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Abstract. As an important environmental amenity, sunlight brings us a large number of benefits and improves the quality
of our daily lives, and its welfare measurement depends on concrete living conditions. The purpose of this article is to em-
pirically document the non-marketed value of sunlight in light of the view orientation of an apartment in the context of the
housing market. Using a hedonic pricing model estimated with the real estate transaction data over 40,000 housing units in
2019-2021 in Shanghai, it is found that: (1) homeowners, on average, are willing to pay an extra 7.2% to choose the apart-
ments with a high level of sunshine (facing south), relative to those with no direct access to sunlight (facing north); (2) the
value of sunlight shrinks with pollution and becomes larger if living in a higher apartment; (3) residents living in higher
units have a larger willingness to pay for the sunlight and environmental quality improvement. These empirical findings
shed light on the welfare measurement of sunlight and have profound implications for the capitalization of environmental

amenities reflected in housing prices.
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Introduction

Sunlight may be considered the most valuable natural re-
source human beings could employ for free. It is taken
more as public good than a private or club good in most
cases since it provides inexhaustible power and forms a
non-rivalrous situation for the usage (Engerer, 2011). That
said, it is critical to put an accurate value on the sunshine
since, in some cases, sunlight is still limited in availabil-
ity. Then, environmental economists should pay more at-
tention to evaluating access to sunlight in some specific
context. A prominent example is access to sunshine for
residents living at homes, especially for those in big cit-
ies. In modern urban cities, residents spend more time
indoors, and having direct access to sunlight is strongly
preferred. Thus, the attainability of sunlight, which be-
comes an important environmental amenity for citizens
living in large metropolises, becomes of great worth. This
goes to the main question this paper plans to answer: how
much exactly do homeowners living in cities value access
to sunshine. This paper empirically estimates the price

premium of the access to sunshine by studying homeown-
ers’ purchase behavior in the housing market of Shanghai
in China. Specifically, using a hedonic pricing model, new
empirical evidence of the value of sunshine is provided by
investigating the relationship between the availability of
sunshine in apartments and the different expenditures of
staying in these housing units.

The starting point relates the project to the strand
of research about the hedonic pricing model. Access to
sunshine should be considered one of the environmental
amenities for attractive apartments. Estimating its value
comes from analyzing the trade-off behavior between the
availability of sunshine and the higher value it brings.
Thus, it is proper to put this project into a line of research
about the evaluation of the willingness to pay (WTP) to
environmental amenities under the framework of the he-
donic pricing method (Rosen, 1974), which is a promi-
nent existing method applied in valuing the non-market
good, as the sunlight here in our paper (Ready & Ab-
dalla, 2005; Levinson, 2012). Among them, many studies
evaluate non-marketed goods in the context of housing
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markets. They employ the hedonic pricing model to es-
timate the revealed preference towards surrounding en-
vironmental goods and thus try to back out the WTP by
homeowners. Some estimate how much more residents
in cities are willing to pay to live in the area with a higher
quality of life, compensated by housing prices and wage
differentials (Berger et al., 2008). For instance, Harrison
and Rubinfeld (1978), based on the revealed preference
of citizens in Boston, examine the value of air quality
and calculate the marginal WTP for the less serious air
pollution using housing market data. In addition to air
quality, some also conduct the research about the he-
donic values put on facilities and environmental ameni-
ties nearby, such as recreational parks (Poudyal et al.,
2009), open space access (Sander & Polasky, 2009), and
a scenic view outside the apartments (Jim & Chen, 2009),
that impacts the housing price. On top of the surround-
ing urban amenities, many studies have been conducted
by environmental economists to estimate the values of
indoor features that matter for quality of life, such as
decoration (Chan et al., 2009).

While much research has been done to estimate the
hedonic value of various attributes in the context of apart-
ments, very few scholars pay attention to the price of ac-
cess to sunshine and how it reflects in transaction prices in
the housing market. Though it seems difficult to provide
direct empirical evidence that people prefer to have sun-
shine when staying at home, it could bring many benefits
to people under the sunshine intuitively.! In addition,
sunlight might also improve the quality of a scenic view
and thus, from the psychological perspective, helps put
residents in a better mood. Due to the above-mentioned
potential benefits sunlight brings for those living in the
apartments, more attention should be paid to price the
access to sunshine and estimate its exact value.

Another factor that would impact the value of apart-
ments is the ambient air quality. It is well known that air
pollution has become a severe issue in China recently.
There have already been many empirical studies that il-
lustrate how air pollution influences people’s spending
behavior and social welfare (Chen et al., 2013). Citizens,
especially in the developed areas, are expected to be more
concerned about the severity of air pollution, giving rise to
a wide range of avoidance behavior to reduce the air pollu-
tion (Zhang & Mu, 2018). Thus, this paper also delves into
how the value of access to sunlight varies by air pollution.
At last, this paper explores the varying WTPs to sunlight
across heights and other housing attributes.

Even if sunlight is considered both environmentally
and economically important, no past research, to the best
of our knowledge, has ever fully investigated the interrela-
tionship between housing prices and the natural amenity
and its interactions with other environmental amenities

! For instance, residents could enjoy a very restful afternoon
and thus have higher utility by sitting on the balcony under
sunlight.

using the newly available data.? To fill the gap, a hedonic
pricing model is developed to quantitatively analyze its
value using the real estate transaction data of over 40,000
housing units in Shanghai. It is found that: (1) homeown-
ers, on average, are willing to pay extra 3,363 CNY/m?
(46.32 USD/ft?) to choose the apartments with direct ac-
cess to sunlight; (2) the value of sunlight decreases with
the pollution level and becomes larger for higher apart-
ments; (3) homeowners living in higher units have a larger
willingness to pay for the sunlight and other environmen-
tal amenities.

The remainder of this paper is organized as follows.
Section 1 describes the literature review. Section 2 briefly
summarizes the empirical background and data. Section 3
details the empirical strategies. The empirical results are
presented in Section 4. Final section concludes with a
summary of key findings and policy implications.

1. Literature review

Our study mainly relates to two strands of literature. The
first is an assessment of sunlight’s value for residents.
View orientation has been vital to the micro-built envi-
ronment and many buildings have been designed follow-
ing certain principle of view orientation design in most
of the major cities in the world (Mak, 1998). Existing
studies have shown that a south-facing orientation is
preferred in building design in China (Lip, 1995). The
superiority of south-facing views arises from many rea-
sons. Firstly, this preferred view orientation is attributed
to one aspect of traditional Chinese culture, Geomancy
(Feng Shui). In theories of geomancy, view orientation
has always been taken as the foundation of spatial ar-
rangement of the built environment, and due south-
facing orientation is given the top priority in the design
of residences (Tam et al., 1999). Facing south itself is
preferred in many scenarios in Chinese tradition. How-
ever, none of these studies have found solid empirical
evidence that examines the relevant magnitude, show-
ing the unimportance of Geomancy compared to other
critical reasons. Instead, a south-facing view could be
preferred due to another more significant benefit, sun-
light. All cities in mainland China lie in the northern
hemisphere and most of the sunshine comes from the
south. In this case, sunlight is more accessible to dwell-
ing units that look south in Shanghai. Moreover, from
the psychological perspective, plentiful sunlight may
make residents feel more comfortable. Some results show
a significant positive effect of sunlight penetration on job
satisfaction and general well-being (Leather et al., 1998).
In addition, to go along with this intuition, Guven (2012)

2 The research work closest to this paper is the paper by Lu
(2018) that also empirically estimates the value of south-
facing orientation using older transaction data in 2016-2017.
Compared to Lu (2018), this paper provides more accurate
estimates using more recently available data and a much larger
sample size.
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employs regional sunshine as an instrument for personal
happiness in the Dutch Household Survey and confirms
that sunshine generally improves happiness significantly.

On top of the value of sunlight, the findings in this
study are also relevant to the hedonic pricing strategy,
which involves many studies in this research area. Under
the framework of the hedonic pricing method, the esti-
mated value of a southern view comes from the tradeoft
between the benefits from a superior view orientation and
the higher expenditure paid to attain it (Rosen, 1974; Lan-
caster, 1979). Many other similar studies have been done
regarding the valuation of non-market goods. Some esti-
mate how some attributes in dwellings, e.g., floor level and
height, would be reflected in the housing price (Berger
et al., 2008; Thanasi, 2016) and how indoor features or
apartment design influence the property value (Gunter-
mann & Norrbin, 1987; Chan et al., 2009). Besides the
elements in the living space, environmental economists
have analyzed how the surrounding environment influ-
ences the house value. For instance, many researchers pro-
vide the estimated value of ambient air quality improve-
ment in the urban housing market (Harrison & Rubinfeld,
1978; Zhang & Mu, 2018). Some studies give empirical
evidence that other environmental amenities, e.g., rec-
reational parks (Poudyal et al., 2009) and open space and
scenic views (Jim & Chen, 2009), and urban facilities, e.g.,
proximity to public transportation (Wang et al., 2016), can
also increase the property value and generate a certain
premium. Furthermore, using hedonic pricing analysis,
the value of access to different kinds of water usage, like
irrigation (Faux & Perry, 1999), recreational water (Lans-
ford Jr & Jones, 1995) and drinking water (Des Rosiers
et al., 1999) has been estimated.

The hedonic pricing model is also widely adopted in
Chinese studies to estimate the valuation of urban ameni-
ties in the context of housing market. Some provide the es-
timated value of urban green space (Kong et al., 2007; Jim
& Chen, 2007). Scenic views are considered as desirable
environmental amenity that can be priced using hedonic
pricing model (Jim & Chen, 2009). Other relevant hedonic
pricing studies in Chinese urban area include Mok et al.
(1995) and Chen et al. (2013). While much research has
been done to estimate the value of apartment attributes
and ambient environmental amenities that influence home
prices, attention has not been paid to an apartment’s view
orientation that may also have an impact on housing val-
ues, except for Lu (2018) that adopted a much less repre-
sentative sample data over a remoter period.> To fill the
gap, this paper provides some empirical evidences about
whether and to what extent the preferred view orientation
influences an apartment’s monetary value while control-
ling for a wide range of other apartment characteristics.

3 Lu (2018) estimates the value of south-facing orientation using
around 3,000 transaction records over 04/2016 to 04/2017.

2. Empirical background and data
2.1. Access to sunlight and geography in Shanghai

This paper estimates the non-market value of access to sun-
shine in the context of Shanghai in China. The availability
of sunlight depends mainly on the view orientation of an
apartment. As mentioned before, sunlight brings much
welfare to people. Potential benefits might be even more
significant in large cities such as Shanghai. Citizens living
there could relax and enjoy the sunshine by sitting on the
balcony while drinking coffee. Another major reason why
sunshine is beneficial is that residents are able to dry their
clothes through the radiation from the sunlight, which, to
some extent, improves the efficiency of housework.* Also,
arguably, the radiation of sunlight would be critical to keep-
ing the inside warm due to the lack of a heating system in
the city of Shanghai during the whole winter. Lastly, some
might attribute the south facing and access to sunlight to
Fengshui (Geomancy), which sounds like a superstitious be-
lief. However, other than that, some also argue that facing
the south and sunshine itself is very comfortable and thus
preferential in Chinese tradition (Mak & Ng, 2005).

As presented in Panel (a) in Figure 1, the city of
Shanghai is located in the northern hemisphere, and thus
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(b) Administritive boundries at district level
Figure 1. Panel (a) shows the city of Shanghai is located in the
northern hemisphere, and thus sunlight comes from the south.
Panel (b) shows the administrative boundary at district level
in Shanghai

4 People in China usually do not use drying machines that con-
sumes too much electricity. They usually just hang out the
clothes on the balcony and let them dry by themselves.
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Figure 2. Panel (a) shows the annual total floor areas of residential properties sold in million meter? over
1998-2020 in Shanghai. Panel (b) shows the monthly sales price index in the second-hand housing market in
1999/01-2019/12 in Shanghai (National Bureau of Statistics of China and China Real Estate Index System, CREIS)

sunshine comes from the south to one building. Overall, if
an apartment is facing south, it attains more sunshine on
average, and the view orientation influences the amount
of sunshine received by each apartment. Combined with
the analysis of a view orientation, for most apartments in
Shanghai, the benefits of sunshine mainly come from the
preferred orientation of the apartments. Therefore, this
paper takes the direction of apartments as the proxy for
the availability of sunshine.

Panel (b) in Figure 1 illustrates the geographical units
of Shanghai, in which there exist a total of 17 administra-
tive districts in Shanghai. Within each district, there are
multiple communities as smaller geographical units. Every
apartment is classified into one community that belongs
to one district.

2.2. The housing market in Shanghai

The total value of a city’s housing stock is an important
indicator of its prosperity. Due to rapid population growth
and economic development, the housing market has sky-
rocketed in the past decade in Shanghai.® Figure 2 shows
statistical indices that display a steady and long-lasting
growth trend in the Shanghai housing market over the
past two decades. Panel (a) in Figure 2 shows that, over
the past two decades, the annual total floor area of the
residential properties in Shanghai has been increasing
drastically in first ten years and gradually drop later until
it goes back up recently.® Panel (b) in Figure 2 includes the
sales price index from the China Real Estate Index System

> Over the past decade, the population in Shanghai has increased
by about 50%, from 14.3 million in 2000 to 24.9 million in
2021. Source: https://en.wikipedia.org/wiki/Demographics of
Shanghai

6 Data comes from the National Bureau of Statistics of China.
See: http://data.stats.gov.cn/english/

(CREIS)’. The sales price index for residential property in
the second-hand housing market has increased by almost
four times over the past two decades.?

2.3. Data construction

The unique dataset assembled in this paper is comprised
of three sources, including apartment characteristics, air
pollution, and district-level attributes, respectively.
Apartment characteristics: The first category of data
source, i.e., apartment characters, are obtained from
web-scraping one famous real estate information website
named Soufang, on which most of the available private
apartments sold in the market are covered.” This paper
adopts a representative sample of the housing market in
Shanghai over 2019-2021 with 40,448 apartments. Hous-
ing attributes include sales price, an exact address, view
orientation, floor, relative height, decoration type, and
year built, which constitutes most of the key factors for
an apartment itself. The data in the real estate database of
Soufang consist of around 10% of the total sales records
in the second-hand housing market and is likely to be rea-
sonably representative of the entire market. The relative
height is calculated by dividing the floor of one apartment
by the floor of the building in which the unit is located.

7 China Real Estate Index System (CREIS) provides monthly re-
ports for China Real Estate Index, including an urban compos-
ite index, a house price index, a hedonic index, a resold hous-
ing sale price, and a rent index. It is one of the most widely
used indices to reflect the monthly housing market trend in
China. See: http://fdc.fang.com/index/

The Re-sale price index for residential property in Shanghai

was around 2,000 points in 1999 and 8,000 points in 2019.

° Soufang holding (NYSE: SFUN) is a publicly-traded company
listed on New York Stock Exchange. Fang.com is the website
launched by the listed company that provides the real estate
data in the housing market of Shanghai. http://sh.fang.com/
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Table 1. Summary statistics of key variables in the estimation
Variable | N Mean Medium S.D. Min Max
Apartment characteristics
Unit price 40,448 4.6712 4.0066 3.0473 0.5285 46.6505
Eastwest 40,448 0.2378 0 0.4258 0 1
North 40,448 0.0514 0 0.2210 0 1
South 40,448 0.7106 1 0.4535 0 1
Floor 40,448 7.4842 5 6.4726 1 58
Relative height 40,448 0.5763 0.5735 0.2592 0.0303 1
Year built 40,448 2002.25 2004 7.3662 1980 2014
Age of unit 40,448 17.4921 18 8.1721 5 41
Air pollution
Dust 40,448 5.1582 5 0.6825 3.9 6.9
PM25 40,448 50.6911 51 6.1589 38 67
District attributes

Population density 51 2.6599 2.0091 1.8906 0.2499 5.4109
Factory 51 8.4932 8 0.4539 2 22
School 51 5.4636 5 0.6096 2 13
Shopping 51 7.6836 6 0.6465 3 15
Hospital 51 3.2946 5 0.2619 3 16
Greenspace 51 3654.22 3360.63 3231.33 390.71 40121.24

Note: The unit price, measured in 10,000 CNY/m? represents the total transaction price divided by the area of an apartment. Transaction data of a
total of 40,448 housing units and district level yearly averages are collected over 2019-2021. Dust pollution is measured in the unit of tons per squared
kilometer, and the concentration of PM2.5 pollution is recorded in the unit of a milligram per cubic meter.

Air pollution: The air pollution data come from the
database provided by Shanghai Environmental Protection
Bureau on a monthly basis.!® Among many available data
about air pollution, two critical indicators, i.e., dust pollu-
tion and PM2.5, are selected since they have the most sig-
nificant influence on house prices. As the biggest particulate
floating in the air, dust pollution would block the light in
the air and thus influence the real effect of sunlight on the
apartments. The other air pollution indicator chosen in this
paper is PM2.5 (particulate matter). It has become the fo-
cal point and a recent phenomenon in the discussion of
air pollution in China. Many empirical studies have found
significant evidence about how the severity of PM2.5 pollu-
tion would make people engage in the avoidance behavior
more likely and make a defensive investment to reduce their
exposure to the particular pollutant. Since PM2.5 has al-
ready drawn enough attention from citizens, especially the
people living in heavily polluted cities, it becomes impor-
tant to study whether and the extent to which the pollution
impacts the house purchase and how it could interact with
the access to sunlight. To measure the pollution level sur-
rounding apartments, we calculate the geometric mean of
the district-level indicator in the previous six months and
match the numbers with each cross-section.

District attributes: For the district-level character data,
this paper employs the yearly data for each district from
the Shanghai Bureau of Statistics,!! including population

10 http://www.sepb.gov.cn/fa/cms/shhj/index.html

1 http://www.stats-sh.gov.cn/index.html

density, the numbers of schools, shopping malls, hospitals,
factories, and green space per capita.

Based on the analysis above, the dataset covers most
of the key factors that influence house prices. Table 1 pre-
sents the summary statistics of most of the available vari-
ables. The variables are divided into two groups, one about
apartment characters and the other related to district
characters. Table A1 in Appendix details the data sources.

3. Methods
3.1. Baseline model

In a typical hedonic pricing model, the regression equation
incorporates the confounding factors when estimating the
extent to which an attribute impacts the dependent variable
(Rosen, 1974). Controlling for district-level characteristics
and other local attributes for apartments, the unit price
(transaction price per square meter) is taken as the depend-
ent variable. The view orientation is the variable of interest
to elicit the willingness to pay (WTP) for the access to sun-
shine. The baseline model is presented as follows:

log(Y;s ) = Bo + BySouth; + B,Rheight; + B;Rheight? +
X1 +B4Dusty + BsPM25,, + ZyU + 8, + Ay + €40 (1)
where Yj;, denotes the unit price of an apartment i in the
district d and community ¢ in time t. South; is the indica-
tor of the view orientation of facing south. Rheight, repre-
sents the relative height of an apartment within the build-
ing. X; and Z, are two vectors that involve all apartment
characteristics and district-level attributes, respectively.
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Dust;, and PM25, denote the levels of dust pollution and
PM2.5 pollution. 3, and A, represent the community fixed
effects and yearly fixed effects, capturing the unobserved
price determinants. g4, is the idiosyncratic error term. In
the regression model (1), a quadratic term of the relative
height is introduced to control for the potential nonlin-
earity in the influence of an apartment’s relative height on
its value.

3.2. Extended model with heterogeneity

The baseline model presented above assumes that the
estimated value of access to sunshine is constant across
apartments with varying attributes, such as heights and
pollution levels. However, air pollution and height might
influence the actual availability of sunshine and its value.
Hence, these two restrictions are removed, and the cor-
responding interaction terms are incorporated to explore
the heterogeneous effects of sunlight on property values.

Air pollution x Orientation

The level of air pollution might impact the real avail-
ability of sunlight. If the dust pollution becomes more se-
rious, residents would have worse views outside due pri-
marily to the fact that more sunlight has to be blocked by
dust floating in the air. Then, the value of sunlight would
shrink with air pollution. To control for the potential het-
erogeneity of the value of access to sunshine by air pollu-
tion, the baseline model (1) incorporates the interaction
between the orientation and air pollution, i.e., Dust; x
South; and PM25 ., x South,.

Relative height x Orientation

The orientation of apartments could influence the ac-
cess to sunlight, and facing south would put more value
on the apartments and be advantageous for those higher
units. However, the advantage may also be impacted by
another important condition, the height of one apartment
relative to its surrounding buildings. In the housing mar-
ket of Shanghai, real estate developers usually construct
buildings of the same height within one community. Thus,
this paper adopts the relative height, rather than the abso-
lute height, to measure the amount of sunlight an apart-
ment could receive. In this case, what really matters is the
relative height, not absolute height, after controlling for
community fixed effect. Due to a larger relative height,
an apartment is more likely to have access to the sun-
shine and thus a better view. Thus, the interaction term,
Rheight; x South;, is added into the baseline model (1) to
examine the relation.

Relative height x Air pollution

In the previous baseline model, it is assumed that air
pollution has the same influence on the apartments with
different heights. However, it is known that, in terms of
the influence on the scenic view, some heavy pollutants,
like dust in the air, have a certain maximum level under
which most of the pollutants stay. Hence, on some heavily
polluted days, some pollution is likely to have different im-

pacts on apartments with varying heights. Therefore, the
interactions between the relative height interacts and air
pollution, i.e., Dust,., x Rheight; and PM25,., x Rheight;,
are included in the hedonic regression equation.

Relative height x Orientation x Air pollution

On top of the above-mentioned heterogeneity, the non-
linearity of overall access to sunshine and air pollution.
Therefore, we consider the interaction terms, Rheight; x
South; x Dust,., and Rheight; x South; x PM25,,, in an
attempt to analyze the complexity of interdependence
among the three factors and their influence on the house
prices. The first two items, Rheight; x South;, could be
taken as the comprehensive indicator of measuring the
availability of sunshine. Then, it is measured how the
comprehensive indicator interacts with air pollution and
thus changes the house price given different levels of air
pollution.

According to the analyses above, the heterogeneity of
multiple sorts is estimated in the following extended he-
donic regression model:
log(Y,4) = By + By South; + B,Rheight; + B;Rheight? + X.T1 +
ByDusty, + BsPM25, + BgDust,, x South; + B,PM25 ;. %
South; + PgRheight; x South; + BoDust;,, x Rheight; +
B1oPM25,, x Rheight; + B, Rheight; x South; X Dust,, +
BRheight; x South; x PM25 ., + ZgI + 8, + Ay + €44

)

where all other variables are defined the same as before.

4. Empirical results
4.1. Baseline model

Non-spatial models might yield some misleading esti-
mates without controlling for spatial dependence if there
exist some spatial autocorrelation in home prices across
districts (Kelejian & Prucha, 2001). Before estimating the
hedonic pricing models, a Moran’s I test is conducted for
spatial autoregression among home prices across districts,
but no spatial effects are found statistically.!? Thus, this
paper reports the estimates mainly by standard hedonic
models. Table 2 shows the regression results from the
baseline model (1). It is shown in the table that the co-
efficients on variables of interest, South;, are statistically
significant at the 1% level. Compared to other apartments
not facing south, apartments facing south, on average,
have a higher value of around 7.2% of home prices due to
the availability of sufficient sunshine, as analyzed above.'?

12 The p-value of the Moran's I statistic is 0.67, suggesting that we
cannot reject null hypothesis in favor of alternative hypothesis.

13 Some might argue that the price premium of facing-south
orientation involves not only sufficient sunshine but also the
superstitious belief (Mak, 1998; Tam et al., 1999). However,
these studies have found little, if any, solid evidence showing
the empirical importance of Geomancy compared to another
more significant benefit, sunlight. Thus, the estimates of south-
facing orientation could be considered the upper bound of the
estimated value of sunlight.
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Table 2. The regression results of the baseline model (1)

(1) 2) 3) (4) (5) (6) (7)
Dependent variable: the natural log of a house price per square meter, log (Y;;.,)
South 0.080™" 0.066"" 0.067"" 0.071" 0.077"" 0.072™" 0.071""
(-0.003) (-0.003) (-0.003) (~0.006) (~0.009) (-0.002) (-0.002)
Rheight 27717 2732 2932 25517 24417 2.516™ 2.519™
(-0.078) (-0.072) (-0.073) (-0.092) (-0.081) (-0.057) (-0.075)
Rheight? -1.251"" -1.207"" -1.133" -1.350"" -1.523"" -1.521"" -1.516""
(-0.164) (-0.181) (-0.157) (-0.164) (-0.167) (-0.15) (-0.154)
Age 0.072"" 0.067"" 0.081"" 0.075™" 0.049™" 0.025™" 0.026™"
(-0.006) (~0.006) (~0.006) (~0.006) (~0.006) (~0.005) (-0.005)
Area 1.020™"
(-0.015)
PM25 -0.023™" -0.023™" -0.108™" -0.109™" -0.112"™"
(-0.007) (-0.007) (~0.008) (-0.013) (-0.014)
Dust -0.354"" -0.353"" -0.332"" -0.321"" -0.319""
(-0.06) (-0.06) (-0.068) (-0.061) (-0.021)
Pop density 0.910™ 0.935™ 0.833™ 0.8317
(-0.137) (-0.143) (-0.138) (-0.136)
Factory -0.060"" -0.022 -0.113" -0.121"
(-0.029) (-0.021) (-0.05) (-0.05)
School 0.754™" 1.362"" 1.216™ 1.218™
(-0.161) (-0.163) (-0.156) (-0.161)
Shopping 0.573™ 1.123™ 0.234" 0.241°
(-0.139) (-0.139) (-0.134) (-0.122)
Hospital 2.014™ 0.284 34117 3.419™
(-0.46) (-0.479) (-0.452) (-0.422)
Greenspace 0.004™ 0.005" 0.006™" 0.006™"
(-0.001) (-0.001) (-0.002) (-0.002)
Constant -1.193" 1.339™ -1.388"" -1.354"" -2.134" -2.819™" -0.291""
(-0.171) (-0.206) (-0.498) (-0.729) (-0.194) (-0.129) (-0.012)
District FE Y Y N N N N N
Community FE N N N Y Y Y Y
Year FE Y Y Y Y Y Y Y
N 40,448 40,448 40,448 40,448 40,448 40,448 40,448
Adjusted R? 0.239 0.239 0.234 0.372 0.355 0.479 0.421

Note: To control for the potential serial correction with a district, robust standard errors in parentheses are clustered at the district level. For the ro-
bustness check, we put area as one of the control variables in column (7), which shows the similar results as before. Thus, we will mainly focus on the

unit price as dependent variable. ™ p < 0.01, " p < 0.05, " p < 0.1.

The estimate is smaller than that in Lu (2018) showing
that a south- facing orientation brings a 14% premium in
property value. After multiplying the mean unit price of
46,712 CNY/m? by 7.2%, the price premium on the sun-
light, on average, becomes 3,363 CNY/m? (46.32 USD/ft?)
for homeowners in Shanghai.!4

In addition to the view orientation, both PM2.5 and
dust pollution have a negative impact on house prices.
Homeowners prefer to live in a high position with a better
view outside relative to lower places. Based on the non-
linearity of the relative height for the house prices, an-

14 The exchange rate is $1.00 = ¥6.745 in 07/2022.

other piece of empirical evidence that needs to be pointed
out is that, when the relevant height of an apartment is
higher, its value becomes first rises and then drops when
it reaches the top of the building. It could be attributed
to the structure of buildings in Shanghai. Most buildings
in Shanghai are equipped with an elevator, thus making
it easier for residents living on a higher level. Moreo-
ver, living at the bottom is unattractive since it usually
is noisier and more humid down below. However, the
values of apartment located on the top of buildings are
lower relatively since living too high takes more time to
get down and thus is less safe in some emergency. Hence,
there exists a nonlinear relationship between the relative
height and house prices.
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4.2. Extended models

Built upon the baseline model, the hedonic estimation is
extended by incorporating the interaction terms to allow
varying marginal effects and other complexities. Table 3
shows the regression results of the extended model (2).!1
The coefficient on Dust x South is significantly negative.
Given the positive sign of South, it confirms the previ-
ous presumption that the value from having an advanta-
geous orientation shrinks with dust pollution. Based on
the empirical results about the interaction term Rheight x
South, the positive relation between the marginal effect of
facing south and relative height provides significant evi-
dence that the availability and hedonic value of sunshine
could be magnified by the height of an apartment. As for
the interaction between air pollution and relative height,
the empirical evidence indicates that the height would
alleviate the negative influence of both PM2.5 and dust
pollution on the house prices. It implies that, if you stay
in a very high apartment, you are still able to see miles
away from where you stand even on heavily polluted days.
Dust pollution has a less significant influence than PM2.5
on high apartments. Since the PM2.5 pollution is almost
invisible by our naked eyes, its impact on house prices
should be identical across the heights. Due to the negative
sign of the coefficient on dust pollution in the baseline
model before, the positive coefficient of the interaction
term makes the total coefficient less negative, resulting in
a smaller marginal effect.

Given the ambiguity of the direction of the influence of
Rheight x Orientation x Airpollution on the house prices,
two presumptions are provided in the analysis. The first
presumption is that, as pollution gets more serious, the
value of access to sunshine declines (Zhang et al., 2020).
It is proper to take the first two items, Rheight; x South;, as
the comprehensive indicator of measuring the availability
of sunshine. We examine how the comprehensive indicator
interacts with air pollution and how it changes the house
price given different levels of air pollution. The other pro-
posed presumption is that residents living in more expen-
sive apartments are supposed to care more about environ-
mental quality and thus be more responsive to air pollution
(Tu et al., 2020). Figure 3 graphically outlines the spatial
heterogeneity. Empirically, house prices are higher for those
being higher and facing south. People living in section A
would have to pay more to purchase the apartment and are
more likely to be rich relative to those living in other sec-
tions. As people get wealthier, they are willing to pay more
to reduce the air pollution (Chay & Greenstone, 2005).
Therefore, residents in section A would be more concerned
about air pollution. As a result, the negative marginal effect
of air pollution would be larger for them, which is reflected
in the larger price elasticity to air pollution. However, from

15 Dye to the limited space, only the estimates on variables of
interest are shown here, and the complete regression results
of the extended model (2) are presented in Table A2 in Ap-
pendix.

Table 3. The regression results of the extended model (2)

o ol o | o
Dependent variable: house price per square meter, log (Y;;.)
Rheight x South 0.327"" 0.294"™"
(0.015) (0.015)
Rheight x Dust 0.024™ 0.021™"
(0.008) (0.009)
Rheight x PM25 0.031"" 0.029™"
(0.006) (0.007)
Dust x South -0.352"" | -0.323™"
(0.074) | (0.064)
PM25 x South -0.219™" | -0.319™"
(0.065) | (0.064)
Rheight x South x -0.006
Dust (0.007)
Rheight x South x -0.004
PM25 (0.006)
Community FE Y Y Y Y
Year FE Y Y Y Y
N 40,448 | 40,448 | 40,448 | 40,448
Adjusted R? 0.644 | 0.643 | 0.641 0.642

Note: To control for the potential serial correction with a district, ro-
bust standard errors in parentheses are clustered at the district level.
p<0.01, " p<0.05  p<0.l.

South North

Figure 3. Representation of the orientation and relative height

the empirical results, we cannot actually see any clear and
significant relationship. It might be the case that two types
of influence coexist simultaneously and impact the house
prices in the opposite ways.

Conclusions

This paper documents the relationship between the view
orientation of dwelling units and their property values
and empirically estimate the nonmarket value of sun-
light in the Shanghai housing market under a hedonic
pricing framework. Using the real estate transaction
data of over 40,000 housing units in 2019-2021, empiri-
cal results suggest that, other factors being equal, home-
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owners in Shanghai, on average, are willing to pay extra
3,363 CNY/m? (46.32 USD/ft?) to choose the apartments
with sufficient sunlight and orientation facing south,
smaller than that in Lu (2018) showing that a south-facing
orientation brings a 14% premium in property value. The
value of sunlight becomes larger with relative height, sug-
gesting that people living in higher apartments are will-
ing to pay more for south-facing apartments rather than
ones in other orientations. It is also found that the price
premium of sunlight shrinks with pollution and that dust
pollution has a less significant influence than PM2.5 on
higher apartments. Moreover, we find that, according to
the empirical results of three-variable interactions, people
living in high apartments facing the south have a slightly
larger willingness to pay for the sunlight if the air quality
is improved.

On top of the new findings, there might exist some
potential for further improvement in this paper. The es-
timated value of sunlight potentially gets entangled with
the price premium of Geomancy. Admittedly, due to the
lack of data on real-time apartment-specific sunlight in-
tensity, the premium effect caused by sunlight is insepa-
rable from that of Geomancy. However, as suggested in
the literature review, these studies have found little, if
any, solid evidence showing the empirical importance of
Geomancy compared to another more significant benefit,
sunlight. This makes the issue much less worrying, and
the estimates are just slightly upward biased if any. Moreo-
ver, exploring the heterogeneity of sunlight’s value by air
pollution and relative height could provide the unbiased
estimated marginal value of sunlight since the value of
Geomancy is not very likely to vary by them. Thus, we
could take the estimates of south-facing orientation as the
upper bound of the estimated value of sunlight.

Sunlight brings us a large number of benefits and im-
proves the quality of our daily lives, and its welfare meas-
urement depends on concrete living conditions. During
the ongoing COVID-19 pandemic, many residents in
Shanghai have to stay indoors due to a lockdown and thus
need sunlight more than ever. Such an unusual scenario
could raise the value of sunlight and reinforces its impor-
tance for potential homeowners in the housing market.
Furthermore, real estate developers would also find the
estimates useful since they need them to help develop the
best pricing strategy based on the apartment attributes.
Lastly, understanding the hedonic value of different view
orientations and their interaction with different environ-
mental and urban amenities is also important for a wide
range of city planning purposes. This paper sheds light
on the welfare measurement of sunlight and has profound
implications for the capitalization of environmental amen-
ities reflected in housing prices.
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Table Al. Definition and description of variables in hedonic equations

Variable

Definition and explanation

Data source

Apartment attributes

View orientation

There are in total of ten possible view orientations for one unit. For example, south
implies one apartment has only the south view and south-north means this dwelling
unit has both the north and south views

Sofun database

Address

Detailed addresses are transformed into latitude and longitude in ArcGIS

Sofun database

House price

The sales price for dwellings in the database, priced in CNY

Sofun database

Total floor area

The floor area of each dwelling in units of square meter

Sofun database

Floor level

The number of floor on which one unit is located in the building

Sofun database

Stories of building

The total stories in the building where one unit is located

Sofun database

Interior decoration
complete decoration

It is classified as three types, no decoration (reference), partial decoration and

Sofun database

Year built

It indicates the year when the unit is built

Sofun database

Time sold

It is the time one residence is sold on a daily basis

Sofun database
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End of Table Al
Variable ‘ Definition and explanation Data source
Air quality
Dust pollution Weight of dust pollution, in unit of ton per square kilometer SEPB
PM2.5 pollution Concentration of PM2.5 pollution, in unit of milligram per cubic meter SEPB
Weather
Temperature The city’s average temperature in Fahrenheit on a daily basis NOAA
Dew point The city’s average dew point in Fahrenheit on a daily basis NOAA
Sea level pressure The city’s average pressure in hPa on a daily basis NOAA
Humidity Daily likelihood of precipitation (%) NOAA
Wind Daily average wind speed, miles per hour (MPH) NOAA
Sunny day The number of sunny days in a given period NOAA
Urban spatial structure
District There are a total of 16 districts in the city and my sample data cover 15 of them SBS
Subdistrict There are a total of 214 subdistricts in the city SBS
View Discrete variable that indicates how many attractions one unit could have the views of SMTA
Distance The linear distance in meters between attraction and unit. It becomes average distance SMTA
if it has several views
Table A2. The complete regression results of the extended model (2)
(1 ) 3) (4)
Dependent variable: house price per square meter, log (Y;;.)
South 0.067"" 0.071"" 0.077"" 0.072""
(0.003) (0.006) (0.009) (0.002)
Rheight South 0.327"" 0.294"
(0.015) (0.015)
Rheight x Dust 0.024™ 0.021""
(0.008) (0.009)
Rheight x PM25 0.0317 0.029™
(0.006) (0.007)
Dust x South -0.352"" -0.323""
(0.074) (0.064)
PM25 x South -0.219™" -0.319""
(0.065) (0.064)
Rheight x South x Dust -0.006
(0.007)
Rheight x South x PM25 -0.004
(0.006)
Rheight 1.9327 1.552"" 1.433™ 1.522"
(0.073) (0.092) (0.076) (0.061)
Rheight? -1.133"" -1.350"" -1.531" -1.532""
(0.157) (0.164) (0.167) (0.150)
Age 0.081° 0.072"" 0.047" 0.026™
(0.006) (0.006) (0.006) (0.005)
PM25 -0.023"" -0.108"" -0.111"" -0.121""
(0.006) (0.007) (0.008) (0.013)
Dust -0.354™" -0.353"" -0.331"" -0.323™"
(0.060) (0.060) (0.068) (0.061)
Pop density 0.807"" 0.914™ 0.932"" 0.831°"
(0.124) (0.137) (0.143) (0.138)
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End of Table A2
1) (2) (3) (4)
Factory -0.030"" -0.061" -0.024 -0.121"
(0.009) (0.029) (0.021) (0.050)
School 0.643"" 0.751"" 1.359" 12217
(0.034) (0.161) (0.163) (0.156)
Shopping 0.235™ 0.573"™ 1.132" 0.241
(0.131) (0.141) (0.139) (0.134)
Hospital 1.743™ 2.014™ 0.256 34117
(0.455) (0.460) (0.479) (0.452)
Greenspace 0.003" 0.004™ 0.005™ 0.006™
(0.002) (0.001) (0.001) (0.002)
Community FE Y Y Y Y
Year FE Y Y Y Y
N 40,448 40,448 40,448 40,448
Adjusted R? 0.644 0.643 0.641 0.642

Note: To control for the potential serial correction with a district, robust standard errors in parentheses are clustered at the district

k%

level. ™ p < 0.01, ™ p < 0.05, "p < 0.1.



