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Abstract: Equity is one of the fundamental principles in the planning of public service facilities.
In recent years, many cities have started to promote the construction of 15 min community living
circles with the aim of providing residents with more equitable access to basic public services. Based
on this background, this study explores an equity-oriented spatial quantitative analysis method to
assist in the planning of public service facility layouts. The node centrality measurement index,
such as betweenness from spatial syntax and social network analysis is introduced into the analysis
method in order to consider the potential activity paths and flows of people at the community scale.
Selecting the central city of Shanghai as a case study, the research presents results regarding spatial
equity based on the relationship between public service demand and public service facilities supply.
Building on this foundation, various approaches to enhancing equity are discussed: (1) optimizing
the layout of public service facilities; (2) optimizing residential spatial patterns; and (3) optimizing
pedestrian transportation networks.
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1. Introduction

In urban-scale territorial spatial planning, the layout planning of public service fa-
cilities is an important task. Public services generally include education, medical care,
culture, sports, and elderly care, which are the basic services that must be guaranteed
for all citizens. The supply of resources with public attributes must strive to achieve the
maximum well-being of all residents, promote equitable distribution of resources, and
ensure equal opportunities for users [1]. Since the planning of public service facilities
needs to be laid out in geographic space, this principle of equity needs to be reflected at the
spatial level [2-4]. Hay (1995) fully discussed the concepts of equity, fairness, and justice in
geographic studies [5]. Comparatively speaking, equity places a stronger emphasis on allo-
cating resources according to individual needs. Fairness and justice are broader concepts
that encompass moral, social, legal, and other dimensions. In the field of public service
facility planning, the equitable distribution of resources forms the foundational safeguard
for achieving fairness and justice. Therefore, this paper predominantly focuses on the
concept of spatial equity. In general, the research in this field has undergone a process from
a unilateral focus on spatial equity to a comprehensive consideration of both population
needs and spatial equity [6-12]. For instance, Wicks et al. (1986) discussed issues of equity
in park resources allocation, asserting that parks should be distributed equally among all
regions [13]; Erkip et al. (1997) recognized that the equitable allocation of public services
in geographical space differs from group-oriented effective distribution [14]; Wolch et al.
(2005) argued for strategies to reduce inequalities in the levels of public service accessibility
across different communities [15]; and Wang et al. (2022) proposed the implementation of
strategic planning policies to ensure equity for specific groups [16].
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In order to better ensure urban residents’ equitable access to basic public services
in spatial terms and enhance the spatial allocation efficiency of public service facility
resources, many cities in China and other countries have been committed to achieving
equitable distribution of basic public services within a 15 min walking distance range in
recent years [17-22]. In its latest round of urban master planning, Shanghai has introduced
the concept of urban community living circles within a 15-min walking radius, aiming
to enhance the service of education, culture, medical care, elderly care, sports, recreation,
employment, and business, creating an all-age ideal educational environment, an elderly
friendly city, and a 24 h city, to form a community living circle that combines the functions of
living, business, learning, and leisure [23]. Based on various local practices, the Ministry of
Natural Resources of the People’s Republic of China released the spatial planning guidance
for community life units in 2021 to normatively guide the allocation of public service
elements in different types of community living circles [24].

Quantitative spatial analysis methods can provide effective support for rational lay-
out planning decisions of public service facilities [25]. Since the 1960s, many scholars
have engaged in discussions on the optimal facility location problem, such as the p-center
problem [26], p-median problem [26], the maximum covering location problem [27], the
location set-covering problem [28], and the uncapacitated facility location problem [29].
With the development of geographic information systems, applications of facility location
problems with a focus on equity have gradually become widespread since the 1990s [30,31].
These application studies commonly address the spatial accessibility of facilities and ser-
vices [32-40], as well as the spatial equity of residents” access to public services [41-43].
Common methods for measuring the service coverage of facilities include the service radius
analysis method and the network service area analysis method. The first method involves
drawing circles centered around facilities according to the service radius to analyze spatial
coverage, which is relatively simple and convenient [44]. The second method takes into
account the influence of the urban road network, defining the service area based on traffic
network paths and service distance (spatial or temporal), yielding results that are closer to
reality [45]. To identify weak areas in the layout of public service facilities, it is generally
necessary to separately calculate facility coverage and the spatial distribution of residents
(users). Based on this, supply-demand relationship analysis is conducted to determine
which areas have “supply exceeding demand”, which areas have “supply falling short of
demand”, and which areas are relatively balanced [19,46].

Despite their widespread application for calculating the service range of facilities, the
service radius analysis method and the network service area analysis method still exhibit
certain limitations, which manifest in the following aspects: (1) solely considering individ-
ual facility locations for service range calculation neglects the assessment of accessibility for
groups of people to reach these facilities; (2) relying exclusively on Euclidean distance or
predetermined paths to measure facility accessibility disregards the potential influence of
spatial (or network) configurations on trip routes; and (3) overlooking the variations in the
significance of different spatial nodes within the network fails to capture the disparities in
importance across various locations. Grounded in the theory of spatial syntax, the combina-
tion of urban transportation networks or open spaces can profoundly shape human activity
flow within a given space [47-50]. This phenomenon is indeed observable in urban contexts.
Similar spatial areas often display divergent levels of pedestrian traffic and commercial
vitality, closely tied to the layout of the spatial network. For instance, referencing Figure 1,
roads 1-5 serve as integral arteries within the consolidated area, intersecting with nearly
all other roads. Situated at the heart of the region, Location A stands adjacent to these main
arteries, and its surroundings comprise a dense network of roads, inherently designating it
as a focal point for pedestrian traffic throughout the region. In contrast, Location B deviates
slightly from this central region, and road sections 17 and 12 in its vicinity are cul-de-sacs,
typically associated with diminished pedestrian movement. Further removed from the
core area, Location C’s proximity to road 14 connects it with road sections 4, 5, 13, 11, and
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15, effectively positioning it as a potential passageway for pedestrian movement in the
northeastern part of the area.
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Figure 1. Facility location and road network.

An equity-oriented spatial layout of public service facilities requires a comprehensive
consideration of the potential flow of pedestrian activities when addressing issues of
facility coverage and supply-demand relationships. The location and scale of the public
service facility layout should ideally be aligned with the potential magnitude of pedestrian
activities within the spatial network, facilitating the enhancement of efficiency in the
allocation of public service resources. Against this backdrop, building upon research
into the layout of public service facilities at the scale of community life circles, this study
introduces a node centrality assessment method from spatial syntax, presenting a spatial
quantitative analysis approach that better promotes equitable distribution of public service
resources. The research objectives primarily encompass three aspects: (1) proposing a
feasible analytical assessment method; (2) utilizing Shanghai as a case study for conducting
a current status assessment; and (3) drawing on the case study results to explore various
avenues for further enhancing the equity of public service facility layout.

2. Materials and Methods
2.1. Materials

The subject of this study is the central city of Shanghai, which refers to the region
within the outer ring of Shanghai. The main data required for the study consist of three
types: (1) spatial distribution data of resident population; (2) spatial layout data of existing
public service facilities; and (3) road network data. These three types of data are illustrated
in Figure 2.



Land 2023, 12, 1780

40f16

Legend
= == Study Area

River
Density of Population
People/square kilometer
I 0 - 5000
:l 5000 — 10,000
110,000 — 20,000
[ 20,000 — 50,000
I >50,000

Legend Legend
= == Study Area === Study Area
*  Primary Schools — Walkable Roads
Junior Schools River

*  Medical Facilities

¢ Cultural Facilities

*  Sports Facilities

*  Elderly care facilities
River

(a) spatial distribution of resident population

(b) spatial layout of public service facilities (c) walkable road network

Figure 2. The three types of data required for this study in the central city of Shanghai.

The data on resident population come from the Sixth Population Census in 2010, and
the spatial scale is subdivided into neighborhoods. As shown in Figure 2a, the spatial
distribution of the resident population in the central city of Shanghai exhibits a significant
pattern of high concentration in certain local regions, with relatively dispersed features
in other local areas. The relatively concentrated areas are usually the old urban areas, old
neighborhood concentration zones, and newly built large residential areas, etc. The rela-
tively dispersed areas include industrial parks, large parks and green areas, transportation
and storage areas, and areas to be renewed. The spatial distribution data of public service
facilities are extracted from the land use data of Shanghai around the year 2015, stored in
the form of vector points, whose attribute table fields include the area of respective land
parcels; the spatial distribution is shown in Figure 2b. The public service facilities selected
for this study include basic education facilities, medical facilities, cultural facilities, sports
facilities, and elderly care facilities. Among them are basic education facilities including
primary and junior schools, which are analyzed separately in later sections because of the
obvious age difference of the service groups they serve; medical facilities including general
hospitals, specialized hospitals, community health service centers, etc.; cultural facilities
including cultural centers, libraries, museums, science and technology museums, memorial
museums, art galleries, exhibition halls, convention centers, children’s activity centers, etc.;
sports facilities including stadiums, swimming pools, soccer fields, gymnasiums, sports
grounds, etc.; and elderly care facilities including nursing homes, senior apartments, com-
munity home care service facilities, etc. The urban road network data within the study area
are sourced from navigation map data, which are rectified using a combination of satellite
maps. The data corresponds approximately to the year 2015, as depicted in Figure 2c. Since
this study focuses on the 15 min living circle scale of the community, and the main mode of
transportation for residents to reach public service facilities is walking, the road network
was screened to retain only walkable roads and eliminate non-walkable bridges, elevated
tunnels, and motor vehicle-only roads.
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2.2. Methods

The formulation of the methodology is the focus of this study. It builds upon existing
research to introduce centrality concepts from spatial syntax and social network theory. By
comprehensively analyzing residents’ pedestrian pathways in the spatial network and how
they relate to the positioning of public service facilities, an evaluation approach is put forth.
This approach takes into account both the arrangement of public service facilities and the
ease of residents’ pedestrian movements. The goal is to improve the equitable distribution
of public service resources.

Firstly, there is a need to abstract the walkable road network. The basic road net-
work shown in Figure 1 is abstracted into a node-edge topological network structure, as
illustrated in Figure 3. In this structure, road sections are abstracted as nodes, and the
connections between road sections are represented as edges. As depicted in Figure 3, road
section 3 is connected to road sections 4, 10, 11, 2, 17, and 18. Consequently, the abstracted
node 3 is linked to six edges connecting to other nodes.

Figure 3. Abstracted node-edge road network structure.

Secondly, each node needs to be evaluated for centrality on the community walking
scale. The result of this evaluation corresponds to the potential likelihood of residents
passing on walkable paths. In spatial syntax and social network analysis, mature indexes
for assessing node centrality already exist, including metrics such as degree, closeness,
and betweenness [51-54]. In this study, betweenness is selected as a measure of node
centrality. Betweenness refers to the extent to which a certain node lies on the shortest
paths between any two nodes within a certain range. A higher value indicates greater
importance of that node. Corresponding to the community-scale road network, if the
betweenness of a road section is higher, it means that the daily walking activities generated
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by residents on this road section are higher. From observation of Figure 3, it can be roughly
inferred that road section 3 near position A exhibits a higher degree of connectivity with
surrounding roads, suggesting it might be a road section easily traversed by pedestrian
activities. On the other hand, road section 17 near position C demonstrates a lower degree
of connectivity with neighboring roads, indicating it could be a road section less frequented
by pedestrian activities. Of course, this judgment needs to be verified by carrying out
quantitative calculations.

sDNA version 4.1 software was selected to analyze the betweenness index of road
sections in the walkable road network in this study. The software can be run based on
the ArcGIS platform. According to the definition of SDNA software, the betweenness
index is calculated as shown in the following Equations (1) and (2), and the TPBt(x) index,
which eliminates the exponential effect brought by the number of node samples on the
betweenness value, is calculated as shown in Equation (3) [55,56]. The values of TPBt(x)
are mainly used in the later analysis.

Betweenness(x) = Y Y W(y)W(z)P(z)OD(y,z,x) 1)
yEN z€Ry

where
1, if x is on the first geodesic found fromy to z

1/2,ifx=y#z

OD(y,z,x) = 1/2,ifx=z#y 2)
1/3,ifx=y=z
0, otherwise
W(z)P(z)

TPBt(x) =) ) OD(y,zx)

yEN z€Ry

total weight(y) ®)

The meaning of each parameter in the above equation is illustrated in conjunction
with Figure 3 [57]. Specify the search distance Ry (referring to an approximate distance of
a 15 min walking radius, this study adopted a value of 1500 m) and specify the location
of road section x (for example, the road section 3, noting that the position of x is fixed);
take the center of any road section y (section y is the variable) in the network structure as
the center of the circle with Ry as the radius. All road sections within the radius can be
road section z. Calculate the shortest path between any road section z and y, respectively,
if the shortest path passes through road section x, then assign the value according to the
rule of OD(y,z,x) (road section x, y, and z may be the same road section); W(y) and W(z)
are the weights of road sections y and z, respectively; p(z) is the length proportion of road
section z within the above radius; and fotal weight(y) is the total weight in radius from
each y [55-57]. In this study, the value of W(y) represents the residential population in
the parcels around road section y, and the value of W(z) corresponds to the length of road
section z. Figure 4 illustrates the calculation results without considering the weights of W(y)
and W(z). It can be observed that the betweenness values of core area road sections (such
as 2, 3, and 4) are relatively high among all road sections. Assuming that the distribution of
residential population in the area is significantly uneven (which often aligns better with
real-world scenarios) with a higher concentration of residents in the northeast region, as
shown in Figure 5. Each point represents 100 people, and the population count of each
point is aggregated to the nearest road section. This aggregated population count serves as
the weight value for W(y) and the section length is used as the weight value for W(z). The
results, considering the weights, are computed accordingly. In Figure 5, it can be observed
that areas with relatively higher betweenness values are located in the northeast, such as
sections 14, 4, and 11. This outcome is influenced by the population distribution. It is clear
that the results from calculations that consider weights are closer to real-world situations.
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Figure 4. Betweenness value of the illustrative road network (without weights).
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Figure 5. Betweenness value of the illustrative road network (with weights).

Furthermore, the line densities are calculated based on the results of the analysis of the
betweenness index values of the road sections, which are calculated to cover any position
within the study area. The search radius for line density calculation still corresponds to
a 15 min walking distance set at 1500 m in this study. The computed results depict the
spatial distribution of potential demand for basic public service facilities by residents.
This outcome introduces the influence of betweenness on the pedestrian road network.
Moreover, an analysis of the supply density of current public service facilities is also
required. Based on point data of existing public service facilities, density calculation in
circular areas is conducted with the same 1500 m search radius. The weight field is defined
by the facility’s scale (using land parcel area in this study). Thus, the calculation results for
both the demand and supply situations of public service facilities at the pedestrian scale
are established and stored as raster layers. Finally, supply-demand relationship analysis is
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carried out. The raster data of supply-demand analysis results can be aggregated to sub-
districts, communities, or grids as the fundamental spatial units for subsequent analysis.
Regression analysis is performed using the least squares method, calculating residual
values. The dependent variable is the numerical demand for facilities, and the explanatory
variables are the numerical supply of facilities. Based on residual values, equity of various
types of public service facilities is assessed across different spatial units. Areas near a
residual value of 0 indicate a basic balance, regions with significantly positive residuals
reflect insufficient supply relative to demand, and areas with notably negative residuals
signify a relative surplus supply of facilities.

3. Results
3.1. Analysis of Public Service Demand

The results of the analysis of the walkable road-based betweenness index in the central
city of Shanghai are shown in Figure 6. The difference between Figure 6a,b lies in the search
radius, which is 1500 m and unlimited distance, respectively. According to the previous
definition, the search radius limits the farthest distance between the two nodes where the
path occurs. From the calculation results, there is a significant difference between the two.
The result in Figure 6b corresponds to an unbounded search distance, i.e., a walking path
can occur between any two points in the study area. This is unlikely to be the case in
practice, and very few people traverse the entire central city by walking. In addition, this
scenario does not match the requirements of a community living circle, which generally
requires that a variety of basic public services be within a 15 min walk. According to the
human walking speed, which is about 5 km/h on average, the distance of 15 min generally
does not exceed 1500 m. It is clear that the results with a search distance of 1500 m are more
applicable to this study.
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Figure 6. Betweenness index of the walkable road network in the central city of Shanghai.
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According to the definitions provided in the method section, when calculating the
betweenness, the weight of road section y is determined by the sum of the permanent
population in the surrounding parcels. Therefore, when generating paths, the results are
positively correlated with the size of the population departing from that road section. In
other words, in the case that the walking path conditions are all identical (ideal situation),
the higher value of the road section reflects that there is more demand in the area. This
result will serve as foundational data in subsequent studies to assess the population’s
fundamental demand for public services within the region.

The spatial distribution of public service demand density in the central city of Shanghai
based on the above results is shown in Figure 7. Warm-toned areas are areas with higher
values, reflecting that residents in the relevant areas have a higher demand for public
services; cool-toned areas are areas with lower values, reflecting a relatively low demand
for public services. In general, the western part (Puxi) has a higher demand density than
the eastern part (Pudong). Specifically, the demand density values are notably prominent in
the central Huangpu, eastern Putuo, central Jing’an, south-central Hongkou, and southwest
Yangpu areas. In Pudong, the areas with higher values are mainly distributed along the
western bank of the Huangpu River. The eastern and northern parts of Pudong, as well as
the northern part of Puxi, are regions with lower values.

Legend
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Figure 7. Density of betweenness index of the walkable road network in the central city of Shanghai
(radius = 1500 m).

3.2. Analysis of Public Service Facilities Supply

The spatial distribution calculation results of current supply density for public service
facilities in the central city of Shanghai are shown in Figure 8, presenting the analysis results
for primary schools, junior schools, medical, cultural, sports, and elderly care facilities,
respectively. Based on the methodology outlined earlier, the point density calculation
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results incorporated the area of the respective parcels as a scale-weighting factor. It is
evident that there are significant variations in the supply of different types of public
service facilities. The spatial distribution of primary and junior school facilities is relatively
balanced. This is due to the fact that the provision of basic education facilities requires
careful consideration of service radii and ensuring equitable access to education for all
individuals. The provision of medical service facilities is notably better in the Puxi region
compared to the Pudong region. Moreover, within the Puxi area, there are areas with
significantly higher supply levels, such as the northern part of Xuhui and the western
part of Huangpu. The distribution of cultural facilities” supply exhibits significant spatial
variations, with distinct advantages in certain regions. For instance, the World Expo
Park area stands out, encompassing the southern part of Huangpu and the southwestern
part of Pudong, with the two areas facing each other across the Huangpu River. The
spatial distribution of sports facilities” supply also demonstrates significant variations,
with certain large sports facilities (such as stadiums, football fields, and sports arenas)
notably contributing to the values in their surrounding areas. For example, the central
Xuhui area (where the Shanghai Stadium is located), the southwestern part of Pudong
(where the Oriental Sports Center is located), and the central Hongkou area (where the
Hongkou Football Stadium is located) exhibit this trend. These large facilities often operate
at the municipal level. This notable imbalance in the supply density of cultural and sports
facilities is closely related to inadequate supply at the community level. The provision of
elderly care service facilities shows a relatively balanced spatial distribution. Moreover,
there are some prominent high-value areas in regions like Yangpu, Hongkou, Jing’an, and
Putuo, potentially linked to the higher aging population in those areas.

3.3. Spatial Equity Based on the Relationship of Supply and Demand

The sub-district serves as the fundamental spatial unit for the allocation of basic
public service facilities within the 15 min living circle in Shanghai. Using sub-districts
as spatial units, the analysis results concerning the demand for public service facilities
and the spatial density of their supply are extracted. Furthermore, the residuals of the
supply—demand relationship for each sub-district are calculated using the least squares
method. The dependent variable is the demand value, while the explanatory variable is
the supply value. The residuals between the demand for public service facilities and the
supply of six categories of public service facilities are illustrated in Figure 9. Based on the
results of residual analysis, the spatial equity of different types of public service facilities
is evaluated, and regions with significant imbalances and inequalities are identified. The
yellow region (near-zero residuals) represents areas with a basic balance between supply
and demand. The red region (residuals significantly greater than zero) indicates areas
where supply notably falls short of demand. The blue region (residuals significantly less
than zero) corresponds to areas with surplus supply. In Figure 9, it can be observed that
the contradiction of “insufficient supply to meet demand” for public service facilities is
generally more pronounced in the central area of Puxi. However, there are also significant
variations in the supply-demand relationships for different types of public service facilities.
Regarding primary schools, the demand contradiction for primary school facilities is more
prominent in areas such as the northwest of Huangpu, the southeast of Jing’an, the central
part of Hongkou, and the western part of Yangpu. As for junior schools, the contradiction
is more pronounced in areas such as the central-northern part of Huangpu, the southeast
of Jing’an, the southwest of Hongkou, and the central part of Putuo. Concerning medical
facilities, the contradiction is more significant in areas like the eastern part of Putuo and the
central part of Hongkou. Regarding cultural facilities, the contradiction is more prominent
in the central part of Hongkou and its surrounding areas. In terms of sports facilities, the
contradiction is more pronounced in areas such as the central part of Huangpu and the
central part of Hongkou. For elderly care facilities, the contradiction is more significant in
areas including the central part of Huangpu, the central part of Hongkou, the southwest of
Yangpu, and the southeast of Jing’an. Relatively speaking, in the Pudong area, there are no
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significantly pronounced areas where the supply of public service facilities is lower than

the demand.
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Figure 8. Point density of facilities in the central city of Shanghai (radius = 1500 m).
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Figure 9. OLS-based residual analysis: facilities demand and supply in the central city of Shanghai.

4. Discussion

The data used in this study consist of three types: the current layout of public service
facilities, the residential distribution of the population, and the pedestrian road network.
The real-world elements corresponding to these three types of data all affect the equity of
the spatial allocation of public service facility resources to different degrees. Based on the
results of these analyses, this paper explores the paths to enhance the equity of the layout
of public service facilities in the central city of Shanghai from three perspectives.
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4.1. Enhancing Equity via Optimizing the Layout of Public Service Facilities

The most direct path to enhancing equity is to optimize the layout of public service
facilities to alleviate the conflict between supply and demand. For areas where demand
exceeds supply, the layout of relevant public service facilities should be increased. For areas
with weak coverage in spatial distribution, it is important to promptly fill these “gaps” and
increase the number of facilities. For cases where the quantity is sufficient, but the scale is
small, efforts should be made to enhance the facility’s scale to improve its comprehensive
service capacity, as seen in the case of elderly care facilities in the Huangpu District. For
cases where the scale is large, but coverage is insufficient, the supply level of secondary
facilities (such as community level) should be increased whenever possible, as seen in
the case of cultural and sports facilities in Shanghai’s central area. For areas where the
supply is greater than the demand, different strategies should be adopted according to the
actual situation. For relatively newer development areas, if there are regions that are not
fully occupied, it may be advisable to reassess after full occupancy; for instance, areas like
Zhangjiang Science City in the southeastern part of Pudong and the northwestern part of
Puxi. In older urban areas, facility consolidation can be undertaken to integrate spatial
resources, such as merging primary schools in the northeast of Putuo, junior schools in
the southwest of Jing’an, and cultural facilities in the south of Huangpu. Furthermore,
while optimizing and adjusting the layout of public service facilities, under the condition
of meeting other requirements, the specific site selection should prioritize locations that are
as close as possible to convenient transportation routes and areas.

4.2. Enhancing Equity via Optimizing Residential Spatial Patterns

People are the users of public service facilities, and the fundamental purpose of public
service resource allocation is to meet their needs. The pattern of population distribution
in cities is not static but changes dynamically with urban expansion or renewal. In urban
planning efforts, designing and planning the spatial layout of residential populations is a
crucial task. Therefore, enhancing the coupling between residential and facility layouts by
optimizing the spatial arrangement of residential populations also serves as an essential
practical pathway to promote equity in the allocation of public service facility resources.
For Shanghai, the central city within the outer ring road remains the primary region of
population concentration. Moreover, several highly concentrated zones exist within the
central city itself, including Huangpu, the northern part of Xuhui, the southern part of
Jing’an, the central-southern part of Hongkou, and the southwestern part of Yangpu. These
areas experience more pronounced conflicts between population and land, characterized
by relatively low per capita spatial resources, which manifest in aspects such as residential
living, transportation, and public services. In recent years, Shanghai has consistently
promoted population dispersion from the central city to alleviate its pressures. Several
sub-centers have been planned in peripheral areas of the central city, and five new towns
have been planned in suburban areas. According to census data, the efforts to disperse the
population from the central city have achieved certain results, but further optimization is
still possible. The previous analysis also indicates that the areas with the most pronounced
supply—demand conflicts of public service facilities generally correspond to the highly
concentrated population areas mentioned above. Therefore, it is necessary to continue
optimizing the spatial distribution pattern of permanent residents via urban renewal
and new town development. This will enhance the spatial equity of public services.
Additionally, encouraging population migration to sub-centers and new towns would also
contribute to better utilization of relatively abundant public service resources in these areas,
leading to improved resource allocation efficiency.

4.3. Enhancing Equity via Optimizing Pedestrian Transportation Networks

People rely on the pedestrian transportation network to access public service facilities
within their community living areas. In other words, the pedestrian transportation network
is a crucial infrastructure that ensures the realization of the supply-demand relationship for
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public service resources. Therefore, it is essential to pay adequate attention to the impact
of the construction conditions of the pedestrian transportation network on the equity of
public service facility resource allocation. To illustrate with an extreme example, if there
are no roads, regardless of how large the population within an area is, the demand for
public services cannot be realized spatially, and the area may tend to exhibit a “supply
exceeds demand” characteristic. The actual situation is generally not so extreme, but the
density of the road network, the shape of the network, and how road sections are connected
to each other all affect the paths and flows of trips. This is well discussed in the theory
of spatial syntax. A better pedestrian road network (with higher betweenness of road
sections) can promote the enhancement of residents’” walking flow; a poor pedestrian road
network (with lower betweenness of road sections) can inhibit residents” walking trips,
which further inhibits residents” willingness to walk to reach public service facilities. For
facilities such as primary and junior high schools, where commuting is a necessity, the
facilitating or inhibiting effect of the road network is not obvious. However, for cultural
and sports facilities where commuting is not mandatory, the facilitating or inhibiting effect
of the road network will be more significant. Therefore, it is essential to carefully consider
the conditions of the pedestrian network to prevent low-level networks from constraining
demand, which would result in a relatively balanced supply—demand relationship. For
the central city of Shanghai, due to the different development sequences of different areas,
there are differences in planning concepts, and there are also significant differences in the
characteristics of its road network structure. The central-western part of Puxi (Huangpu,
northern Xuhui, and southern Jing’an), the southern part of Hongkou, and the southern
part of Yangpu have higher road network densities and better connectivity. The overall
structure of their pedestrian networks should be maintained and further optimized in detail.
The western part of Pudong has lower road network density, but reasonable connectivity.
In areas with higher demand density for public service facilities, the pedestrian network
within neighborhoods can be densified appropriately. The northwestern part of Puxi and
the southeastern part of Pudong have lower road network densities and poor connectivity,
requiring phased improvements in the pedestrian transportation network in conjunction
with development plans for these areas.

5. Conclusions

This study aims to prioritize equity, taking into account the characteristics of residential
population distribution, the existing layout of public service facilities, and the structure
of pedestrian transportation networks. It proposes an optimized analysis method for
the layout of public service facilities, incorporating an index related to node centrality
from spatial syntax and social network analysis. Based on the analysis of Shanghai’s
central city, the study includes (1) an analysis of public service demand; (2) an analysis of
public service facilities supply; and (3) spatial equity based on the relationship between
supply and demand. The analysis results help identify issues in the layout of public
service facilities in Shanghai’s central city and provide support for enhancing equity in the
allocation of public service resources. The study suggests that equity can be enhanced via
the following pathways: (1) optimizing the layout of public service facilities; (2) optimizing
residential spatial patterns; and (3) optimizing pedestrian transportation networks. The
proposed method has technical support for dynamically assessing the layout of public
service facilities in territorial spatial planning and designing planning solutions.

There are also some limitations in this study. The current definition of section weights
for the pedestrian network employs the number of residents of the nearby parcels to
model population-based path activity. This weight definition is suitable for the overall
scale of this study (within the central city of Shanghai). If future studies are conducted
at smaller scales (such as district and sub-district levels), the weight definition approach
can be refined. When calculating the supply density of public service facilities, the scale
weight used is the land area of the facility. This choice is a compromise based on data
constraints. However, it is worth noting that the size of certain public service facilities is
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more related to their floor area, and more accurate data could be employed in subsequent
analyses if conditions permit. In addition, although this study subdivides the types of
public service facilities, demographic categories are not currently further broken down.
In reality, some public service facilities cater to specific groups; for example, primary and
secondary school facilities serve young people, and elderly facilities mainly serve the
elderly. In the future, the analysis methods can be further optimized to accommodate the
diverse needs of different groups.
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