SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

The distribution characteristics of facilities
in 15-minute Community Life Circle: the case
study of Jinan City

WU, Wei

Graduate School of Human-Environment Studies, Kyushu University : Doctoral Program

DIVIGALPITIYA, Prasanna

Faculty of Human-Environment Studies, Kyushu University

https://doi.org/10.15017/6788790

HERIESR : R - BRI, 43, pp.23-37, 2023-01-15. Faculty of Human-Environment Studies,
Kyushu University
N—=2 3

HEFIBAMR

. KYUSHU UNIVERSITY




T - BEFHIR AMKERFERAMBEEHERCE 435,
J. of Architecture and Urban Design, Kyushu University, No.43, pp.23~37, January. 2023

15 4333 2 =5 A AT B Bk O 5 AT Bt C B+ A e
—EETEr—ART T L LT

The distribution characteristics of facilities in 15-minute Community Life

Circle : the case study of Jinan City
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This research studied Jinan City as a case study of 15min-CLCs development among second-tier cities in China

and tried to identify the underdeveloped areas and underdeveloped services for future growth. There are few

studies on second-tier cities with large populations and low quality of life. The main steps of this study are as

follows: First, we analyzed the distribution of facilities for the daily lives of residents in the 15-minute-CLCs.

Secondly, the study assessed whether each 15-min-CLC meets the daily life needs of residents. Thirdly, it

discussed relevant optimization strategies for underdeveloped regions. Finally, the underdeveloped regions and

insufficient facilities in Jinan City were identified.
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1. Introduction

The Chinese government has advocated the transit-oriented
development (TOD) concept to solve the problems of air
pollution, traffic congestion, and increased commuting distance
caused by rapid urban development in recent years. The TOD
policy aims to solve such issues by developing public transport
to build the skelefon of the urban transport system and connect
different neighborhoods. However, in the current research on
TOD implementation, more attention has been paid to the
development of TOD stations, and few studies have discussed
whether the surrounding environment of TOD is livable or
workable. Improving the quality of life by improving how
people meet the needs of daily life is essential for attracting new
residents to TODs.

Therefore, the concept of the "15-minute Community Life
Circle" (15min-CLC) has been widely recognized in China and
is gradually being applied to urban planning. The concept of
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15min-CLC is regarded as the basic unit to build community
life in the master plan of Shanghai in 2016 . In this Shanghai
master plan, 15 minutes' walking distance is the public activity
space that provides basic daily services for residents. At the
same time, the Standard for the Planning and Design of Urban
Residential Areas (GB50180-2018) that was issued by the
Ministry of Housing and Urban-Rural Development of China
in 2018 recommends that residential areas must meet their basic
life demands within a reasonable walking distance. These new
standards recommend four block community life circles based
on the size of the residential areas, namely, 15-minute, 10-
minute, and 5-minute 2. The 15min-CLC is the most frequently
used size among the three.

In the process of urban development, the development
speeds of different communities vary, and urban expansion will
also lead to the emergence of new and old communities.
Therefore, the development of basic service facilities in
different communities varies greatly.

Therefore, a better understanding of the distribution of basic
service facilities in different communities is required to

implement the concept of 15-minute-CLC.The research that
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analyzes the implementation of the 15min-CLC in Chinese
cities is limited. Existing research on China's 15-min CLC is
mainly concentrated in first-tier cities, such as Beijing and
Shanghai, at present . These first-tier cities have a very high
level of urban development, and their comprehensive economic
strength and transportation accessibility play a leading role
nationwide. As a result, after being proposed in national
standards in 2016, the concept of 15-min-CLC could be quickly
adopted in first-tier cities.

However, the development practice of first-tier cities cannot
be fully applied to other cities, such as second-tier cities, due to
different levels of urban development and population density.
Although second-tier cities have a good economic foundation
and a large population, they still need to focus on improving the
urban infrastructure and do not have enough capacity to quickly
implement new policies. As a result, most second-tier cities
have not formulated strategies to develop the 15min-CLC
concept. Meanwhile, there is little research on the development
of 15min-CLCs in second-tier cities.

While other second-tier cities do not have plans to apply the
15min-CLC concept, Jinan City has integrated the 15min-CLC
concept with the latest master plan, putting it ahead of other
cities at the same level. The analysis of the 15min-CLC
implementation plan in Jinan City can provide more useful
experience for other cities of the same type. Therefore, this
study analyzed Jinan City as a representative city that is
15min-CLC to understand the future
development direction of the 15min-CLC in Chinese second-

implementing

tier cities.

The purpose of this research is to identify the

underdeveloped areas by analyzing the distribution
characteristics of facilities in the 15-minute community life
cycle areas in Jinan City and then discuss appropriate methods
for effectively developing the 15min-CLCs in Chinese second-

tier cities.

2. Literature review
2.1 The application of 15min-CLC in different cities

The concept of 15min-CLC has been applied in different
cities in different countries recently. As the first city in China to
introduce the concept of 15min-CLC, Shanghai has developed
a series of strategies to implement this concept, which provides
a rich experience f or other Chinese cities. With the
encouragement of the Chinese central government, more and
more Chinese cities are considering integrating the concept of
15min-CLC into their urban development plans. For example,
Beijing, Guangzhou, Shenyang, Hefei, Jinan, etc. At the same

time, many cities outside China are planning to transform urban

neighborhoods into 15-minute cities. Paris has proposed
implementing a 15-minute city concept in 2020. The C40 Cities
Climate Change Leadership Group in 2021 discussed the 15-
minute cities and summarized those residents of every
neighborhood should have easy access to goods and services,
particularly markets, fresh food, and healthcare 99,

In addition, the concept of a 15-minute city has also been
extended to different scales in the process of practical
implementation due to the unique context of different cities. For
example, Portland created a 20-minute neighborhood, with
convenient, safe, and pedestrian-oriented access to the places
and services people use every day: transit, shopping, quality
food, schools, parks, and social activities that are near and
adjacent to the housing 7. Melbourne advocated a 20-minute
block plan, including a return trip, which means that people
need a 10-minute walk from home to their destination®. In
addition, some researchers have proposed that people can reach
their destination within 20 minutes by walking or by public
transportation in a 20-minute city °.

2.2 The evaluation of 15min-CLC in different cities

Several previous studies have been conducted on the
evaluation of the 15-min-CLC concept in various cities. For
example, Wu (2021) stated that the 15min-CLC concept is one
of Shanghai’s important strategies for facing society with a
more diverse population structure in the future. They
considered incorporating people’s needs into the 15-min-CLC
evaluation model. They evaluated the current situation of
Shanghai’s 15min-CLC and carried out service area analysis to
understand the shortcomings of Shanghai’s 15min-CLC
development through kemel density estimation. Then, they
proposed some suggestions based on how to match the supply
and demand !9

Nowordl (2022) discussed the urban layout of Krakow from
the perspective of a 15-minute city. They analyzed the
geographical proximity of different facilities and compared
them with the number of residents within different walking
distances around facilities, and explained the factors affecting
the number of residents within the 15min-CLCs'".

Li (2019) analyzed the existing situation of the distribution
of service facilities in Baoding City based on POI data'®. They
found that the public cultural facilities and elderly care facilities
in Baoding were insufficient by calculating the standard rates
in Baoding City. Their research also proposed optimization
strategies.

Graells-Garrido (2021) analyzed the relationship between the
distribution of service facilities in the 15min-CLC and human
mobility by quantifying the accessibility of facilities in
Barcelona's 15min-CLC. They found that facilities with



completed educational or commercial facilities are more likely
to stimulate human activities!?.

The 15min-CLC concept can also be used to develop specific
Song (2022) analyzed the spatial

accessibility of health services in Guangzhou's 15-minute-

types of facilities.

CLCs. The result shows that only 39.6% of residents can get
medical services within 15 minutes of travel'?.

Logan (2022) applied multiple methods to analyze the
proximity of the 500 largest cities in the USA and 43 urban
areas in New Zealand. Then they compared the results to find
the important factors to help planners determine the scope of
the community, such as geographic boundaries and amenity
types 4. Most of the 15min-CLC related studies focus on the
analysis of individual cities. The types of facilities that are
underdeveloped could be identified by analyzing the
distribution characteristics of different facilities within 15min-
CLCs, which will be useful to understand the shortcomings of
15min-CLC

development strategies to overcome those shortcomings.

development and develop appropriate

It is also assumed that the existing facilities can meet the
daily needs of residents at 15 min-CLCs in their current
situation. However, Wu (2021) stated that there are few
previous studies discussing the balance between the
demarcation of the 15min-CLCs and the needs based on
population in the CLS (Community Life Cycle) '%. Therefore,
our research decides to develop a method to analyze the
relationship between facilities and population.

In general, our study attempts to analyze the existing 15min-
CLCs in Jinan City and formulate optimization strategies to
overcome the deficiencies of the current situation. The structure
of the research is as follows: Section 2 reviewed previous
studies. Section 3 described the study area, data sources, and
methods. The results were described and discussed in Section

4. Section 5 was the research conclusion.

3. Methodology
This study investigated three aspects of Jinan City's proposed
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15min-CLC plan. First, we studied the distribution of facilities
in each 15-min-CLC. Second, we analyzed the relationship
between population and facility distribution and different
walking distances. Third, divide these 15min-CLCs into several
groups to find areas that need further improvement.

The following process was followed for the evaluation: First,
the facilities were grouped into 6 categories as defined by the
Jinan City government. Second, the number of facilities
belonging to 6 groups of facilities at each 15min-CLCs was
counted using POI data. Third, we calculated the ratio of the
number of facilities to the population at each 15min-CLCs.
Forth, the CLCs with facilities-to-population ratios below the
average value was considered underdeveloped areas. Finally,
the density distribution of facility categories within the 15-
minute CLCs was calculated. Later optimization measures
were proposed for underdeveloped CLCs. The research flow
chart is shown in Figure 1.

3.1 Study area

Jinan City is the capital of Shandong Province in China.
Jinan City has 10 districts and 2 counties, with a total area of
10244.45 square kilometers. According to the 7th national
population census, the permanent population of Jinan was 9.2
million by November 2020, and the average annual population
growth rate was 1.27% . The Jinan City government
emphasized promoting the development of urban rail transit
with the TOD concept, strengthening traffic congestion
management, advocating low-carbon travel, and attracting
people to gather around the rail stations in the "Fourteenth Five
Year" Comprehensive Transportation Development Plan !9, By
March 2021, there were 3 rail transit lines in Jinan City,
including Line 1, Line 2, and Line 3, with a total operating
mileage of 84.1 km and 43 stations.

At the same time, the Jinan City government proposed to
implement the concept of 15min-CLC in 2016, to realize the
balanced development of the whole city. In 2019, Jinan City
Planning Bureau issued the guideline; Jinan Planning Guidance

of 15-minute Community'?.
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Jinan City is planning to implement 15 min-CLCs in seven
urban districts, namely, Lixia District, Shizhong District,
Huaiyin District, Tiangiao District, Licheng District,
Changging District, and Gaoxin District. Meanwhile, this
guideline defines the 15 min-CLCs from three aspects. The
population of 15min-CLCs was calculated using the population
density, and the population ranges from 50000 to 80000 people.
The residential land area should be between 1.5 and 8 km?.
Secondly, urban blocks are the basic unit of the 15 min-CLCs.
Thirdly, the scope of the 15min-CLCs was restricted to areas in
which the different service facilities could be reached within 5
to 15 minutes. In addition, the guidelines recommend that 15
min-CLC should not be separated by natural factors such as
large rivers, mountains, or railways and roads.

The cores of the 15min-CLCs are also defined in Jinan’s
guideline. First, the number of cores depends on the size of the
15min-CLC, and the buffers of cores must cover the entire
15min-CLCs within 15 minutes of walking distance. It is
ensured that residents can arrive at any facilities within 15
minutes. Then, the cores can be located in the geographic center
of 15min-CLCs as much as possible. The core can also be
combined with public transportation nodes. There are eighty-
three 15min-CLCs and 134 cores in Jinan City, defined in the
Jinan City Plan as shown in Figure 2. Meanwhile, the eighty-
three 15min-CLCs are numbered in Figure 2 to describe them
clearly in this research.

3.2 Data collection

According to the Jinan Planning Guidance of 15-minute
Community'?, different facilities are necessary to meet the
basic living needs of residents within walking distance. These
facilities that meet the basic needs of residents were divided
into, 6 categories namely: (C1) daily service facilities, (C2)
administrative service facilities, (C3) medical facilities, (C4)
elderly care facilities, (C5) open space, and (C6) educational
and cultural facilities as shown in Table 1.

Cl daily service facilities: Providing sufficient and
diversified convenience services nearby to meet the daily needs
of shopping, eating and maintenance in the life circle. Facilities
include vegetable markets, housekeeping service centers,
maintenance points, express service shops, small supermarkets,
convenience stores, hardware stores, public toilets, renewable
resources recycling stations, etc.

C2  administrative

community autonomy, fostering the growth of social

service facilities:  Strengthening
organizations, and helping residents to find jobs and start
businesses. Facilities include street office management,
community grassroots office, social organization incubation,

employment and entrepreneurship guidance and skills training,

embedded office space, etc.

C3 medical facilities: Pay attention to people's health in the
whole life cycle and enrich community medical services.
Facilities include community health services, health care for all
age groups, tracking of chronic diseases, psychological
counseling, hospice care, etc.

C4 elderly care facilities: Building a flexible, shared, and
balanced elderly care system, pay attention to the physical and
mental needs of the elderly. Facilities include centralized
residential care for the elderly, day care services, elderly
education services, catering services, etc.

CS open spaces: Providing multi-level and multi type public
activity venues and building a public activity space system in
the life circle. Facilities include community public open spaces,
small public spaces (street garden, cultural fitness square), etc.

C6 educational and cultural facilities: Providing diversified
care and education for juveniles, increasing the allocation of
public education facilities, and improving the quality of fitness
and entertainment activities in the life circle. Facilities include
preschool care, early childhood education training center, adult
interest training, fitness etc.

Table 1. Data and sources.

Data Types Measurements Sources
Daily  service | Counting the number of
(C1) POIs of food markets,
maintenance shops, express
delivery stations,
supermarkets, banks,
ATMs, convenience stores,
public toilets.
Administrative | Counting the number of
service (C2) POIs of police stations,
community service centers, | Collected from
Facility subdistrict offices. Baidu Map on
Categories |Medical  care | Counting the number of September 28,
(C3) POIs of hospitals, clinics. | 2022.
Elderly  care | Counting the number of
(C4) POIs of elderly care
facilities.
Education and | Counting the number of
culture (C5) POIs of cultural and
educational facilities,
fitness services.
Open space | Counting the number of
(C6) POIs of parks.
China population census
Population Issued in 2020.
yearbook.




Figure 2. The eighty-three 15min-CLCs in Jinan City.
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The above six categories of facilities were counted by POI
data. A point of interest (POI) is a specific place or location
point on a map that someone might be interested in or useful
for. POIs are usually defined by their geographical coordinates
along with some additional attributes such as name, category,
address, opening hours and contact details. This information is
important because it feeds many location-based applications
such as digital maps and navigation systems. Therefore, the
number and location of facilities in CLCs can be known by
statistics of POI data. The POI data for this study was collected
from the Baidu Map (Table 1). Meanwhile, this research
collects the population data of Jinan City from the 2020 China
Statistical Yearbook '®.

3.3 Evaluation of facilities distribution among 15min-CLCs

Evaluating the distribution of different facilities in 15min-
CLCs can be helpful to find regions that need further
development. After counting the POIs of each 15min-CLC and
analyzing the distribution characteristics of different categories
of facilities in 15min-CLCs, the research can understand the
areas where the facilities are distributed unevenly. This research
attempts to show the development situation of each 15min-
CLC by counting the number of facilities belongs to six
categories.

Then, this research proposes a method that can directly
evaluate whether the allocation of facilities in different 15 min-
CLCs is balanced. In this research, we named this measurement
the Facility to Population Ratio (FPR). The FPR calculates the
number of facilities per thousand people at a Smin-CLC.

3.4 Evaluation of facilities distribution within 15min-CLCs

This research, after evaluating the facility distribution of
15min-CLCs in Jinan City, identified the 15min-CLCs that
need further improvement by comparing them with the average
value. Optimization strategies can be proposed for regions that
need improvement in the distribution of facilities. Logan (2022)
stated that the distance between the facility and the residence is
an important measure of convenience. The distance can affect
the use of facilities14). Therefore, this research attempts to
figure out the suitable distance from different categories of
facilities to the cores of the 15min-CLCs, which can help
planners fill the gaps in the underdeveloped regions accurately.
This research measured the distribution of each facility
category within 2000 meters (30-minute walking distance) of
134 cores.

4. Results and discussion
4.1 Facilities distribution of 15min-CLC in Jinan City
The number of six categories of facilities in eighty-three

15min-CLCs is counted. The results are shown in Figure 3

(@):(b),(c),(d).(e) and (D).

The main distribution locations of various categories of
facilities in Jinan City can be observed directly in Figure 3.
Among the eighty-three 15min-CLCs, only No. 61 has a
higher-than-average number of facilities in all categories. At the
same time, 8% of the 15min-CLCs in Jinan City only need to
develop one category of service facility, and 34% of the 15min-
CLCs have fewer facilities than the average number of
facilities in each category.

Figure 3 also shows regions where each category of facility
is well developed. For the daily service facilities, among the
eighty-three 15min-CLCs, No. 6 and No. 15 have the largest
quantity. It can be seen in Figure 3(a) that the daily service
facilities are mainly concentrated in the central area of Jinan
City.

Area 15 has the largest number of administrative service
facilities. Because it is a city center, the number of
administrative service facilities in No. 15 is much higher than
that in other regions.

The medical care facilities are mainly located at No. 6, 15,
57,65, 68, and 77. Medical care facilities are widely distributed
and have the largest number of facilities among all categories
of facilities.

Area No. 68 has the highest number of elderly care facilities.
Area No.68 is an area with open natural lands far from the high-
density area of Jinan City, where most elderly care facilities are
concentrated in this region.

The areas 48, 9, and 35 have the highest number of open
spaces. These regions are adjacent to parks, with ample space
for activities. For the educational and cultural facilities, No. 15,
57 and 77 have the largest number of facilities. This category
of facility is obviously concentrated in the city center.

In general, No. 15 is the most prominent region among the
eighty-three 15min-CLCs, with enough facilities from each
category. The No 68 is in the new city center and has the
advantage of having adequate elderly care and medical
facilities.

At the same time, there are areas with small number of
service facilities, such as No. 31 and No. 73. These two 15min-
CLCs are located at the edge of urban areas and are easy to be
ignored in the urban development. The development direction
in the future can be improved according to the insufficient

facility categories.



Figure 3(a). Number of daily service facilities

Figure 3(b). Number of administrative service facilities
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Figure 4. The population distribution of 15min-CLCs.

4.2 Evaluation of facilities distribution among 15min-CLCs

The facilities are mainly designed to serve the surrounding
residents. This analysis evaluated whether the distribution and
quantity of facilities meet the needs of the surrounding
population. Figure 4 shows the population distribution of
15min-CLCs in Jinan City. The population distribution of Jinan
is mainly concentrated in areas 6, 29, 30, and 77 (Figure 4).
However, it can be found that the number of facilities in these
densely populated areas is not high when comparing Figure 4
with Figure 3. This means that the service facilities in some
15min-CLCs are not adequate, and the facilities cannot meet
the daily needs of surrounding residents.

Therefore, it is also necessary to consider the population of
each area in the analysis to understand the adequacy and
equality of resource allocation among 15min-CLCs. This study
proposed a "Facility to Population Ratio" to investigate the
relationship between the number of facilities and the population.
The FPR values for each category of facility in each 15min-
CLC are calculated and compared. The results are shown in
Table 2. Those below the average value are underdeveloped
regions that need further improvement. In Table 2, the gray area

indicates that the FPR value is lower than the average value for

all 15min-CLCs.

According to Table 2, there are insufficient facilities in
densely populated 15min-CLCs, such as areas 6, 30, and 77.
City needs to solve this situation in the future to fully
implement its 15min-CLC development plan.

4.3 Evaluation of facilities distribution within 15min-CLCs
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Figure 5. The density distribution of facilities at different

distances from the cores of 15min-CLCs.

This research can identify the future development direction
of each 15min-CLC from FPR calculations. While improving

the 15-minute-CLCs, it is critical to maximize the utilization of



Table 2. Results of FPR in eighty-three 15min-CLCs.
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facilities. The distance between the facilities and the core of the
15min-CLCs can affect their utilization. Therefore, this
research attempted to understand the optimal distance between
various facilities and the cores of 15min-CLCs by analyzing the
distribution pattern of different categories of facilities in the
15min-CLCs. The density distribution of the six categories of
facilities at different distances is calculated as shown in Figure
5.

According to the results, the facilities in Jinan City are
mainly distributed between 600 and 800 meters from the cores
of 15min-CLCs. This analysis, combined with the FPR, shows
the categories of facilities that are insufficient in 15min-CLCs.

Area 6 is a community with a high population density in the
central area of Jinan City. The huge population also brings a
high demand for facilities. From the FPR calculation, the FPR
value for different facilities is lower than the average value for
the whole city. Therefore, improving facilities within the range
of 600m to 800m is necessary to meet the daily needs of
surrounding residents. At the same time, since there is almost
no vacant land in the central urban area, various public facilities
can be concentrated in urban facility complexes.

Li (2019) analyzed the allocation of urban community life
circles in Baoding City by calculating the standard rates of
public service facilities in each district. The communities with

more types of facilities were considered better-developed 15

min-CLCs ?. We counted the number of facilities in Jinan City
to find the underdeveloped regions. Meanwhile, determining
whether the number of facilities is enough to meet residents’
daily needs is important. Therefore, we proposed calculating
the ratio between the number of facilities and residents in
different 15 min-CLCs to help achieve equal development in
different regions

Wu (2021) calculated the service coverage of different types
of facilities '%. They also assigned weights to the different types
of facilities since the service coverage of different types of
facilities has different demand levels. Then, they obtained a
value to measure the comprehensive service convenience in the
region. Although this total value can help people compare the
convenience of different 15min-CLCs quickly, it cannot find
the types of facilities that are lacking. Therefore, we attempt to
measure each category of facility separately. However, Wu
(2021) proposed that different facilities should be given a
weight since different types of facilities have different coverage
areas. This provides a useful hint for future research.

Nowordl (2022) focused on facilities and analyzed
population density at various walking distances to examine the
relationship between population distribution and facilities '".
But we focused on residential areas and analyzed the density of
facilities within different walking distances. Since the smallest

unit of population statistics in Chinese cities is the subdistrict,
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which is larger than a residential area, the method used in our
research is more suitable for cities where accurate population
data cannot be obtained on a small scale.

Our calculation shows the facilities in Jinan City were
distributed 600 to 800 meters from the core of the 15min-CLCs.
Compact developments can be considered for new facilities in
locations with less developable land. Li (2019) proposed the
concept of shared facilities, and these shared facilities will be
built in adjacent areas to reduce land occupation ¥. Wu (2021)
also suggested that the function sharing of facilities is the future
development direction of 15min-CLC !9, It integrates the needs
of basic services with the daily life habits of people of different
ages.

In addition, the six categories of facilities in this research are
defined based on the guidelines set by Jinan City. In addition to
the facility categories given in the Jinan City Plan, this research
included the accessibility of residents to various facilities,
which can help improve the use of facilities. We evaluated
accessibility in the community by analyzing the number of road
intersections within the 15min-CLCs. This research counts the
number of intersections in each 15min-CLC in Figure 6 and
calculates the average number of intersections per square
kilometer. The average number of intersections is 161
intersections per square kilometer in 15min-CLCs of Jinan City.
Among the eighty-three 15min-CLCs, the accessibility
faculties in areas 31, 37, 54, and 73 are lower than the average
value. The guidelines of Jinan City also advocate combining
15min-CLCs with public transport, to improve the daily travel
of residents and ease access to basic facilities (Figure 7). The
results of public transport stations in each 15min-CLC are
shown in Figure 8. It can be found that public transport facilities
are mainly concentrated in central area of the Jinan City, such
asareas 6, 15,57, and 77. Jinan City has an average of 35 public
transport facilities per square kilometer. There are 48 regions
below the average. The development of public transport is
extremely unbalanced in Jinan City. Therefore, more attention

should be paid to future planning.

5. Conclusion

In recent years, the Chinese government has advocated the
concept of transit-oriented development (TOD) to address the
problems of air pollution, traffic congestion, and increased
commuting distance caused by rapid urbanization, a well as to
connect different communities. However, several research
studies on TOD implementation have discussed whether the
surrounding environment of TODs is good for living and
working. The concept of the "15-minute community life circle"

(15min-CLC) has been promoted in many Chinese cities and is

gradually being applied to urban planning improve
communities. This research studied Jinan City as an example to
discuss the development of 15min-CLCs in second-tier cities
and attempted to identify the underdeveloped regions for future
development. The main steps are as follows: First, we analyzed
the distribution of facilities that are important for the daily lives
of residents in the 15min-CLCs. Secondly, it assesses whether
each 15 min-CLC meets the daily needs of residents. Third,
optimization strategies for underdeveloped regions are
proposed.

In this research, we counted six categories of service
facilities closely related to residents' daily lives in the 15min-
CLC. Then the research determined the underdeveloped
regions by analyzing the ratio of the number of facilities to the
population in each 15min-CLC. Later, the distribution of
different types of facilities at different walking distances was
calculated. The results of this research indicated that the
facilities in Jinan City are mainly distributed within the range
of 600 meters to 800 meters from the community cores, and the
facilities for elderly care are closer to the core of the residential
area. Therefore, combined with the FPR results, the distribution
of facilities from the core can provide suitable optimization
strategies for the insufficient facilities in each 15min-CLC.

Factors that can describe the accessibility condition of
facilities need to be studied using road intersections, and
transport facilities to improve the usefulness of this research. In
addition, we will sort the results of FPR by combing more
information, such as accessibility or population, to have a
deeper understanding of the 15min-CLCs. Meanwhile, the
method developed in this research can be applied to other cities
and different ranges of community sizes. Application of the
optimal walking distance as proposed by Logan (2022) ' and
application of this method in other cities could improve the

method in future research.
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