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Abstract: The rapid urbanization and population growth in China have brought the issues of social
equity and justice to the forefront. The supply and layout of public service facilities play a crucial
role in determining the residents’ quality of life and have become a significant factor triggering
social equity and justice concerns. This study took Zhengzhou’s urban core as an example. From
the perspectives of regional equality, spatial equity, and social justice, the service area analysis and
Gaussian two-step floating catchment area method were used to analyze the public service facilities’
layout situation and the equity and justice issue and to discuss the causes of the current situation.
The study found that the social equity and justice of public facilities in Zhengzhou’s urban core were
more prominent. The accessibility of public facilities inside and outside the 3rd ring road of the urban
core exhibited marked differences, indicating a need for improvement in regional equality and spatial
equity. Vulnerable groups lacked special care and public facilities lacked justice. Combined with the
development process of urbanization in Zhengzhou, this paper argued that this was closely related
to the government’s public policies.

Keywords: equity and justice; accessibility; urban public facility; government public policy

1. Introduction

Public service facilities provide essential support for urban and social development.
They provide residents with basic services and benefits, such as housing, transportation, hy-
dropower, education, and health. The supply and layout of public service facilities directly
impact the residents’ quality of life. With the world economy and urbanization rapidly de-
veloping, the urban population has increased dramatically [1]. However, the urbanization
of infrastructure lagging behind population growth has caused problems such as difficulty
accessing education and medical care, a shortage of public cultural products [2], residential
segregation [3], widening wealth gaps [4], and increasing social disharmony. How to solve
these problems and build a sustainable city and society is a challenge for governments.
The United Nations adopted the “New Urban Agenda” in 2016, which emphasized the key
role of public service facilities in achieving sustainable development goals and proposed a
series of principles and commitments to promote the equity and sustainability of public
service facilities [5]. To realize sustainable urbanization, scholars across disciplines have
extensively researched public service facilities. Zhang [6], Zheng [7], Shi [8], and Xu [9]
researched layout optimization and constructed the optimization framework for green
space, drainage, and transportation facilities. Vu [10] and Yang [11] gave suggestions for
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the sustainable development of public facilities management from the management per-
spective. Cumming [12] studied the case of investing in ecological infrastructure to achieve
sustainable development goals. As an aspect of socially sustainable development [13],
some scholars have studied public facilities from the perspective of equity and justice.

Western scholars first carried out relevant research. Hakimi [14,15], Church [16],
and others designed various models based on geographic location theory to study public
service facility layout. Mumphrey [17], Mcallister [18], and Savas [19] introduced equity
in public facility location studies. Since the adoption of the Rio de Janeiro declaration
by the United Nations, sustainable development has gradually become the consensus of
national development [20]. Joseph [21] used a gravitational potential model to analyze the
accessibility of medical facilities in rural areas and discussed inequity in access to medical
care. Talen [22] used gravity potential, average travel distance, and nearest distance as
accessibility indicators to analyze the equity in recreational facility layout. The 2030 Agenda
for Sustainable Development, adopted in 2015, explicitly stated goals to ensure equitable
access to basic services for all men and women, in particular the poor and the vulnerable.
Scholars across disciplines have extensively conducted research on the equity of public
facilities based on accessibility, focusing on green spaces [23,24] and medical facilities [25].
A series of accessibility research methods have been utilized, including buffer analysis [26],
network analysis [27], a gravity model [21], the weighted distance method [28], and the
two-step floating catchment area method [29], each with its focus. In recent years, some
scholars have applied the Gini coefficient [30], spatial syntax [31,32], spatial autocorrelation
analysis [33], and other methods to public facility study. Chinese scholars’ research on
public facilities mainly focused on distribution in the early days and began to pay attention
to equity and justice in recent years. Gao [34] studied the spatial distribution characteristics
and allocation methods of public facilities in Guangzhou. Luo [35] explored the uneven
distribution of public facilities in Chengdu from a residential segregation perspective and
found significant differences in access for different social groups to public facility services.
Wang [36] conducted an equity performance evaluation of sports facilities in Shanghai
from a health equity perspective. They believed that when allocating public facilities, we
should consider not only their presence but also how well they match population needs.
Wang [37] explored the effects of public facility accessibility and individual social capital,
as well as their interaction with residents’ mental health. They argue that future urban
planning should address these factors to promote equitable access to public services for
different social groups.

Summarizing relevant research on equity and justice in public facilities, the research
scale has evolved from the large-scale administrative district level to the small-scale street
and community level. Research methods have evolved from early theoretical analysis and
model construction to current accessibility methods. Research objects have mainly focused
on equity and justice for specific public facilities such as green spaces, hospitals, and schools
but lacked analysis of the overall layout within a region [34,38–40]. Regarding the research
subject, current studies treat residents of all ages as a homogeneous group or focus on
specific groups such as seniors or disabled individuals while lacking comparisons among
different age groups. However, the research perspective and depth were relatively narrow
and lacked a multidimensional comprehensive analysis of equity and justice. Most research
stopped on equity results and lacked discussion on the causes behind the phenomenon.

According to the National Bureau of Statistics of China, the Gini coefficient of Chinese
residents’ per capita disposable income in 2020 was 0.468, exceeding the internationally
recognized warning line of 0.4 [5]. The Chinese government has stated that equitable
access to fundamental public services is crucial for achieving common prosperity. Since
being included in national central cities in 2016, Zhengzhou has made efforts to promote
the internationalization of the living environment, constantly improve its infrastructure
construction, and accelerate the construction of public transportation, green spaces, public
health services, and other public service facilities and gradually improve the modern public
facilities system. However, as a regional central city, Zhengzhou still faces challenges
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such as uncoordinated development between regions, large income gaps between rich and
poor individuals, a low proportion of tertiary industry, and the neglect of public interests
in urban planning [41]. Achieving sustainable urbanization requires addressing social
equity and justice issues such as potential imbalances between population and public
resources, low urban governance capacity, and the increasing wealth gap [42–44]. Based on
summarizing the existing research, this study broke through the disadvantages of a single
perspective from three perspectives: regional equality, spatial equity, and social justice. In
the calculation process, this study used a mature accessibility calculation method, service
area analysis, and the Gaussian two-step floating catchment area method and uses time
cost instead of traditional distance cost to obtain the per land and per capita comprehensive
accessibility of public service facilities. According to the accessibility results, we analyze
the current public service facility layout and allocation situation, focus on equity and justice
issues in the current facility layout, and make recommendations for optimizing public
service facilities to provide a theoretical reference for the location planning of public service
facilities in areas with a high cost of investment and construction similar to Zhengzhou.

2. Materials and Methods
2.1. Description of the Study Area

Zhengzhou is located in north-central Henan Province at the middle and lower reaches
of the Yellow River. It is an important node city of “the Belt and Road Initiatives” and
an important international modernized three-dimensional comprehensive transportation
hub in China. The study focuses on Zhengzhou’s urban core, mainly referring to its five
administrative districts: Jinshui, Zhongyuan, Erqi, Guancheng, and Huiji (Figure 1). Since
the Reform and Opening Up, the urbanization process of Zhengzhou has accelerated. By
the end of 2020, Zhengzhou’s urban core had a permanent population of 7.033 million and
a total output value of 667.51 billion yuan.

Land 2023, 12, x FOR PEER REVIEW 3 of 24 
 

construction, and accelerate the construction of public transportation, green spaces, public 
health services, and other public service facilities and gradually improve the modern pub-
lic facilities system. However, as a regional central city, Zhengzhou still faces challenges 
such as uncoordinated development between regions, large income gaps between rich and 
poor individuals, a low proportion of tertiary industry, and the neglect of public interests 
in urban planning [41]. Achieving sustainable urbanization requires addressing social eq-
uity and justice issues such as potential imbalances between population and public re-
sources, low urban governance capacity, and the increasing wealth gap [42–44]. Based on 
summarizing the existing research, this study broke through the disadvantages of a single 
perspective from three perspectives: regional equality, spatial equity, and social justice. In 
the calculation process, this study used a mature accessibility calculation method, service 
area analysis, and the Gaussian two-step floating catchment area method and uses time 
cost instead of traditional distance cost to obtain the per land and per capita comprehen-
sive accessibility of public service facilities. According to the accessibility results, we ana-
lyze the current public service facility layout and allocation situation, focus on equity and 
justice issues in the current facility layout, and make recommendations for optimizing 
public service facilities to provide a theoretical reference for the location planning of pub-
lic service facilities in areas with a high cost of investment and construction similar to 
Zhengzhou. 

2. Materials and Methods 
2.1. Description of the Study Area 

Zhengzhou is located in north-central Henan Province at the middle and lower 
reaches of the Yellow River. It is an important node city of “the Belt and Road Initiatives” 
and an important international modernized three-dimensional comprehensive transpor-
tation hub in China. The study focuses on Zhengzhou’s urban core, mainly referring to its 
five administrative districts: Jinshui, Zhongyuan, Erqi, Guancheng, and Huiji (Figure 1). 
Since the Reform and Opening Up, the urbanization process of Zhengzhou has acceler-
ated. By the end of 2020, Zhengzhou’s urban core had a permanent population of 7.033 
million and a total output value of 667.51 billion yuan. 

 
Figure 1. Location of the study area. Figure 1. Location of the study area.

2.2. Data Sources

Public service facilities provide various public goods and services for residents’ daily
life [45]. They are divided into fixed-point, non-fixed-point, and network public service
facilities due to the difference in location attributes [46]. Fixed-point public service facilities
such as hospitals, schools, parks, and sports grounds have the characteristic that the
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benefits decrease with increasing distance. Therefore, the planning and location of fixed-
point public service facilities directly affect their location and quantity, which then are
expressed through differences in resident accessibility, eventually leading to inequity in
resident enjoyment of public service facilities and affecting equity in public services. When
discussing equity and justice in public service facilities, this study mainly refers to fixed-
point public service facilities, hereinafter referred to as public facilities. Public facility data
in this paper is POI data for eight types of fixed-point public facilities in Zhengzhou’s
urban core by the end of 2020, namely, finance service facilities, green space facilities,
sports facilities, transportation facilities, culture facilities, shopping facilities, educational
facilities, and medical facilities (as shown in Table 1), and the data source is Gaode Map
(https://ditu.amap.com/ (accessed on 26 June 2022)). Considering the edge effect, where
people may cross regions for medical treatment, schooling, shopping, etc., public facilities
within a 3 km buffer distance outside the study area are included in the calculations [47].
The POI data were checked and censored for duplicates or shifted in position using satellite
image data. Since public facilities are faceted buildings, POI data in this paper represent
entrances to public facilities and multiple entrances are retained according to actual needs.

Table 1. Concrete types of public facilities and search thresholds.

Public Facilities Specific Types of Facilities Search Threshold
(min)

Finance service
facilities Bank, insurance, securities, and finance company 15

Green space facilities Park, botanical garden 15

Sports facilities Basketball stadium, football stadium, badminton
court, outdoor gym facility 15

Transportation
facilities Bus station, subway station 15

Culture facilities Museum, library, art gallery, exhibition hall 15

Shopping facilities Supermarket, agricultural products market,
fruits market, vegetable market, seafood market 15

Educational facilities Elementary school, middle school 30

Medical facilities
First-class hospitals Health centers, clinics 15

Second-class hospitals General hospitals,
specialized hospitals 30

Third-class hospitals Tertiary hospitals The whole region

Population data was obtained from the demographic website WorldPop (http://hub.
worldpop.org/ (accessed on 3 June 2022). WorldPop is an open-source population spatial
dataset that provides the public with free high-resolution population spatial distribution
data. Its data have been downloaded and used by researchers and policymakers worldwide.

2.3. Methods
2.3.1. Conceptual Framework

Since the Reform and Opening Up, China’s built-up area has rapidly expanded. Rapid
urban population growth and social economic development have urged the government
to address social equity and justice in public resource allocation while pursuing economic
interests. In recent years, research and evaluation methods for equity and justice in public
facilities have emerged. However, there is no consensus on defining equity and justice
concepts. Smith [48] pointed out that inequity refers to institutional and systemic discrim-
ination in distributing public services or facilities to special groups, but defining equity
was difficult. Trinder [49] also emphasized the complexity of defining equality, equity, and
justice concepts in geographic research. William [50] proposed introducing different equity
concepts into local service facility planning decision-making processes.

Combining urban public service equity research [51] with Tang’s [52,53] and Wang’s [36]
research, this paper studies the equity and justice of public facilities from three perspectives:

https://ditu.amap.com/
http://hub.worldpop.org/
http://hub.worldpop.org/
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regional equality, spatial equity, and social justice. Regional equality refers to the average
or equal level of public facility service between large spatial scales or administrative
jurisdictions. Pursuing agrarian equality means achieving equal per land public facility
service levels. Spatial equity focuses on matching people with facilities from a human
perspective and pursues human equity or equal per capita public facility service levels.
Social justice refers to the preferential care for special vulnerable groups in public facilities
based on spatial equity. The equity and justice of public facilities discussed in this paper
refers to whether there is an inequality or inequity or injustice layout of public facilities
that is contrary to the goals pursued by the above three perspectives.

Accessibility quantitatively expresses people’s desire and ability to overcome resis-
tance, such as distance and time to reach service facilities or venues [54]. Accessibility is
used in public service facility location and evaluation [55–57], and the focus has gradually
shifted from spatial efficiency to spatial equity [58,59]. Therefore, based on accessibility, we
believed that residents in high-accessibility areas can obtain good public facilities and ser-
vices and vice versa. Then, we analyzed the current public facilities layout situation in the
study area and explored the equity and justice of public facilities caused by unreasonable
spatial layout.

Considering the non-exclusive characteristics of public service facilities, this study
uses a 500 × 500 m grid as the minimum research unit. Comprehensive accessibility
for eight types of public service facilities in Zhengzhou’s urban core is calculated using
service area analysis and the Gaussian two-step floating catchment area method (Figure 2).
Based on the accessibility calculation results, this study analyzes the equity and justice of
public service facilities in Zhengzhou’s urban core, expounds the current situation of public
service facilities layout from three perspectives, and discusses and analyzes the causes of
the current situation.
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2.3.2. Service Area Analysis

Service area analysis determines the service scope of a given spatial object according to
its service radius. Based on actual road network conditions, ArcGIS was used to calculate
the service area of facilities to obtain the per land public facilities accessibility on average
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from a regional equality perspective. To determine public facility service radius, this study
introduced the “15-min living circle” concept from the Urban Residential Planning and
Design Code into accessibility calculations. The reachable area within 15 min at the travel
speed of 5 km/h for walking, 15 km/h for non-motor vehicles, and 25 km/h for motor
vehicles were taken as the public facility service radius [60,61]. For medical and education
facilities, the search threshold was appropriately expanded and the travel time was set to
30 min (as shown in Table 1). Using the service area analysis method in ArcGIS network
analysis, the effective service range of various facilities was generated based on actual
road network data in Zhengzhou’s urban core in 2020. If there was a partial overlap in
service ranges, overlapping parts were repeatedly counted as effective facility service areas.
Then, this study superimposed plots that can reach eight public facilities within search
thresholds to obtain comprehensive accessibility results for walking, non-motorized, and
motor vehicle travel modes. Finally, the integrated accessibility results for all three travel
modes were superimposed on one layer. Since the service areas were counted repeatedly
when different travel mode service areas overlapped, areas where eight types of public
facilities could be reached by walking were the areas with high public facility accessibility,
by non-motor vehicles were the areas with general accessibility, and by motor vehicles
were the areas with low accessibility.

2.3.3. Gaussian 2SFCA

The two-step floating catchment area (2SFCA) method was first proposed by Radke [62]
and further improved by Luo and others [63]. However, the original 2SFCA form lacked
distance attenuation form optimization. Wang [64] proposed adding an attenuation func-
tion to 2SFCA. Dai [65] introduced a Gaussian attenuation function on this basis and named
it Gaussian 2SFCA. Gaussian 2SFCA is an accessibility method that considers both supply
and demand perspectives and takes into account supply-side service capacity and demand-
side travel willingness with distance attenuation, which can more comprehensively analyze
facility accessibility [66–69].

Based on the above analysis, this study used Gaussian 2SFCA to calculate public
facility accessibility in Zhengzhou’s urban core from spatial equity and social justice
perspectives. Gaussian 2SFCA implementation is divided into two steps. In the first step,
starting from the supplier j (the entrance of public facilities), a spatial search domain
is formed according to the set spatial distance threshold d0, and all the demanders i
(population) within the search domain are searched. Based on the distance dij between the
demander i and the supplier j, the Gaussian attenuation function G(dij) is weighted, and
the weighted population is summed to obtain all potential demanders within supply side
search domains and then divided by the supply Sj by the number of potential demanders
to obtain supply–demand ratio R.

R =
Sj

∑k∈{dij≤d0} G(dij)Pi
(1)

G(dij)
= e

− 1
2×
(

dij
d0

)2
−e−

1
2

1−e−
1
2

(
dij < d0

) (2)

Starting from the demander i (population), another spatial search domain is formed
using the set spatial distance threshold d0 in the second step. The supply and demand ratio
R of supply-side j in the spatial search domain is weighted using the Gaussian attenuation
function. The accessibility Af of each type of supply facility starting from the demand side
i is obtained by summing the weighted results. The results represent per capita public
facility holdings according to calculation principles. The average accessibility of eight
public facilities represents their comprehensive accessibility [37].

A f = ∑
j∈{dl≤d0}

G
(
dij
)

R (3)
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This study optimized the supply Sj of public facilities in Zhengzhou’s urban core
based on their types, levels, and scales considering the economic and social situation.
Medical facilities were divided into first-class hospitals (health centers and clinics), second-
class hospitals (general hospitals, specialized hospitals), and third-class hospitals (tertiary
hospitals) [70], and the supply Sj was expressed as the number of hospital beds at all
levels [71,72]. For hospitals lacking bed data, this paper used Zhengzhou’s 2020 healthcare
situation and bed-per-1000-population statistics to supplement the data. Public transport
facility supply within/outside the 3rd ring road was weighted considering train differences
between bus/subway stations. Educational facility supply was expressed as maximum stu-
dent capacity using Zhengzhou’s primary/secondary school construction scale standards.
Other facilities determined supply capacity based on area and people served.

To calculate public facility accessibility in Zhengzhou’s urban core from a social justice
perspective, demand was grouped by age based on 2SFCA juvenile (0–19), youth (20–39),
middle-aged (male 39–60, female 39–55), and senior (male 60+, female 55+). In this study,
juveniles and seniors, who are more vulnerable to equity and justice issues due to capacity
constraints, were regarded as vulnerable groups [73], focusing on the analysis of whether
the public facilities allocation in Zhengzhou’s urban core gives special care to them.

3. Results
3.1. The Per Land Public Facilities Accessibility from a Regional Equality Perspective

From a regional equality perspective, per land public facility accessibility showed
circular layer characteristics gradually decreasing from inside to outside the 3rd ring
road (Figure 3a). In terms of administrative districts (Figure 4a), Jinshui had the highest
accessibility area at 33.20 km2, accounting for 36.29% of all high-accessibility areas. Erqi
and Zhongyuan followed with 22.13 km2 and 19.50 km2, accounting for 24.19% and
20.82%, respectively. Guancheng was 13.26 km2, accounting for 14.49%. Huiji’s high-
accessibility area was only 3.40 km2, accounting for just 3.72% of all high-accessibility
areas. The general accessibility area was mainly north of the south 3rd ring road. Jinshui’s
general accessibility area accounted for 29.68% (168.35 km2) of all general accessibility areas.
Zhongyuan and Guancheng followed closely behind, accounting for 23.51% (133.35 km2)
and 20.70% (117.45 km2), respectively. Huiji accounted for 15.29% (86.72 km2). Erqi’s
general accessibility was 61.44 km2, accounting for 10.83%. Almost all low accessibility
areas were outside the 3rd ring road and more evenly distributed in each district. Jinshui,
Zhongyuan, Guancheng, Huiji, and Erqi had low accessibility areas of 210.07 km2 (23.72%),
193.44 km2 (21.85%), 182.32 km2 (20.59%), 152.48 km2 (17.22%), and 147.19 km2 (16.62%),
respectively. Comparing the old urban area inside the 3rd ring road and the new urban
area outside the 3rd ring road (Figure 4b), the old urban area totaled 203.25 km2 with
38.32% (77.89 km2) high accessibility, mainly near provincial family homes and district
governments (Figure 3b), 60.74% (123.45 km2) general accessibility, and 0.94% (1.91 km2)
low accessibility. The new urban area outside the 3rd ring road totaled 814.67 km2 with high
accessibility (13.60 km2), mainly near Huiji government (Figure 3c), 43.25% (352.37 km2)
general accessibility, 38.82% (316.29 km2) low accessibility, and 16.25% (132.42 km2) non-
residential areas such as water areas.

In summary, areas with high public facility accessibility were located at the junction of
Jinshui, Erqi, and Zhongyuan within Zhengzhou’s urban core’s 3rd ring road (hereinafter
referred to as the old urban area). Meanwhile, general accessibility areas expanded outside
the 3rd ring road, primarily northward, based on high-accessibility areas. On the other
hand, all low accessibility areas were located outside Zhengzhou’s urban core’s 3rd ring
road. These results showed that from a regional equality perspective, residents within
the 3rd ring road had more public facilities than residents in other regions highlighting
inequality in public facility distribution among residents in different regions.
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3.2. The Per Capita Public Facilities Accessibility from a Spatial Equity Perspective

From a spatial equity perspective, Figure 5 shows generally consistent accessibility
results for walking and non-motor vehicle travel modes with low accessibility within the
3rd ring road and high accessibility outside it. Motor vehicle travel accessibility differed
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from the first two modes with the highest accessibility within the 3rd ring road gradually
decreasing outward. According to each district’s accessibility distribution under three travel
modes (Figure 5(a2–c2)), Huiji, Zhongyuan, and Guancheng had more high-accessibility
areas for walking and non-motor vehicle travel modes. Under motor vehicle travel mode,
each district maintained high accessibility in and around the 3rd ring road with Zhongyuan
having slightly higher accessibility than other districts. Based on more residents being
inside than outside the 3rd ring road, matching between public facility supply and resident
demand within it was poor for walking and non-motor vehicle travel modes resulting in
demand exceeding supply. However, motor vehicle travel mode was not subject to limited
public facility supply with residents in each district having high public facility accessibility.
This indicated that higher-income residents who were able to purchase motor vehicles
enjoyed better public facility services than low-income residents.
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3.3. The Public Facilities Accessibility from a Social Justice Perspective

Public facility accessibility results for different age groups in Zhengzhou’s urban core
under walking mode were the highest and high-accessibility areas were distributed outside
the 3rd ring road. Within the 3rd ring road, except for some Guancheng areas, accessibility
was good, and in most other areas accessibility was poor (Figure 6(a1–a4)). From an age
group perspective (Figure 6b), youth aged 20–39 had better accessibility than other age
groups. The lowest accessibility level was for senior residents aged over 60 for men and
over 55 for women. Accessibility results for juveniles aged 0–19 and middle-aged people
aged 40–55/60 were at a general level. From different age group perspectives within the
same administrative region (Figure 7a), Jinshui’s senior residents had better public facility
accessibility than other age groups in this region. Youth residents had the best public
facility accessibility in other administrative regions. The lowest accessibility age group in
Huiji and Guancheng was juveniles, while in Erqi and Zhongyuan it was seniors. From
different administrative region perspectives within the same age group (Figure 7b), Huiji
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had the highest public facility accessibility for all age groups while Jinshui had the lowest.
Additionally, youth, middle-aged, and senior resident accessibility in Zhongyuan and
Guancheng was good, and juvenile resident accessibility was also good in Zhongyuan.
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Under non-motor vehicle mode, public facility accessibility results for different age
groups in Zhengzhou’s urban core improved from walking mode. However, overall acces-
sibility within the 3rd ring road remained lower than outside it (Figure 8(a1–a4)). From an
age group perspective (Figure 8b), youth still had the highest public facility accessibility,
followed by juveniles and seniors, with middle-aged residents having the lowest accessibil-
ity results. From different age group perspectives within the same administrative region
(Figure 9a), similar to walking mode results, Jinshui’s senior residents had this region’s
highest public facility accessibility with youth residents enjoying the highest accessibility
in other administrative regions. The lowest accessibility age group in Guancheng was
middle-aged residents while in Erqi and Zhongyuan it was seniors. All age groups in
Huiji had relatively average accessibility. From different administrative region perspectives
within the same age group (Figure 9b), juvenile and youth residents had the highest public
facility accessibility in Zhongyuan and the lowest in Jinshui. Middle-aged and senior
residents had the highest accessibility in Huiji and the lowest in Erqi.
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Under motor vehicle mode, public facility accessibility for different age groups in
Zhengzhou’s urban core was completely different. Motor vehicle driving greatly im-
proved accessibility in most of Zhengzhou’s urban core except in the northeast direction
(Figure 10(a1–a4)). From an age group perspective (Figure 10b), youth residents still had
the highest accessibility compared to other age groups but with a reduced difference in
degree. The accessibility of other age groups was relatively average. From different age
group perspectives within the same administrative region (Figure 11a), senior residents
in Jinshui and Guancheng, youth residents in Erqi and Zhongyuan, and middle-aged
residents in Huiji had the highest accessibility. Conversely, youth residents in Jinshui and
Huiji, juvenile residents in Guancheng, and senior residents in Erqi and Zhongyuan had
the lowest accessibility levels. From different administrative region perspectives within the
same age group (Figure 11b), juvenile, youth, and middle-aged residents had the highest
public facility accessibility in Zhongyuan and the lowest in Jinshui. Senior residents had
the highest accessibility in Guancheng and the lowest in Huiji.

Summarizing public facility accessibility results in Zhengzhou’s urban core under
different travel modes showed that youth residents aged 20–39 had the highest accessibility
regardless of travel mode. Although Jinshui’s senior residents enjoyed better public facilities
than seniors in other administrative regions, their accessibility level was still far lower than
youth residents. These results implied that Zhengzhou’s main urban area’s public facility
allocation lacked preferential treatment for the vulnerable groups of juveniles and seniors
with social justice being more prominent.
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4. Discussion

Various factors influence the issue of equity and justice in public facilities. Scholars
have analyzed its causes from public policy [74–76], economic development [77], urban-
ization [78], population perspectives [47,79], etc. Based on an analysis of public facility
distribution in Zhengzhou’s urban core regarding regional equality, spatial equity, and
social justice, this paper found prominent equity and justice problems. Combined with
Zhengzhou’s urbanization history, equity and justice issues in public facilities were closely
related to planning heritage, supply subject diversification, and housing marketization.

4.1. The Planning Heritage of Urban–Rural Dual Public Facilities System in the Planned
Economy Period

In 1956, the completion of the Three Great Remoldings established China’s socialist
system. A highly centralized/unified planned economy was implemented with the gov-
ernment as the only public facility supplier. During the planned economy period, most
urban residents worked in state agencies/government-affiliated institutions and enjoyed
welfare housing distribution and unit-provided medical care, old-age care, and children’s
education infrastructure [80]. “Unit compound” living units formed within cities. In
rural areas, welfare policy was based on a collective economy (e.g., collectively funded
education/cooperative medical care) with a lack of physical public facilities. Old urban
areas completed during the planned economy period have more public facility planning
heritage than rural/undeveloped areas outside the 3rd ring road. The planning heritage
from the planned economy’s urban–rural dual public facility system explains why old
urban area accessibility is higher than outside-3rd-ring-road accessibility from a regional
equality perspective [3,74]. Since the Reform and Opening Up, Zhengzhou has attracted
many foreign laborers (migrant workers) without city housing who gather in old urban
areas and dilapidated rental communities [81–84]. The government relies too much on
planned economy period public facility planning heritage and rarely provides the necessary
supply for new demand, pressuring old urban area public facility supply. From a spatial
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equity perspective, accessibility within the 3rd ring road is low, while outside-3rd-ring-road
accessibility is high.

4.2. Diversification of Public Facilities Supply Subject to a Transition Period

Since the Reform and Opening Up, national governance has focused on economic
development. China has undergone major changes in economy, social structure, and social
governance. The greatest impact on public facility equity is supply subject diversification
due to government decentralization reform and public service marketization. Decentral-
ization reform made local governments independent interest subjects with jurisdictional
public resource disposal rights but also brought more rent-seeking opportunities. Lo-
cal governments’ dual pursuit of self-interest and public interest representation affects
public service quality [85]. To develop economies/enhance city competitiveness, local
governments prefer investing in profitable rather than welfare facilities, causing govern-
mental absence in public facility supply. During the transition from a planned to a market
economy, various enterprises/non-profit organizations entered the public facility sup-
ply market promoting public service marketization, and supply subjects diversified into
government/enterprise/non-profit organizations [86]. Market competition/comparative
advantage-driven interest positioning causes differentiated risks in facility supply with
governmental absence increasing risk prominence. Barbosa [75] pointed out that govern-
ment public policies play a decisive role in public facility accessibility distribution for social
groups, especially vulnerable ones. Panter’s UK sports facility equity study indicated that
public facility supply marketization might neglect vulnerable groups [87]. The Reform and
Opening Up increased new demand for old urban area public facilities and urged new
supply due to the rapid expansion of newly developed areas outside the 3rd ring road.
To maximize interests, multiple public facility supply subjects during transition prioritize
residents with strong payment ability (mostly youth/middle-aged needing to buy houses)
over those with weak payment ability (juveniles without housing purchase ability/seniors
who solved housing problems during the planned economy) when providing facilities for
newly developed land [88]. As a result, vulnerable group public facility accessibility is low
from a social justice perspective.

4.3. The Cost of Housing Marketization Reform

Housing marketization reform impacts public facility equity. China began market-
oriented housing reform in the late 1970s [89]. Welfare housing property rights were
transferred from the work department to workers. Most welfare housing was in old urban
areas. Residents sold or rented it to buy new housing with better facilities [90]. A Nanjing
study found that 80% of residents in areas with high-quality education facilities were white-
collar workers [91]. Meng argued that housing marketization reform widened the income
gap between social groups, causing residential and social differentiation. Wu [92] stated
that housing was a certificate of rights to use public facilities or services, and promoting
the equalization of public services and the regional balance of public facilities input was
necessary to reduce residential segregation between classes.

On the other hand, housing marketization reform commercializes new housing, en-
couraging foreign capital and real estate enterprises to develop commercial housing and
shifting supply from state to market. With diversified public facility suppliers and the 1993
tax reform, local governments bear local public goods expenditure responsibility. To reduce
financial pressure, the government avoids building public facilities by repeatedly dividing
land many times [93]. Therefore, unsynchronized housing and public facility construction
led to a growing contradiction between supply and demand [94,95]. Housing-related ele-
ments in real estate have been commercialized. Public facilities like transportation, parks,
and hospitals have been capitalized into housing prices [96], worsening the inequality of
different income groups in obtaining public facilities.
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4.4. The Influence of Chinese Traditional Culture and Family Values

Residents’ limitations also influence public facility accessibility. Chinese society values
familial relationships and families often have consistent residential intentions. With a
well-developed public transportation network, Chinese residents tend to rely on public
transportation and prefer to live in communities with fully equipped facilities. Unlike US
suburbs, where attractiveness promotes active relocation, China’s urban transformation
mostly originates from passive evacuation due to central urban area overcrowding [97].
This makes forming strong sub-center population clusters difficult, resulting in high city-
center population concentration and pressure on public facility supply.

Moreover, downtown old towns have more schools with long histories and good
teaching quality. Under China’s compulsory education school district system, parents
value school districts due to the “Wang Zi Cheng long” (look forward to the success of
one’s children) philosophy and gather near “good schools” [98]. Even with the availability
of larger and newer educational facilities in newly developed areas, Chinese parents often
prefer to remain in the city center. This reluctance to relocate is one of the main reasons
why many Chinese people choose not to move away from urban areas.

4.5. Proposal

To alleviate the equity and justice issues caused by the unreasonable allocation of
public facilities in Zhengzhou’s urban core, the government can set up targeted decision-
making goals and take corresponding measures according to the actual situation of different
regions based on this paper’s three-perspective accessibility results. When the govern-
ment’s decision-making goal is to pursue regional equality and achieve spatial equity as
much as possible, combined with regional urbanization development and the population
aggregation degree, the government can evacuate the crowd as the focus of the old urban
area to ease the pressure of public facility supply. Using a teacher rotation system, a small
class teaching community and big data information technology can improve the coverage of
quality education resources. This can help parents escape school district housing dilemmas
and actively relocate. In new urban areas, it is necessary to take market research before
planning and constructing new public facilities, improve the utilization rate of existing pub-
lic facilities, and avoid vacant resource waste. At the same time, attention should be paid to
gentrification to avoid well-intentioned actions having negative consequences. When the
government’s decision-making goal is to pursue the social justice of public facilities, the
government should start with the public facility supply and provide more public facilities
services to areas with a large proportion of juveniles and seniors, especially education,
medical care, leisure, and entertainment facilities.

Additionally, the Chinese government should focus more on equity and justice in
public facilities by promoting reform and exploring supply models better suited to China’s
actual situation [99]. While introducing market mechanisms to improve supply efficiency,
it is important to establish market supervision and government monitoring mechanisms to
prevent the public facilities supply market from becoming a profit-seeking tool for capital.
The government and enterprises should be properly separated with the strengthened su-
pervision of government–enterprise cooperation projects to prevent rent-seeking behavior
by officials. Public participation in the planning process should be increased to ensure
that public facilities serve the public interest. The household registration system reform
should be deepened and the government urged to provide necessary basic facilities to
actual residents [100,101].

4.6. Innovation and Research Deficiencies

This paper used time cost instead of traditional distance cost for public facility
search thresholds, considering that residents’ travel psychology prioritized time over
distance [65,102]. Moreover, a graded threshold was used for special public facilities such
as medical, and the calculation results were more in line with the actual situation. In terms
of research perspectives, this study calculated comprehensive public facility accessibility
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from regional equality, spatial equity, and social justice perspectives. The research obtained
accessibility per land, per capita, and per capita by age group, and a multi-dimensional
analysis more comprehensively revealed the equity and justice of public facilities. This
research can provide decision-making suggestions for the location planning of public ser-
vice facilities in cities with similar development potential to Zhengzhou and a high cost of
investment and construction and enhance the living happiness of residents. In addition,
the idea of equity and justice discussed in this paper has also been applied in the urban
planning and management field [103], which can be extended to other fields in the future.

In this paper, the supply of educational facilities was defined by the number of
students in the school, resulting in relatively rough estimates. Some scholars [104,105]
used data on teaching quality and supporting hardware to assign weights to the supply of
educational facilities. This approach was not adopted in this study due to the limitations of
educational facilities’ data sources in the study area. Future research could explore more
refined methods for forecasting the supply of educational facilities.

5. Conclusions

Understanding and analyzing the inequality of urban public facilities is an important
step for optimizing public resource allocation and achieving sustainable urbanization. This
study constructed a multi-dimensional analysis system for public facility equity and justice
and calculated and analyzed the current situation and causes of public facility equity and
justice in Zhengzhou’s urban core area in conjunction with the urbanization development
process. The results showed that from a regional equality perspective, influenced by
public facility planning heritage from the planned economy period, public facility per land
equality within Zhengzhou’s urban core’s old urban area inside the 3rd ring road was good
with no significant accessibility differences. However, there were great differences between
areas inside and outside the 3rd ring road. Public facility per land accessibility within
the 3rd ring road was significantly higher than outside. Public facility per land equality
was worse in areas outside the 3rd ring road. From a spatial equity perspective, there
was insufficient equity in public facilities per capita. Although public facility planning
heritage led to a large number of public facilities within the 3rd ring road, there was poor
matching between public facility supply and resident demand. This resulted in some areas
outside the 3rd ring road having better per capita accessibility while those inside the 3rd
ring road had lower per capita accessibility. From a social justice perspective, Zhengzhou’s
urban core’s public facility planning under housing marketization did not provide much
preferential care to the vulnerable juveniles and seniors with youth residents enjoying
better public facility services. Multiple public facility suppliers pursued their own interests
with social justice needing improvement in Zhengzhou’s urban core’s public facilities.
Overall, during Zhengzhou’s rapid urbanization, social equity and justice were ignored
due to government public policy influence with much room for improvement in existing
public facility planning and layout. The Zhengzhou government should combine regional
equality, spatial equity, and social justice to serve the public interest by establishing a
supervisory feedback mechanism for public management work. Rather than relying on
public facility planning heritage, appropriate use should be made while actively cultivating
high-quality suppliers to improve facility quality and supply efficiency by diversifying
supply. This can positively address equity and justice issues during urbanization.
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