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Abstract: The current study argues that the capitalisation effect of urban public facilities on housing
will be considerable when the accessibility or availability of facilities has a serious stake in the
location or property rights of houses. The supply level and supply quantity of urban public facilities
determine whether there is a significant difference in the accessibility or availability of facilities
amongst neighbourhoods, and subsequently determines whether the capitalisation effect of facilities
on surrounding houses is considerable, which ultimately affects the spatial inequality in housing prices
(i.e. spatial dispersion of housing prices). However, previous studies have rarely considered the fact
that the supply and demand of urban public facilities vary with the type of facilities. Thus, according
to the law of diminishing marginal utility, the current study proposes a theoretical framework for the
impact of the allocation of urban public facilities at different supply levels on the spatial inequity in
housing prices and verifies this through a case study. Results indicate that the difference in urban
public facility allocation caused by the unequal supply quantity or unbalanced spatial distribution
has a notable impact on the spatial inequality in housing prices. There are three states of allocation
of urban public facilities available according to different supply levels, namely, disequilibrium,
quantitative equilibrium and spatial equilibrium: (I) Scarce and high-quality public resources that
may always be in the disequilibrium state create a substantial capitalisation effect on nearby housing,
and their presence will aggravate spatial inequality in housing prices; (II) Public facilities that can
only reach the quantitative equilibrium state have a considerable capitalisation effect on nearby
housing, and their supply densities have a positive impact on the spatial inequality in housing prices;
(III) Public facilities in the spatial equilibrium state have a negligible capitalisation effect on nearby
housing, and their supply densities have a negative impact on the spatial inequality in housing
prices. Therefore, it is reasonable to argue that urban public facilities at different supply levels have a
diversified impact on the housing market. This study can contribute to having a comprehensive and
in-depth understanding of the diversified impact of urban public facilities on the housing market.

Keywords: urban public facility; capitalisation effect; housing price; spatial inequality; law of
diminishing marginal utility

1. Introduction

Urban public facilities are the carriers of urban public services, which are related to the shaping
of the urban environment and spatial structure as well as the normal operation of urban systems [1].
Lineberry [2] argued that urban population density and housing characteristics could explain the
distribution of urban public facilities. However, the unequal supply of some public facilities and
unbalanced layout of high-quality public resources make it difficult for citizens to acquire equal
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access to these facilities. This makes facilities with strong positive externality increase the value of
local housing [3], thereby leading to spatial non-stationary of the housing market. Studies on the
capitalisation effect of urban public facilities at different supply levels on housing require further
exploration and in-depth examination. (The capitalisation effect means that the positive externality of
some public facilities can be capitalized into housing values [4].).

The accessibility and availability of urban public facilities are heavily dependent on the location
or property rights of houses (property rights of houses refer to the exclusive right provided by houses
as special properties [5]), leading to conflicts that arise amongst citizens in the housing market because
of competition for positive external facilities and rejection of negative external facilities [1]. As a
result, many social problems have arisen, mainly including social inequity [6-8] and environmental
injustice [9,10]. The current study argues that spatial inequality in housing prices is one of the social
problems caused by differences in the allocation of urban public facilities. The majority of previous
studies conducted empirical studies to explore the capitalisation effect of public facilities on the housing
market in certain areas or at a certain time. Accordingly, varied results may be generated at different
time points in the same area [11], or presented in different areas [3,12]. However, previous studies have
rarely considered the fact that the supply and demand for public facilities vary depending on the type
of facilities. Thus, what remains to be explored is how to systematically and comprehensively learn the
capitalisation effect of urban public facilities (this study focuses on urban public facilities with positive
externality, including urban public service facilities, urban infrastructure and urban natural landscape
resources) at various supply levels on spatial inequality in housing prices. Therefore, the current study
aims to propose and solve the following two major problems.

e Does the difference in urban public facility allocation lead to spatial inequality in housing prices?

e  How does the allocation of urban public facilities at different supply levels affect spatial inequality
in housing prices? If the supply of facilities increases, will it balance housing prices or aggravate
price variation?

The rest of the current study is organised as follows. Section 2 reviews the literature on the equity
of urban public facility allocation and the capitalisation effect of urban public facilities on housing prices.
Section 3 presents the proposed theoretical framework. Section 4 details the methodology. Section 5
conducts an empirical study in Chongqing, China to verify the theoretical framework proposed.
Section 6 presents the model results. Section 7 discusses the research results. Lastly, Section 8 presents
the conclusions and limitations of the current study.

2. Literature Review

2.1. Equity of Urban Public Facilities Allocation

Public service and public facilities refer to services and facilities provided directly or indirectly by
governments for the public to be shared by all [13]. Previous studies on the equity of urban public
facilities have focused on three aspects, namely, locational equity, spatial equity and social equity.

Research on the locational equity of urban public facility allocation aims to equalise public services
per capita. Cooper [14] proposed the location—-allocation model for urban public facilities. Teitz [15]
proposed a location theory of urban public facilities to maximise efficiency and fairness in the allocation
of facilities. However, the study on locational equity only focused on the number of facilities without
considering various factors, such as the distribution and structure of population and citizens’ needs [16].

The exploration of the spatial equity of urban public facility allocation that is based on spatial
accessibility [17] focuses on the layout of facilities, which aims to enable citizens to gain equal access to
public facilities [18]. The research subjects mainly focused on public service facilities [19-21], including
essential livelihood facilities such as basic education facilities [22] and medical service resources [23,24]
and nursing homes [25], as well as facilities that serve higher-level needs such as parks and green
spaces [26] and recreational facilities [27]. However, spatial equity does not consider the distinct needs
or preferences of social groups [28].
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Research on the social equity of urban public facility allocation based on social accessibility amongst
different social groups mainly focuses on the heterogeneous needs of citizens to realise equality and
justice. However, the layout of public facilities tends to favour groups with high socio-economic
characteristics who are capable of living near high-quality public facilities and environments [29,30].
The inverse proportional service rule [31] also manifests in the layout of public facilities. Specifically,
the distribution of public facilities and the population is extremely uncoordinated. Previous studies
have generally combined the socioeconomic status of residents to discuss social equity of public
facility allocation [32,33], and found that social inequity and environmental injustice are engendered
by the interaction between the allocation of public facilities and the spatial distribution of social
groups, ultimately resulting in apparent social differentiation. On the one hand, public facilities
with positive externality such as parks and green spaces are easily accessible to mainstream ethnic
residents [7,8,34,35] and high-income groups [6-8], leaving vulnerable groups [36,37] with limited
access to public resources. On the other hand, ethnic minorities, coloured races and low-income groups
have to bear considerable environmental risks and live near undesirable facilities, such as toxic release
inventory facilities [9,10].

2.2. Capitalisation Effect of Urban Public Facilities on Housing Prices

To study the capitalisation effect of urban public facilities, common empirical models under
hedonic price theory were built to estimate the impact of the performance of facilities on housing
prices. Housing prices are affected by a variety of public resources. Wang et al. [3] determined that no
evident segmentation on the housing market was caused by Shanghai Metro, although the Shanghai
Metro resulted in a rental premium. While Wen et al. [12] discovered that the capitalisation effect
of Hangzhou subway has apparently affected the spatial distribution of housing prices. Hence, the
results from different areas may vary. Wen and Tao [11] found that the capitalisation effect of a nearby
university on housing prices in Hangzhou in 2008 was significant, but not in 2003 and 2011, and the
relative estimated value of the capitalisation effect of sports facilities on housing prices in 2003, 2008
and 2013 were 0.015, 0.032 and 0.032, respectively. That is to say, whether the capitalisation effect of the
same type of facility is considerable is uncertain, and its estimated values also vary in the same area at
different time points. Hence, different results may be generated at different time points in the same
area. Additionally, Wen et al. [38] evaluated the capitalisation effect of education facilities in Hangzhou
on housing and found that the delimitation of school districts has resulted in higher housing prices
in school districts than that in non-school districts. Residents who live near public transport enjoy
convenient access, but they have to afford higher housing prices [39—41]. The more services residents
receive within a buffer zone, the more evident the value-added effect on houses [42,43]. River-views,
parks and green facilities, as high-quality environmental resources, have considerable capitalisation
effects on houses [26,44-46].

In conclusion, the previous literature on the capitalisation effect of public facilities on housing
prices was not very systematic, since they rarely considered the fact that the supply and demand of
public facilities vary with the type of facilities, and hence leaves some room for this study to propose a
theoretical framework. Therefore, the current study aims to explore whether urban public facilities at
different supply levels have a diversified impact on spatial inequality in housing prices. A theoretical
framework for the capitalisation effect of urban public facilities at different supply levels on spatial
inequality in housing prices is proposed in Section 3, and then the effectiveness of this theoretical
framework is verified through an empirical study.

3. Theoretical Framework

The current study aims to bridge the research gap by deducing a comprehensive and systematic
theoretical framework of the impact of the difference in the allocation of urban public facilities at
various supply levels on the spatial inequity in housing prices.
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Assuming that the urban population is constant at a certain time point in an urban area, which
means that the supply of urban public facilities is linear with the per capita occupancy of facilities.
The current study considers that the supply quantity of public facilities is determined by the supply
level of facilities, which subsequently determine whether the capitalisation effect of facilities on nearby
housing is considerable, ultimately affecting spatial inequality in housing prices. Currently, this study
only focuses on the public facilities with positive externality that may generate local spatial dividends,
that is, most of which will be capitalized into property values [4], thus causing variation of housing
prices amongst neighbourhoods.

Initially, according to the supply level of a type of urban public facility, including the planned
service population x, service radius 7, quality g and construction cost ¢ of the facility, the supply
quantity of the facility N is determined (see Formula (1)).

N(l) :f(xrr/qrcl"') 1)

According to the catch-up effect [47], if the initial supply of a public facility is low, the utility of
this facility (to provide services to the public) is more likely to achieve rapid growth when its supply
quantity increases (i.e. marginal utility (MU) increases fast). Next, according to the law of diminishing
marginal utility [47], as the amount of the facility increases, the utility obtained by the newly added
one-unit facility would become less than before. However, the utility value of public facilities with
positive externality is normally not negative (see Formulas (2), (3)).

MU(i) = f(N) 2
The marginal utility MU of the facility i is related to its supply quantity N.

; " n
MU(i) = 81&1_1\(]1), MU>0e U(i) = j(; MU(i)dN = L f(N)dN, n e (0,N] 3

The marginal utility MU of the facility i can be derived from its utility U.

The ownership of a house can represent the right to enjoy local public services. Thus the property
value in the housing market can be considered as the utility of its surrounding public facilities, and
the marginal utility shows the change of housing prices. Oates [48] argued that the supply of public
services and taxation would be capitalized into property values. The capitalisation means that the
quantity and quality of public resources are reflected in the value of surrounding houses. One reason
is that residents can obtain higher utility from abundant public facilities. Although these invisible
characteristic prices cannot be obtained directly from market transactions, they can be capitalized into
housing prices. Another reason is that high-quality public facilities make residents expect to maintain
and increase the value of their houses. The richer the public facilities are, the greater the residents’
expectations for value-added housing around them will be, and consequently these residents are
willing to pay higher prices. Therefore, the current study argues that the capitalisation effect of the
facility on neighbouring houses and its utility can be considered as the added value of adjacent houses
relative to the peripheral houses and they are approximately equal (see Formula (4)).

Ce(i) = U(i) 4

The capitalisation effect Ce of the facility i is equal to its utility U.

In this study, the variation of housing prices (Hpv) is used as a dominant indicator of spatial
inequality in the housing market. Assuming that Hpv in an area is caused by the difference in utility
provided by public facilities (U) or additional value provided by public facilities for adjacent houses
(i.e. Ce), and housing differences (Hd), such as quality amongst neighbourhoods. Assuming that the
current supply of public facilities has met people’s needs as much as possible, there would be three
situations available in terms of the supply quantity of public facilities.
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In case I, the supply quantity of some scarce and high-quality public facilities will never meet
people’s needs. It is because the service population and service radius of such facilities are limited,
and the balance of quantity and spatial distribution of such facilities will not be achieved, which
can be called “disequilibrium”. The variation of housing prices caused by such facilities is shown in
Formula (5) (assuming there are no tax differences).

Hpo(j), = U(0) + Ha(j) = Ce(i) + Ha() = [ F(N)AN -+ () 6)

Hpup indicates a variation of housing prices in an areaj (j =1, 2, 3, ... ), Hd denotes housing
difference amongst neighbourhoods.

In case II, some public facilities have a large service population and a wide service radius, so a
relatively small number of facilities are required. It means that the supply quantity of some public
facilities can match the service population, however, a balanced spatial distribution cannot be achieved,
which can be called “quantitative equilibrium”. The variation of housing prices caused by such
facilities is shown in Formula (6).

Hpo(j)y = U(i) + Hd(j) = Ce(i) + Hd(j f f(N)AN + Hd(j), n < ny* (6)

n* denotes the supply quantity of some public facilities when they are in the “quantitative
equilibrium”.

In case III, some public facilities have a relatively small service population and small service
radius, so a relatively large number of facilities are required. Therefore, such facilities are able to be in
the “spatial equilibrium” of supply and people’s demand, that is, matching with the service population
and the balance of spatial distribution are both achieved. Such facility supply can be divided into two
stages: Before the supply quantity of these facilities reach spatial equilibrium, it has the same effect on
housing price variation as that in case II; after that, the capitalisation effect of such facilities on nearby
housing becomes negligible, indicating that the variation of housing prices in an area caused by the
capitalisation effect of the facility disappears (see Formula (7)).

{ U(i) + Hd(j) = Ce(i) + Hd(j) = [} f(N)AN +Hd(j), n<ny’

7
Hd(]) nzny’ @)

Hpo(j)m =
npr* denotes the supply quantity of some public facilities when they are in the “spatial equilibrium”.
Based on the above formula, the current study proposes a theoretical framework shown in Figure 1.
The abscissa indicates the supply quantity of urban public facilities. The left ordinate indicates the
marginal utility of facilities and the right ordinate indicates the variation of housing prices amongst
neighbourhoods in an area. The solid line shows the variation of housing prices in this area as the
supply of the facility increases, and the dotted line represents the change in the marginal utility of
the facility as the supply of facilities increases. Initially, a variation of housing prices is caused by
the differences in building characteristics, which is considered as a constant. When a type of public
facility begins to be supplied (as shown in points O to A), the marginal utility of this type of facility
increases sharply because of the small amount and the marginal price variation increases. At point A,
the marginal utility of the facility reaches a maximum T and the marginal price variation reaches a
maximum as well. As the supply increases between points A and B, the marginal utility of the facility
begins to decrease, that is, the marginal price variation diminishes but remains positive, indicating the
spatial inequality in housing prices increases slowly. Next, there are three situations relative to the
cases mentioned above.

In case I, the facility supply is between points O and B, since the supply of this facility is always
lower than the citizens” demand. If a new unit of this facility is added, its utility will always increase,
which makes it always in a state of widening the variation of housing prices. In case II, when the
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facility supply ny" is infinitely close to point B, the facility will reach the “quantitative equilibrium” and
there is no need to continue the supply of the facility. However, the spatial equilibrium distribution
cannot be achieved due to the relatively small quantity. At this time, the facility no longer generates
spatial dividends and its capitalisation effect on nearby housing reaches the maximum, resulting in
the largest variation of housing prices close to P. In case III, facility supply np* can reach point B,
and such an amount of the facility will reach the “spatial equilibrium” at point S without the need to
continue supply, which means that supply quantity and spatial distribution of the facility are balanced
with the current needs of citizens. At point B, since the marginal utility of the facility becomes zero
or a negligible minimum, the spatial dividends generated by the facility suddenly disappear and
housing price variation caused by the capitalisation effect of the facility decreases to zero, causing that
price variation to suddenly drop to Q. Lastly, after point B, the facility would make some appropriate
adjustments such as increase, decrease, or update according to the actual demand.

A A
Marginal utility Variation of
of urban public Case III housing prices
facilities Spatial equilibrium
CaseIl

Quantitative equilibrium

Case ]
Disequilibrium
J P
Hpv
T
AR
N
/ \
4 N
s MU N S (Spatial equilibrium point)
-7 S ® 0
_-- S~d
O A B Urban public facilities supply (N)

Figure 1. Theoretical framework of the impact of urban public facility supply on inequality in
housing prices.

4. Methodology

The current study conducts a case study to demonstrate the correctness of the theoretical framework
in Section 3 which implies that urban public facilities at different supply levels have a diversified
impact on the spatial inequality in the housing market. Thus the following two models are employed
to identify whether the supply quantity and supply quality of urban public facilities can affect the
variation of housing prices.

4.1. Hedonic Price Model

The ordinary least squares (OLS) regression model assumes data (X, Y),i=1,2,... ,N, where X is
amatrix n X p (n > p), X = (xj1,Xi2, - - - ,xip)T and Y = (yl,yz, o ,yn) represent the independent and
dependent variables corresponding to the ith observation, respectively, as follows:

yi=a;+ Z ﬁjxij +e&i, €~ N(O, 02) (8)

where y; represents the natural logarithm of the coefficient of variation of the housing prices amongst
neighbourhoods; Xjj represents the explanatory variable. Assuming that Xij is normalised; hence, @ = 0;
Bi denotes the estimated coefficient of model and ¢; is an error term.
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The current study improves the hedonic price model by utilizing the theoretical framework
proposed in Section 3. The selection and quantification of independent variables in the current
study take into account the unbalanced spatial distribution of public facilities, which differs from the
traditional way, thereby enriching the source of independent variables.

4.2. LASSO Model

Tibshirani [49] proposed the LASSO regression to solve multi-collinearity which is difficult to be
solved by OLS amongst the independent variables. A coefficient matrix L1 norm is added as a penalty
constraint term based on the minimisation of the residual squared sum, and the typical confidence
interval and hypothesis test are no longer applicable. Lastly, the non-zero feature obtained by the
LASSO model represents the optimal feature subset. Although LASSO sacrifices estimation deviation,
it has good explanatory ability in parameter estimation of multiple regression. LASSO is suitable
for reducing the number of parameters, selecting parameters [50] and sparse matrix [51,52]. LASSO
estimates parameters by solving the following minimisation problems.

n m 2
(Bo,B) = argmin Z (yi—ai—- Z Bjxij) ©)
i1 =1
s.t. Z)‘B]| <t (10)
=

where t(t > 0) is the tuning parameter, B]O is the least squares estimate of 8, tp = Z;”zl lﬁ?| By constantly
adjusting the value of t and guaranteeing t < tg, the absolute value of regression coefficient of the
insignificant variable is compressed to zero.

Efron et al. [53] invented the least angle regression (LARS) for calculations of LASSO problems.
LARS is similar to the variable selection strategy of forward stepwise regression. Initially, all coefficients
are zero and the algorithm finds the explanatory variable x;;, which has the strongest correlation with
the dependent variable, and moves in this direction. However, LARS does not take a complete step
towards the projection of the dependent variable Y similar to the forward selection, it takes a step as
much as possible in this direction until another independent variable x, appears, thereby making it as
relevant as possible to current residuals. Thereafter, it continues along the direction of bisecting the
angle between the first two variables x;; and x5, finding variable x 3 to satisfy the strongest correlation.
Thereafter, it trisects the angle amongst the first three variables to find the fourth variable. These steps
are repeated until the final required independent variables are selected.

For the LASSO estimation of parameter ¢, Efron et al. [53] proposed a cross-validation (CV) method.
CV divides the sample data into K parts and sequentially uses the kth (k =1,2,--- ,K) part as a test
sample to calculate the CV residual, and the remaining K — 1 part is used to fit the model as a training
sample, which is often with K = 10. Under these constraints, CV determines the most suitable tuning
parameter ¢, thus obtaining the solution path of each coefficient and the corresponding solution value.
The regularisation parameter is defined ass = A/ }, BJO . The prediction error estimated by the value of
s on the interval (0,1) through CV is minimised by selecting 8. The s corresponding to the minimum CV
is the final determined parameter.

cvis) =Y - Y Bi(o)x) a1

4.3. Variable Selection and Quantification

The current study focuses on urban public facilities with positive externality, including urban
public service facilities, urban infrastructures and natural landscape resources. The 18 types of urban
public facilities selected are shown in Table 1. The current study regards urban sub-districts as the
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spatial research unit. Public service facilities at different supply levels are selected so as to explore
whether public facilities at different levels have a diversified impact on spatial inequality in housing
prices. Key primary schools, key secondary schools and key universities, grade-A tertiary hospitals,
metro stations, municipal parks and river-views are regarded as high-quality public resources.

Table 1. Definition and quantisation of variables.

Classification Variable Symbol Variable Definition and Quantisation Supporting
Reference
Kindergarten v Ratio of the number of kindergartens to the number
supply density 1 of kindergarten students within the sub-district
Primary school v Ratio of the number of primary schools to the
supply density 2 number of pupils within the sub-district
S Ratio of the number of secondary schools to the
econdary school s
R lv densit U3 number of secondary sd.mo.l students within
Edugap o nal SUPPY ¥ the sub-district [38,54,55]
facilities Presence of . . s
high-quality 0 If a key primary school is found within the
R sub-district, then set the variable to 1; otherwise, 0.
primary schools
}E;e}f_e;;:lﬁ; vs If a key secondary school is found within the
sub-district, then set the variable to 1; otherwise, 0.
secondary schools
}E;e}f_e;f:lﬁ; - If a key university is found within the sub-district,
. . then set the variable to 1; otherwise, 0.
universities
Clinic supply o Ratio of the number of clinics to the total number of
density 7 people within the sub-district
General hospital o Ratio of the number of general hospitals to the total
Medical facilities supply density 8 number of people within the sub-district [3,11,56]
Grf;e:in::r?ifary v If a grade-A tertiary hospital is found within the
. sub-district, then set the variable to 1; otherwise, 0.
hospitals
Ratio of the number of large- and medium-sized
- cultural facilities (museums, exhibition halls, science
Cultural facilities Cultural fac1141ty v and technology museums, art galleries, libraries, [43,57]
ly densit 10 sy s AL g ’ ’ !
SUPPY ¥ cultural palaces) to the total number of people within
the sub-district
Ratio of the number of large- and medium-sized
Sports venue sports venues (basketball courts, tennis halls,
Sports facilities lv densit 11 swimming pools, football fields, comprehensive [43,58,59]
supply density sports venues, large national fitness centres) to the
total number of people within the sub-district
Shopping mall o Ratio of the number of shopping malls to the total
supply density 12 number of people within the sub-district
. Supermarket and Ratio of the number of supermarkets and terminal
Comg}grcml terminal market 13 markets to the total number of people within the [43,57,60]
facilities . .
supply density sub-district
Bank supply o Ratio of the number of banks to the total number of
density 14 people within the sub-district
. Bus stop supply Ratio of the number of bus stops to the total number
Transpgrfatlon density 015 of people within the sub-district [3,12,39-42]
facilities Presence of metro If a metro station is found within the sub-district,
stations Y16 then set the variable to 1; otherwise, 0.
Presence of If a municipal park is found within the sub-district,
Landscape municipal parks 017 then set the variable to 1; otherwise, 0. [26,44-46]
resources Presence of If a river passes through the sub-district, then set the
river-views 018 variable to 1; otherwise, 0.
Dependent Spatial inequality Coefficient of the average housing price variation
variable in housing prices y amongst neighbourhoods within the sub-district

Supply density and dummy variables are used to measure the supply quantity and the spatial
distribution of urban public facilities, respectively, representing the status quo of the facility allocation
within sub-districts. Dummy variables are also used to measure the existence of high-quality public
resources due to the fact that such resources are scarce. Additionally, as far as primary school districts
are concerned, there are multiple school districts within a sub-district, and the delimitation of school
district boundaries also depends on the administrative boundaries of sub-districts. Therefore, choosing
the existence of key primary schools within the sub-district as a quantification method of independent
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variables can contribute to judging whether the existence of high-quality basic education can promote
the inequality in housing prices.

5. Case Study

5.1. Study Area and Data Source

Chongging is the only municipality in Western China, and is one of most important central cities
in China, as well as the economic, financial, science and technology centre in the upper reaches of
the Yangtze River. The main urban area in Chonggqing is the political, economic and cultural centre
of the entire municipality. Its urbanization is developing fast (89.83% in 2017) and its economy has
rapidly developed recently. Thus, the main urban area in Chongqing is a good sample of growing
cities in China. The current study selects the metropolitan area of the main urban area planned in the
Chonggqing Urban and Rural Master Plan (2007-2020) as the research area, including all districts of
Yuzhong, Dadukou, Jiangbei, Nan’an, Shapingba, Jiulongpo and areas of Yubei, Beibei and Ba'nan.

Urban sub-districts in Chongqing metropolitan area are taken as spatial research units. The data
on housing prices were collected from Lianjia (www.lianjia.com), which is one of the most authoritative
service platforms for housing information in China. From 16 to 23 October, 2018, 34,625 second-hand
common commodity housing price data (unit: yuan/m?) were collected, and finally 75 sub-districts
were covered as samples after processing, involving 2678 neighbourhoods. Independent variables were
collected from point-of-interest data from Baidu map and quantitative data were obtained through data
cleaning and ArcGIS spatial calculation. Demographic data were derived from permanent population
from the national census in 2010, whereas vector data came from the Chongqging Municipal Planning
Bureau (see Figure 2).

N Distribution of Metropolitan
A Area in Chongqing

Beibei ™\

7 ‘ o o I Metropolitan
A oa N ubei

Legend
X Chongging government

Sample neighborhoods
District boundaries
Sub-district boundaries

- River

Study area

o 5 10 20 Km

Figure 2. Sample observations in the study area.
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5.2. Principles of PublicFfacilities Allocation in the Chongqing Metropolitan Area

Allocation requirements of public facilities are based on national and local norms by governments
to guide planners during the planning stage. However, the interests of suppliers vary because of the
marketisation of land supply, diversification of investors and builders and unequal quantification of
construction scale. Consequently, deviations in quantity or quality of facilities may emerge in the
implementation process compared to the planning stage [61], currently implementing the allocation of
urban public facilities is considerably more complicated than that in the formerly planned economy era
in China [62]. However, it is still necessary to learn the hierarchical system of public facility allocation
in the current study.

The allocation of public facilities in the Chongging metropolitan area is mainly based on DB 50/T
543-2014 Chonggqing Urban and Rural Public Service Facilities Planning Standards [63], hereinafter
referred to as the ‘Chonggqing standards’. The scale of residence divides the allocation of urban public
facilities into four levels, namely, district, residential area, residential community and residential group.
Their corresponding administrative units, planning service population and general service radius are
shown in Table 2. As for public transport, location selection mainly considers where the large flow of
people is located to maximise citizens’ travel convenience and efficiency [64] and so on.

Table 2. Hierarchical allocation of public service facilities in the Chongqing metropolitan area.

Allocation Level of Planning Service Administrative Level General Service
Urban Public Facilities =~ Population/1000 People Radius/m
District >150 District -
Residential area 40-80 Sub-district 800-1200
Residential community 8-20 Community 300400
Residential group 1-3 Neighbourhood -

(Drawn according to Chongqing standards).

5.3. Variable Descriptive Statistics

According to the ‘1000 people’ indicator for per capital possession of public facilities in the
Chonggqing standards, there would be 24 kindergarten students, 48 primary school students, 24 junior
high school students and 18 senior high school students per 1000 people. Therefore, the proportion
of students in kindergarten, primary school and secondary school within a sub-district should be
0.024, 0.048 and 0.042, respectively. This proportion is used to calculate the number of users in various
schools within a sub-district. The variable of the presence of river-views is the presence of the Yangtze
River or Jialing River. Variable descriptive statistics are shown in Table 3.

Table 3. Variable descriptive statistics (sample size: N = 75).

Classification Variable Min Max Average  Median Std. Dev
(4 0.000 80.749 11.483 9.564 10.960
(%) 0.000 5.802 1.614 1.371 1.175
. g 3 0.000 3.767 0.977 0.871 0.746
Educational facilities 04 0 1 0.120 0.000 0327
U5 0 1 0.240 0.000 0.430
Vg 0 1 0.133 0.000 0.342
vy 0.000 1.243 0.431 0.390 0.244
Medical facilities Ug 0.000 0.327 0.062 0.047 0.055
(2 0 1 0.187 0.000 0.392
Cultural facilities V10 0.000 7.752 0.241 0.102 0.888

Sports facilities 11 0.000 0.297 0.045 0.032 0.057
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Table 3. Cont.
Classification Variable Min Max Average  Median Std. Dev

U1 0.000 0.805 0.089 0.051 0.124

Commercial facilities 13 0.057 3.876 0.510 0.355 0.614
V14 0.000 1.176 0.307 0.251 0.244

. - 726 71.705 4.938 3.324 8.268

T tation facilit 015 0

ransportation factities 16 0 1 0.627 1.000 0.487
Landscape resources vy 0 1 0.240 0.000 0.430
U1 0 1 0.587 1.000 0.496

Dependent variable y 0.091 0.284 0.195 0.195 0.043

6. Results

6.1. OLS Model Results

The estimation results of the OLS model in Table 4 show that the presence of key primary schools,
grade-A tertiary hospitals, municipal parks and river-views, supply density of cultural facilities,
shopping malls, supermarkets and terminal markets and banks have a significant impact on the spatial

inequality in housing prices. The adjusted R? of this model is 0.532, thereby indicating that the fitting
effect is good. However, the variance inflation factor (VIF) values of the supply densities of bus stops,
cultural facilities, supermarkets and terminal markets, shopping malls and kindergartens are high,
indicating that multi-collinearity amongst the explanatory variables is evident. Therefore, the LASSO
model is adopted to further explain the fitting between the explanatory and dependent variables.

Table 4. Estimation results of the OLS and LASSO models.

LASSO
OLS Model Model
Classification Variable Estimate Esr:l)r T Pr |t) VIF Estimate
(Intercept)  —1.836 ok 0.062 —29.837 0.000 - -
2] —-0.002 0.005 —0.447 0.656 8.430 —-0.001
(23 -0.007 0.027 -0.276 0.783 2.850 -0.013
Educational facilities U3 —-0.053 0.035 -1.525 0.133 1.914 -0.031
N 0.334 ok 0.074 4517 0.000 1.649 0.308
U5 —-0.046 0.052 —-0.895 0.375 1.380 -
Vg 0.088 0.058 1.502 0.139 1.125 0.066
vy 0.026 0.141 0.186 0.853 3.348 -
Medical facilities U8 0.034 0.621 0.054 0.957 3.291 -
Vg 0.142 * 0.055 2.599 0.012 1.288 0.143
Cultural facilities 10 0.228 0.115 1.979 0.053 29.344 0.018
Sports facilities 11 —-0.034 0.521 —-0.066 0.948 2.517 0.055
12 1.714 ok 0.481 3.561 0.001 9.973 0.759
Commercial facilities 013 —0.381 ** 0.122 -3.123 0.003 15.779 —0.085
V14 0.245 0.138 1.774 0.082 3.207 0.135
Transportation facilities 15 —0.006 0.013 —0.465 0.644 31.452 -
16 0.035 0.046 0.753 0.455 1.420 0.052
Landscape resources v17 0.121 * 0.054 2.244 0.029 1.504 0.122
P 18 0.130 w* 0.048 2.725 0.009 1.570 0.086

Note: Significance codes: 0 ***”0.001 ** 0.01 ** 0.05".” 0.1 *" 1. OLS model: Adjusted R"2 = 0.532; F -statistic = 5.677;
Std. Error = 0.162. LASSO model: R"2 = 0.640; min{CV(s)} = MSE = 0.031.

6.2. LASSO Model Results

The coefficient solution path of LASSO regression solved by LARS is shown in Figure 3. The abscissa
is the s value, the ordinate is the value of each variable parameter ; and the broken lines are eventually
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connected to the right digits to distinguish the variables. The upper digits represent the solution steps.
Each line represents the coefficient change trajectory of the corresponding variable. Figure 4 shows a
ten-fold CV residual variation diagram. The abscissa is the s value, and the ordinate is mean squared
error (MSE) value under CV. Finally, the CV calculation indicates that when the minimum MSE is 0.031,
the corresponding s = 0.465, R? = 0.640, the fitting effect of this model is good. Generally, the LASSO
model validates that difference in the allocation of urban public facilities caused by the unequal supply
of facilities and unbalanced spatial distribution of high-quality resources have a considerable impact
on housing price variation within sub-districts.

The final parameter estimates of the LASSO model is obtained according to the determined s
(see Table 4). Retained are 14 variables with considerable impact. The supply densities of cultural
facilities, sports facilities, shopping malls and banks have a positive impact on housing price variation.
That is, the greater the supply density of these facilities, the greater spatial inequality in housing prices.
Presence of key primary schools, key universities, grade-A tertiary hospitals, metro stations, municipal
parks and river-views are positively correlated with the variation of housing prices. This means that
the spatial inequality in housing prices will be aggravated if these high-quality resources exist within
the sub-district. By contrast, the supply density of kindergartens, primary schools, secondary schools,
supermarkets and terminal markets are negatively correlated with the variation of housing prices.
The lower the supply density of these facilities, the higher the price inequality will be. However,
presence of key high schools, supply densities of clinics and general hospitals and bus stops do not
have a significant impact on the spatial inequality in housing prices.
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Figure 3. LASSO coefficient f; solution path.
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Figure 4. Residual variation diagram under ten-fold CV.
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7. Discussion

7.1. Impact of Urban Public Facility Allocation on the Spatial Inequality in Housing Prices

The current study finds that urban public facilities at different supply levels have a diversified
impact on the housing market. According to the impact of urban public facility allocation on spatial
inequality in housing prices, there are three available situations of facility supply, which is illustrated
in the following paragraphs and eventually summarized in Table 5.

Kindergartens, primary schools and secondary schools are basic education facilities provided by
the government and supplemented by private capital. They are generally allocated on the basis of
sub-districts and communities according to a small service population and small service radius so that
their layout is spatially balanced. Regardless of the location of housing and educational quality, such
facilities can be obtained without competition and can be equally accessed within a relatively short
travel distance. Hence, additional payment for such facilities is not needed when people purchase
houses. The supply of basic education facilities is at point B and beyond (see Figure 1) and their
allocation achieves spatial equilibrium. However, if such facilities decrease, making youth education
difficult, the availability and accessibility of educational facilities will become important, and the
capitalisation effect of facilities will become considerable. Residential location becomes particularly
important, compared with peripheral houses of schools, housing located close to schools will be
sought after, which will exacerbate price variation. Ultimately, spatial inequality in housing prices will
be exacerbated.

Supermarkets and terminal markets that provide convenience for citizens’ daily life are generally
allocated according to sub-districts and communities, and their supply is based on relatively small
service population and small service radius to meet the basic needs of people. Regardless of the
location of housing, such services can be obtained in relatively short accessibility. One reason is that
residents can obtain more of such services within a range of buffers because the higher supply density
of such facilities provides plenty of alternatives. Secondly, the government stipulates that developers
should provide supermarket facilities or a built environment for them because they are generally
residential ancillary facilities. Hence, such facilities are generally plausible in terms of allocation
efficiency and spatial distribution. Their supply is at point B and beyond (see Figure 1) and their
allocation has achieved spatial equilibrium. However, if the quantity of such facilities reduces, then
providing convenience for people’s daily lives will become difficult, accessibility becomes important
and their capitalisation effect becomes obvious. Location will become particularly important as houses
close to facilities become popular, thereby widening the variation of housing prices and eventually
increasing spatial inequality in housing prices.

Shopping malls and banks as large- and medium-sized commercial facilities, large- and
medium-sized cultural facilities and sports facilities fall under people’s higher-level needs. These
facilities are generally allocated in accordance with cities and districts. Given their large scale and high
construction cost, these facilities often serve a large population and are generally guided by the ‘1000
people’ indicator. Wherein large commercial facilities provided completely by the market are profitable,
their layouts are regulated by the market and service scope is wide. Thus, the spatial distribution
of such facilities is relatively unbalanced. Large- and medium-sized cultural and sports facilities
that fall under public welfare facilities are mainly planned and constructed by governments with a
large service radius. Compared with basic education facilities and supermarkets, the amount and per
capita occupancy of these facilities are smaller. Thus their spatial distribution is extremely unbalanced.
Their supply is between points O and B in Figure 1, and their allocation can only reach quantitative
equilibrium. Additionally, these facilities have strong positive externality and their accessibility is
related to the location of houses. Hence, housing prices around these facilities must be higher than those
that are significantly distant, thereby resulting in a widening variation of housing prices. Moreover,
construction costs of large- and medium-sized commercial, cultural and sports facilities are high, and
their corresponding functions are relatively complete and the service population is large. Thus, it is
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doomed that the allocation of such facilities will not reach the spatial equilibrium point S. This find
reveals that only a balance between supply and people’s demand can be achieved, but the balance of
spatial distribution cannot be achieved.

High-quality and scarce public resources fall under people’s higher-level needs, their presence
aggravates the contradiction of unbalanced spatial distribution. Given that key primary schools with
limited service population are scarce, only families who own property rights within school districts
designated by governments can be admitted to these schools [38], indicating that the availability of
high-quality basic education is bound by property rights owned by citizens. Housing prices in key
primary school districts are higher than that in non-school districts, which aggravates spatial inequality
in housing prices. By contrast, the impact of key secondary schools on inequality in housing prices is
not significant due to the fact that there is no division of school districts for secondary schools, although
there is a common sense that the housing price around the secondary schools will be higher since it
would be convenient for students to be close to the schools. Therefore, the housing prices around key
primary schools depend more on the boundaries of school districts delineated by the government,
while the housing prices around secondary schools are more dependent on market-oriented adjustment.
Grade-A tertiary hospitals and metro stations are desired for convenience, and their accessibility
depends on the location of houses. Key universities, municipal parks and river-views as high-quality
and scarce environmental resources, and the availability of a profound humanistic environment and
pleasant landscapes provided by these resources is related to the location of houses. Therefore, if people
want to enjoy these high-quality public resources, then they pay additional fees for buying houses
nearby. However, the influencing radius of their capitalisation effect is limited. That is, it usually
decreases with the increase of distance from facilities, thereby resulting in housing price variation.
Their supply is between points O and B (see Figure 1) and their allocation may be always in the
disequilibrium state. Therefore, substantial housing price inequality will appear because of significant
difference in the availability or accessibility of high-quality resources in an area. Moreover, Chongqing
standards stipulate that public service facilities at the same level should be relatively centralized in
terms of spatial layout, encouraging citizens to use various public facilities centrally to reduce travel
distance. Hence, the capitalisation effects of facilities may be superimposed, thereby contributing
considerably to housing price variation.

Table 5. Summary of the characteristics of urban public facilities at different supply levels according to
the impact of facility allocation on spatial inequality in housing prices.

Facility Type

Facility Characteristic

Basic Education Facilities,
Supermarkets and
Terminal Markets

Large- and Medium-Sized
Commercial Facilities,
Cultural and Sports Facilities

High Quality and
Scarce Public Resources

Case in Section 3

Case IIT
(spatial equilibrium)

Case Il
(quantitative equilibrium)

Casel
(disequilibrium)

Supply equilibrium quantity

ny* (at point B)

ny* (approach point B)

Quantity/per capita possession

Large

Small

Small

Layout unit

Layout principle

According to small
administrative units
(e.g., sub-districts and
communities)

According to large
administrative units (e.g., cities
and sub-districts)

Service population

Small

Large

Service area

Small service radius

Wide service range

Degree of needs

Basic needs

Higher-level needs

Higher-level needs

Availability and accessibility of facilities

Easier access

Bound by location of houses

Bound by location or
property rights of houses

Capitalisation effect

Negligible

Considerable

Considerable

Effect on spatial inequality in housing prices

Negative

Positive

Positive

Note: nyi* and ny* refer to the cases in Section 3.
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7.2. Intellectual Contributions

Under the current housing property rights system and urban public facility allocation system in
China, the current study presents the following findings:

1. For urban public facilities in case III that are laid out according to small administrative units, their
capitalisation effects are not considerable. This finding is consistent with Wen et al. [38] who found
that the capitalisation effect of basic education facility in Hangzhou was not always considerable.

2. For facilities in case II that are laid out according to large administrative units, their capitalisation
effects are considerable. Similarly, cultural facilities [43,57] and sports facilities [43] as well as
shopping malls [60] were found that they have notable value-added effects on surrounding houses.

3.  The capitalisation effects of scarce and high-quality public resources in case I are considerable.
Similarly, Wen et al. [38] found that the capitalisation effects of high-quality primary schools
and high-quality universities are remarkable. Peng and Chiang, Wang et al. and Wen and
Tao [3,11,56] found that as high-quality medical resources, the higher the spatial accessibility of
grade-A tertiary hospitals are, the more evident the value-added effect on houses are. Wang et al.
and Wen et al. [3,12] discovered that since the layout of metro stations is spatially unbalanced,
the closer houses are to the metro station, the higher housing prices will be. Municipal parks
and river-views [26,46] as high-quality and scarce landscape endowments, make an obvious
value-added effect on houses in the vicinity. Lan et al. [57] also deemed that basic education is a
basic necessity, and culture, sports and finance are a higher-level of needs. The current study
responds to the conclusions of previous researches, which partially explain the correctness of the
current study.

Additionally, Tu and Xia and Humphreys [58,59] also concluded that positive externality from
sports facilities may be capitalized into residential real estate prices in US cities, which is consistent
with case II of the current study. Tapsuwan et al. and Yoon [44,45] found that the presence of landscape
significantly influences house sales price in Perth and Seoul, respectively, which is consistent with case
III of the current study. However, the current study finds that the direction of interaction between the
performance of some public facilities and housing prices is the opposite between some western countries
and China. For example, housing prices have a positive impact on the quality of basic education in
Paris [54] and London [55], while high-quality educational facilities can extraordinarily contribute to
surrounding housing prices in China [38]. This is because the allocation of public facilities in western
countries is market-oriented, while some public facilities such as the division of school districts in
China are not only affected by the market but also by the considerable influence of the government.
On the other hand, the supply modes of public facilities in China and the West differ because of their
urbanization at different stages. Western developed countries are in the post-urbanization stage, and
their current allocation of public facilities is based on bottom-up community-based governance, which
is easier to meet the actual needs of residents [65]. While the allocation of public facilities in China is
still planned on the basis of the service population and service scope, which is government-dominated
top-down decision-making and it makes difficult to meet the heterogeneous needs of the public [30].
The current study also confirms that the impact of urban public facility allocation at different supply
levels on the housing market is diversified in China.

The difference from previous researches lies in the following:

1.  The current study systematically analyses the impact of urban public facility allocation on their
capitalisation effect, which is equivalent to summarising the conclusions of previous literature.

2. The theoretical framework proposed in the current study can help form a systematic and thorough
understanding of the impact of differences in urban public facility allocation on spatial inequality
in housing prices: (I) For scarce and high-quality public resources that might always be in the
disequilibrium state, their presence will aggravate spatial inequality in housing prices. (II) For
facilities that can only achieve the quantitative equilibrium, their supply densities have a positive



Sustainability 2019, 11, 6096 16 of 20

impact on the variation of housing prices. (III) For facilities that reach spatial equilibrium, their
supply densities have a negative impact on the spatial inequality in housing prices. Thus, the
current study enriches the knowledge framework and is comprehensive and universal.

8. Conclusions

The current study proposes a comprehensive and systematic theoretical framework for the impact

of urban public facility allocation at different supply levels on spatial inequality in housing prices,
which is verified by a case study. The conclusions are drawn as below.

1.

The current study finds that the supply level and supply quantity of public facilities determine
whether there iss a significant difference in the accessibility or availability of facilities amongst
neighbourhoods, and subsequently determines whether the capitalisation effect of such facilities
is considerable, and ultimately affects the spatial inequality in housing prices. Additionally, the
current study argues that the capitalisation effect of urban public facilities on housing will be
considerable when the accessibility or availability of facilities has a serious stake in the location
or property rights of houses. In addition, the spatial inequality in housing prices caused by the
difference in accessibility or availability of public facilities is affected not only by the market, but
also by the government’s planning of public facilities in China, such as the division of primary
school districts.

The case study shows that the differences in urban public facility allocation caused by an unequal
supply of facilities and an unbalanced distribution of scarce and high-quality public resources
have a notable impact on the spatial inequality in housing prices. The current study considers
that there are three available states of urban public facility allocation, namely, disequilibrium,
quantitative equilibrium and spatial equilibrium: (I) The scarce and high-quality public resources
that fall under people’s higher-level needs may always be in the disequilibrium state, their
availability or accessibility is bound by property rights or related to the location of housing. The
capitalisation effect of such resources is substantial, and their presence will aggravate spatial
inequality in housing prices, such as key primary schools, key universities, grade-A tertiary
hospitals, metro stations, municipal parks and river-views. (II) Facilities laid out on the basis of
large administrative units (e.g., cities and districts) supplied in small amounts but with a large
service population and wide service scope, fall under people’s higher-level needs. The availability
of these facilities, such as shopping malls, banks, large- and medium-sized cultural facilities
and sports facilities depend on the location of housing. The supply of such facilities can only
reach the quantitative equilibrium (only a balance between supply and people’s demand can be
achieved, but the balance of spatial distribution cannot be achieved) makes their capitalisation
effect considerable, and their supply densities have a positive impact on the spatial inequality
in housing prices. (III) Facilities, such as kindergartens, primary schools, secondary schools,
supermarkets and terminal markets that are laid out according to small administrative units (e.g.,
sub-districts and communities) with a small service radius and a small service population, fall
under people’s basic needs. The supply of such facilities that reach the spatial equilibrium makes
their capitalisation negligible, and their supply densities have a negative impact on the spatial
inequality in housing prices. Therefore, it is reasonable to argue that the impact of urban public
facilities at different supply levels on the housing market is diversified.

Additionally, the current study finds that the impact of public facility allocation on housing price
inequality has nothing to do with who the main supplier of the facility is.

The current study has four limitations:

Because of the limited availability of data, the current study omits differences amongst
neighbourhoods and the independent variables selected do not cover all types of urban public
facilities. In addition, the research units selected in this study are divided according to the
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administrative boundaries commonly used in China’s statistics. However, the actual use of public
facilities may not be strictly in accordance with the administrative boundaries, so the current
results may deviate from the actual situation, and big data accessible on the Internet is expected
to be used for further exploration.

The LASSO model is sensitive to noise, thereby causing inevitable weaknesses.

Given that China’s seventh census in 2020 has yet to commence, the current study uses the sixth
census data and administrative boundary vector data in 2010. Thus, deviations from the current
social situation may exist.

The research unit chosen in the current study may be limited and further exploration is needed by
using different research units, but it is sufficient to prove that the theoretical framework proposed
in this study can reflect the real trend and has a certain value. The next step is to refine and
improve these shortcomings.

. Note

District: “qu” in Mandarin Chinese. It is an administrative jurisdiction unit within Chinese cities.
Sub-district: “jiedao” in Mandarin Chinese. It is an administrative jurisdiction unit within
Chinese cities.

Community: “shequ” in Mandarin Chinese. It refers to the social community composed of people
living in a certain geographical area, which is the most basic unit of social organisms.
Neighbourhood: “xiaoqu” in Mandarin Chinese. It refers to a large number of houses with a
relatively independent living environment in a certain area of the city. It is equipped with a set of
living service facilities, which are generally constructed by one developer and has similarities in
attributes such as quality and age. Thus, the variation of housing prices within the neighbourhood
is circumvented to an extent.

According to the size of an urban area, it is generally the District > Sub-district > Community >

Neighbourhood.
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