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Abstract

Rent levels are a core indicator of the local housing market. Although existing stud-
ies have examined various factors influencing local rent levels, there is no systematic
research on the impacts of the built environment on housing rents. This paper exam-
ines the mechanisms by which the built environment affects rents from five theoreti-
cal perspectives. Taking the Pearl River Delta (PRD) of China as a case study, four
indicators—mixed land use (MLU), public service level (PSL), high-rise buildings
(HRB), and air pollution (AP)—are used to represent the four aspects of the local
built environment, namely, land use, public facilities & services, architectural scale,
and health & comfort, respectively. The spatial regression and geodetector tech-
niques are combined to illustrate the significant impacts of the built environment on
housing rents. The results of Moran’s I test reveal the existence of significant spatial
autocorrelation of rents in the PRD. From the spatial regression analysis, this paper
concludes that the degree of mixing of land use, the proportion of high-rise residen-
tial buildings, and the air pollution negatively impact housing rents. In contrast, the
density of public service facilities positively affects housing rents. These findings
are in line with the theoretical projections. The geodetector technique indicates that
the effects of the four aspects of the built environment on housing rents are signifi-
cantly different. AP has the strongest influence on housing rents. Our findings show
that the built environment is an important factor affecting the local housing market.
Improving the built environment should be carefully considered by decision-makers
when they formulate cities’ development strategies and draw up local housing devel-
opment plans.
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Introduction

At present, approximately 1.2 billion people rely on renting to fulfill housing needs
(Gilbert, 2016). In China, the demand for rental housing has been growing for the
past two decades (Cui et al., 2018), and the rental market has become an indispen-
sable component of the housing market. The proportions of people living in rentals
in the Pearl River Delta (PRD), a major city cluster in China, are extremely high.
For instance, in Shenzhen, 72.68% of the people live in rented apartments or houses,
while the proportions are 40.58% in Guangzhou, 62.48% in Dongguan, and 46.26%
in Zhongshan (based on the 1% population sampling survey conducted in urban
areas nationwide in 2015). The housing rental market is a substantial part of the
housing market in the PRD, and it is the only affordable way for most migrant work-
ers from other parts of China to fulfill their housing needs.

Rent levels are a core indicator of the rental housing market, and in the PRD,
housing rents vary considerably. Nanshan District, Shenzhen, has the highest hous-
ing rents, with an average rent of 98.26 RMB/month-m?. In contrast, the average
rent in Gaoming District, Foshan, is only 18.22 RMB/month-m?. The former is 5.39
times the latter. Analyzing the factors influencing housing rents is key to gaining
deeper insights into the mechanism determining housing rents and can provide a
basis for the precise design of policies for rental housing. Therefore, it is necessary
to analyze the factors underlying the different rent levels in the PRD.

Regional rent differences are determined by the demand and supply of hous-
ing rentals and urban fundamentals. Empirical studies have shown that population
inflow, employment opportunities, income levels (ILs), and urban livability are the
factors influencing regional rent levels (Glaeser et al., 2000; Mussa et al., 2017;
Potepan, 1996; Saiz, 2007). To date, few papers have examined the influences of
the built environment. The built environment is an important component of urban
fundamentals. Theoretically, the built environment significantly impacts people’s
urban housing choices and further affects the structure of the housing market (such
as housing prices or rent levels). Therefore, it is imperative to analyze and explain
the routes and mechanisms by which the built environment influences rent levels and
to empirically exam whether these influences are significant. The built environment
refers to the physical surroundings and often consists of multiple dimensions, such
as diversity, accessibility, density, and buildings (Wu et al., 2021a; Wu & Niu, 2019;
Zhang & Yin, 2019). Which elements of the local built environment are significant?
How strong is the impact? These are all questions needing answers.

To fill the research gap, first, we theoretically analyze how the built environ-
ment can affect regional rent levels, and the routes and mechanisms by which the
built environment influences rent levels are identified. Second, a case study on the
PRD is conducted, in which we use the spatial regression model to test whether the
built environment has significant effects. Third, the geodetector technique is used to
measure the influences of the built environment on the spatial heterogeneity of rent
levels. The above assessments are of theoretical value and can support policymaking
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to improve built environments, create livable cities, and manage housing rental
markets.

The innovations and contributions of this paper are as follows, first, the theoreti-
cal path of built environment influences rent levels is proposed from five perspec-
tives. It expounds theoretically the impact of the built environment on rents, and
enriches the theoretical framework of the factors affecting regional rents from the
perspective of the built environment, which has rarely been considered in previous
studies. Second, taking the PRD of China as a case, it verified that the built environ-
ment has a significant impact on rents. This paper supplements the existing research
results on the factors affecting rents from the perspective of the built environment,
and it also enriches the case study of Global South.

The remainder of this paper is organized as follows. In Section 2, the relevant
studies on the built environment and housing rent are summarized. In Section 3, the
routes and mechanisms by which the built environment influences rent levels are
analyzed from five theoretical perspectives. Section 4 is the research design, data,
and methodology. Section 5 presents the results and discussion, including the spatial
patterns of housing rents and the impact direction, significance, and intensity of the
impact of built environment elements on rent levels, and offers explanations for the
findings. Section 6 presents the conclusions of the paper.

Literature Review
The Concept of the Built Environment and its Influences on the Housing Market

The built environment refers to human-made surroundings and mainly consists
of diversity, accessibility, density, and buildings (Wu & Niu, 2019; Zhang & Yin,
2019). The main indicators used in existing assessments of the built environment
include mixed land use (MLU), public facility density, road network connectivity,
distance from major transportation sites, and building characteristics (Carlino et al.,
2007; Hamidi et al., 2019; Rammer et al., 2020; Wu et al., 2019; Wu & Niu, 2019).
The built environment influences health (Smit & Tucker, 2019), crime rates (Groff,
2017), amenities (Reeder et al., 2019), traffic conditions (Pan et al., 2020), car own-
ership or the willingness to use cars (Li & Zhao, 2017), local urban climate (Mabon
et al., 2019), urban vitality (Wu & Niu, 2019), and competitiveness (Kresl & Ietri,
2017).

Existing studies have investigated how the built environment affects the hous-
ing location choice and housing prices. As early as 1988, Clark (1988) noted the
relationship between the built environment and rents. Scott (1997) used the hedonic
price model to assess the built environment’s influences on housing prices and fur-
ther evaluated the externality values of the built environment. Bhat and Guo (2007)
analyzed the housing choices of the residents in the San Francisco Bay area and
found that the built environment has significant effects, which are generated through
its influences on the car ownership and travel mode choices of residents. Liao
et al. (2015), who studied the Wasatch Front region in Utah, reported that one ele-
ment of the built environment, the presence of compact, walkable, transit-friendly
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neighborhoods, has important effects on residents’ choices of housing locations.
Ettema and Nieuwenhuis (2017) analyzed the influences of the built environment
on people’s housing location choices from the perspective of travel modes. Kroesen
(2019) showed that the built environment can influence people’s attitudes toward
travel and further affect their choices of housing locations.

These studies provide a theoretical and empirical basis for the present study on
the built environment’s effects on housing rent levels. To date, few studies have ana-
lyzed the effects of the built environment on housing rents. In the following section,
the main factors influencing local rent levels and the channels of the built environ-
ment’s effects on rent levels are analyzed.

The Factors Influencing Rent Levels and the Role of the Built Environment

Rent levels are an important indicator of local housing markets, and the theoreti-
cal frameworks employed to analyze the factors influencing rent levels are generally
the same as those adopted to identify the factors affecting housing prices. There are
more empirical studies on the factors influencing local housing prices. The theo-
retical approaches can be summarized as the demand/supply approach and the urban
fundamentals approach.

In the demand/supply approach, population is the core indicator for assessing
housing demand. Population influence housing demand through population growth
(PG) (Haron & Liew, 2013; Mussa et al., 2017), population shrinkage (Maennig &
Dust, 2008), and population flow (population inflow from other places) (Wang et al.,
2017a, 2017b). In terms of housing supply, the higher the elasticity of the hous-
ing supply is, the smaller the increase in housing prices (Grimes & Aitken, 2010;
Liebersohn, 2018).

Urban fundamentals are another important research approach. Studies adopting
this approach are often based on the hedonic price model (Bitter et al., 2007; Can,
1992). The urban fundamentals approach mainly focuses on city economic develop-
ment levels (Hossain & Latif, 2009; Vogiazas & Alexiou, 2017), the urban economic
structure with the development level of the service industry as the main indicator
(Shen & Liu, 2004), and the urban housing market environment (Hwang & Quigley,
2006). Income is both an element of urban fundamentals and a factor affecting pur-
chasing power for housing, which in turn affects the demand for housing. Income is
often represented by indicators such as per capita disposable income (Holly et al.,
2010), permanent income (Goodman, 1988), and salary (Wang & Zhang, 2014).

Empirical studies on the factors influencing rent levels indicate that household
income and construction costs are the most important factors influencing the rent
differences among major cities in the US. Eaton and Eckstein (1997) found that the
higher the level of human capital is, the higher the housing rent. Glaeser et al. (2000)
showed that rent grows faster in cities with high amenity and comfort levels. Quigley and
Raphael (2004), who studied housing rent affordability in the US, indicated that IL is
positively correlated with the rent level. Saiz (2007) showed that every 1% increase
in the population inflow to a metropolitan area in the US causes a 1% increase in
housing rent. Work by Nakagawa et al. (2007) on the Tokyo metropolitan area

@ Springer



Examining the Effects of the Built Environment on Housing Rents. ..

revealed that the housing rent is far lower in areas with high earthquake risk than in
safe areas. Matlack and Vigdor (2006) analyzed the housing market data of US met-
ropolitan areas and noted that in markets with low vacancy rates, a positive correla-
tion exists between income growth and rent increases. A study by Diamond (2016)
on the US found that the higher the concentration of university graduates is, the
higher the housing rent. Mussa et al. (2017) showed that population inflow has both
direct and indirect effects on the US housing market. H. Li et al. (2019) analyzed the
housing rental market in Shanghai and discovered that at the local level, employ-
ment opportunities, salary levels, and the size of the "mobile" population can affect
housing rents. In summary, the existing studies on the factors influencing regional
rent mainly focus on population inflow, IL, and urban amenity and comfort levels.

Many studies that have adopted a microscopic view have found that certain ele-
ments of the built environment, such as parks, land use intensity, access to public
facilities, transport accessibility, and polluting infrastructure facilities, influence
housing prices or housing rents (Efthymiou & Antoniou, 2013; Filippini et al., 2008;
Gurran & Phibbs, 2017; Kang, 2019; Liebelt et al., 2019; Yang et al., 2018). These
studies mainly demonstrate such influences by establishing hedonic price models.
Only a few studies assess the impacts of the built environment on housing prices.
Diao and Ferreira (2010) analyzed the relationship between the built environment
and housing property values in the Boston metropolitan area in the US and found
that housing prices are positively correlated with the accessibility of transit and
jobs, connectivity, and walkability. Huang and Yin (2015) conducted a case study on
Wuhan about how built environment elements, such as green spaces, public trans-
port systems, and proximity to the central business district (CBD), affect local hous-
ing prices. Their results showed that when natural water resources, culture, tour-
ism, and commercial resources integrate and form natural amenity clusters or areas,
their positive effects on housing are most significant. These studies suggest a certain
influence of built environment elements on the housing market. However, we need
to further analyze the impact of the built environment on rents, because renting is
an important part of the housing market. The next section discusses the relation-
ships between the built environment and housing rent and the ways in which the
built environment can affect rent levels.

How Does the Built Environment Affect Housing Rent Levels?

The above literature review indicates that the built environment significantly affects
rent levels. In this section, the channels by which the built environment influences
rent levels are elaborated from five perspectives. From these perspectives, there are
four aspects of built environment factors that affect the difference in rents (Fig. 1).
First, the theory of public goods can explain how the built environment affects
rent levels. Tiebout (1956) developed the theory of public goods from the perspec-
tives of political economics and public economics. He believed that the supply of
local public goods and taxation policy differences determined people’s choices of
housing locations due to people’s different abilities to pay and preferences for local
public goods, creating the classic Tiebout model. The built environment elements
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Fig. 1 The theoretical explanation of effects of the built environment on housing rents

of roads, public service facilities, and infrastructure are important components of
local public goods. The built environment can be seen as an embodiment of local
public goods. Areas with high-quality built environments are more attractive and
competitive (Kresl & Ietri, 2017). Theoretically, areas with higher quality built envi-
ronments have higher rents. From this perspective, the public service level factor
affects the rent level.

Second, the market equilibrium theory of neoclassical economics, which is based on
the assumption of rent balance maximization, can explain the relationship between the
built environment and rent levels. On the basis of this theory, Herbert and Stevens (2006)
analyzed people’s living location choices from the macroeconomic balance approach
and concluded that people with the highest rent-paying abilities would choose the
best housing locations. The relationship between the built environment and housing
location choice is very strong, and the built environment is an important factor in the
evaluation of housing location quality. Therefore, this theory concludes that people
wanting a high-quality built environment have to pay high rent. From this perspec-
tive, the main factors of the built environment (for example, mix land use, public
service level, building scale, air quality, etc.) theoretically affect the regional rent
level.

Third, environmental perceptions offer an explanation for how the built envi-
ronment affects rent levels. Wolpert (2005) proposed that people’s housing loca-
tion choices are based on their perception of the environment. He further proposed
the basic concepts and research perspectives of "action space" and "place utility"
and introduced environmental perceptions into an analytical framework of housing
location choices. From environmental behavior perspective, Fiare and Knox Lovell
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(1978) found that when selecting housing, in addition to consumers’ desired house-
hold features, subjective elements such as their previous house-buying experiences,
culture, values, emotions, and preferences can all influence their housing choices.
The built environment shapes the action space, embodies place utility, and is a core
factor determining a resident’s environmental perception (Greenwald et al., 2001).
Some studies indicate that the built environment has a major impact on people’s
psychology (Guite et al., 2007). When selecting a housing location, people tend to
choose locations with a good built environment. Hence, they need to pay high rent to
secure housing in such locations. From this theoretical perspective, factors such as
mix land use, building scale, and air quality affect the level of housing rent.

Fourth, the effects of the built environment on rent levels can be justified from the
perspective of the utility function and hedonic price theory. Rosen (1974) believed
that goods are valued for their utility-bearing attributes or characteristics. From this
perspective, a property’s total price can be regarded as the sum of all its features,
and in market equilibrium, each feature has a unique implicit price. Thus, the price
of a commodity can be regressed on its features to determine the unique contribu-
tions of each feature to the composite unit price. This theory is the main methodol-
ogy employed in contemporary element-based analysis of housing prices. The built
environment consists of elements such as landscape, traffic conditions, public facili-
ties, green area, and environmental perception (such as noise and air quality) and is
an important feature of a housing property and a component of a home’s implicit
price. Empirical studies have demonstrated the above elements’ influences on hous-
ing rents (Efthymiou & Antoniou, 2013; Filippini et al., 2008; Gurran & Phibbs,
2017; Leung & Yiu, 2019; Zambrano-Monserrate & Alejandra Ruano, 2019). The
built environment influences the utility of rental homes. Therefore, this theory indi-
cates that the rent is higher for housing with a better built environment. From this
perspective, factors such as public service level and air quality affect housing rents.

Fifth, neo-Marxism contends that the differences in the built environment form
unequal urban spaces and generate local gentrification effects and rent differences
(due to improvements to the built environment) (Harvey, 1973; Smith, 1987). Urban
space appears as an object for environmental assessment, which can boost various
efforts at urban space diversification (sociocultural diversity and creativity) and can
be interpreted as the process of value generation for urban spaces (Stehlin, 2016).
Gentrification implies a high quality of built environments and higher rent. Based on
this theoretical perspective, the main factors of the built environment (for example,
mix land use, public service level, air quality affect housing rent).

Research Design, Data, and Methodology

Study Area

The PRD, located in a coastal area in southern China, is one of the three most
advanced city clusters in China. It includes Guangzhou, Shenzhen, Foshan, Dong-

guan, Zhuhai, Zhongshan, Huizhou (excluding Longmen County), Zhaoqing
(excluding Deqing, Huaiji, Fengkai, and Guangning Counties), and Jiangmen
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(Fig. 2). In 2018, there were 58.88 million permanent residents in the PRD. Guang-
zhou and Shenzhen are the two core cities of the PRD. The PRD has an advanced
economy and high population density, and its housing prices are high relative to
others in China (Wang et al., 2017a, 2017b). Due to the area’s large mobile popula-
tion, the share of people living in rented homes is high, reaching 45.52% of the total
(2015 data). This study takes counties, county-level cities, and districts as the basic
research units (hereafter referred to as "counties"), of which there are 54 in the PRD.

Research Design

Given the built environment elements reported to affect housing rents, this analysis
evaluates the built environment in terms of four aspects: mix land use (MLU), pub-
lic service level (PSL), high-rise buildings (HRB), and air pollution (AP). These
four aspects represent land use, public services, architectural scale, and health per-
ception, respectively, which are all key elements of the built environment. The anal-
ysis also considers four indicators that may affect urban fundamentals and housing
rent levels, namely, population growth (PG), living space (LS), illiterate population
(IP), and Income level (IL). These four indicators can reflect the demand and supply
of rental houses and rent affordability in a city. These eight indicators together form
our evaluation system for the factors influencing housing rents.

On the basis of the above evaluation system, spatial autocorrelation is used to
assess whether there is spatial autocorrelation among the housing rent levels in dif-
ferent parts of the PRD. Then, spatial regression is used to evaluate the significance
and direction of each influencing factor. Thereafter, the geodetector technique is
applied to study in detail the influences of the different factors. Finally, the results
are interpreted to explain how these built environment elements affect housing rent
(Fig. 3).

China The Pearl River Delta y @F

| . —— Prefecture boundaries
.; . ‘.‘ “ / ——— County boundaries
g ¢ ’ o
5 - 0 50 km
« 2. o s

Fig.2 The Pearl River Delta
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Fig.3 Research design

The four elements of the built environment and their evaluation methods are pre-
sented as follows:

MLU. Some studies show that MLUs with positive functions can increase the
diversity of functions and improve built environment quality. One example is the
mixed commercial-residential function (Rundle et al., 2007) or a combination of
stores, offices, parks, and other functions (Zhang et al., 2012). However, from
the perspective of livability, MLU, especially land uses that negatively impact
housing (e.g., factories, urban infrastructure), can cause noise, pollution, con-
gestion, etc., and deteriorate residents’ living experience. Moreover, such MLUs
have negative impacts on the built environment. Specifically, the information
entropy of six major land uses is calculated and used as an indicator. Six major
land uses include residential (including residential area), industry (including fac-
tory), business & services (including Office building, retail, Catering), public
services (including library, hospital, museum, stadium, Primary and secondary
school), green space (including park, Scenic spot, square), transportation facili-
ties (including various transportation facilities).

PSL. PSL is a core element of a city’s attractiveness and competitiveness. Com-
prehensive and high-quality PSL can improve the built environment of a place,
attract more highly skilled residents (Esmaeilpoorarabi et al., 2018), and raise
housing prices (Wen et al., 2018). Therefore, in theory, there is a positive correla-
tion between PSL and housing rent. The density of basic public service facilities
(primary schools, middle schools, hospitals, museums, sports facilities) is used to
measure the PSL.

HRB. Building characteristics are an important component of the built envi-
ronment (Kylili et al., 2016), and the sizes of buildings influence the built envi-
ronment (Lu et al., 2019). Some studies have shown that HRBs have negative
psychological effects on people (Kearns et al., 2012). Too many HRBs in an
urban space can make people feel depressed, thereby reducing the built envi-
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ronment quality. In addition, the floor area ratio of HRBs is often high, leading
to high population density and a worsened living environment. Therefore, in
theory, the number or proportion of HRBs is negatively correlated with rent
level. In China, buildings with 10 or more floors are defined as HRBs. The pro-
portion of high-rise (10 or more floors) residential buildings (%) is used as the
evaluation indicator for HRB in this paper.

AP. In terms of living experience, AP can be directly experienced by residents
and determine their impressions of built environment quality (King, 2015;
Zhou & Lin, 2019). Empirical studies indicate a strong correlation between AP
and rent levels (Cobb, 1977; Zhou & Lin, 2019). The fine particulate matter
(up to 2.5 um in diameter, PM, 5) concentration is the most important indicator
of AP (Liang et al., 2016) and one environmental quality indicator to which
residents pay close attention. Excessive PM, s levels can damage people’s
health (Guan et al., 2019). The grid-based PM, 5 monitor value is obtained
through inverse distance weighting interpolation of data from 56 monitoring
stations (2017). In theory, AP (PM, s concentration) is expected to be nega-
tively correlated with housing rent.

Housing demand and four elements of urban fundamentals are used as the con-
trol variables in this study, and the considerations and evaluation methods are pre-
sented as follows (some descriptions are brief, and more details are given later in
this paper):

PG. PG can generate housing demand and reflects the attractiveness of a city.
Some studies indicate a positive correlation between PG and housing rent levels
(Mussa et al., 2017; Saiz, 2007). The density of permanent PG during 2016-2018
is used to measure the PG of each county. In theory, it was expected that PG would
have a positive correlation with housing rent levels.

LS. Per capita floor area can indicate the amount of LS and is an important indi-
cator of the degree of crowding, the difficulty of finding housing, and the demand
for housing improvement in a city. The smaller the per capita floor area is, the more
difficult it will be to find housing (C. Zhang, 2015) and the higher the rents will be.
Hence, in theory, LS is expected to be negatively correlated with housing rent levels.

IP. The lower the IP proportion in a region, the higher the education level of the
residents and the better the population quality and cultural atmosphere. IP is a key
indicator of urban fundamentals. The proportion of IP is used as the indicator for
evaluating IP. In theory, the lower the proportion of IP, the higher the rent; they are
negatively correlated.

IL. In Chinese national statistics, the average wage of employed staff and work-
ers is a common indicator of IL. IL is closely related to housing rent affordability
(Colburn & Allen, 2018), represents people’s tolerance of rent levels, and reflects a
city’s overall development levels and residents’ IL. Some case studies show that in
cities, the higher the IL is, the higher the rent (Eaton & Eckstein, 1997; H. Li et al.,
2019; Matlack & Vigdor, 2006; Potepan, 1996). In theory, there would be a positive
correlation between these factors.

According to the above analysis, the system of variables representing the influ-
encing factors is established (Table 1).

@ Springer



Examining the Effects of the Built Environment on Housing Rents. ..

LLIT €60L SISTI 780S + 5l (reak/uenk) s1asIom pue jeis pakordwe Jo aSem oFeroay [9A9] Qwodu]
So'1 61 16°¢ LY0 - dl (%) uonemdod ayeraI Jo uoniodoid uonendod eI
19°¢ 90°'6C 57424 9L'81 - ST (uosiady,wr) eare uononsuod sursnoy e)des 1od Qoeds Surary
90¢ 0T 9091 0 + Dd ANEx\m:oEo& (8102-9107) yimoi3 uoneindod jusuewriad jo Aysuap ayJ, yimoi3 uonendog

[eIUSWIEpUNY UBQI() PUB pUBWO(——SI[GRLIBA [OTJUOD)

97 LS'GE €O'LY 1L°ST - dv AmE\wiv 9N[eA P1O9ISp FeIoAR [enuUR ¢ TN uonnyjod ay

LTTI 7811 L6°Sy 000 - 99H (%) Surp[Ing [eNIUAPISAI (SI00Y I0W IO ()]) SLI-Y3IY Jo uoniodoid Surping osu-ysIy
(Funy/senianoe) (swniseuw4s [erousd ‘swnasnw ‘s[ejrdsoy
901 89°0 0€'9 L0°0 + 1Sd [e1oua3 ‘S[ooyds AIepuodas ‘spooyds) Aroey aorates orjqnd Jo Aysua(g [OAQ] 90TAIDS JT[qQNd
170 1L°0 0'1 €20 - NN (s2100s) sadA} 9sn pue| urewr g Jo 99139p XIN asn pue| XTI\
JUQWIUOIIAUD J[Ing
98°61 1L¥¢ 97'86 T8l IH ANE\:S:C yuowr 1od syuax Sursnoy sjual SuIsnoy
J[qerLreA Juopuadoq
uondAUIp
A PIS BN XB ury paroadxyg [oquikg uonuya(q So[qeLIeA

sa[qeLrea jo Arewwing | ajqeL

pringer

As



Y.Wang et al.

Data and Data Sources

Housing rent is measured by monthly rent levels, and the data source is Xitai
(https://www.creprice.cn/rank/index.html), which is the largest housing database
in China. The data were obtained in March 2019.

The sources of the eight variable indicators are as follows: The data on MLU
and PSL are from the 2017 point of interest database, which is obtained from
Baidu map (https://map.baidu.com/). The data on HRB, LS, and IP are from the
1% Population Sample Survey Data of Guangdong in 2015(2015/11). The AP
data are from the monitoring station data collected in 2017, which were published
by the Ministry of Environmental Protection of China. The PG is from the 2017
and 2019 of Guangdong Statistical Yearbook and the statistical yearbook of each
city. IL data are from the 2019 Guangdong Statistical Yearbook and the statistical
yearbook of each city (Data for 2018). As there are often delays in the effects of
element data on the housing market (Black et al., 2006), it is sensible to use the
element data before 2019 for the analysis. To avoid the inversion of causality in
the regression model, the dependent variable has a time lag relative to the inde-
pendent variable (Gu et al., 2020; Wu et al., 2021b). The descriptive statistics are
shown in Table 1.

Analytical Model

Combined with the regression analysis and the geodetector technique, the rela-
tionships between built environment elements and rent levels and their directions
are analyzed, and we furthermore test how the built environment elements cause
spatial differences in rents from the perspective of geographic spatial differences.

Spatial Regression Analysis

A regression model is used to identify the rent differences in the PRD, test
whether the selection of element indicators is sensible, and check whether the
expected directions of influence of the chosen elements on the rent levels are
correct. Studies on the factors influencing spatial differences often apply vari-
ous traditional regression methods, such as ordinary least squares (OLS). With
the development of spatial data analysis (e.g., spatial lag model (SLM) or spatial
error model (SEM)), spatial regression models can assess spatial effects (Tian
et al., 2017). In this study, three regression analysis methods are used to study the
factors influencing rent levels and the directions of their effects in the PRD.

OLS is a linear model that is often used to study the linear relations between
dependent and independent variables. An OLS model assumes that the variables
are independent. In the model, the spatial information of the variables is ignored.
The OLS model can be expressed as follows:

y, = pX, + €, [, ~ N(0,5°I)] e))
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where s=1,..., 54 is the county in the PRD; ys denotes the rent level in county
s; X, is a factor influencing rent and is an i-dimensional vector (i=1,2,...,8),
which represents the observed value of each influencing factor i in county s; j
is the i-dimensional column vector of the corresponding regression coefficients
of these influencing factor variables; and € is the error of the model. &, ~ N(0,5°])
indicates that the error is normally distributed and uniform in variance, e.g., the
product of the error matrix and the covariance matrix is 0; I represents the iden-
tity matrix. This paper uses the natural logarithm of y, (independent variable)
and the natural logarithms of the independent variables of the X, vector (i.e., a
log-log model) to eliminate the dimensional effect and compare the degrees of
influence of the different factors.

The SLM considers the effect of the rental price of one house on the rental prices
of other neighboring houses, i.e., the spatial spillover effect. It is a kind of spatial
regression model. The SLM can be expressed as follows (Anselin et al., 2006):

Yo =4 Wy + BX, + £, [e, ~ N(0,8°D)] @)

J=1

where 4 is the spatial autoregression coefficient and W,; denotes the diagonal
weighting matrix.

In spatial regression analysis, the independent error terms of the models can be
spatially autocorrelated. The SEM can evaluate the spatial spillover effects of inde-
pendent error terms and detect some unknown factors that are spatially correlated.
The basic form of the SEM is as follows (Arbia, 2006; Wang et al., 2017a, 2017b):

n
Yo=Y Wyo, + BX, + €, [€, ~ N(0,6°)] 3)

=1

where ¢ represents the error terms of the spatial autocorrelation and p is the spa-
tial autocorrelation coefficient of the error terms.

Geodetector Technique

Regression analysis can only exam the correlations between different variables and
the significance of variables. It cannot further assess the degrees of influence of the
independent variables on the spatial distribution of these variables. The geodetec-
tor technique is a method proposed by Wang et al. (2010) to explore the stratified
heterogeneity of variables. The core concept of the geodetector technique is that if
the built environment factors xi have a similar spatial distribution as the housing
rent level y, then the built environment element xi affects the spatial heterogeneity
in rents.

_I_WZNI" @

i=1
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where N is the total number of counties in the PRD, Ni is the number of counties
in each subgroup after the independent variables are grouped, and n is the number
of independent variable groups. In this study, grouping is conducted manually: First,
the element values are ranked, and then the independent variables are grouped into
five groups (0% ~15%, 15% ~35%, 35% ~65%, 65% ~85%, 85%~100%); o is the
total variance of the rent data; and af is the rent variance of counties in each group.
P is the impact intensity, where P € [0,1]. A high p-value indicates that the inde-
pendent variable has a strong influence on the dependent variable. One of the core
strengths and advantages of the geodetector technique is that it does not require the
independence or collinearity of the variables (Luo et al., 2016; Wang et al., 2010).

Results and Analysis
Spatial Pattern and Spatial Autocorrelation of Housing Rents

The descriptive cluster statistics of housing rent are presented in Fig. 4. The prices
of 20, 25, 35, and 60 RMB/m? are used as the thresholds to group the housing rents
into five levels. These levels are represented by 6, 20, 11, 9, and 8 counties, respec-
tively. Figure 5 shows the spatial distribution of housing rent levels in the PRD.
The spatial distribution of housing rents can be described as follows: The down-
town districts of Shenzhen (Futian, Nanshan, Luohu, Yantian, Bao’an, and Long-
hua) and those of Guangzhou (Yuexiu and Tianhe) are the centers with high rents,
and the rents of other counties decline as the distance to the center increases. The
housing rents are generally low in the outlying counties in the PRD. Based on the
spatial distribution, Moran’s I index is used to measure the spatial correlation of
housing rents in the PRD. The finite difference method is used as the valuation basis
for the spatial weight matrix, and the threshold distance is 50 km. The Moran’I is

25

20
20F

Number of counties

0 L L L L
18.22-20.00 20.01-25.00 25.01-35.00 35.01-60.00 60.01-98.26

Housing rents (yuan/m?)

Fig.4 Descriptive cluster statistics for housing rents in the PRD
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Legend

foye w I 18.22 ~ 20.00Yuan/m?

el 0 L [20.01 ~ 25.00 Yuan/m?

. d g [ 125.01 ~ 35.00Yuan/m?

' 5 [ 35.01 ~ 60.00 Yuan/m?

[ 60.01 ~ 98.26 Yuan/m?

’ “{" 0 50 km

Fig.5 The pattern of spatial differences in housing rents in the PRD

0.3263(p=0.000; z=6.8466). These results indicate that housing rents in the PRD
have significant spatial correlation and spatial aggregation.

Effects of the Built Environment on Housing Rents

Regression analysis is the most widely applied approach in studying the factors
influencing rent. Among the different regression methods, OLS is the most com-
monly used method. OLS can be used to evaluate the significance levels and direc-
tions of the independent variables’ effects on the dependent variables. However,
OLS cannot assess the spatial spillover effect between counties. Spatial regression
models (including SLM and SEM) are needed to assess such effects. The values of
the independent variables and the dependent variables are normalized with log func-
tions. We ran a Lagrange test to verify which regression method is suitable. The
results showed that SLM is more appropriate for our study (Lagrange multiplier
(lag)=7.7071 (p=0.0055); Lagrange multiplier (error)=1.6420 (p=0.2001)). We
ran three models, including demand, urban fundamentals, and the built environment,
to verify the impact of the built environment on housing rent (Table 2).

As shown in model 1, demand and urban fundamentals have a significant
impact on housing rent. Model 2 showed that except for the HRBs, all three built
environment factors are significant. Model 3 included all the variables, and the
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results showed that all eight factors have significant effects on the rent levels.
Six factors have significance levels below 0.05. The directions of all eight fac-
tors’ effects are as expected. Among the four built environment elements studied,
MLU, PSL, and HRB influence rent at the 0.05 significance level, while AP does
so at the 0.1 level. These values show the strong influences of the built environ-
ment on rent levels. For each 1% increase in the degree of MLU, the rent level
decreases by 0.2169%. For each 1% increase in the density of public service facil-
ities, the rent level rises by 0.1142%. In addition, each 1% increase in the pro-
portion of high-rise residential buildings leads to a 0.0736% decrease in housing
rent. Each 1% increase in PM, 5 brings about a 0.3778% drop in rent.

We further used geodetector to assess the four built environment factors’
effects on the spatial distribution of rents to determine which of these effects is
the strongest. All the variables included in the geodetector technique must be
grouped. After sequencing the scores of the factors, the factors were grouped
into five levels from high to low (0% ~15%, 15% ~35%, 35% ~65%, 65% ~ 85%,
85% ~100%). The spatial distributions are presented in Fig. 6. Following the geo-
detector principle, the influence degree of each element was calculated (Fig. 7).
Among the four built environment elements, AP had the strongest effect and
MLU the weakest.

First, AP (PM, 5) was found to have a negative impact on the PRD’s housing
rents. The impact intensity calculated with geodetector is 0.5549, the highest among
those of the built environment elements. AP objectively represents the urban envi-
ronment’s cleanliness and influences residents’ living choices from the aspects of
health and psychology (Chen & Jin, 2019). Generally, AP reflects the industrial
structure of a city (Xue et al., 2021). The higher the proportion of high-tech indus-
tries, high value-added industries, and clean industries, the more advanced the urban
industrial structure, and the lower the degree of urban air pollution (Cheng et al.,
2017). It can attract more middle- and high-income residents to move in, making
higher rents. It is a key indicator influencing people’s general perception of the local
environment. These conclusions are in line with the theoretical projections.

Second, HRB has a significant negative correlation with housing rent in the
PRD with a 0.5199 P value, showing that its effects on rent differences are second
to those of AP. The presence of many HRBs in a residential area often leads to a
high floor area ratio, which can negatively affect the built environment’s quality.
For instance, a high population density can feel too crowded and make people feel
depressed (Kearns et al., 2012). From the perspectives of livability and amenities,
given similar locations and building qualities, low-rise and low-density buildings are
often more popular. From the perspective of supply and demand theory, high-rise
buildings provide more housing for rent, which also lowers rents.

Third, there are significant positive correlations between PSL and housing rent,
with a P value of 0.4295. The PSL is an important indicator of the built environ-
ment; areas with good PSL (such as the downtown districts of Guangzhou and
Shenzhen) are more attractive housing areas, These areas have more high-quality
public service facilities (such as schools, general hospitals, museums, general gym-
nasiums), and their rents are correspondingly high. This conclusion agrees with the
theoretical prediction.
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Fig.6 Map of the four factors of the built environment in relation to housing rents in PRD
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Fig.7 The power of determinant (P) of the housing rent effects of the four elements of the built environ-
ment
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Fourth, MLU negatively impacts housing rent. Some studies find that MLU
has positive effects on the built environment (Zhang et al., 2012), but the results
of this study show that MLU negatively affects rent levels. Consequently, in terms
of city livability, MLU can reduce housing amenities and lower rent levels. The
PRD produces goods for export worldwide, and a large proportion of its land is
for industrial uses. When residential land use is mixed with industrial and trans-
port infrastructure land uses, MLU can negatively affect the built environment
and reduce the local livability. However, compared with the effects of other built
environment elements, MLU has a weak effect. The geodetector-based calculation
indicates that the P of MLU on rent is 0.3896, the lowest among the studied built
environment elements.

Fifth, the directions of influence of the four elements representing demand
and urban fundamentals (PG, LS, IP, IL) on rent are in line with the theoreti-
cal expectations. Except for IL, the p-values of all the indicators are less than
0.01. Thus, apart from built environment elements, the influences of population
change, degree of crowding, education level of the residents, and IL on housing
rents should be considered. The result also verified the rationality of the four con-
trol variables.

Conclusions and Discussion
Conclusions

This paper explains the mechanisms by which the built environment influences hous-
ing rent, establishes a framework for assessing the influences of built environment
elements on regional housing rents, creates a dataset for studying the housing rents
in the 54 counties of the PRD and their influencing factors, and uses SLM to exam-
ine the effects of four built environment elements on housing rent. Furthermore, this
paper applies geographically weighted regression to assess the intensity of these
effects on housing rent. The conclusions are as follows: first, the theoretical part of
this paper explains the built environment’s effects on spatial differences in the local
rent level from the following theoretical perspectives: local public goods theory, the
market equilibrium theory of neoclassical economics based on the assumption of
rent balance maximization, the research approach of environmental perception, the
utility function and hedonic price model, and neo-Marxism and spatial production
theory. From the above perspective, in theory, the four elements of the built environ-
ment (Mix land use, Public service level, building scale, and Air quality) can affect
housing rents. Second, The empirical study based on PRD revealed four elements of
the built environment (MLU, PSL, HRB, and AP) have significant effects on hous-
ing rent by using SLM. The geodetector technique is used to assess the degree of
correlation between built environment elements and housing rents. The results sug-
gest that AP has the strongest impact on rental prices among the four built environ-
ment elements, indicating that among these elements, health factors, as represented
by AP, significantly influence rent levels.
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Discussion

As one of the few papers systematically examining the relationships between local
built environments and housing rents, this paper shows strong relationships between
the built environment and housing rent both theoretically and empirically.

In theory, this paper constructs a conceptual framework for the impact of built
environment on rents. From five perspectives, the four elements of the built envi-
ronment (mix land use, public service level, building scale, and air quality) have a
significant impact on rents. This analyzes at the theoretical level which built envi-
ronment factors have an impact on rents, and what is the interpretation path for this
impact. This will provide a theoretical reference for follow-up similar research.

For case studies, this article used the PRD as a case to find that on the basis of
traditional rent-influencing factors, adding built environment factors can explain
the spatial differentiation of rents more effectively. The case study proves that the
four elements of the built environment significantly affect the housing rent, which
responds and validates the theoretical conceptual framework proposed in this article.
It also proves the important impact of the built environment on housing rents and
gives empirical evidence.

For methodology, this article found that compared with traditional regression
models, the data processed by spatial regression methods have a higher degree of
fitness and can better reflect the spatial dependence of housing rents. More impor-
tantly, this paper reveals the promising prospects of a combination of spatial analy-
sis methods and the geodetector technique in assessing the factors influencing local
housing rent.

The study is still insufficient, which need to be further improved in the follow-
up research: First, different spatial scales will inevitably affect the analysis results.
More detailed research scales (such as towns and streets, communities) can be used
for comparison with this research. Second, long-term series data can be used to fur-
ther verify the theory in the future. Third, different types of people have different
understandings and requirements for the built environment. In the future, question-
naire surveys, interviews, experiential observations and other methods can be used
to conduct case analysis from the decision-making level of individual housing selec-
tion of tenants in order to prove the theoretical framework from the perspective of
individual behavior. Fourth, the impact of these built environment factors on resi-
dential rents may have spatial heterogeneity effects. Geographic weighted regression
can be used to further analyze the spatial difference characteristics of influencing
factors in future study.

Policy Implications

This empirical study can have important policymaking implications. Housing rent
reflects a city’s attractiveness and competitiveness. In recognition of the important
influences of the built environment, the municipal and county governments in the
PRD should not only consider traditional factors, such as population, income, and
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talent, but should also take built environment factors into consideration when for-
mulating urban development policies. To improve the quality of urban living, an
urban development strategy oriented toward improving the urban built environment
should be formulated. In areas with high rents (for example, the downtown districts
of Guangzhou and Shenzhen), the housing development plan should improve the
built environment while increasing the supply of rental houses, such as public rental
houses and rental homes for highly skilled people. In areas with low rents, public
service levels should be improved, pollution should be controlled, a pleasant build-
ing-scale environment should be created, and the livability of the region should be
enhanced, thereby increasing the attractiveness and competitiveness of the region to
the population.

Acknowledgements This research was funded by the National Natural Science Foundation of China (No.
41871150), GDAS Project of Science and Technology Development (No. 2020GDASYL-20200104001),
National Key Research and Development Program (No. 2019YFB2103101), and Special Project of the
Institute of Strategy Research for Guangdong, Hong Kong, and Macao Greater Bay Area Construction
(No. 2021GDASYL-20210401001).

The authors declare that they have no conflict of interest.

Author Contributions Conceptualization, Yang Wang; methodology, Kangmin Wu and Yabo Zhao;
formal analysis, Yang Wang, Kangmin Wu, and Yabo Zhao; writing—original draft preparation, Yang
Wang, Changjian Wang, and Hong’ou Zhang; writing—review and editing, Yang Wang, Kangmin Wu,
and Changjian Wang; visualization, Yang Wang and Kangmin Wu.

Funding This research was funded by the National Natural Science Foundation of China (No. 41871150),
GDAS Project of Science and Technology Development (No. 2020GDASYL-20200104001), National
Key Research and Development Program (No. 2019YFB2103101), and Special Project of the Institute
of Strategy Research for Guangdong, Hong Kong, and Macao Greater Bay Area Construction (No.
2021GDASYL-20210401001).

Declarations

Confilicts of Interest The authors have no conflicts of interest to declare.

References

Anselin, L., Syabri, 1., & Kho, Y. (2006). GeoDa: An introduction to spatial data analysis. Geographical
Analysis, 38(1), 5-22. https://doi.org/10.1111/.0016-7363.2005.00671.x

Arbia, G. (2006). Spatial Econometrics: Statistical Foundations and Applications to Regional
Convergence.

Bhat, C. R., & Guo, J. Y. (2007). A comprehensive analysis of built environment characteristics on house-
hold residential choice and auto ownership levels. Transportation Research Part B-Methodological,
41(5), 506-526. https://doi.org/10.1016/j.trb.2005.12.005

Bitter, C., Mulligan, G. F., & Dall’erba, S. (2007). Incorporating spatial variation in housing attribute
prices: A comparison of geographically weighted regression and the spatial expansion method.
Journal of Geographical Systems, 9(1), 7-27. https://doi.org/10.1007/s10109-006-0028-7

Black, A., Fraser, P., & Hoesli, M. (2006). House Prices, Fundamentals and Bubbles. Journal of Business
Finance & Accounting, 33(9-10), 1535—1555. https://doi.org/10.1111/j.1468-5957.2006.00638.x

Can, A. (1992). Specification and Estimation of Hedonic Housing Price Models. Regional Science and
Urban Economics, 22, 453-474. https://doi.org/10.1016/0166-0462(92)90039-4

@ Springer


https://doi.org/10.1111/j.0016-7363.2005.00671.x
https://doi.org/10.1016/j.trb.2005.12.005
https://doi.org/10.1007/s10109-006-0028-7
https://doi.org/10.1111/j.1468-5957.2006.00638.x
https://doi.org/10.1016/0166-0462(92)90039-4

Y.Wang et al.

Carlino, G. A., Chatterjee, S., & Hunt, R. M. (2007). Urban density and the rate of invention. Journal of
Urban Economics, 61(3), 389-419. https://doi.org/10.1016/j.jue.2006.08.003

Chen, S., & Jin, H. (2019). Pricing for the clean air: Evidence from Chinese housing market. Journal of
Cleaner Production, 206, 297-306. https://doi.org/10.1016/].jclepro.2018.08.220

Cheng, Z., Li, L., & Liu, J. (2017). Identifying the spatial effects and driving factors of urban PM2.5
pollution in China. Ecological Indicators, 82, 61-75. https://doi.org/10.1016/j.ecolind.2017.06.043

Clark, E. (1988). The Rent Gap and Transformation of the Built Environment: Case Studies in Malmo
1860-1985. Geografiska Annaler: Series B, Human Geography, 70(2), 241-254. https://doi.org/10.
1080/04353684.1988.11879569

Cobb, S. (1977). Site rent, air quality, and the demand for amenities. Journal of Environmental Econom-
ics and Management, 4, 214-218. https://doi.org/10.1016/0095-0696(77)90004-3

Colburn, G., & Allen, R. (2018). Rent burden and the Great Recession in the USA. Urban Studies, 55(1),
226-243. https://doi.org/10.1177/0042098016665953

Cui, N., Gu, H., Shen, T., & Feng, C. (2018). The impact of micro-level influencing factors on home
value: A housing price-rent comparison. Sustainability, 10(12). https://doi.org/10.3390/sul0124343.

Diamond, R. (2016). The determinants and welfare implications of US workers’ diverging location
choices by skill: 1980-2000. American Economic Review, 106(3), 479-524. https://doi.org/10.1257/
aer.20131706

Diao, M., & Ferreira, J., Jr. (2010). Residential property values and the built environment empirical study
in the Boston, Massachusetts, Metropolitan area. Transportation Research Record (2174), 138-147.
https://doi.org/10.3141/2174-18.

Eaton, J., & Eckstein, Z. (1997). Cities and growth: Theory and evidence from France and Japan.
Regional Science and Urban Economics, 27(4-5), 443—474. https://doi.org/10.1016/s0166-0462(97)
80005-1

Efthymiou, D., & Antoniou, C. (2013). How do transport infrastructure and policies affect house prices
and rents? Evidence from Athens. Transportation Research Part A Policy and Practice, 52, 1-22.
https://doi.org/10.1016/j.tra.2013.04.002

Esmaeilpoorarabi, N., Yigitcanlar, T., Guaralda, M., & Kamruzzaman, M. (2018). Evaluating place qual-
ity in innovation districts: A Delphic hierarchy process approach. Land Use Policy, 76, 471-486.
https://doi.org/10.1016/j.landusepol.2018.02.027

Ettema, D., & Nieuwenhuis, R. (2017). Residential self-selection and travel behaviour: What are the
effects of attitudes, reasons for location choice and the built environment? Journal of Transport
Geography, 59, 146-155. https://doi.org/10.1016/j.jtrange0.2017.01.009

Fire, R., & Knox Lovell, C. A. (1978). Measuring the technical efficiency of production. Journal of Eco-
nomic Theory, 19(1), 150-162. https://doi.org/10.1016/0022-0531(78)90060- 1

Filippini, M., Banfi, S., & Horehijova, A. (2008). Valuation of environmental goods in profit and non-
profit housing sectors: Evidence from the rental market in the City of Zurich. Swiss Journal of Eco-
nomics and Statistics (SJES), 144, 631-654. https://doi.org/10.1007/BF03399269

Gilbert, A. (2016). Rental housing: The international experience. Habitat International, 54, 173-181.
https://doi.org/10.1016/j.habitatint.2015.11.025

Glaeser, E., Kolko, J., & Saiz, A. (2000). Consumer City. National Bureau of Economic Research, Inc,
NBER Working Papers, 1.

Goodman, A. (1988). An econometric model of house price, permanent income, tenure choice, and hous-
ing demand. Journal of Urban Economics, 23, 327-353. https://doi.org/10.1016/0094-1190(88)
90022-8

Greenwald, M. J., Boarnet, M. G., & Trb, T. R. B. (2001). Built environment as determinant of walking
behavior - Analyzing nonwork pedestrian travel in Portland, Oregon. Land Development and Public
Involvement in Transportation: Planning and Administration (pp. 33—42).

Grimes, A., & Aitken, A. (2010). Housing supply, land costs and price adjustment. Real Estate Econom-
ics, 38(2), 325-353. https://doi.org/10.1111/j.1540-6229.2010.00269.x

Groff, E. R. (2017). Measuring the influence of the built environment on crime at street segments. Jerusa-
lem Review of Legal Studies, 15(1), 44-54. https://doi.org/10.1093/jrls/jIx005

Gu, H., Meng, X., Shen, T., & Wen, L. (2020). China’s highly educated talents in 2015: Patterns, determi-
nants and spatial spillover effects. Applied Spatial Analysis and Policy, 13(3), 631-648. https://doi.
org/10.1007/s12061-019-09322-6

Guan, Y., Kang, L., Wang, Y., Zhang, N.-N., & Ju, M.-T. (2019). Health loss attributed to PM2.5 pollu-
tion in China’s cities: Economic impact, annual change and reduction potential. Journal of Cleaner
Production, 217, 284-294. https://doi.org/10.1016/j.jclepro.2019.01.284

@ Springer


https://doi.org/10.1016/j.jue.2006.08.003
https://doi.org/10.1016/j.jclepro.2018.08.220
https://doi.org/10.1016/j.ecolind.2017.06.043
https://doi.org/10.1080/04353684.1988.11879569
https://doi.org/10.1080/04353684.1988.11879569
https://doi.org/10.1016/0095-0696(77)90004-3
https://doi.org/10.1177/0042098016665953
https://doi.org/10.3390/su10124343.
https://doi.org/10.1257/aer.20131706
https://doi.org/10.1257/aer.20131706
https://doi.org/10.3141/2174-18.
https://doi.org/10.1016/s0166-0462(97)80005-1
https://doi.org/10.1016/s0166-0462(97)80005-1
https://doi.org/10.1016/j.tra.2013.04.002
https://doi.org/10.1016/j.landusepol.2018.02.027
https://doi.org/10.1016/j.jtrangeo.2017.01.009
https://doi.org/10.1016/0022-0531(78)90060-1
https://doi.org/10.1007/BF03399269
https://doi.org/10.1016/j.habitatint.2015.11.025
https://doi.org/10.1016/0094-1190(88)90022-8
https://doi.org/10.1016/0094-1190(88)90022-8
https://doi.org/10.1111/j.1540-6229.2010.00269.x
https://doi.org/10.1093/jrls/jlx005
https://doi.org/10.1007/s12061-019-09322-6
https://doi.org/10.1007/s12061-019-09322-6
https://doi.org/10.1016/j.jclepro.2019.01.284

Examining the Effects of the Built Environment on Housing Rents. ..

Guite, H., Clark, C., & Ackrill, G. (2007). The impact of physical and urban environment on mental well-
being. Public Health, 120, 1117-1126. https://doi.org/10.1016/j.puhe.2006.10.005

Gurran, N., & Phibbs, P. (2017). When tourists move in: How should urban planners respond to airbnb?
Journal of the American Planning Association, 83(1), 80-92. https://doi.org/10.1080/01944363.
2016.1249011

Hamidi, S., Zandiatashbar, A., & Bonakdar, A. (2019). The relationship between regional compactness
and regional innovation capacity (RIC): Empirical evidence from a national study. Technological
Forecasting and Social Change, 142, 394—402. https://doi.org/10.1016/j.techfore.2018.07.026

Haron, N., & Liew, C. (2013). Factors influencing the rise of house price in Klang Valley. International
Journal of Research in Engineering and Technology, 2, 261-272. https://doi.org/10.15623/ijret.
2013.0210039

Harvey, D. (1973). Social Justice and The City (Vol. 69).

Herbert, J., & Stevens, B. (2006). A model of the distribution of residential activity in urban areas. Jour-
nal of Regional Science, 2, 21-36. https://doi.org/10.1111/j.1467-9787.1960.tb00838.x

Holly, S., Pesaran, M. H., & Yamagata, T. (2010). A spatio-temporal model of house prices in the USA.
Journal of Econometrics, 158(1), 160-173. https://doi.org/10.1016/j.jeconom.2010.03.040

Hossain, B., & Latif, E. (2009). Determinants of housing price volatility in Canada: A dynamic analysis.
Applied Economics, 41(27), 3521-3531. https://doi.org/10.1080/00036840701522861

Huang, H., & Yin, L. (2015). Creating sustainable urban built environments: An application of hedonic
house price models in Wuhan, China. Journal of Housing and the Built Environment, 30(2), 219—
235. https://doi.org/10.1007/s10901-014-9403-8

Hwang, M., & Quigley, J. M. (2006). Economic fundamentals in local housing markets: Evidence from
US metropolitan regions. Journal of Regional Science, 46(3), 425-453. https://doi.org/10.1111/j.
1467-9787.2006.00480.x

Kang, C.-D. (2019). Effects of spatial access to neighborhood land-use density on housing prices: Evi-
dence from a multilevel hedonic analysis in Seoul, South Korea. Environment and Planning
B-Urban Analytics and City Science, 46(4), 603—625. https://doi.org/10.1177/2399808317721184

Kearns, A., Whitley, E., Mason, P., & Bond, L. (2012). “Living the High Life”? Residential, social
and psychosocial outcomes for high-rise occupants in a deprived context. Housing Studies, 27(1),
97-126. https://doi.org/10.1080/02673037.2012.632080

King, K. E. (2015). Chicago residents’ perceptions of air quality: Objective pollution, the built environ-
ment, and neighborhood stigma theory. Population and Environment, 37(1), 1-21. https://doi.org/
10.1007/s11111-014-0228-x

Kresl, P. K., Ietri D. (2017). Creating cities/building cities: Architecture and urban competitiveness[M].
Edward Elgar, 209 pp

Kroesen, M. (2019). Residential self-selection and the reverse causation hypothesis: Assessing the endo-
geneity of stated reasons for residential choice. Travel Behaviour and Society, 16, 108—117. https://
doi.org/10.1016/j.tbs.2019.05.002

Kylili, A., Fokaides, P. A., & Lopez Jimenez, P. A. (2016). Key Performance Indicators (KPIs) approach
in buildings renovation for the sustainability of the built environment: A review. Renewable & Sus-
tainable Energy Reviews, 56, 906-915. https://doi.org/10.1016/j.rser.2015.11.096

Leung, K. M., & Yiu, C. Y. (2019). Rent determinants of sub-divided units in Hong Kong. Journal of
Housing and the Built Environment, 34(1), 133—151. https://doi.org/10.1007/s10901-018-9607-4

Li, S., & Zhao, P. (2017). Exploring car ownership and car use in neighborhoods near metro stations in
Beijing: Does the neighborhood built environment matter? Transportation Research Part D-Trans-
port and Environment, 56, 1-17. https://doi.org/10.1016/j.trd.2017.07.016

Li, H., Wei, Y. D., & Wu, Y. (2019). Analyzing the private rental housing market in Shanghai with open
data. Land Use Policy, 85, 271-284. https://doi.org/10.1016/j.Jandusepol.2019.04.004

Liang, X., Li, S., Zhang, S., Huang, H., & Chen, S. X. (2016). PM2.5 data reliability, consistency, and air
quality assessment in five Chinese cities. Journal of Geophysical Research-Atmospheres, 121(17),
10220-10236. https://doi.org/10.1002/2016jd024877

Liao, F. H., Farber, S., & Ewing, R. (2015). Compact development and preference heterogeneity in resi-
dential location choice behaviour: A latent class analysis. Urban Studies, 52(2), 314-337. https://
doi.org/10.1177/0042098014527138

Liebelt, V., Bartke, S., & Schwarz, N. (2019). Urban green spaces and housing prices: An alternative per-
spective. Sustainability, 11(13). https://doi.org/10.3390/sul1133707.

Liebersohn, C. (2018). Housing demand, regional house prices and consumption.

@ Springer


https://doi.org/10.1016/j.puhe.2006.10.005
https://doi.org/10.1080/01944363.2016.1249011
https://doi.org/10.1080/01944363.2016.1249011
https://doi.org/10.1016/j.techfore.2018.07.026
https://doi.org/10.15623/ijret.2013.0210039
https://doi.org/10.15623/ijret.2013.0210039
https://doi.org/10.1111/j.1467-9787.1960.tb00838.x
https://doi.org/10.1016/j.jeconom.2010.03.040
https://doi.org/10.1080/00036840701522861
https://doi.org/10.1007/s10901-014-9403-8
https://doi.org/10.1111/j.1467-9787.2006.00480.x
https://doi.org/10.1111/j.1467-9787.2006.00480.x
https://doi.org/10.1177/2399808317721184
https://doi.org/10.1080/02673037.2012.632080
https://doi.org/10.1007/s11111-014-0228-x
https://doi.org/10.1007/s11111-014-0228-x
https://doi.org/10.1016/j.tbs.2019.05.002
https://doi.org/10.1016/j.tbs.2019.05.002
https://doi.org/10.1016/j.rser.2015.11.096
https://doi.org/10.1007/s10901-018-9607-4
https://doi.org/10.1016/j.trd.2017.07.016
https://doi.org/10.1016/j.landusepol.2019.04.004
https://doi.org/10.1002/2016jd024877
https://doi.org/10.1177/0042098014527138
https://doi.org/10.1177/0042098014527138
https://doi.org/10.3390/su11133707.

Y.Wang et al.

Lu, S., Shi, C., & Yang, X. (2019). Impacts of built environment on urban vitality: Regression analy-
ses of Beijing and Chengdu, Chinal[J]. International Journal of Environmental Research and Public
Health, 16(23), 4592. https://doi.org/10.3390/ijerph16234592

Luo, W., Jasiewicz, J., Stepinski, T., Wang, J., Xu, C., & Cang, X. (2016). Spatial association between
dissection density and environmental factors over the entire conterminous United States. Geophysi-
cal Research Letters, 43(2), 692—700. https://doi.org/10.1002/2015g106694 1

Mabon, L., Kondo, K., Kanekiyo, H., Hayabuchi, Y., & Yamaguchi, A. (2019). Fukuoka: Adapting to
climate change through urban green space and the built environment? Cities, 93, 273-285. https://
doi.org/10.1016/j.cities.2019.05.007

Maennig, W., & Dust, L. (2008). Shrinking and growing metropolitan areas asymmetric real estate price
reactions? The case of German single-family houses. Regional Science and Urban Economics,
38(1), 63-69. https://doi.org/10.1016/j.regsciurbeco.2007.08.009

Matlack, J., & Vigdor, J. (2006). Do rising tides lift all prices? Income inequality and housing affordabil-
ity. Journal of Housing Economics, 17, 212-224. https://doi.org/10.1016/j.jhe.2008.06.004

Mussa, A., Nwaogu, U. G., & Pozo, S. (2017). Immigration and housing: A spatial econometric analysis.
Journal of Housing Economics, 35, 13-25. https://doi.org/10.1016/j.jhe.2017.01.002

Nakagawa, M., Saito, M., & Yamaga, H. (2007). Earthquake risk and housing rents: Evidence from the
Tokyo Metropolitan Area. Regional Science and Urban Economics, 37(1), 87-99. https://doi.org/10.
1016/j.regsciurbeco.2006.06.009

Pan, Y., Chen, S., Niu, S., Ma, Y., & Tang, K. (2020). Investigating the impacts of built environment on
traffic states incorporating spatial heterogeneity. Journal of Transport Geography, 83,. https://doi.
org/10.1016/j.jtrangeo.2020.102663

Potepan, M. J. (1996). Explaining intermetropolitan variation in housing prices, rents and land prices.
Real Estate Economics, 24(2), 219-245. https://doi.org/10.1111/1540-6229.00688

Quigley, J., & Raphael, S. (2004). Is housing unaffordable? Why isn’t it more affordable? Journal of Eco-
nomic Perspectives, 18, 191-214. https://doi.org/10.1257/089533004773563494

Rammer, C., Kinne, J., & Blind, K. (2020). Knowledge proximity and firm innovation: A microgeo-
graphic analysis for Berlin. Urban Studies, 57(5), 996-1014. https://doi.org/10.1177/0042098018
820241

Reeder, A., Lambert, L., & Pasha-Zaidi, N. (2019). Happiness and the built environment. In L. Lambert
& N. Pasha-Zaidi (Eds.), Positive psychology in the Middle East/North Africa: Research, policy, and
practise (pp. 71-90). Springer International Publishing.

Rosen, S. (1974). Hedonic prices and implicit markets: Product differentiation in pure competition. Jour-
nal of Political Economy, 82, 34-55. https://doi.org/10.1086/260169

Rundle, A., Roux, A. V. D., Freeman, L. M., Miller, D., Neckerman, K. M., & Weiss, C. C. (2007). The
urban built environment and obesity in New York City: A multilevel analysis. American Journal of
Health Promotion, 21(4), 326-334. https://doi.org/10.4278/0890-1171-21.45.326

Saiz, A. (2007). Immigration and housing rents in American cities. Journal of Urban Economics, 61(2),
345-371. https://doi.org/10.1016/j.jue.2006.07.004

Scott, O. (1997). Valuing the built environment: A GIS approach to the Hedonic Modelling of housing
markets. University of Bristol.

Shen, Y., & Liu, H. Y. (2004). Housing prices and economic fundamentals: A cross city analysis of china
for 1995-2002. Journal of Economic Research, 6, 75-85.

Smit, W., & Tucker, A. (2019). Mapping the Body: The Use of the Body Mapping Method to Explore
Health and the Built Environment in Cape Town South Africa. 3, 45-47. https://doi.org/10.1080/
24751448.2019.1571800

Smith, N. (1987). Gentrification and the rent gap. Annals of the Association of American Geographers,
77(3), 462—465. https://doi.org/10.1111/j.1467-8306.1987.tb00171.x

Stehlin, J. (2016). The post-industrial “shop floor”: Emerging forms of gentrification in San Francisco’s
innovation economy. Antipode, 48(2), 474-493. https://doi.org/10.1111/anti.12199

Tian, G., Wei, Y. D., & Li, H. (2017). Effects of accessibility and environmental health risk on housing
prices: A case of Salt Lake County, Utah. Applied Geography, 89, 12-21. https://doi.org/10.1016/j.
apgeog.2017.09.010

Tiebout, C. (1956). A pure theory of local expenditure. Journal of Political Economy, 64, 416-424.
https://doi.org/10.1086/257839

Vogiazas, S., & Alexiou, C. (2017). Determinants of housing prices and bubble detection: Evidence from
seven advanced economies. Atlantic Economic Journal, 45(1), 119-131. https://doi.org/10.1007/
$11293-017-9531-0

@ Springer


https://doi.org/10.3390/ijerph16234592
https://doi.org/10.1002/2015gl066941
https://doi.org/10.1016/j.cities.2019.05.007
https://doi.org/10.1016/j.cities.2019.05.007
https://doi.org/10.1016/j.regsciurbeco.2007.08.009
https://doi.org/10.1016/j.jhe.2008.06.004
https://doi.org/10.1016/j.jhe.2017.01.002
https://doi.org/10.1016/j.regsciurbeco.2006.06.009
https://doi.org/10.1016/j.regsciurbeco.2006.06.009
https://doi.org/10.1016/j.jtrangeo.2020.102663
https://doi.org/10.1016/j.jtrangeo.2020.102663
https://doi.org/10.1111/1540-6229.00688
https://doi.org/10.1257/089533004773563494
https://doi.org/10.1177/0042098018820241
https://doi.org/10.1177/0042098018820241
https://doi.org/10.1086/260169
https://doi.org/10.4278/0890-1171-21.4s.326
https://doi.org/10.1016/j.jue.2006.07.004
https://doi.org/10.1080/24751448.2019.1571800
https://doi.org/10.1080/24751448.2019.1571800
https://doi.org/10.1111/j.1467-8306.1987.tb00171.x
https://doi.org/10.1111/anti.12199
https://doi.org/10.1016/j.apgeog.2017.09.010
https://doi.org/10.1016/j.apgeog.2017.09.010
https://doi.org/10.1086/257839
https://doi.org/10.1007/s11293-017-9531-0
https://doi.org/10.1007/s11293-017-9531-0

Examining the Effects of the Built Environment on Housing Rents. ..

Wang, Z., & Zhang, Q. (2014). Fundamental factors in the housing markets of China. Journal of Housing
Economics, 25,. https://doi.org/10.1016/j.jhe.2014.04.001

Wang, X., Hui, E.C.-M., & Sun, J.-X. (2017a). Population migration, urbanization and housing prices:
Evidence from the cities in China. Habitat International, 66, 49-56. https://doi.org/10.1016/j.habit
atint.2017.05.010

Wang, Y., Wang, S., Li, G., Zhang, H., Jin, L., Su, Y., & Wu, K. (2017b). Identifying the determinants of
housing prices in China using spatial regression and the geographical detector technique. Applied
Geography, 79, 26-36. https://doi.org/10.1016/j.apgeog.2016.12.003

Wang, J. F., Li, X. H., Christakos, G., Liao, Y. L., Zhang, T., Gu, X., & Zheng, X. Y. (2010). Geo-
graphical detectors-based health risk assessment and its application in the neural tube defects study
of the Heshun Region, China. International Journal of Geographical Information Science, 24(1),
107-127. https://doi.org/10.1080/13658810802443457

Wen, H., Xiao, Y., Hui, E. C. M., & Zhang, L. (2018). Education quality, accessibility, and housing
price: Does spatial heterogeneity exist in education capitalization? Habitat International, 78, 68-82.
https://doi.org/10.1016/j.habitatint.2018.05.012

Wolpert, J. (2005). Behavioral aspects of the decision to migrate. Papers in Regional Science, 15, 159—
169. https://doi.org/10.1111/§.1435-5597.1965.tb01320.x

Wu, W., & Niu, X. (2019). Influence of built environment on urban vitality: Case study of shanghai using
mobile phone location data. Journal of Urban Planning and Development, 145(3). https://doi.org/
10.1061/(asce)up.1943-5444.0000513.

Wu, K., Wang, Y., Ye, Y., Zhang, H., & Huang, G. (2019). Relationship between the built environment
and the location choice of high-tech firms: Evidence from the Pearl River Delta. Sustainability,
11(13). https://doi.org/10.3390/sul1133689.

Wu, K., Wang, Y., Zhang, H. O., Liu, Y., & Ye, Y. (2021a). Impact of the built environment on the spatial
heterogeneity of regional innovation productivity: Evidence from the Pearl River Delta China. Chi-
nese Geographical Science, 31(3), 413-428. https://doi.org/10.1007/s11769-021-1198-4.

Wu, K., Wang, Y., Zhang, H. O., Liu, Y., & Zhang, Y. (2021b). On innovation capitalization: Empirical
evidence from Guangzhou China. Habitat International, 109,. https://doi.org/10.1016/j.habitatint.
2021.102323

Xue, W., Zhang, J., Zhong, C., Li, X., & Wei, J. (2021). Spatiotemporal PM2.5 variations and its response
to the industrial structure from 2000 to 2018 in the Beijing-Tianjin-Hebei region. Journal of Cleaner
Production, 279. https://doi.org/10.1016/j.jclepro.2020.123742.

Yang, L., Wang, B., Zhou, J., & Wang, X. (2018). Walking accessibility and property prices. Transporta-
tion Research Part D-Transport and Environment, 62, 551-562. https://doi.org/10.1016/j.trd.2018.
04.001

Zambrano-Monserrate, M. A., & Alejandra Ruano, M. (2019). Does environmental noise affect housing
rental prices in developing countries? Evidence from Ecuador. Land Use Policy, 87,. https://doi.org/
10.1016/j.1andusepol.2019.104059

Zhang, C. (2015). Income inequality and access to housing: Evidence from China. China Economic
Review, 36,261-271. https://doi.org/10.1016/j.chieco.2015.10.003

Zhang, H., & Yin, L. (2019). A meta-analysis of the literature on the association of the social and built
environment with obesity: Identifying factors in need of more in-depth research. American Journal
of Health Promotion, 33(5), 792-805. https://doi.org/10.1177/0890117118817713

Zhang, L., Hong, J., Nasri, A., & Shen, Q. (2012). How built environment affects travel behavior: A
comparative analysis of the connections between land use and vehicle miles traveled in U.S. cities.
Journal of Transport and Land Use, 5, 40-52. https://doi.org/10.5198/jtlu.v5i3.266

Zhou, S., & Lin, R. (2019). Spatial-temporal heterogeneity of air pollution: The relationship between
built environment and on-road PM2.5 at micro scale. Transportation Research Part D-Transport and
Environment, 76, 305-322. https://doi.org/10.1016/j.trd.2019.09.004

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.jhe.2014.04.001
https://doi.org/10.1016/j.habitatint.2017.05.010
https://doi.org/10.1016/j.habitatint.2017.05.010
https://doi.org/10.1016/j.apgeog.2016.12.003
https://doi.org/10.1080/13658810802443457
https://doi.org/10.1016/j.habitatint.2018.05.012
https://doi.org/10.1111/j.1435-5597.1965.tb01320.x
https://doi.org/10.1061/(asce)up.1943-5444.0000513.
https://doi.org/10.1061/(asce)up.1943-5444.0000513.
https://doi.org/10.3390/su11133689.
https://doi.org/10.1007/s11769-021-1198-4
https://doi.org/10.1016/j.habitatint.2021.102323
https://doi.org/10.1016/j.habitatint.2021.102323
https://doi.org/10.1016/j.jclepro.2020.123742.
https://doi.org/10.1016/j.trd.2018.04.001
https://doi.org/10.1016/j.trd.2018.04.001
https://doi.org/10.1016/j.landusepol.2019.104059
https://doi.org/10.1016/j.landusepol.2019.104059
https://doi.org/10.1016/j.chieco.2015.10.003
https://doi.org/10.1177/0890117118817713
https://doi.org/10.5198/jtlu.v5i3.266
https://doi.org/10.1016/j.trd.2019.09.004
Administrator
高亮


	Examining the Effects of the Built Environment on Housing Rents in the Pearl River Delta of China
	Abstract
	Introduction
	Literature Review
	The Concept of the Built Environment and its Influences on the Housing Market
	The Factors Influencing Rent Levels and the Role of the Built Environment

	How Does the Built Environment Affect Housing Rent Levels?
	Research Design, Data, and Methodology
	Study Area
	Research Design
	Data and Data Sources
	Analytical Model
	Spatial Regression Analysis
	Geodetector Technique


	Results and Analysis
	Spatial Pattern and Spatial Autocorrelation of Housing Rents
	Effects of the Built Environment on Housing Rents

	Conclusions and Discussion
	Conclusions
	Discussion
	Policy Implications

	Acknowledgements 
	References


