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Abstract: The Smog Free Tower (SFT) in the city of Xi’an, China, is the world’s first outdoor archi-
tecture that uses solar energy and filtration technology to purify polluted air. It provides a unique
opportunity to explore residents’ willingness to pay for air quality and their related behaviors.
Drawing on data collected after the establishment of the SFT, this paper reveals the characteristics
of changes in people’s willingness to pay for clean air. We found that, prior to the release of an
assessment report on the SFT, housing prices had an inverted U-shaped relationship with the distance
to the SFT, which indicated people tended to purchase houses a certain distance away from the SFT.
The threshold value of distance was inversely related to the greening ratio of the residential area.
However, after the publication of the experimental report on the SFT, housing prices decreased as the
distance to the SFT increased, indicating the closer the house was to the SFT, the more likely people
were to buy it. These changes confirmed that people are willing to pay for clean air. The convenience
of transportation had a significant moderating effect on the willingness to pay for clean air, however.
In other words, people may buy houses with lower air quality if they have better transportation ac-
cessibility. The findings of this paper may have practical implications for environmental governance,
urban planning, residential satisfaction, and real estate market regulation.

Keywords: Smog Free Tower; air purification; housing price; moderating effect; traffic convenience

1. Introduction

Air pollution has increasingly become a worldwide public health concern [1,2]. It has
been reported that air pollution not only increases the risk of various physical illnesses [2–4],
such as respiratory diseases, neurodegenerative diseases, hypertension, cardiovascular
diseases, and circulatory diseases, but can also induce severe insomnia and psychological
problems [5,6]. Air pollution is more pronounced in metropolitan cities, where urban
factors such as heavy automobile traffic and high population density produce more air
pollution [6]. To prevent or minimize pollution damage, a series of measures have been
taken against air pollution, including adding green spaces, more efficiently reducing
emissions, the adjustment of the energy structure, and the development of alternative
energy resources [7,8].

In China, air pollution has attracted public attention in recent decades, especially
following the release of the documentary “Under the Dome” by Chai Jing in 2015 [9].
People’s awareness of air pollution has continued to increase as haze has become more
frequent and serious in recent years. To protect themselves from hazardous haze, many
citizens use air purifiers indoors and wear anti-smog face masks outdoors. The govern-
ment has also enacted series of projects to build greener cities for citizens [10]. However,
the governance of outdoor air pollution is more difficult than that of indoor pollution.
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Therefore, developing an outdoor technical system to absorb haze and purify the air has
become an urgent and crucial issue.

To this end, the world’s first outdoor air purification building, which is known as the
Smog Free Tower (SFT), was built in June 2016 in the city of Xi’an, China. The full name of
the tower is the Solar-Assisted Large-Scale Cleaning System (SALSCS in short) [11,12]. It
is the first architecture in the world to use solar energy and filtering techniques to clean
polluted air [12]. Its basic operation principle is to inhale polluted air from the bottom of
the tower first, heat the air by solar energy, then dispose of the air using a filter net and
photocatalytic material, before lastly exporting fresh air through the diversion tower. The
project group first unveiled an experimental report on the SFT in April 2018. It reported
that the SFT was able to improve the air quality in a range of 10 km around the tower. The
tower can reduce the concentration of PM2.5 particulate pollution by about 11 to 19 percent.
Moreover, the neighborhoods closest to the SFT also benefit from the purification treatment,
even if affected by polluted air inhaled by the tower clusters in areas near the SFT [13].

Air quality has increasingly become an important factor influencing citizens’ residen-
tial choices [14]. It has been shown that housing prices are higher in places with better air
quality [15,16]. In other words, housing prices can be an important instrument to measure
people’s willingness to pay for clean air, using the hedonic model [17,18]. As the first out-
door air-purifying tower, the SFT is a completely new concept, which could send divergent
messages to residents at different stages. Therefore, the operation of the tower provides a
unique opportunity to analyze the impacts of residents’ willingness to pay for clean air.
However, despite much public attention on the SFT, there have been few published studies
on the willingness to pay for clean air in this particular situation, except for one study
based on data from January 2016 to June 2017, which revealed that the SFT had increased
the housing prices of the purified area by 4% [19]. However, the cited study only focused
on the completion period of the SFT. Thus, it may not have fully captured the impacts on
housing prices caused by changes in public attitudes. Much more consideration should be
given to the public’s responses in a longer observation window, especially after the release
of the assessment report for the SFT. Did the publication of the test report increase people’s
willingness to pay for clean air? Before the publication of the test report, to what extent
did the risk of the uncertainty around the effectiveness and operation process of the SFT
influence residents’ housing choices? Moreover, what role do traditional decisive variables,
such as the greening ratio and transportation accessibility, play in the relationship between
the distance to the SFT and housing prices? This study aimed to answer these questions
and provide a renewed understanding of the willingness to pay for clean air based on data
before and after the announcement of the assessment report of the SFT. Such research may
help environment policymakers to consider the impacts of environmental improvement
projects, and also enlighten people around practices related to real estate development,
transportation, and urban planning in China and even the world.

In the following sections, the theoretical perspective and hypothesis development
are illustrated. Based on the literature review, suitable variables, models, and data are
outlined. Then, the housing prices of the affected area before and after the assessment
report was released are presented. Further, hedonic models are employed to analyze how
much people are willing to pay for clean air. Lastly, the main findings are summarized, and
policy implications are also highlighted.

2. Review of the Literature and Hypothesis Development

Housing prices have long been a popular topic in urban studies. Unraveling the
determinants of housing prices has attracted a significant amount of research attention.
Transportation accessibility and neighborhood and structural characteristics are the key
variables in determining housing prices [20–23]. In recent years, the positive effects of air
quality on residents’ choice of residential location have drawn considerable attention [24].
Its attraction has grown with the rising concern about environment pollution. However,
unlike the other three groups of variables, the measurement of residents’ willingness to pay
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for clean air is difficult, in that air quality has no fixed value as a type of public good [19].
Two major perspectives regarding the measurement of the economic value of clean air
can be identified [19,25]. First, the stated preference approach posits that residents can
accurately pinpoint their willingness to pay for different levels of air quality [26]. The
contingent valuation model is generally employed to directly examine willingness to pay.
However, the results obtained using this approach are likely to be biased because residents
may not present their willingness correctly and objectively [19]. The revealed preference
approach gauges the economic value of clean air through market data, mainly based on
the hedonic price model. Existing research often used the impact on housing prices to
evaluate willingness to pay [27,28]. This approach could also give biased results in view of
the spatial self-selecting problem [19].

While a plethora of studies have delved into residents’ willingness to pay for clean
air in developed countries, intellectual inquiries about the extent people are willing to pay
for air quality in developing countries have just begun in recent years [19,29]. China has
experienced unprecedented industrialization and urbanization in the past few decades,
along with worsening air quality in most cities [30,31]. Scholars have reported on the
spatial spillover effects of city-level air pollution on housing prices [32,33]. Nonetheless,
there is a relatively small body of micro-data research concerning the willingness to pay
for clean air. As an exception, Lan et al. (2020) argued that the extant studies suffer from
self-selection bias, and suggested that the SFT provides a unique opportunity to address
the self-selection problem [19]. Using the hedonic model, they calculated the net effect of
the SFT on housing prices and revealed that the purification area’s housing prices have
increased after the installment of the SFT. Based on the effectiveness of the SFT on changing
housing prices in the above study, our present paper attempted to further explore the
dynamics of residents’ willingness to pay for clean air and the moderating effects of three
groups of variables on the relationship between air quality and housing prices. Specifically,
four hypotheses concerning the relationship between the distance to the SFT and housing
prices are proposed.

First, we proposed that the actual functioning of the SFT is critical to residents’ willing-
ness to pay and related behavior. When the SFT was completed, the news media reported
its general situation and function, which attracted wide public attention [34,35]. However,
it can take time for people to trust new technology [36]. Before the assessment report of the
tower’s trial operation was published, positive expectations of the effect of the SFT may
not have formed due to residents’ concern regarding the potential negative impacts of the
SFT. There was some concern that the polluted air absorbed by the SFT would aggregate in
areas near the SFT, worsening the air pollution close to the SFT. The noise and radiation
were also considered significant potential risks when choosing to live near the SFT. On the
other hand, residents may have been interested in the opportunity to maximize access to
clean air after the results of the trial operation were published. Thus, they may have tended
to choose residential areas a certain distance away from the SFT, while areas within a closer
area were of less interest. This means that there could have been a critical distance, rather
than the closer the better being the rule, wherein if the distance to the SFT was less than the
threshold, the housing prices could be expected to increase as the distance increased. Once
beyond the threshold, the housing prices could be expected to decrease as the distance
increased. Therefore, Hypothesis 1 of this study was proposed as follows:

Hypothesis 1 (H1). Before the release of the assessment report of the trial operation, a critical
distance would have existed, and housing prices could be expected to rise and then fall with
the distance.

Although people tended to select houses located away from the critical distance, the
value of the critical distance was also impacted by the greening ratio of the residential area.
The important role of green plants in preventing and controlling air pollution has been
well evidenced [37,38]. Green plants offer the absorption and purification of atmospheric
pollutants in several ways, such as dust reduction, dust retention, dust absorption, dust
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fall, and dust prevention [38,39]. Thus, residential areas with plentiful greenery have a
strong purifying ability of their own, which may have reduced concerns about the potential
negative or limited effects of the SFT. On that account, living closer to the SFT may be more
acceptable if the living area has a higher rate of greening. It seems the greening ratio acted
as an insurance policy, ensuring maximum access to fresh air. Thus, based on Hypothesis 1,
we proposed Hypothesis 2 as follows:

Hypothesis 2 (H2). Before the release of the assessment report of the trial operation, the value of
the critical distance was inversely related to the greening ratio of the residential area.

The assessment report was published at a press conference on 17 April 2018, by the
Chinese Academy of Sciences, and was reported on in detail by the media. Most of the
public’s questions were addressed at the press conference. The report demonstrated that the
SFT effectively alleviated the haze by reducing 11% to 19% of the PM2.5 concentration level,
and a surrounding area of 10 square kilometers benefited. Moreover, after the polluted air
is sucked into the tower for purification, the clean air sinks and circulates from a height of
60 m, so the air is purified in the closest neighborhoods surrounding the SFT [11,12]. That
is, polluted air does not accumulate in areas near the SFT. In addition, the report clarified
that no radioactive materials were used during the construction and operation processes
of the SFT, eliminating any potential radiation risks of living in the area close to the SFT.
After the press conference, public uncertainty was reduced, and an understanding that
the closer one lives to the SFT, the cleaner the air will be became widespread. Thus, the
demand for houses close to the SFT was expected to increase due to the greater access to
clean air. Accordingly, we proposed Hypothesis 3 as follows:

Hypothesis 3 (H3). After the release of the assessment report of the trial operation, housing prices
decreased with increasing distance from the SFT.

The release of the assessment report convinced the public that the closer they were to
the SFT, the easier it would be to obtain clean air. However, since residential choice is influ-
enced by many structural and environmental attributes, factors related to housing prices
are complicated [22,40]. Locational convenience is one of the most important factors [40].
For example, people may prefer to live further away from the SFT for traffic convenience.
Thus, people generally make a trade-off choice between living closer to the SFT and conve-
nience [22]. Thus, it is reasonable to expect convenience to have a moderating role on the
impact of clean air on housing prices. Hypothesis 4 in this study was as follows:

Hypothesis 4 (H4). After the release of the assessment report of the trial operation, the relationship
between the distance to the SFT and housing prices was moderated by convenience.

Figure 1 displays the conceptual model, which includes the four main testable hypotheses.
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3. Methodology, Variables, and Data

To test the above four theoretical hypotheses, suitable methodologies, variables, and
data were needed. In this section, we elaborate on the models used to capture the relation-
ship between housing prices and the distance to the SFT, describe the relevant variables in
detail, and show the characteristics of the selected data.

3.1. Model Specifications

As a universal model to capture housing buyers’ willingness to pay for various
housing characteristics, the hedonic model was employed in this study. Following the
literature, housing prices should be a function of a number of variables related to housing
features and location [22,41,42].

The baseline hedonic model applied in this paper is given by:

HOUPRIit = α+ β1DISTANi + β2DISTAN2
i +

k

∑
j=1
γjxijt + dummycircle

+dummybusiness + dummyyear + dummyseason + εit

(1)

In Equation (1), HOUPRIit represents the housing price of neighborhood i at quarter t.
DISTANi is the linear distance from neighborhood i to the SFT, and DISTANi

2 is the square
of the distance. xijt is the value of the control variable j in neighborhood i at quarter t (the
control variables include the number of households in the neighborhood, greening ratio,
floor area ratio, number of bus stations, supermarkets, restaurants, banks, parks, schools,
and hospitals within a 1 km radius). dummycircle is the dummy variable for the loop line
of the neighborhood, dummybusiness is the dummy variable for the business district of the
neighborhood, dummyyear is the dummy variable for the built year of the neighborhood,
and dummyseason is the dummy variable for the season. α is the constant term, βi and γj
are the coefficients to be estimated, and εit is the error term. Notably, the logarithm of the
housing price is applied in the regression models.

Despite the important effect of wind direction on the association between air quality
and housing prices, the effect of wind direction could be ignored in the framework of this



Int. J. Environ. Res. Public Health 2021, 18, 10210 6 of 16

study for two reasons. First, unlike emissions that are clearly visible or have a pungent
odor, clean air is difficult to detect by sight and smell [43]. In this context, residents tend to
be more concerned about the distance to the SFT rather than the wind direction. Second,
the prevailing wind direction in Xi’an is northeast and southwest, and the frequency of
perennial static wind is 29% [44]. Thus, regardless of where a house is located around
the SFT, it is difficult for people to balance the seasonal changes in wind direction. Wind
direction was therefore not considered in our model specifications.

To capture the moderating effect of the greening ratio before the release of the assess-
ment report, the interaction of distance and the greening ratio was added to Equation (1):

HOUPRIit = α+ β1(DISTANi × GRERATi) + β2(DISTANi × GRERATi)
2

+
k

∑
j=1
γjxijt + dummycircle + dummybusiness + dummyyear + dummyseason + εit

(2)

where GRERATi is the greening ratio of neighborhood i. The meanings of the other symbols
are the same as those in Equation (1).

To capture the moderating effects of convenience after the release of the assessment
report, the interaction terms of the distance and convenience variables were added to the
hedonic model:

HOUPRIit = α+ βDISTANi +
k

∑
j=1
ηj(DISTANi × xijt) +

k

∑
j=1
γjxijt

+dummycircle + dummybusiness + dummyyear + dummyseason + εit

(3)

where DISTANi × xijt is the interaction term of the distance and convenience variables,
and β and ηj are the coefficients to be estimated. The meanings of the other symbols are
the same as those in Equation (1).

3.2. Variables and Data

The SFT was operated in August 2016, and the assessment report was released in
April 2018. Therefore, the time frame of March 2017 to March 2018 was selected as the
stage before the publication of the assessment report, and May 2018 to December 2018
as the stage after the publication of the assessment report. The research area in this
paper included the neighborhoods inside a radius of about 5 km around the SFT, and
the housing prices of these neighborhoods were observed during both stages. Figure 2
shows the geography of the research site. The SFT is located in Changan District, which
is in the suburbs of the city of Xi’an. The appearance of the SFT and the surrounding
environment is shown in Figure 3. This includes residential areas and varied types of
neighborhoods, including newly built neighborhoods, old neighborhoods built before 2000,
and neighborhoods under construction. After the demarcation of the boundary of the
research area, 108 neighborhoods were selected. The data on second-hand housing prices
and the control and dummy variables for the 108 neighborhoods were collected from the
website Anjuke (https://xa.anjuke.com) (accessed on 20 January 2020), which is a large
chain real estate company in China. The linear distance from the neighborhood to the
SFT was gauged based on the Baidu electronic map. The definitions and statistics of the
variables in this study are shown in Table 1.

https://xa.anjuke.com
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Table 1. Definition and descriptive statistics of the variables.

Variable Definition Unit or Coding Mean St. Dev. Minimum Maximum

HOUPRI Average unit price of the neighborhood Yuan/m2 10,353.53 4625.321 1800 32,673
DISTAN Distance to the SWF km 3.33 1.325 0.37 5.1
HOUHOL Neighborhood size households 1537.99 2038.521 36 12,746
GRERAT Greening ratio % 36.64 8.180 16 60
FAR Floor area ratio % 3.42 1.309 0.96 10.3
BUSTOP Number of bus stops PCs 6.20 1.977 1 13
SUPMAR Number of supermarkets PCs 7.21 2.869 1 14
RESTAU Number of restaurants PCs 6.67 4.481 0 16
BANK Number of banks PCs 6.01 3.929 0 24
PARK Number of parks PCs 1.06 1.030 0 4
SCHOOL Number of schools PCs 5.21 2.949 0 14
HOSPIT Number of hospitals PCs 2.24 2.565 0 11

SECRIN Whether located within the second ring
(Yes = 1, No = 0) — 0.01 0.096 0 1

SECTHI Whether located between the second and
third ring (Yes = 1, No = 0) — 0.21 0.410 0 1

BEYTHI Whether located outside of the third ring
(Yes = 1, No = 0) — 0.77 0.422 0 1

Note: — indicates that the corresponding variable is unitless. Due to limited space, season dummy variables (8), business district dummy
variables (19), and built year dummy variables (23) are not included in the table. They can be found in the Appendix A Table A1. The
included bus stops, supermarkets, restaurants, banks, parks, schools, and hospitals are all within 1 km of the neighborhoods.

https://image.baidu.com
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4. Empirical Findings and Discussions

In the subsequent analysis, we first give detailed information on the dynamics of
housing prices between March 2017 and December 2018. Then, the hedonic models
specified above are applied to test the changes in the effects of distance to the SFT on
housing prices before and after the release of the assessment report.

4.1. Descriptive Analysis

Based on the collected data, we calculated the average housing prices within 5 km of
the SFT in each observational window. Figure 4 shows how the housing prices changed as
the distance to the SFT increased from March 2017 to December 2018. Several observations
can be derived from the figure. First, the prices of all neighborhoods show an obvious
upward trend, which indicates the rising trend in the housing market in the city. Second,
intuitively, housing prices inside the radius of 5 km have rapidly increased since the
disclosure of the assessment report, especially in the area within a radius of 2 km. This
validates our assumption that residents’ housing choice behavior would change due to
the assessment report disclosure. Third, the housing prices of neighborhoods located less
than 1 km from the SFT experienced complex dynamics; they were the lowest at the start
of the observational window, but the highest at the end. This demonstrates how people’s
willingness to pay for clean air increased with the operation process of the SFT.
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4.2. Estimation Results and Discussions

Equations (1)–(3) were used to further test the hypotheses highlighted above. The
estimation results of these models are presented in Tables 2–5. In general, the results
supported our hypotheses. As predicted, the change in people’s expectations regarding the
effectiveness of the SFT leads to changes in their willingness to pay for clean air. After the
confirmation of the effectiveness of the SFT, the distance to the SFT became a significant
variable influencing housing prices. In addition, the ideal distance also depended on the
greening ratio and transportation accessibility of the residential area.
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Table 2. Link between the distance to the SFT and housing prices before the release of the assess-
ment report.

Model 1 Model 2 Model 3 Model 4

HOUPRI HOUPRI HOUPRI HOUPRI

DISTAN 0.09146 0.05124 0.04663 0.06672
(0.07267) (0.05297) (0.05982) (0.05247)

DISTAN2 −0.14607 *** −0.19027 ** −0.19397 ** −0.23079 ***
(0.04452) (0.08232) (0.09080) (0.07987)

HOUHOL 0.08676 *** 0.07006 *** 0.07089 ***
(0.01225) (0.01315) (0.01161)

GRERAT 0.00030 0.00137 0.00238
(0.00195) (0.00241) (0.00215)

FAR −0.04047 *** −0.05460 *** −0.05304 ***
(0.01059) (0.01225) (0.01072)

BUSTOP 0.10697 ** 0.12980 *** 0.10775 ***
(0.04422) (0.04396) (0.03915)

SUPMAR −0.01296 ** −0.00923 * −0.00985 **
(0.00521) (0.00559) (0.00491)

RESTAU −0.00082 0.00610 0.00581
(0.00431) (0.00479) (0.00419)

BANK 0.00958 ** 0.01448 *** 0.01182 **
(0.00444) (0.00517) (0.00457)

PARK 0.01388 0.03416 ** 0.02093
(0.01518) (0.01689) (0.01526)

SCHOOL −0.01257 ** 0.00181 0.00097
(0.00601) (0.00678) (0.00592)

HOSPIT 0.00046 0.01072 0.02143 **
(0.00921) (0.00958) (0.00878)

dummybusiness Yes Yes Yes
dummyyear Yes Yes
dummyseason Yes
dummycircle Yes
C 9.10578 *** 8.55806 *** 8.06303 *** 7.73887 ***

(0.03889) (0.14620) (0.19919) (0.22661)

N 540 540 540 540
F 12.90515 23.53453 18.48574 24.04787
Root MSE 0.39413 0.27077 0.24719 0.21589
R-squared 0.04586 0.57233 0.65893 0.74357

Note: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Standard errors are
in parentheses.

Table 3. The moderating role of the greening ratio before the release of the assessment report.

Model 5 Model 6 Model 7 Model 8

HOUPRI HOUPRI HOUPRI HOUPRI

DISTAN × GRERAT 0.00566 *** 0.00221 * 0.00328 ** 0.00299 ***
(0.00080) (0.00124) (0.00131) (0.00115)

(DISTAN × GRERAT)2 −0.02955 *** −0.01698 *** −0.02256 *** −0.02216 ***
(0.00385) (0.00577) (0.00607) (0.00529)

Control Variables Yes Yes Yes
dummybusiness Yes Yes Yes
dummyyear Yes Yes
dummyseason Yes
dummycircle Yes
C 8.86052 *** 8.59337 *** 8.38673 *** 8.02393 ***

(0.04361) (0.36108) (0.44121) (0.39258)

N 540 540 540 540
F 29.41852 23.03047 18.59793 24.76161
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Table 3. Cont.

Model 5 Model 6 Model 7 Model 8

HOUPRI HOUPRI HOUPRI HOUPRI

Root MSE 0.38305 0.26993 0.24520 0.21355
R-squared 0.09875 0.57580 0.66508 0.74911

Note: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Standard errors are
in parentheses. The control variables are the same as in Table 2.

Table 4. The relationship between the distance and housing prices after the release of the assessment report.

Model 9 Model 10 Model 11 Model 12

HOUPRI HOUPRI HOUPRI HOUPRI

DISTAN −0.03916 −0.13825 ** −0.15634 ** −0.12153 *
(0.08206) (0.06156) (0.06889) (0.06994)

DISTAN2 −0.00513 0.00113 0.00035 −0.00123
(0.00534) (0.00456) (0.00477) (0.00484)

Control Variables Yes Yes Yes
dummybusiness Yes Yes Yes
dummyyear Yes Yes
dummyseason Yes
dummycircle Yes
C 9.52623 *** 8.56181 *** 8.03078 *** 8.01684 ***

(0.04537) (0.17654) (0.25695) (0.25425)

N 324 324 324 324
F 5.07284 20.10844 14.87738 14.36817
Root MSE 0.34820 0.21165 0.19605 0.19356
R-squared 0.03064 0.67308 0.74058 0.75084

Note: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Standard errors are
in parentheses. The control variables are the same as in Table 2.

Table 5. The moderating roles of accessibilities after the release of the assessment report.

Model 13 Model 14 Model 15 Model 16

HOUPRI HOUPRI HOUPRI HOUPRI

DISTAN −0.19616 −0.40333 * −0.44946 * −0.62495 **
(0.20141) (0.23198) (0.24382) (0.25382)

DISTAN × BUSTOP 0.06071 0.15067 * 0.17054 * 0.20703 **
(0.07273) (0.08189) (0.08824) (0.09046)

DISTAN × SUPMAR 0.06140 −0.04347 −0.05022 0.01202
(0.07566) (0.10260) (0.10270) (0.10528)

DISTAN × RESTAU −0.01030 −0.00983 −0.01281 −0.01796 *
(0.00745) (0.00802) (0.00945) (0.00966)

DISTAN × BANK 0.03497 *** 0.03732 *** 0.03732 *** 0.03154 **
(0.01145) (0.01425) (0.01418) (0.01428)

DISTAN × PARK −0.01574 0.03306 0.02737 0.02981
(0.03286) (0.03961) (0.04058) (0.04123)

DISTAN × SCHOOL −0.03510 *** −0.00842 −0.00324 0.00033
(0.01153) (0.01516) (0.01748) (0.01741)

DISTAN × HOSPIT −0.02443 −0.02850 −0.02503 −0.00511
(0.02905) (0.03624) (0.03652) (0.03717)

Control Variables Yes Yes Yes Yes
dummybusiness Yes Yes Yes Yes
dummyyear Yes Yes Yes
dummyseason Yes Yes
dummycircle Yes
C 8.27132 *** 7.98072 *** 8.08150 *** 8.28313 ***

(0.35942) (0.40710) (0.44657) (0.45350)
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Table 5. Cont.

Model 13 Model 14 Model 15 Model 16

HOUPRI HOUPRI HOUPRI HOUPRI

N 324 324 324 324
F 18.28400 14.14256 13.67857 13.53692
Root MSE 0.20610 0.19352 0.19248 0.19102
R-squared 0.69637 0.75189 0.75732 0.76279

Note: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Standard errors are
in parentheses. The control variables are the same as in Table 2.

4.2.1. Association between the Distance to the SFT and Housing Prices before the Release
of the Assessment Report

Table 2 shows the link between the distance to the SFT and housing prices. In
Model 1 of Table 2, housing prices were only regressed on distance and the square of
it. To obtain more accurate estimation results, we gradually added control variables in
Models 2, 3, and 4. Further, we controlled for the general time trend effect by employing a
time dummy for each season (dummyseason) in Model 4. The four models showed that the
square of the distance was significantly and negatively related to housing prices, which
indicates that there is an inverted U-shaped relationship between the distance to the SFT
and housing prices, and the relationship is robust. Model 4 shows the lowest value of
the Root MSE but the highest R-squared, indicating the model with all dummies had the
highest estimated accuracy. Then, the critical distance was calculated using the estimated
coefficients of distance and the square in Model 4. It was revealed that the distance to the
SFT was positively related to housing prices when the distance was shorter than 145 m,
whereas it was negatively related to housing prices when the distance was greater than
145 m. This indicates that people tended to choose houses 145 m away from the tower and
as close to it as possible, probably because people were worried about the poor purification
effects when too close to the tower, but were not willing to lose the opportunity to obtain
the maximum amount of clean air before the release of the assessment report. Therefore,
Hypothesis 1 was confirmed.

Table 3 presents the moderating effect of the greening ratio on the relationship between
the distance to the SFT and housing prices. Model 8 in Table 3 displays the lowest value of
the Root MSE and the highest R-squared, indicating the model with all dummies had the
highest estimated accuracy in Table 3. According to the coefficients in Model 8, we found
that the critical distance is equal to 67.5/GRERAT, which revealed the critical distance was
inversely related to the greening ratio. Taking the maximum value of the greening ratio in
the sample, the critical distance was about 112.5 m. However, using the minimum value of
the greening ratio in the sample, the critical distance was about 421.9 m. This means the
ideal threshold of the distance ranges from about 113 to 422 m with changes to the greening
ratio. Thus, the greening ratio indeed played a moderating role in the relationship between
the distance to the SFT and housing prices. Hypothesis 2 was supported.

4.2.2. Association between the Distance to the SWF and Housing Prices after the Release of
the Assessment Report

Table 4 reports the relationship between distance and housing prices after the release
of the trial result. It can be seen that the estimates of distance-squared are not significant,
while the coefficients of distance are negatively and significantly related to housing prices
except in Model 9 in Table 4. This indicates that people’s worries reduced and they thought
the purifying tower was efficient after the release of the assessment report, which induced
an increase in housing prices of neighborhoods located near the tower. Therefore, the
closer to the SFT, the higher people’s willingness was to pay for clean air. Hypothesis 3
was confirmed.

Table 5 shows the moderating roles of various accessibilities in the relationship be-
tween distance and housing prices after the release of the trial result. Model 16 showed
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the lowest value of the Root MSE but the highest R-squared, which confirmed it had the
highest estimation accuracy. It can be seen from Model 16 that the estimate of the distance
was significantly negative, and the coefficient of the interaction of distance and the number
of bus stops was significantly positive. Further, its value was much higher than the other
interaction coefficients. This implies that, compared to air quality, residents are more
sensitive to transportation accessibility. The number of bus stops is fewer in residential
areas closer to the SFT. On average, the neighborhoods within 1 km from the tower have
five bus stations; in comparison, neighborhoods 1 km away have about 6.3 bus stops. Thus,
residents were more likely to choose houses with easily accessible transportation than clean
air. In other words, people generally place more weight on transportation accessibility
than on air quality. This suggests that the government should optimize the transportation
conditions around the air purification tower to increase people’s residential satisfaction.

4.3. Implications of Results

Air quality has increasingly become an important factor influencing housing
choices [18,19,24,45]. In confronting serious air pollution, it is common and efficient
to control pollution from the source. While households can obtain clean air by installing
indoor air purifiers, there is no mature technical method for the efficient purification of
polluted air in outdoor public spaces at a large scale, in a recyclable and sustainable manner.
Passive outdoor haze control technology systems do not target the source of pollution,
and this needs to be considered in future research. However, the Smog Free Tower (SFT)
in Xi’an is the first in the world, and so is considered a novel outdoor haze reduction
experiment. Before the publication of the assessment report on the tower, people doubted
the new technology. Our analysis evidenced that residents tended to buy houses a certain
distance away from the SFT. This attitude changed, however, after the publication of the
assessment report, which confirmed the effectiveness of the SFT and alleviated concerns
about the potential risks.

The analysis of the responses of residents’ housing choice behavior to the SFT in
the two stages revealed practical implications for building healthy cities, including for
environmental governance, the real estate market, transportation, and urban planning.
First, as haze is becoming increasingly serious, environmental protection measures are
urgently needed to control it. The present paper confirmed people’s increased environmen-
tal awareness. It suggests that the public’s expectations of environmental governance are
likely to change as the intermediate evaluation changes. Second, clean air has a positive
capitalization effect on housing prices. In future, appropriate design environment policy,
and the associated effects of such a policy on the housing market, should be considered.
Third, this study highlighted the persistent importance of transportation accessibility and
the greening ratio in housing choices. It suggested that the government should optimize the
transportation conditions around air purification facilities to increase people’s satisfaction
with living there.

5. Conclusions

This study attempted to reveal residents’ willingness to pay for clean air by using
the unique quasi-natural experiment of the world’s first outdoor air purification building
in Xi’an, China. This rare experiment not only overcomes self-selection bias, but also
provides a valuable opportunity to distinguish dwellers’ behavior responses to air quality
improvements at different stages. This study captured the changes in residents’ attitudes to
the SFT, and the characteristics of their willingness to pay for clean air, through comparing
the housing data before and after the publication of the assessment report for the tower.
Simultaneously, the present study emphasized the moderating roles of the greening ratio
and transportation accessibility in people’s pursuit of air quality. Hedonic models were
employed to quantify the relative importance of the distance to the SFT and depict its
changing relationship with housing prices. Specifically, the estimation results showed that
before the publication of the assessment report, the distance to the SFT had an inverse
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U-shaped relationship with housing prices, and obvious threshold effects. Green plants
can be regarded as the community’s own air purification facilities, as they have a protective
effect against air pollution and can purify polluted air. The greening ratio of the residential
area had a moderating effect on the non-linear relationship between the distance to the
SFT and housing prices. After the publication of the assessment report, the distance to
the SFT was negatively related to housing prices. The tendency of the housing price
changes demonstrated that people are willing to pay for clean air. However, we found that
transportation accessibility is more significant when selecting a residential location than
clean air. That is, residents generally place more weight on transportation accessibility than
on air quality when buying houses.

The present study contributes to the understanding of willingness to pay for clean air.
We demonstrate how people’s expectations of the effectiveness of air purification change
this willingness to pay. It is among the first to use a quasi-natural experiment to explain
residents’ willingness to pay for air quality [19]. It uncovers the behavior dynamic in
dwellers’ willingness to pay for clean air based on a longer observation window than in
many existing studies. This particular experiment was able to overcome the traditional
endogenous bias and provide more reliable analysis results. Furthermore, we find that
improving transportation accessibility and the greening ratio increases the willingness to
pay for clean air. This may help to improve theories on locational attainment. In addition,
the moderating effects of transportation accessibility and greening ratio on the willingness
to pay might have several implications for urban planners and policymakers.

Several limitations of this work should be acknowledged. First, we used the number
of restaurants, supermarkets, banks, hospitals, and schools to measure the convenience
of the neighborhood, but did not consider the quality of those surrounding services and
facilities [40,41]. Second, important housing structure characteristics, such as the decoration
degree and property management level, were not included in this study [40,46]. Third, as
the present data were at the neighborhood level, we were not able to infer relationships
between individual characteristics (e.g., income, education level, family structure) and
willingness to pay for clean air. To overcome such limitations and provide a more complete
picture of residents’ responses to the SFT and willingness to pay for clean air, we intend
to complement the largely quantitative fieldwork by conducting a large-scale survey and
qualitative in-depth interviews in the future.
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Appendix A

Table A1. Definition and descriptive statistics of the dummy variables not included in Table 1.

Variable Definition Unit or Coding Mean St. Dev. Minimum Maximum

S20173 Whether it is the first quarter of 2017. (Yes = 1, No = 0) — 0.13 0.331 0 1
S20176 Whether it is the second quarter of 2017. (Yes = 1, No = 0) — 0.13 0.331 0 1
S20179 Whether it is the third quarter of 2017. (Yes = 1, No = 0) — 0.13 0.331 0 1
S201712 Whether it is the fourth quarter of 2017. (Yes = 1, No = 0) — 0.13 0.331 0 1
S20183 Whether it is the first quarter of 2018. (Yes = 1, No = 0) — 0.13 0.331 0 1
S20186 Whether it is the second quarter of 2018. (Yes = 1, No = 0) — 0.13 0.331 0 1
S20189 Whether it is the third quarter of 2018. (Yes = 1, No = 0) — 0.13 0.331 0 1
S201812 Whether it is the fourth quarter of 2018. (Yes = 1, No = 0) — 0.13 0.331 0 1
XIZHAI Whether located in the business district Xizhai (Yes = 1, No = 0) — 0.06 0.229 0 1
GUODU Whether located in the business district Guodu (Yes = 1, No = 0) — 0.22 0.416 0 1

XCAJ
Whether located in the business district Chang’an Street
(Yes = 1, No = 0)

— 0.08 0.277 0 1

ZIWU Whether located in the business district Ziwu (Yes = 1, No = 0) — 0.01 0.096 0 1
XIFENG Whether located in the business district Xifeng (Yes = 1, No = 0) — 0.05 0.210 0 1
DAXUCH Whether located in the business district Daxue (Yes = 1, No = 0) — 0.17 0.373 0 1
DIZICH Whether located in the business district Dianzi (Yes = 1, No = 0) — 0.05 0.210 0 1
ZWTYDS Whether located in the business district Ziwei (Yes = 1, No = 0) — 0.03 0.164 0 1
WEIQU Whether located in the business district Weiqu (Yes = 1, No = 0) — 0.17 0.373 0 1
KEJI Whether located in the business district Keji (Yes = 1, No = 0) — 0.03 0.164 0 1
JINYE Whether located in the business district Jinye (Yes = 1, No = 0) — 0.06 0.229 0 1

CHANSQ
Whether located in the business district Chang’an Square
(Yes = 1, No = 0)

— 0.01 0.096 0 1

ZHBAXI Whether located in the business district Zhangba (Yes = 1, No = 0) — 0.02 0.135 0 1
DZJIE Whether located in the business district Dianzi Street (Yes = 1, No = 0) — 0.01 0.096 0 1
LIMEXICH Whether located in the business district Lianmeng (Yes = 1, No = 0) — 0.01 0.096 0 1
XIMEYU Whether located in the business district Rongchuang (Yes = 1, No = 0) — 0.01 0.096 0 1
YAHUZH Whether located in the business district Yanhuan (Yes = 1, No = 0) — 0.01 0.096 0 1
MINGDE Whether located in the business district Mingde (Yes = 1, No = 0) — 0.01 0.096 0 1
GXYIZH Whether located in the business district Gaoxin (Yes = 1, No = 0) — 0.01 0.096 0 1
Y1999 Whether the neighborhood was completed in 1999. (Yes = 1, No = 0) — 0.01 0.096 0 1
Y2000 Whether the neighborhood was completed in 2000. (Yes = 1, No = 0) — 0.01 0.096 0 1
Y2001 Whether the neighborhood was completed in 2001. (Yes = 1, No = 0) — 0.02 0.135 0 1
Y2002 Whether the neighborhood was completed in 2002. (Yes = 1, No = 0) — 0.01 0.096 0 1
Y2003 Whether the neighborhood was completed in 2003. (Yes = 1, No = 0) — 0.03 0.164 0 1
Y2004 Whether the neighborhood was completed in 2004. (Yes = 1, No = 0) — 0.04 0.189 0 1
Y2005 Whether the neighborhood was completed in 2005. (Yes = 1, No = 0) — 0.02 0.135 0 1
Y2006 Whether the neighborhood was completed in 2006. (Yes = 1, No = 0) — 0.04 0.189 0 1
Y2007 Whether the neighborhood was completed in 2007. (Yes = 1, No = 0) — 0.05 0.210 0 1
Y2008 Whether the neighborhood was completed in 2008. (Yes = 1, No = 0) — 0.06 0.246 0 1
Y2009 Whether the neighborhood was completed in 2009. (Yes = 1, No = 0) — 0.06 0.246 0 1
Y2010 Whether the neighborhood was completed in 2010. (Yes = 1, No = 0) — 0.10 0.303 0 1
Y2011 Whether the neighborhood was completed in 2011. (Yes = 1, No = 0) — 0.06 0.246 0 1
Y2012 Whether the neighborhood was completed in 2012. (Yes = 1, No = 0) — 0.06 0.246 0 1
Y2013 Whether the neighborhood was completed in 2013. (Yes = 1, No = 0) — 0.05 0.210 0 1
Y2014 Whether the neighborhood was completed in 2014. (Yes = 1, No = 0) — 0.09 0.290 0 1
Y2015 Whether the neighborhood was completed in 2015. (Yes = 1, No = 0) — 0.10 0.303 0 1
Y2016 Whether the neighborhood was completed in 2016. (Yes = 1, No = 0) — 0.02 0.135 0 1
Y2017 Whether the neighborhood was completed in 2017. (Yes = 1, No = 0) — 0.07 0.262 0 1
Y2018 Whether the neighborhood was completed in 2018. (Yes = 1, No = 0) — 0.03 0.164 0 1
Y2019 Whether the neighborhood was completed in 2019. (Yes = 1, No = 0) — 0.03 0.164 0 1
Y2020 Whether the neighborhood was completed in 2020. (Yes = 1, No = 0) — 0.03 0.164 0 1
Y2021 Whether the neighborhood was completed in 2021. (Yes = 1, No = 0) — 0.01 0.096 0 1

Note: — indicates that the corresponding variable is unitless.
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