results revealed that the four cities have different
emphasizes on the construction of community life circles.
Shanghai dominates in the construction level of administration,
elderly care facilities, and travel facilities. Shenzhen has achieved
remarkable achievements in constructing culture, commerce, and
safety-related facilities, while still lags when compared with the
other three cities in elderly care facilities. This might be mainly
because the aging Problem in Shenzhen is not as severe as in the
other three cities.” Beijing has an outstanding performance in
urban green space assessment, which however needs more
resource investments in community-level living service facilities.
Most of the evaluation indexes in Wuhan are in the middle level,
which requires more investments in sports facilities, travel sys-
tems, and green community environment construction. The
construction level of community life circles in the four cities is
more or less uneven in spatial development, manifested in that
the indexes of life circles in the central city areas are better than
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Fig. 16 Urban green space index in Shanghai (2011, 2016, and 2021). District names in red color represent downtown districts while black for suburban

districts.

those in the corresponding suburbs. Shenzhen has the slightest
difference between the central city and suburban areas among the
four cities. The overall performance indexes indicate that
Shanghai has the highest construction level of 15-min community
life circle among the four cities, followed by Shenzhen, Wuhan,
and Beijing.

Results from the time dimension comparison in Shanghai (in
2011, 2016, and 2021) indicate that the quality of community
living service in central city areas has improved more than that of
the suburbs during the past decade. Among all living community
life circle services, sports facilities have been improved the most,
while elderly care facilities as the least, and other facilities steadily
improved. As a society aging problem is becoming more severe in
Shanghai during recent years. More attention should be paid to
the configuration of elderly care facilities. Meanwhile, the gov-
ernment needs to invest more public resources in the suburbs and
prioritize the resources towards facilities related to elderly care,
life security, and community travel. By the empirical analyses and
comparisons, planning problems for communities and dwellings
were revealed and quantitatively investigated through numerical
analyses using massive multi-source data, providing technical
support for government strategy stipulating and decision-making,

Data availability
Data sharing will be available upon reasonable request to the
corresponding author by email directly.
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Note

1 Proportion of the population aged 60 and above in Shenzhen, Shanghai, Beijing, and
Wuhan is 5.36%, 23.38%, 19.64%, and 17.23%. Source: Bulletin of the Seventh National
Census, 2021.
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