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Abstract: The spatial mismatch between affordable housing neighborhoods and public services/facilities
significantly reduces the well-being of low-income dwellers, which has risen to a typical issue of
spatial injustice. Previous studies on accessibility evaluation most focus on a single type of service,
lacking empirical studies exploring the integrated spatial accessibility of multiple services for low-
income residents. Taking Harbin City in northeast China as an example, this study assessed the
spatial accessibility of transit, education, healthcare, shopping, and recreation facilities for affordable
housing neighborhoods, using the Gaussian-based 2SFCA method. The pattern of accessibility
for each type of facility in Harbin showed obvious spatial differentiation between the urban core
and the city periphery, for both affordable housing neighborhoods and other neighborhoods. The
sample household survey indicated that low-income households who were generally characterized
as elderly, less-educated, under-employed or unemployed had extremely restricted and passive
residence choices. In comparison to non-low-income households, the spatial accessibility of higher-
level facilities for low-income households was relatively poorer. Particularly, affordable housing
neighborhoods had much lower accessibility of subway stations, though more than 97% of low-
income respondents living in affordable housing neighborhoods chose to solve the daily trip demand
by taking a bus or the subway. With respect to equity-oriented urban planning, more importance
should be attached to the spatial accessibility of public services and facilities when planning affordable
housing projects for low-income households.

Keywords: spatial accessibility; Gaussian-based 2SFCA method; public services; low-income households

1. Introduction

The issue of spatial injustice and social exclusion among low-income groups has at-
tracted global attention [1–3]. Referring to the theory of spatial justice [4–7], the concept
of spatial justice embodies physical justice, urbanization of social justice, and the right to
the city [7,8]. Housing is one of the most important rights to the city that is not affordable
for low-income families. To eliminate housing difficulties for low-income families, numer-
ous countries have made great efforts to promote affordable housing programs, such as
public housing in the U.S. [9], affordable and social housing in the UK [10], social housing
in France [11], public housing in Japan [12], public housing flats in Singapore [13], etc.
Since the late 20th century, China has been successively promoting various types of af-
fordable housing1, consisting of low-rent housing, economic and comfortable housing,
public rental housing, and shared ownership housing [14,15]. However, the grim fact
remains that the distribution of affordable housing in most countries suffers from inferior
location [16,17], especially in the earlier phases, which limits the spatial accessibility of
low-income dwelling neighborhoods [18–20]. It also implies a mismatch between the
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neighborhoods where low-income families dwell and the distribution of spatial resources,
based on the spatial mismatch hypothesis [21]. The location of housing neighborhoods and
the frequently visited service/facility locations are important “anchors” of daily activity
spaces [22]. Compared with non-low-income groups, low-income groups tend to have
lower mobility [22,23], being isolated from activities in space and time and deprived of
equitable access to spatial resources. Previous studies have focused on the spatial accessi-
bility of public services/facilities [24,25], which is closely related to human health and life
quality [23,26]. Evidence shows that inequalities in the ability to access available resources,
especially public services/facilities, can produce further inequalities in living standards
and physical/mental health, resulting in a weaker sense of belonging and lower satisfaction
among those who live in affordable housing [27]. From this perspective, it is a prominent
spatial injustice phenomenon if low-income dwelling neighborhoods are equipped with
lower spatial accessibility [28].

Although a certain amount of the literature pertains to accessibility evaluation, most
of these studies focus on a single type of facility, particularly the spatial accessibility of
public transport [23,29], green spaces [30,31], educational services [32,33], and healthcare
services [34,35]. Few empirical studies have evaluated the integrated spatial accessibility of
multiple types of public facilities (except [24,27]). There have been various categories of
accessibility measures [36,37], and the most commonly used methods in recent research
include travel impedance (straight line/network distance or time) to the nearest service
analysis [38,39], gravity-based models [40], the two-step floating catchment area (2SFCA)
method [41,42], and their enhanced models [35,43–45]. These methods have their ad-
vantages and limitations [37,42], in terms of the two components (i.e., availability and
proximity) of spatial accessibility [41]. For instance, the nearest service impedance method
only measures proximity between the locations of service providers and the population,
with no account taken of availability, which depends on the capacity of the service provider
and the scale of the population [42]. The gravity-based model has remarkable advantages
in capturing supply and demand features while considering distance decay effects [40],
but was always criticized for the difficulty in empirically determining the frictional coeffi-
cient β in the distance decay function [37,43]. While the 2SFCA method has most of the
advantages of the gravity model and is more intuitive to interpret [41], it is accused of
uniform catchment size, which means that all facilities have the same attraction [31,46].
An enhanced two-step floating catchment area (E2SFCA) method was proposed [43], by
introducing weights to different travel time zones within a catchment to account for the
distance decay, with the travel time zones derived based on the ArcGIS Network Analyst
tool. The E2SFCA method has the advantages of being more consistent with intuition and
more spatially explicit than the conventional 2SFCA method [43]; however, it does not dif-
ferentiate the accessibility within a zone [45]. To rectify the above defect, a Gaussian-based
2SFCA method was developed [45], by integrating the Gaussian function to continuously
discount the access within a catchment. The Gaussian-based 2SFCA method has been ap-
plied to effectively delineate the spatial accessibility of green spaces [30,31,46,47], recreation
services [48], and healthcare services [49,50], thus having the potential for estimating access
to multiple public facilities.

Based on the above discussions, comparatively inadequate research has been con-
ducted into the spatial mismatch of multiple public facilities for low-income dwelling
neighborhoods. Even so, the previous methods and existing case studies are of significant
reference for this paper. This paper adds to the literature on the spatial accessibility of
affordable housing neighborhoods by conducting a synthetic evaluation of accessibility of
multiple public facilities, with Harbin City as the study area. The Gaussian-based 2SFCA
method is adopted to measure the access to public facilities for each census population grid,
based on the 2020 Census and POI data of public transit facilities, educational facilities,
healthcare facilities, commercial facilities, and recreation facilities. A comparative analysis
between accessibility measures of affordable housing neighborhoods and those of other
housing neighborhoods is conducted. Furthermore, this study also includes perceptions
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toward spatial accessibility from affordable housing neighborhood residents through a
sample household survey. The results will contribute to an understanding of spatial de-
privation in the accessibility of multiple facilities/services from the perspective of spatial
justice, and to providing better policies for equity-oriented planning for affordable housing,
which are of great significance for the improvement of public health and urban livability
for low-income residents.

The rest of this paper is organized as follows. Section 2 depicts the study area, data,
and methods. Section 3 presents the evaluation results of spatial access to public ser-
vices/facilities in the study area and the accessibility deprivation of affordable housing
neighborhoods compared with reference housing neighborhoods. Section 4 analyzes low-
income households’ perceptions of spatial accessibility based on a questionnaire survey
of low-income residents in affordable housing neighborhoods, and discusses the policy
implications of the analysis. Finally, Section 5 summarizes the findings and proposes a
future research agenda.

2. Materials and Methods
2.1. Public Rental Housing in Harbin

Harbin (125◦42′–130◦10′ E, 44◦04′–46◦40′ N) is a mega-city in northeast China, the
capital of Heilongjiang Province, with an area of 53,100 km2. The seventh national census
showed that the resident population of Harbin was 10.99 million in 2020, a 5.89% decline
from that of the sixth national census in 2010. Although it is not a city with a net inflow of
population, Harbin still has a certain demand for affordable rental housing, according to the
statement of Heilongjiang Province’s 14th Five-Year Plan for Urban Housing Development
in 2021. Harbin City has been implementing the comfortable housing project since 1995.
However, the housing units were collected mainly through the acquisition of previously
owned houses in the market before 2007; thus, the quantity was limited. In 2007, it was
stipulated that 2% of new residential projects should be allocated as low-rent housing.
Subsequently, it was stipulated that public rental housing should account for 5% of new
residential projects in 2011. Thereby, a housing security system was gradually established,
with public rental housing security as the dominant component. Harbin City ceased
incremental construction of public rental housing in 2015, and gradually shifted to a rental
subsidies-based housing security system. Up to 2021, the city had 52,000 families eligible
for affordable housing2, and all of them were covered by housing apportion or rental
subsidies. From 2007 to 2021, the total amount of households covered by the public rental
housing policy gradually increased from 240 to 34,000. The distribution of these public
rental housing units is concentrated in the districts of Daoli, Daowai, Nangang, Xiangfang,
Pingfang, and Songbei. Thereby, the above six districts are selected as the study area in
this paper (Figure 1), which covers a total area of 2460 km2 and is planned as a polycentric
layout that consists of the main center and several clusters, according to the 2017 version of
the Harbin Urban Master Plan (2011–2020).

Public rental housing units between 2018 and 2021 (Table 1) were collected from
the Harbin Municipal Government website, http://www.harbin.gov.cn/ (accessed on
23 May 2022). The authors plotted the location of 185 public rental housing neighborhoods
between 2018 and 2021 and other housing neighborhoods in 2020 based on the Gaode map
(Figure 2a) and converted the GCJ02 coordinate system to the WGS84 coordinate system.
The number of public rental housing units allocated in each district is determined by the
number of eligible applicants who have passed the annual audit in the pool of public rental
housing. In 2018, three categories of families and priority families were allocated public
rental housing at a ratio of 1:1 and 1:1.2, respectively. In 2019, there were 11,547 units of
public rental housing available for the first and second categories of ordinary families, and
there were 27,054 applicants, with a winning rate of 42.68%. There were 2755 units of public
rental housing allocated at a ratio of 1:1.1 to 2499 families in 2020. In 2021, only 4785 units
of housing were available to 15,700 families who were declared as the first and second

http://www.harbin.gov.cn/
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categories of public rental housing applicants, and each district matched the housing units
with an average winning rate of approximately 30.4%.
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2.2. Correction of Demographic Data

Census units were mostly employed as research units for residential neighborhoods
in previous accessibility studies. However, the smallest census unit (i.e., the sub-district)
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in China is much bigger than a residential neighborhood [27]. An alternative approach
to improve the spatial resolution is to divide the urban study area into regular grids [49].
This study adopted 1000 × 1000 m grids as the basic analytical units, thereby making
the demand for public services/facilities be delineated in a fine spatial resolution. The
1000 × 1000 m fishnets were created based on the China 100 m population data obtained
from the WorldPop 2020 population distribution raster dataset3. The dataset applies a
spatialization method of population data based on the random forest model, which is well
documented in Lloyd et al. [51] for details of the methodology and technical validation.
Furthermore, a correcting calculation of the China 100 m population data was conducted
combined with the seventh national census of Harbin sub-districts in 2020, which was
obtained from the Harbin Bureau of Statistics. Finally, the 1 km × 1 km cells were assigned
the number of residents (Figure 2b), among which the cells of Lujia Street, Tongda Street,
Quxian Street, Xinle Street, Jingyu Street, Daxing Street, Hongqi Street, Minsheng Road
Street, Xiangfang Street, and Anjing Street are relatively densely populated. The overall
layout shows that residents concentrated in the main center of Harbin city, while the
population density of other urban clusters was at a slightly lower level.

2.3. POI Data of Public Services/Facilities

Public service facilities generally consist of transportation, medical care, education,
leisure, culture, commerce, social security, community services, etc. Based upon a survey
of the literature [23,24,27,29,31], the present study selected the most often studied facilities,
namely transit, education, healthcare, shopping, and recreation facilities, to investigate
the spatial distribution relationship between public services/facilities and public rental
housing neighborhoods. In terms of transit facilities, the main travel mode for low-income
households is public transportation; thus, the point data of bus stops and subway stations
were selected for transportation accessibility analysis. Junior schools, primary schools, and
kindergartens were selected as the objects of educational facilities. With the improvement
in living standards, people are more and more concerned about their health, and the
accessibility of healthcare facilities such as hospitals and community health centers was
of concern. The central urban areas have gathered most of the city’s high-quality medical
resources. Hospitals in the peripheral areas of the city are fewer in quantity or inferior
in quality, while the distribution of community health centers is relatively more uniform.
Malls, supermarkets, and convenience stores were selected as commercial facilities in this
study. Recreation facilities such as municipal parks, museums, and exhibition halls were
collected, which impact residents’ mental health significantly. Most of the above facilities
exhibit a higher density in the urban center and become more dispersed further toward the
suburbs. Meanwhile, several public service sub-centers have emerged in the peripheral
urban areas of Harbin, which is perceived as a polycentric city. The POI data of public
services/facilities, obtained from the Gaode map in 2021, were purified and converted from
the GCJ02 coordinate system to the WGS84 coordinate system.

2.4. The Gaussian-Based 2SFCA Method

Although there are mild differences among the factors for measuring the accessibil-
ity of different categories of public facilities, they are generally consistent in common
factors such as the distribution of the surrounding population (i.e., demand factor), the
number and layout of service facilities (i.e., supply factor), and transportation connec-
tion [52–57]. By advancing the 2SFCA method based on a Gaussian function, the Gaussian-
based 2SFCA method continuously differentiates access within the catchment of each
neighborhood [30,45], assuming public facilities beyond this catchment to be inaccessible
to the residents [31]. The Gaussian-based 2SFCA method can be realized in two steps [31,46]:
The first step is to search all residents within the catchment for each supply center and
calculate the supply-to-demand ratio for each supply center; The second step is to set the
catchment for each demand center and sum all the supply-to-demand ratio that falls within
the catchment of that demand center.
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In the first step, the supply-to-demand ratio of supply center i (Ri) is written as [46]:

Ri =
Si

∑j∈{dij≤d0} G
(
dij, d0

)
Pj

(1)

where Si is the capacity of public service/facility at location i; dij is the travel cost (distance
or time) between supply center i (i.e., public service/facility location) and demand center j
(i.e., population location); d0 denotes the catchment size (i.e., the threshold travel cost); Pj is
the residents of demand center j whose centroid falls into the catchment (i.e., dij ≤ d0) of
supply center i. For each public service/facility location i, search all population locations
(j) that are within the distance of d0 from i, thus formulating the catchment for the public
service/facility at i. Residents at j will be weighted using a weighted distance decay
function (G), regarding the weighted residents within the catchment as the potential users
for the public service/facility at i. G is the friction-of-distance listed below:

G
(
dij, d0

)
=

 e−(1/2)×(dij/d0)
2
− e−(1/2)

1 − e−(1/2)

0, if dij > d0

, if dij ≤ d0 (2)

In the second step, the supply-to-demand ratio of demand center j (Aj) is written
as [46]:

Aj = ∑i∈{dij≤d0}
G
(
dij, d0

)
Ri (3)

where i denotes all public services/facilities within the catchment of population location j,
and all other notations are the same as in Equation (1). The accessibility score (Aj) suggests
the number of public services/facilities for every 10,000 residents in a neighborhood. For
each population location j, search all public service/facility i within the threshold distance
d0 from j, thus formulating the catchment for the population at j. Discount each Ri using
the Gaussian function and sum up discounted Ri within the catchment area for j to obtain
the spatial accessibility at population location j.

An operational measure of travel distance is important for evaluating spatial acces-
sibility. The most popular measure at present is the shortest path based on road net-
works [18,30,44], which has set stringent requirements for road network data. In cases
when the road network data are not available or out of date, the straight-line (or Euclidian)
distance is a reasonable proxy for travel cost [27,58]. It has been shown that straight-line
distance is highly correlated with travel time [58] and that the shortest path distance is
between 1.2 and 1.4 times the straight-line distance [59]. Therefore, this study employed
straight-line distance to estimate the access from population grids to facilities.

It is vital to choose the appropriate catchment size (d0) according to the service/impact
range of each category/level of facility. The service radius of public facilities varies from
municipal facilities to community facilities [24], and from higher-level facilities to lower-
level facilities [27]. Hence, thresholds ranging from 1 km to 5 km were adopted in this
study (Table 2), with reference to previous research and the Urban Residential Community
Planning and Design Standards (GB50180-2018). Although the service radius of municipal
services such as hospitals, museums, and municipal parks is supposed to cover the entire
city, this study designated 5 km as a reasonable catchment size for facilities s5, s9, and s10,
referring to [38,60], to compare the disparity between one community and another. The
service radius of community facilities is within a 2 km range [24]; hence, the catchment sizes
of junior schools (s3) and malls and supermarkets (s7) were set as 2 km. The service radius
of neighborhood facilities is typically in the 1 km range [24]; accordingly, a catchment size
of 1km was assigned to the other facilities such as subway stations (s1), bus stations (s2),
primary schools, and kindergartens (s4), community health centers (s6), and convenience
stores (s8). Furthermore, this study took the “edge effect” into account, where it is com-
monly recognized that residents within the border may use facilities outside of the study
area and vice versa. A 5 km buffer was obtained surrounding the study area (Figure 1),
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assuming that the residents in the study area would only routinely utilize facilities within
this boundary and would not regularly go beyond it.

Table 2. Catchment size of various types of facilities.

Type of Facility Sub-Type of Facility Catchment Size

t1: transit
s1: subway station 1000 m
s2: bus stop 1000 m

t2: education
s3: junior school 2000 m
s4: primary school and kindergarten 1000 m

t3: healthcare
s5: hospital 5000 m
s6: community health center 1000 m

t4: shopping s7: mall and supermarket 2000 m
s8: convenience store 1000 m

t5: recreation
s9: museum and exhibition hall 5000 m
s10: municipal park 5000 m

3. Results
3.1. Accessibility Scores of Multiple Sub-Types of Facilities

In Harbin, urban areas where most of the population gather are also areas where
public facilities are densely located. The older urban area, which is more densely populated,
has a greater density of facilities, whereas the facilities in the new urban area are more
scattered and often smaller. Therefore, it is difficult to distinguish the spatial mismatch
between public services/facilities supply and population distribution with the naked
eye. The spatial accessibility of various types of public facilities was evaluated using the
Gaussian-based 2SFCA method based on different catchments (Figure 3). The accessibility
score represents the number of public facilities per ten thousand residents. With regard to
the uneven scales, the accessibility scores for each sub-type of the facility are classified into
five levels using the “Jenks natural breaks classification” method in ArcGIS. The five levels
of accessibility are further reclassified as 1, 2, 3, 4, and 5, referring to low, medium-low,
medium, medium-high, and high level.

The average accessibility of subway stations for population cells was 0.04, and its
standard deviation (S.D.) was 0.20. There were 2494 cells (93.02%) that belonged to low
level of subway accessibility, 111 cells belonged to medium-low level or medium level,
and only 76 cells (2.83%) belonged to medium-high or high level. For the sub-type facility
of bus stops, the mean value and S.D. of accessibility were 9.20 and 16.09, respectively,
with 65.42% cells at low level and 7.27% cells at medium-high or high level. Accessibility
scores for junior schools at a 2 km catchment size averaged out to 0.21, with a fraction
of cells at medium-high or high level (3.54%), and more than three-quarters low-level
cells, though at a smaller catchment size, the average accessibility of primary schools and
kindergartens (about 1.13) was higher than that of junior schools. For this sub-type of
facility, there were 1954 population cells (72.88%) evaluated as low level, and 178 cells
(6.64%) evaluated as medium-high or high level. The mean accessibility levels of hospitals
(0.11) and of community health centers (0.45) were relatively low, with low-accessibility-
level cells accounting for 71.39% and 84.89%, respectively. In terms of the accessibility
scores for malls and supermarkets, there were 2141 cells (79.86%) that belonged to low level,
and only 50 cells (1.86%) that belonged to medium-high or high level. The accessibility
of convenience stores was evaluated at a smaller catchment size in comparison to malls
and supermarkets, while the average score for convenience stores (4.22) far exceeded the
average for malls and supermarkets (0.34). The mean accessibility score for museums
and exhibition halls was only 0.13, while the mean municipal park accessibility score
was even lower (0.06), at a 5 km catchment size. For these two sub-types of facilities,
population cells at low accessibility level accounted for 8.05% and 4.63%, respectively,
while the percentages of medium-high- or high-level accessibility cells were 66.80% and
70.12%, respectively. In addition, without any regard for scale and quality of supply, the
law of accessibility deprivation under one sub-type facility was irregular compared to
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the other. Only dealing with the number of facilities, the spatial pattern of cells at high
accessibility or low accessibility of various sub-types of facilities was not exactly the same.
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3.2. Integrated Accessibility Level and Its Spatial Pattern

The overall accessibility level of all facilities can be computed from the accessibility
level of individual facilities. According to Amartya Sen’s capability theory, low-income
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groups should be provided equal potential opportunities to choose or achieve what they
value as other residents [61], even if they do not use some higher-level facilities fre-
quently [27]. Whether it is necessary to assign different weights to each sub-type of facility
based on resident attitude and the frequency of utilization has not reached a consensus [62].
The applicability of using equal weights for summing scores has been indicated through a
comparison of the impact of uniform versus use-frequency weights in a previous study [27],
as they found that the general results would not be significantly affected by using different
weights. In this study, accordingly, an equal weight is assigned to each type of facility, as
well as each sub-type of facility. The integrated accessibility level (IA), as shown in Figure 4f,
was computed from the accessibility levels of five types of facilities (Figure 4a–e). The
values of IA ranged from one to four, and were classified into three levels that correspond
to high, moderate, and low spatial access using the “Jenks natural breaks classification”
method (Figure 4f). The classification result of IA described approximately 9.21% of cells
(1 km × 1 km) as high access and 30.66% as moderate access, while 60.13% of cells were
classified as low access.

Each type of facility has its own pattern of spatial accessibility in Harbin. Access to
healthcare and shopping facilities differs between the urban center and peripheral areas.
The spatial accessibility of healthcare facilities (Figure 4c) is the highest in the main center,
and relatively lower in other urban clusters. In contrast, the accessibility of shopping
facilities in some clusters equals or even exceeds the level in the main center (Figure 4d),
especially in Qianjin, Qunli, and Hannan. The spatial pattern of transit accessibility and
education accessibility is dispersed. Areas along the subway lines and peripheral areas near
bus stops have the highest value of accessibility scores for public transit facilities (Figure 4a).
Although a large portion of high education accessibility cells were located in the suburban
areas (Figure 4b), areas in the main center still have much higher access to schools than the
average level of the whole city. While the main center and all the urban clusters fared quite
well in the accessibility of recreation facilities, the southwestern and northwestern parts of
suburban areas also displayed a moderate accessibility level (Figure 4e). Indicated by the
spatial pattern of IA, the most distinguished hot spots of high accessibility level appeared
in the main center, Qianjin, and Hannan. Though some sporadic high accessibility cells
occurred, outlying suburban areas had the least well-equipped services and the least access
to facilities.

3.3. Low-Income Households’ Perceptions of Spatial Accessibility

A household survey was conducted with a sample of affordable housing neighbor-
hoods in different districts of Harbin, consisting of 8 in Daoli district, 17 in Daowai district,
2 in Nangang district, 1 in Pingfang district, 16 in Songbei district, and 8 in Xiangfang
district. Within each neighborhood, households were selected using the simple random
method; 300 questionnaires were delivered to households, and 266 (88.67%) valid responses
were returned. The questionnaire survey was conducted in 2021 with the help of a class of
undergraduates at The School of Architecture and Civil Engineering, Heilongjiang Univer-
sity of Science and Technology. The questionnaire investigated the following information:
(1) households’ attributes (e.g., age, education, occupation, income, household number);
(2) travel behavior (e.g., commuting to workplace, school, healthcare, shopping, recreation
places); (3) housing preference; and (4) satisfaction with the neighborhood.

As shown in Table 3, more than 95% of the 266 respondents suffering from lower
incomes had an annual household income of less than CNY 30,000. The elderly accounted
for a large proportion of respondents, as 43.98% were elders over sixty, and 52.26% were
between thirty and sixty. About three-quarters of respondents were retired or unemployed,
and more than 90% had only attained junior school or high school education. These data
indicate that low-income households always have lower educational levels and poorer
occupations, in comparison with non-low-income groups. Their attributes severely restrict
the flexibility and diversity of residence choices. The size of public rental housing ranged
from 20 m2 to 70 m2, while three in every five interviewed households applied for a size
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between 30 m2 and 50 m2. Moreover, their duration of residence was generally longer
than two years, and almost three in ten low-income households had lived in affordable
housing for over five years. A total of 94.73% of respondents showed a strong inclination
to maintain the status quo, rather than relocate to other places, for the next couple of years
at least.
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Table 3. Households’ attributes in affordable housing neighborhoods.

Attribute Category Respondents Attribute Category Respondents

Age
<30 10

Education

≤junior schools 157
≥30 and <60 139 high school 88
≥60 117 college 21

Annual
household

income

<30,000 254 ≥postgraduate 0
≥30,000 and <50,000 11

Occupation

government/institution staff 9
≥50,000 1 individual business 3

Household
members

1 140 private company employees 8
2 84 no fixed jobs 30
3 38 retired 116
4 4 unemployed 80

Affordable
housing size

>20 and ≤30 21 unknown 20
>30 and ≤40 39

Duration of
residence

<2 63
>40 and ≤50 129 ≥2 and <5 113
>50 and ≤60 42 ≥5 and <10 75
>60 and ≤70 35 ≥10 15

Among the factors that impact the housing choices of low-income households (Figure 5),
the importance of the spatial accessibility of healthcare services ranked second only to
housing rents, followed by factors of security, internal environment, and accessibility
of shopping areas, neighborhood relationships, housing size, accessibility of recreation
facilities, and composition of neighbors. In contrast to the preference for being close to
healthcare services, shopping areas, and recreation facilities, the respondents attached far
less importance to school accessibility and workplace accessibility. That could probably
be attributed to their group characteristics; they were mostly unemployed or had reached
retirement age. The healthcare demands of the elderly are much higher than the young
and middle-aged; thus, correspondingly, healthcare accessibility was one of the most
essential factors influencing their housing preference. A big surprise in this survey was
that nearly 70% of low-income households presented a positive answer (i.e., satisfied
or extremely satisfied) in terms of the question about their overall satisfaction with the
neighborhood. However, less than half of the respondents felt satisfied with the accessibility
of healthcare services and recreation facilities, and they had a lower sense of belonging in
the neighborhood (Figure 6).
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3.4. Accessibility Deprivation of Affordable Housing Neighborhoods

Table 4 shows the descriptive statistics for the accessibility score for each sub-type of
facility provided for the 185 affordable housing neighborhoods, taking those of 3102 hous-
ing neighborhoods as a comparison. The public rental housing units in Harbin were located
further away from the urban center, in comparison with neighborhoods in the control
group. Among the 185 public rental housing neighborhoods, only 10.81% were within the
first ring road (1st Ring), and more than three-quarters (140 neighborhoods) were within the
second ring road (2nd Ring). In contrast, 52.42% of the neighborhoods in the control group
were located within the 1st Ring and 43.84% were within the 2nd Ring. Affordable housing
neighborhoods (20) accounted for approximately one percent of the 1626 neighborhoods
within the 1st Ring, whereas over one-fourth of the neighborhoods within the third ring
road (3rd Ring) were affordable housing neighborhoods (25).

It was clearly indicated that the spatial accessibility of one type of facility was ex-
tremely discrepant from another. For both the treatment group and the control group, the
accessibility scores for municipal parks fell far behind the average level, while convenience
stores led other sub-type facilities substantially in the accessibility score. Furthermore,
the access scores for lower-level facilities were much larger than those for higher-level
facilities. On average, for neighborhoods from the control group, the number of kinder-
gartens accessible to every 10,000 residents was 3.54, but the number of junior schools they
could get access to was only 0.31. A similar difference occurred between the mean value of
accessibility scores for community health centers (2.52) and that of hospitals (0.94), whereas
the opposite was true for the differences in access to higher-level facilities and lower-level
facilities. Due to the scarcity of supply, the accessibility scores for higher-level facilities
were low in all neighborhoods, with smaller mean values and S.D.s whereas, representative
of lower-level facilities, convenience stores and bus stops were two of the most densely
located and well-equipped facilities in Harbin.

The spatial disparities of accessibility among neighborhoods in different areas shared
some similar characteristics, for both the treatment group and the control group. In general,
the neighborhoods in the 1st Ring were areas that corresponded to the highest spatial
accessibility level, and the accessibility level mostly decreased systematically from the 1st
Ring to the 3rd Ring. The mean accessibility score for subway stations, junior schools,
hospitals, community health centers, museums and exhibition halls in neighborhoods in
the 1st Ring was significantly higher than for the 2nd Ring or the 3rd Ring. For example,
on average, there were 1.26 accessible hospitals per 10,000 residents (within the catchment
size of 5 km) for the 1st Ring housing neighborhoods from the control group, which means
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people living inside the first ring road can easily access high-level healthcare facilities.
However, every 10,000 residents who lived in the 2nd Ring housing neighborhoods from
the control group could only access 0.61 hospitals within a distance of 5 km, and the
number dropped to 0.30 for those living in the 3rd Ring. Similarly, the scores for hospitals
for affordable housing neighborhoods in the 1st Ring, 2nd Ring, and 3rd Ring were 1.1, 0.47,
and 0.37, respectively. Such a diminishing tendency was remarkable in the accessibility
scores for subway stations as well. The average accessibility score for subway stations for
affordable housing neighborhoods was 0.47 in the 1st Ring, decreasing to 0.34 in the 2nd
Ring and even dropping to 0.05 in the 3rd Ring. The mean scores for access to shopping
facilities were high in housing neighborhoods in the 1st Ring and 2nd Ring but descended
steeply in the 3rd Ring. In contrast, the mean scores for access to bus stops, kindergartens,
primary schools, and municipal parks were higher in housing neighborhoods in the 3rd
Ring than those in the 1st Ring or 2nd Ring. Housing neighborhoods in the 2nd Ring had
the largest S.D. of access score for various types of facilities, except for community health
centers and education facilities.

Table 4. Descriptive statistics of accessibility scores for multiple facilities for neighborhoods.

Sub-Type of Facility s1 s2 s3 s4 s5 s6 s7 s8 s9 s10

185 Affordable Housing
Neighborhoods

All
Mean 0.32 10.90 0.24 4.95 0.53 1.84 2.05 22.34 0.43 0.04

S.D. 0.39 13.21 0.21 3.76 0.32 1.28 1.34 16.01 0.27 0.04

20 in 1st Ring
Mean 0.47 4.91 0.33 4.27 1.10 3.25 2.14 29.29 0.73 0.01

S.D. 0.27 1.36 0.09 1.73 0.21 1.11 0.18 8.95 0.27 0

140 in 2nd Ring
Mean 0.34 11.91 0.24 4.94 0.47 1.67 2.20 22.77 0.40 0.04

S.D. 0.41 14.82 0.22 3.90 0.27 1.20 1.47 17.23 0.26 0.04

25 in 3rd Ring
Mean 0.05 10.03 0.22 5.45 0.37 1.66 1.14 14.34 0.37 0.05

S.D. 0.08 4.96 0.23 3.99 0.09 1.14 0.40 8.19 0.10 0.01

3102 Housing
Neighborhoods

All
Mean 0.45 6.4 0.31 4.08 0.94 2.52 2.04 25.25 0.65 0.02

S.D. 0.43 7.84 0.15 2.51 0.43 1.22 0.82 10.61 0.33 0.03

1626 in 1st Ring
Mean 0.51 4.34 0.36 3.68 1.26 3.07 2.06 28.82 0.84 0.01

S.D. 0.40 1.34 0.07 1.37 0.24 0.95 0.32 6.89 0.26 0

1360 in 2nd Ring
Mean 0.41 8.35 0.24 4.35 0.61 1.93 2.08 21.73 0.45 0.03

S.D. 0.45 10.93 0.17 2.86 0.30 1.17 1.14 12.38 0.27 0.04

116 in 3rd Ring
Mean 0.10 11.82 0.27 6.35 0.30 1.77 1.23 16.03 0.30 0.04

S.D. 0.14 8.35 0.22 4.88 0.15 1.37 0.56 10.65 0.19 0.02

Meanwhile, great differences in spatial accessibility between neighborhoods in the
treatment group and those in the control group were exhibited. Accessibility of higher-level
facilities for affordable housing neighborhoods was relatively poorer. For instance, the
average score for access to hospitals was 0.53 in the 185 affordable housing neighborhoods,
much smaller than that of the control group (0.94). Not coincidentally, the gap in accessibil-
ity scores between the treatment group and the control group occurred in the sub-types
junior school (0.24 to 0.31) and museum (0.43 to 0.65). This is partly due to the slack demand
for higher-level facilities from low-income groups, as well as the inferior locations of public
rental housing supplied by the government. In addition, it is worth noting that affordable
housing neighborhoods have lower accessibility of subway stations (0.32) than the average
level for all housing neighborhoods in the control group (0.45). This reveals the potential
for service improvement in affordable housing neighborhoods in Harbin.
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4. Discussion

It was identified that serious spatial mismatches exist between public services/facilities
and residents, especially for low-income households who live in affordable housing neigh-
borhoods in Harbin. Low-income groups (vulnerable groups) have fewer choices regarding
residential location and size diversity [63]. In other words, they are in a passive position
when making dwelling choices [19]. Because of the passive choice of housing location
and less access to nearby jobs, the commuting characteristics of low-income groups differ
considerably from those of non-low-income urban residents. They have less flexibility
of travel, stronger reliance on public transportation among various travel modes, as well
as longer commuting times. Based on the above sample survey in Harbin, more than
97% (221) of low-income respondents chose to solve the daily trip demand by taking a
bus or the subway. Otherwise, 38 respondents traveled by bicycle or on foot, and only
four chose automobiles. Affordable housing neighborhoods have lower accessibility of
subway stations (as mentioned in Section 3.4), even though low-income groups use a higher
proportion of public transportation than other groups. This was not an isolated case. An
investigation in Hefei [64] found that low-income households have a greater demand for
low-cost urban public transportation, and are keenly concerned about job accessibility
and commuting time. Nevertheless, the World Bank’s report [18] showed that the job
accessibility of low-income neighborhoods in the outer suburbs of Bejing was worse than
that in the inner city. Furthermore, although children and elderly retirees are predominantly
members of low-income households and have a greater demand for life-support public
service facilities, their needs for education and healthcare facilities are poorly met [64].

Following Smith and Zenou [65], spatial mismatch is the outcome of optimal behavior
by labor market participants who voluntarily choose to live in distant locations because the
short-term benefits (low land rents) are sufficient compared to the long-term benefits of
residential proximity to jobs. Therefore, whether low accessibility is problematic depends
on whether people find themselves in this position voluntarily or not [66]. In the case of
voluntary choice of residential location, the cost of low accessibility would be balanced out
by other amenities; thus, it is not problematic [67]. Inequality of opportunity for vulnerable
groups in Western cities is mainly caused by racial discrimination [68,69]. For instance, the
United States was confronted with urban crises of spatial deprivation and social segregation
after the late 1960s, where poor and black people were forced to congregate in decaying
urban centers [70]. The phenomenon had multiple contributing factors [69], including
the development of highway construction, the prevalence of cars, the “American dream”
for a single-family house, etc. Middle- and upper-income white families were sensitive
to the inferiority factors of unfavorable schools, high taxes, aging housing, and crimes
downtown; hence, they moved spontaneously to the suburbs. In contrast, low-income and
black families were slow to respond to these inferiority factors, because they were not able
to move from the urban core to the suburbs [71]. In addition, a series of racist housing
policies implemented by the Federal Housing Administration (FHA) forced poor and black
people to congregate in decaying urban centers [69]. In contrast, the opportunities to choose
residential and employment spaces for urban residents in Chinese cities are likely to be
more related to household income [18]. Different from the spatial mismatch of ordinary
commercial housing neighborhoods that results from the proactive choices made by non-
low-income households, the spatial mismatch of low-income families results from their
passive choice of affordable housing neighborhoods [19]. The development of affordable
housing in Chinese cities is still at an early stage, and is inclined to chase quantitative
supplementation but neglect qualitative supplementation [19,72]. The local government
has stressed quantitative supply of affordable housing while ignoring providing public
services and facilities. Low-income households have little impact on determining the
location of affordable housing in China, and consequently, affordable housing is mainly
located on the urban fringe [17]. Most of the affordable housing projects are located in the
outer suburbs, which have lower costs of demolition and resettlement, resulting in the
mismatch of low-income housing spaces.
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For local planning practice, the findings of this research suggest implications for equity-
oriented planning for future affordable housing developments in cities. Scholars argue that
public policy should ensure not only the provision of affordable housing but also provide
accessibility of services and facilities [16]. It has been suggested that local government
should attach importance to spatial accessibility when planning affordable housing projects
for low-income households [27]. The lack of surrounding public facilities for separately
distributed affordable housing neighborhoods can be compensated by sharing with several
neighborhoods, which can reduce the mismatch of affordable housing neighborhoods
and improve the utilization efficiency of public facilities. In the planning thinking of
conventional communities, housing was always disconnected from infrastructure and
public services. In contrast, future communities should gather public service resources
actively around the residents by creating physical spaces. The relationship between housing
and services should be systematically considered in the whole process of planning, design
and construction, thus solving the phenomenon of spatial mismatch between infrastructure
and residents. To meet the needs of residents of all ages, childcare facilities, intelligent health
stations, 24-h unmanned pharmacies, canteens for the elderly, neighborhood living rooms,
and open spaces for exchange should be equipped in their “5–15 min living circle” so that
residents do not need to travel far for their daily demand of basic infrastructure. In addition,
it is essential to explore a new path of government-led and diversified participation in the
supply of public services for affordable housing.

5. Conclusions

Compared to non-low-income households, low-income households have poorer spa-
tial accessibility because of their passive housing choices and the inferior locations assigned
to affordable housing. Inequalities in the opportunity to access infrastructure and ser-
vices can produce further spatial injustice, while current practices in planning affordable
houses focus on the provision of adequate dwelling spaces and neglect the provision of
services. The literature has witnessed a steady growth of studies evaluating accessibility of
services/facilities, but most focus on a single type of service, and even fewer investigate
the perceptions of low-income residents in affordable housing neighborhoods. This study
explored the issues of assessing the accessibility of multiple types of services/facilities
and implementing a comparative analysis between the measures of affordable housing
neighborhoods and those of all the housing neighborhoods in Harbin City. Employing the
Gaussian-based 2SFCA method, the spatial accessibility of transit, education, healthcare,
shopping, and recreation facilities was quantified, reclassified, and further computed to an
integrated accessibility level. The approach evaluated the spatial distribution interactions
between various public service/facility supply and population demands, considering the
different service radii of facilities defined by straight-line distance as flexible catchment
sizes. The pattern of accessibility of each type of facility in Harbin showed obvious spatial
differentiation. In general, the accessibility scores for lower-level facilities were much larger
than those for higher-level facilities for all neighborhoods, and accessibility of higher-level
facilities for affordable housing households was much poorer than for normal groups. In
addition, the mean accessibility scores for subway stations, junior schools, hospitals, com-
munity health centers, museums and exhibition halls in neighborhoods in the urban core
were significantly higher than those in the suburbs. Overall, it confirmed the hypothesis on
the spatial accessibility disparity between the urban core and the city periphery as well as
the great variability of access to different types of facilities.

The study also included the characteristics, housing preferences, and satisfaction of
low-income residents, by conducting a sample household survey in affordable housing
neighborhoods. The survey indicated that a large portion of low-income residents felt
dissatisfied with healthcare accessibility and recreation accessibility and had a lower sense
of belonging in the affordable housing neighborhood where they dwelt. The mismatch
between public services and low-income housing spaces could be attributed to the fact that
local governments merely pursue the quantity of affordable housing spaces and that low-
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income households have few impacts on determining the location of affordable housing.
Because the low-income group was generally characterized as elderly, less educated, under-
employed or unemployed, their residence choices were extremely restricted and passive.
Therefore, more importance should be attached to the spatial accessibility of public services
and facilities when planning affordable housing projects for low-income households.

There exist three deficiencies in the present study, however, which need to be discussed
and improved. Firstly, the quality of each sub-type facility was neglected, which has a
great impact on its utilization rate and determines the attractiveness of the facility to users.
It is difficult to obtain the supply quantity of various types of facilities in one research
study, such as the area of parks, the number of school teachers, the number of hospital
beds, and the volume of commercial facilities. Secondly, due to the increasing complexity
of urban roads, the simple way to measure the straight-line distance differs greatly from the
actual capacity of the existing road network and road access. Thirdly, the different needs
of different ages or genders for various facilities were not taken into account. In principle,
it is not completely reasonable and absolutely fair unless allocation of public services is
based on real population needs. Combining the demographic structure with population
distribution would contribute to a refined assessment result.
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Notes
1 It was not until 1998 that a market-oriented housing security system was established, supplying low-rent housing for the

lowest-income families and affordable housing for low- and middle-income families while supplying commodity housing for
high-income families. The country began to promote the construction of public rental housing for low-income families in 2011,
and further proposed to carry forward shared ownership housing for the youth population and new citizens in 2021.

2 According to the document (http://xxgk.harbin.gov.cn/art/2020/12/2/art_13332_18706.html (accessed on 27 October 2022)),
urban low-income families suffering from housing difficulties can apply for affordable housing, with the following admission
criteria: household registration in the six main urban areas (Daoli, Daowai, Xiangfang, Nangang, Pingfang, Songbei), identified
as low-income families, and the per capita floor area of the family is less than 20 square meters.

3 WorldPop (www.worldpop.org (accessed on 27 October 2022)—School of Geography and Environmental Science, University
of Southampton). 2015. China 100 m Population. Alpha version 2020 estimates of numbers of people per pixel (ppp), with
national totals adjusted to match UN population division estimates (http://esa.un.org/wpp/ (accessed on 27 October 2022)) and
remaining unadjusted. DOI: 10.5258/SOTON/WP00055.
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