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Abstract. There are few studies on the externalities of shopping malls affecting the housing market. This study aims to 
discuss two issues: (1) What is the intensity of the impact of a shopping mall? (2) When does the external influence of a 
shopping mall begin to reveal itself? The West Intime Shopping Mall in Hangzhou offers a unique situation to research the 
questions. By dividing the study area into nine blocks, using hedonic price theory, and the price gradient approach with 
housing price data from 2011 to 2015, we found that in the space dimension, the mall exerted a significantly positive effect 
on the housing prices of nearby blocks. With the increase in distance from the mall, the positive effect decreased. There 
were more significantly positive effects in blocks far away from the city center. In the time dimension, the effects of West 
Intime did not reveal themselves until the mall had started to operate and gradually matured over time, implying that the 
mall did not have the obvious expected impact on housing prices before the mall had begun operating.

Keywords: shopping mall, housing price, price index, price gradient, hedonic models.

Introduction

With the suburbanization and economic growth occur-
ring since the 1960s in the United States, shopping centers 
and malls have been spreading throughout cities, first in 
the suburbs, then in the downtown areas (Carter, 2009). 
Shopping malls have dramatically reshaped the retailing 
industry, providing the impetus for regional economic de-
velopment and the improvement of living standards. Now, 
shopping malls are major centers of retail activity in the 
United States and around the world (Larsen, Shelton, & 
Wright, 2015). In recent years, alongside urban develop-
ment in China, shopping malls have grown quickly with 
urbanization, versatility, and convenience in transporta-
tion. Most malls deliver convenience to local residents and 
have strong influences on neighboring areas. Large-scale 
shopping malls have become attractive places to shop, vis-
it, and spend time. Most malls have also increased their 
leisure activity components (Fasli, Riza, & Erbilen, 2016).

There have been many types of studies focusing on 
the designs, functions, rents, and satisfactoriness of shop-
ping malls (Carter, 2009). Some studies have discussed the 
role of shopping centers in societies and urban spaces, but 

most have not covered the externalities of shopping cent-
ers. Shopping malls can deliver commercial convenience 
to the surrounding residences, indirectly increasing the 
values of these properties in the housing market. There-
fore, it makes sense to explore the effects of shopping 
malls on housing prices.

Compared to infrastructure, schools, and other public 
facilities, shopping malls are so complex that they may 
possess distinctive externalities. Sirpal (1994) and Des Ro-
siers, Lagana, Thériault, and Beaudoin (1996) discovered 
positive and negative effects at different distances from 
shopping malls. The externalities are directly related to the 
internalities, such as the scale, design and anchor tenants, 
of a mall. Moreover, the influence of a mall may change 
at different stages over time. Promotional advertising be-
fore a mall’s construction may fuel a rise in housing prices 
while noise from the construction works could worsen the 
living conditions of residents and lower the housing pric-
es. After a mall’s completion, its external influence usually 
differs with the maturity of its operation and the establish-
ment of word of mouth. Such externalities, particularly in 
terms of their scope and times of impacts on the housing 
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market, have been ignored by existing studies. This paper 
uses a single shopping mall as the object of study in order 
to observe the mall’s impact on the housing prices of sur-
rounding properties, incidence, impact time, and gradient 
changes. Both price indices for zones and price gradient 
analysis were used for estimation. The concept of the price 
gradient was used to analyze the temporal and spatial in-
fluences of the mall on housing prices.

The following section presents the literature review on 
shopping malls and related theories. Section 2 introduces 
the studied shopping mall and its surroundings. Section 3 
discusses the methodology, variables, and data. Section 4 
reports the findings. Last section presents the concluding 
remarks.

1. Literature review

The research on retail has been gradually enriched since 
the 1930s. Hotelling (1929) and Christaller (1933) initi-
ated the research on central place theory and retail ag-
glomeration, which are regarded as the theoretical foun-
dations of shopping malls. This theory assumed that the 
consumer made a shopping trip for a single purpose and 
visited the nearest shopping center (Berry & Garrison, 
1958), but Golledge, Rushton, and Clark (1966) found that 
when consumers exhibited multipurpose shopping behav-
ior, they did not always purchase goods or services at the 
nearest store or shopping mall. If two shopping areas were 
close enough, the consumer may choose a farther shop-
ping mall with more functions rather than a closer one 
with fewer functions (Clark, 1968; Rushton, 1969). The 
retail agglomeration resulted, which can be explained by 
the utility maximization of consumers (Hotelling, 1929; 
De Palma, Ginsburgh, Papageorgiou, & Thisse, 1985). 
Thereafter, many studies have emerged, with most of 
them focusing on the internal attributes, such as leasing, 
anchor tenants, and space allocation, of shopping malls. 
According to the studies concerning the leasing of shop-
ping centers and the determinants of shopping center sales 
(Gatzlaff & Ling, 1994; Mejia & Benjamin, 2002), rents can 
indirectly reflect a mall’s operating conditions. Sirmans 
and Guidry (1993) studied the market rents for shopping 
centers and found that customer drawing power was an 
important determinant, which was indicated by building 
area and age of the mall, as well as type of anchor tenant. 
Besides, a good location and an enclosed design always 
behave well. Through an extensive survey, Ooi and Sim 
(2007) affirmed that a large size and the presence of a fa-
mous cinema can enhance the draw power of a suburban 
mall. The extending works provided analyses of the prob-
lem of space allocation and agency behavior (Brueckner, 
1993; Carter & Haloupek, 2002). Other studies have been 
concerned with store types and business enterprise value. 
All these research focusing mainly on the insides of the 
shopping malls help to explain why some shopping malls 
are more attractive.

Compared with the rich research on shopping cent-
ers, there has been little research concerning about the 

external relations and influences of the malls. Based on 
their findings that the supply and demand attributes of 
shopping centers were spatially dependent, Ozuduru 
(2013) confirmed that shopping centers played an im-
portant role in urban growth. As shopping centers have 
moved towards becoming social gathering spaces, they 
have had a great impact on the urban lifestyles (Fasli 
et al., 2016). Some scholars have contributed to examin-
ing the role of shopping centers in society. Erkip (2005) 
conducted a survey using structured interviews and vari-
ous observations. The statistical analyses showed that the 
proportion of customers who “come to the mall only for 
shopping” is 42.6% while the proportions of customers 
“for other activities” and “for browsing” are 44.3% and 
51.1% respectively. It can be seen that the significance 
of a shopping mall for its surrounding residents lies not 
only in shopping, but also in the other values provided 
by the mall. Being multi-functional facilities and signifi-
cant catalyst of urban, shopping malls have significant 
impacts on neighborhood.

The hedonic price model is widely used to examine 
housing prices at a micro-level. Housing prices are inves-
tigated by the characteristics of structure, neighborhood, 
and location (Freeman, 1981; Chau & Chin, 2003; Mok, 
Chan, & Cho, 1995). Hui, Chau, Pun, and Law (2007) in-
vestigated the effects of neighboring and environmental 
characteristics of a residential property on its market value 
and found that in Hong Kong, households are willing to 
sacrifice serenity for convenience. There are many stud-
ies discussing the externalities of public facilities, such as 
schools (Clark & Herrin, 2000; Sedgley, Williams, & Der-
rick, 2008) and parks (Weigher & Zerbst, 1973; Wen, Bu, 
& Qin, 2014a). More scholars have studied the impacts 
of locations involving rail transit (So, Tse, & Ganesan, 
1997) and transport accessibility (McMillan, Jarmin, & 
Thorsnes, 1992; Henneberry, 1998), most of which have 
had significantly positive impacts on housing prices.

When using the hedonic theory to evaluate the price 
of neighborhood characteristics in housing price models, 
some of the previous studies considered shopping malls as 
one of the factors in commercial facilities. Generally, they 
used dummy or grade variables to consider whether there 
were any shopping malls around a property. Colwell, Gu-
jral, and Coley (1985) first studied the effects of distances 
to shopping centers on housing prices. They concluded 
that shopping centers had positive effects on surrounding 
housing prices, because of their commercial convenience, 
but also had negative effects, such as noise, pollution and 
traffic congestion, at closer distances. Using 143 cases, Sir-
pal (1994) applied the quadratic function of distance to fit 
different effects, while Des Rosiers et al. (1996) applied the 
gamma function for fitting effects. Both studies supported 
Colwell᾽s conclusion. In addition, they considered the sizes 
of shopping centers and found that size did have effects. A 
larger shopping center generated a wider scope of impacts. 
Song and Sohn (2007) integrated the distances to stores 
and shopping centers into a spatial accessibility index for 
retailing and found that higher spatial accessibility to re-
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tailing was capitalized into residential property values. Yu, 
Cho, and Kim (2012) created multiple driving time buffers 
instead of using simple Euclidean distances to reflect ac-
cessibility and capture the distance decay effects. The case 
study of the Turkey Creek Shopping Center showed that 
households placed a positive value on proximity to a shop-
ping center with a travel time – distance of 3–20 minutes.

The above studies all concentrated on the influence 
mode restricted to spatial effects. However, some schol-
ars have begun to examine the time effect in studies of 
public facilities, such as transportation projects. Yiu and 
Wong (2005) used location  – time interactive items to 
study the impacts of a tunnel on housing prices in Hong 
Kong. They found that there were significant increases in 
prices even before the completion of the works. A study 
on the Chicago MRT Orange Line indicated that during 
the announcement period, housing prices had increased 
by 4.2%. When the Line was under construction, the rate 
of increase doubled and increased up to 19.4% in the three 
years after the commencement of operations (McMillen & 
McDonald, 2004). However, sometimes, the impact takes 
place until after a subway system commences operation 
(Loomis, Santiago, & Lopez de Jesus, 2012).

While many studies use cross-sectional data to explore 
spatial influences, they cannot discern whether an impact 
is definitely caused by the object (Gu & Jia, 2008). There are 
some studies using time series data to capture the effects of 
time changes by dummy variables (McMillen & McDonald, 
2004). However, with this method, it is difficult to separate 
the impacts of price trends or policy interferences. To solve 
this problem, Coulson (1991), Chau and Ng (1998), Yiu 
and Tam (2004) proposed a price gradient method using 
location – time interactive items to measure changes in the 
price gradient, the concept of which was developed from 
a bid – rent curve (Alonso, 1964). Their empirical studies 
demonstrated that price gradient analysis was an effective 
method of characterizing the impacts of a study object.

As mentioned above, there has been much research 
on shopping malls, but inadequate research on their ex-
ternalities. A few existing studies have taken operating 
shopping malls as research objects but have ignored the 

variant impacts on neighborhoods at different stages. In 
the rich studies of housing prices, the influences of shop-
ping centers have not been paid sufficient attentions. To 
fill these gaps, this paper discusses two issues: (1) What 
is the extent of the impact of a shopping mall? (2) When 
does the external influence of a shopping mall begin to ap-
pear? The first issue was solved by the comparison of price 
gradients in different zones but the second was somewhat 
complex, so this study used location  – time interactive 
items to capture the different impacts at different times.

2. The West Intime Shopping Mall and study area

The research object of this paper is the West Intime Shop-
ping Mall, which is located in the northwest of Hangzhou 
on a straight line 7 km away from the city center. The con-
struction of West Intime began in January 2011 and was 
completed in September 2013. The total construction area 
reached 289,000 m2 with more than 200 shops. The mall 
and its location provides a unique opportunity to observe 
the impact of a particular shopping center on its surround-
ing area. The development of the entire western area in the 
city began in the late 1990s. Because of the lack of regional 
planning, a large number of new residential communities 
had gathered, but commercial facilities were seriously inad-
equate. Before the construction of West Intime, there were 
only two medium-sized commercial facilities, i.e. Xicheng 
Square and Hangzhou Incity, which opened in 2004 and 
2010, respectively, and were closer to the city center. The 
construction area of Xicheng Square was 55,393 m2 with 
97 shops while that of Hangzhou Incity was 53,000 m2 with 
96 shops. As for anchor tenants, West Intime has four an-
chor shops with high quality and a large area. In contrast, 
the other two shopping malls have almost no comparable 
anchor tenants. The basic data of these three shopping malls 
are shown in Table 1. The two most famous shopping malls 
in the city center are also included for reference.

The business data of shopping malls is difficult to gath-
er, so this study used the turnover created by the biggest 
anchor tenant, Intime Department Store, to reflect the 
operating conditions of the mall (as shown in Table  2). 

Table 1. The operating information of shopping malls

Mall name
Total 

construction 
area/m2

Opening 
date

Commercial activities
Anchor tenants

Retail Food Entert-
ainment Service

West Intime 289,000 2013/9/8 58% 20% 20% 2% Intime Department Store; 
Siyo Rink; SAGA Luxury 
Cinemas; PHYSICAL Fitness 
Center

Hangzhou Incity 53,000 2010/2/1 40% 25% 20% 15% Wal-Mart
Xicheng Square 55,393 2005/1/8 56% 14% 25% 5% UME International Cinemas
Hangzhou Tower 140,000 1989/6/1 80% 10% 5% 5% /
Wulin Intime 51,000 1998/11/16 95% 5% / / /

Note: The data are from the China Real Estate Information Corporation’s (CRIC) database, one of the largest real estate information databases in China.
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The turnover increased significantly from 2014 to 2015. 
In summary, West Intime fared well during the operating 
period due to the high-quality building, anchor tenants, 
and excellent operations.

To fully consider the impact of West Intime, the scope 
was expanded for the entire western city area, which is a 
long strip spanning 8 km from north to south and 4 km 
from west to east. The study area reaches Moganshan 
Road and Gucui Road in the east, Tianmushan Road 
in the south, Zijingang Road, Zijinghua Road, Jihong 
Road in the west, and Jindu North Road in the north. In 
general, this area belonged to the peripheral area of the 
main city at the beginning of the study period. There are 
mature communities to the east and south of the mall, 
while the city center is located to the southeast direction. 
There are mainly factories and old communities in the 
adjacent area northeast of the mall, where the housing 
deals are few. To the west of the study area is Zhejiang 
University and Xixi Wetland Park, which both occupy 
a large area. West Intime is located in the middle of the 
region 5  km in a straight line away from the farthest 
property. The southern area has been a newly-built ur-
ban commercial and residential area since the 1990s. The 
northern area developed later but has grown rapidly with 
vigorous performance in the real estate market during 
the past five years. So, most our housing transaction data 
are distributed in a north-south direction along the main 
street. On this basis, the study area was divided into nine 
blocks from south to north. Partitioning refers mainly to 
the distribution of the road network. Taking the quantity 
of the sample data into account at the same time, the 
southern area has adequate data (number of real estate 

transactions), so the partitions are denser and smaller. In 
contrast, the northern area lacks transaction volume, so 
the partitions are sparser and larger1. The sample size in 
each block changes from 555 (Zone 7) to 2,042 (Zone 1), 
and the north-south span ranges from 0.56 km (Zone 3) 
to 1.6 km (Zone 8). The regional distribution is shown 
in Figure 1.

3. The model and its variables

This study used hedonic price theory and the price gradi-
ent method to analyze the influence of the presence of a 
shopping mall. First, the hedonic price model was con-
structed and the influence degree of the mall on housing 
prices was captured by using the distance variables be-
tween the properties and the shopping mall. The distance 
is measured in Euclidean distances in common practice 
(Kholdy, Muhtaseb, & Yu, 2014; Ding, 2004; Wen & Tao, 
2015). However, due to the uneven development of urban 
transport systems, Euclidean distances cannot represent 
the real accessibility of a region. Hence, some scholars 
(Ahlfeldt & Wendland, 2008; Tse & Chan, 2003) intro-
duced commute costs to capture the price elasticity of 
variables while others (Söderberg & Janssen, 2001; Coul-
son, 1991; Wen et al., 2014a) introduced azimuth dummy 
variables based on distance variables, which were used to 
capture the price gradients in different directions. There 
are also some studies using location dummy variables to 
characterize the price effects of objects on different blocks 
(Yiu & Tam, 2004). The advantage of using location dum-
my variables is the assumption of a linear or logarithmic 
linear inverse relationship between housing prices and 
distances not being required. Hence, the effect of location 
differences can be more clearly captured within a small 
area in a city. Hence, the location dummy variables, as 
well as their interactions with year and period were intro-
duced to construct an improved hedonic price model and 
expanded price gradient model to examine the housing 
price gradients from the dimensions of time and space. 
With the interactive dummy variables, we assumed that 
the price gradient varied over time and was impacted by 
the shopping mall.

1 To test the robustness of the study, we used another partition 
method with distance rings, as described in Appendix 1.

Table 2. Turn-Over of Intime Department Store

09/08/2013 – 
09/30/2013

Quarter 1, 
2014

Quarter 2, 
2014

Quarter 3, 
2014

Quarter 1, 
2015

Quarter 2, 
2015

Quarter 3, 
2015

Turn-Over/¥1000 14110 58855 50635 60885 80441 67767 70395
Year-on-year growth rate / / / / 36.68% 33.83% 15.62%
Quarter on quarter 
growth rate

/ / –13.97% 20.24% / –15.76% 3.88%

Note: The data are from the official website of Intime Department Store.

Figure 1. Regional distribution map
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3.1. The simple hedonic price model

The impact of shopping centers on housing prices can be 
characterized by the commuting costs. Setting the shop-
ping mall as the object, we used a map of Gaode to meas-
ure the road distance from a property to the shopping 
mall. Then, we constructed the hedonic price model and 
introduced the dummy variable that characterize the time, 
as shown in Equation (1). The dependent variable, hous-
ing price, and continuous independent variables of S, L, 
and N are often adopted in logarithmic form in the previ-
ous literature. We chose the form by comparison below.

5

1 2 3 4 5 1
2

i i
i

P S L N D Y
=

= α +α +α +α +α + β + e∑ , (1)

where: P is the transaction price per m2 of a housing unit; 
S is the structure characteristic variables, which include 
building’s area, property’s age, and number of floors; L is 
the location characteristicariables, which include the dis-
tance between the city center and the properties, as well 
as the surrounding traffic convenience; N is the neighbor-
hood characteristic variables, which include the overall 
environment of the district and the education support 
measured by the surrounding schools, as well as sports 
and commercial facilities; D is the distance to West Intime 
Shopping Mall using the road distance between the prop-
erties and the mall; Yi is the time dummy variable that 
equals 1 when the property is transacted at time i (where 
i = 1, ..., 5 in years) and 0 if otherwise; α1 represents the 
intercept, α2 to α4 capture the impacts of structure, loca-
tion, and neighborhood characteristics, respectively, on 
housing prices, and α5 captures the impacts of the dis-
tance to the shopping mall.

3.2. The improved hedonic price model

The distance-based measures are inadequate represen-
tations of composite external effects as the influence of 
the mall on households will vary over space (Fik, Ling, 
& Mulligan, 2003). To examine the housing price differ-
ences between zones, the improved hedonic price model 
was constructed by introducing the interaction term ZiYj, 
as shown in Equation (2). The nine spatial divisions are 
adopted here. The price value of Zone 1 in 2011 is set as 
a reference point, so Z1Y1 does not enter the regression 
model. Housing prices change over time and the differ-
ences of the price indices between any two zones reflect 
the evolution of the price gradients.

9 5

1 2 3 4 , 2
1 1

,i j i j
i j

P S L N Z Y
= =

= η + η + η + η + σ + e∑∑  (2)

where: P, S, L, N, and Yj have the same definitions as be-
fore; Zi (where i = 1, …, 9) signifies the spatial dummy 
variables, which equal 1 when the property belongs to 
Zone i, and 0 if otherwise; ηk (where k = 1, 2, 3, 4) and 
σi,j are the coefficients to be estimated; e2 is the stochastic 
term. η1 represents the intercept, and η2 to η4 capture the 
impacts of structure, location, and neighborhood char-

acteristics, respectively, on housing prices. If the regres-
sion coefficient is positive, the characteristic is positively 
correlated with the price, and negative if otherwise. The 
coefficient σi,j indicates the changing price in the year j in 
Zone i after controlling for the characteristic factors that 
affect the prices.

3.3. The extended price gradient model

The extended price gradient approach introduces the con-
cept of the period to reflect the difference between the 
construction and operating phrases, which are based on 
the previous model, as shown in Equation (3).

5 9

1 2 3 4
2 2

j j i i
j i

P S L N Y Z
= =

= φ + φ + φ + φ + γ + λ +∑ ∑

, 3

9

2
2

i p i
i

Z T
=

θ + e∑ , (3)

where: P, S, L, N, Yj, and Zi have the same definitions as 
before; Tp (where p = 1, 2; 1 means the construction pe-
riod [2011.1–2013.8] while 2 means the operating period 
[2013.9–2015.12]) signifies the time dummy variables, 
which equal 1 when the property belongs to Period 1, and 
0 if otherwise; φk, γj, λi, and θi,p (where k = 1, 2, 3, 4) are 
the coefficients to be estimated; e3 is the stochastic term.

As in Formula (3), φ1 denotes the intercept, and φ2 
to φ4 capture the influence of each housing characteristic. 
The settings of the three dummy variables and the dummy 
interaction items is the innovative aspect of Formula (3) 
(Yiu & Wong, 2005). (1) The price coefficient γj is used to 
capture the common impacts on all zones in year j. Market 
fluctuations and policy changes are the main causes. Each 
γj (j > 1) corresponds to the base year j = 1 (2011), so γ1 
is not included; (2) The azimuth coefficient λi is used to 
capture the price change due to differences in locations 
between the 9 zones. When the base period is the con-
struction period (Period 1), λi can be interpreted as the 
price gradient of Period 1, which is based on λ1 (Zone 1). 
The coefficients θi,p are used to estimate the zone-and-
period-specific variations in prices that are not captured 
by the year and location indices, which are affected by the 
different phrases of the shopping mall. Thus, the price 
gradient of Zi in period p can be measured by λi + θi,p. 
Similarly, Z1T1 does not enter the regression model as a 
reference point.

3.4. Variables and data

The determinants of housing prices are mainly summa-
rized as structure characteristics, location characteristics, 
and neighborhood characteristics, as shown in Table 3.

Structure characteristics are some of the characteristics 
of the property itself. The type of property and the dif-
ferent tectonic facilities can affect housing prices. In the 
study area, this study focuses on sub-high-rise and high-
rise house buildings, which are the main types of residen-
tial buildings in the Chinese housing market. So, the three 
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most common factors that were selected are Size, Build-
ing’s Age, and Floor/Level No. Size is positively related to 
the total price of a house, but the relationship with the 
price per m2 of the house is not certain. In many cases, the 
smaller the area, the higher is the unit price. Building᾽s 
age is expected to be negative. In addition, housing prices 
are also influenced by the total number of floors in build-
ings because of the different levels of residential quality 
and comfort in sub-high-rise or high-rise buildings. Re-
ferring to Shi and Guo (2009), this paper introduces both 
Floor/Level No. and total number of floors into the model.

Location characteristics refer to the different locations 
of housing within a city. Different locations signify differ-
ent environments and degrees of accessibility. Hangzhou 
has a particular geographical distribution. The traditional 
core areas include the CBD, i.e. Wulin Square and the sce-
nic West Lake, which are very close to each other. In order 

to avoid multicollinearity, we included only the distance 
to CBD as the independent variable. The new emerging 
CBD, Qianjiang New City Area, currently has less influ-
ence than does Wulin Square and is located in the eastern 
part of the city far away from the study area, so it was not 
considered. The distance to the shopping mall was used 
to capture the mall’s price gradient, which directly reflects 
the impact of the mall on housing prices. The surround-
ing bus route were measured by the number of bus lines 
within a radius of 1,000 meters around the houses, which 
is a comfortable walking distance limit. Bus route is sup-
posed to have a positive effect on housing prices while 
Distance to CBD has a negative effect.

Neighborhood characteristics involve natural and cul-
tural factors around the properties that can affect the 
housing prices. The environmental utility of the neighbor-
hood is determined by many factors, including the natu-

Table 3. Descriptions residential characterization variables

Characterization 
classification Characterization variable Quantitative basis

Structure 
characteristics

1. Size Area of housing construction (m2)
2. Building’s age Years (The age of a building built in 2015 is 1 year)
3. Floor/Level No. Level No. (the ground floor as the first floor)
4. Total number of floors Number of floors above ground level

Location 
characteristics

5. Distance to CBD Euclidean distance from the community to Wulin Square (km)
6. Bus route Total number of bus routes within 1 km of the community

Neighborhood 
characteristics

7. Distance to West Intime Road distance from the community to West Intime (km)
8. Distance to Hangzhou 
Incity

Road distance from the community to Hangzhou Incity (km)

9. Distance to Xicheng 
Square

Road distance from the community to Xicheng Square (km)

10. Inner environment Environment quality inside the community is divided into five degrees: quite 
bad (scored 1), bad (scored 2), common (scored 3), good (scored 4), and very 
good (scored 5)

11. External environment Environment quality around the community is divided into five degrees: quite 
bad (scored 1), bad (scored 2), common (scored 3), good (scored 4), and very 
good (scored 5)

12. Living facilities Supermarket, community store, bank, post office, and hospital within 1,000 m 
of the community. Each item is scored 1 point (maximum possible total points 
is 5)

13. Sports facilities General quality of community sports facilities inside the community is divided 
into five degrees: quite bad (scored 1), bad (scored 2), common (scored 3), good 
(scored 4), and very good (scored 5)

14. Property management Community property management service quality is divided into five degrees: 
quite bad (scored 1), bad (scored 2), common (scored 3), good (scored 4), and 
very good (scored 5)

15. Quality of primary 
school

Measures the quality of a primary school using a scoring method. The school 
with the highest quality takes a score of 4 and that of the lowest quality takes a 
score of 1

16. Quality of junior high 
school

Measures the quality of a junior high school using a scoring method. The school 
with the highest quality takes a score of 4 and that of the lowest quality takes a 
score of 1

17. Distance to primary 
school

Euclidean distance from the community to nearest primary school (km)

18. Distance to junior high 
school

Euclidean distance from the community to nearest junior high school (km)
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ral environment, living facilities, educational facilities, and 
sports facilities. In China, parents pay much attention to 
children’s education. The school district significantly influ-
ences housing prices (Feng & Lu, 2013; Wen, Y. Zhang, & 
L. Zhang, 2014b), so this paper introduces the quality of 
schools and the distances to schools to characterize the 
impact of education and to measure school quality in the 
same way as did the research of Wen et  al. (2014b) on 
Hangzhou. Commercial facilities also have a certain de-
gree of impact on housing prices. Small commercial facili-
ties can be considered together with living facilities due to 
their small influence while the impact of shopping malls 
is examined separately.

The sample data are the housing transaction prices from 
the beginning of 2011 to the end of 2015, which were ob-
tained from a real estate agency in Hangzhou. Some rel-
evant information, such as living facilities, sports facilities, 
and bus route, was not provided by the agency but obtained 
through a field survey conducted in 2010, 2012 and 2014. 
Our institute has conducted follow-up surveys on the resi-
dential buildings in Hangzhou every two to three years since 
2008 to score the neighborhood and location characteristics 
of the community. A questionnaire has been designed to 
measure variables of interior environment, surrounding en-
vironment, sports facility, property management, quality of 
primary schools, and quality of junior high schools.

Mainly two aspects are considered in the choice of the 
research period. First, the real estate around West Intime 
developed later than that in the main city area. Although 
the average price of second-hand houses in the study area 

increased from 2008 to 2011, the housing transactions be-
fore 2011 of Zones 6, 7, 8 and 9 are absent, so the pre-
construction period cannot form a price gradient contrast. 
Second, data on the marketing activities of the mall before 
construction are scarce. In addition, there was little adver-
tising about West Intime before the construction. Therefore, 
we chose observations after 2011 for the sake of the equi-
librium of sample spatial distribution. To ensure the quality 
and quantity of the data, we have adopted the price data of 
the second-hand houses rather than the newly-built hous-
es. According to the statistical data, from 2011 to 2015 the 
transaction volume of newly-built houses was about 10,000 
units in study area, which is very close to the volume of the 
second-hand houses. However, these newly-built units are 
concentrated in 16 communities and mostly distributed in 
the area north of Zone 6. There are few newly-built hous-
es in Zones 1 to 5. The trading units of the second-hand 
houses are evenly distributed in 71 communities, which can 
better reflect the housing prices in the study area. To distin-
guish the changing impacts of the different stages, the data 
are divided into two periods: the construction period (P1: 
January 2011 – August 2013) and the operating period (P2: 
September 2013 – December 2015). The number of second-
hand transactions in this area was 838 in 2011, which dou-
bled in 2012 to 1,659, and continued to grow to 1,943 in 
2013. The increasing volume of second-hand transactions 
and the significant growth in the construction of newly- 
built houses north of West Intime reflect the signal effect 
of shopping malls on the housing market. The descriptive 
statistics of the variables are shown in Table 4.

Table 4. Descriptive statistics

Period 1
(January 2011 – August 2013, N = 3939)

Period 2
(September 2013 – December 2015, N = 5315)

Min Max Mean Std.dev. Min Max Mean Std.dev.

Sale price (¥/m2) 8228.00 37623.17 20374.56 4214.88 8203.45 40851.23 20195.14 4613.46
Size (m2) 23.82 264.60 90.09 31.105 23.71 330.98 94.79 31.259
Floor/Level No. 1 27 6.21 5.103 1 27 6.44 5.136
Total floors 4 29 11.56 7.445 4 29 12.14 7.516
Building’s age (year) 1 25 11.42 6.446 3 27 12.69 5.834
Distance to CBD (km) 4.39 10.79 6.60 1.672 4.39 10.79 6.69 1.626
Bus route 2 36 20.15 7.390 2 36 19.57 7.146
Distance to West Intime (km) 0.51 6.50 3.53 1.269 0.51 6.50 3.48 1.300
Distance to Hangzhou Incity (km) 0.46 7.40 3.00 1.346 0.46 7.40 2.96 1.277
Distance to Xicheng Square (km) 0.65 7.80 3.24 1.933 0.65 7.80 3.27 1.809
External environment 1 5 3.14 0.670 1 5 3.24 0.666
Inner environment 1 5 3.36 0.861 1 5 3.53 0.859
Living facilities 1 5 4.05 1.251 1 5 3.96 1.240
Sports facilities 1 5 2.66 1.081 1 5 2.81 1.092
Property management 1 5 3.03 0.852 1 5 3.18 0.796
Quality of primary school 1 3 2.02 0.847 1 3 1.98 0.862
Quality of junior high school 1 2 1.69 0.462 1 2 1.64 0.480
Distance to primary school (km) 0.10 2.06 0.59 0.369 0.10 2.06 0.59 0.366
Distance to junior high school (km) 0.19 3.28 1.42 0.838 0.19 3.28 1.45 0.841
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4. Analysis of results

The regression of the three models produced good results, 
which are discussed below.

4.1. The results of simple hedonic price modelling 
approaches

To estimate the impact of West Intime on the surrounding 
housing prices, we take advantage of the road distance to 
the mall to capture the price elasticity of the surround-
ing housing. The SPSS was used to estimate Equation (1) 
and analyze the housing characteristics. The results of the 
regression model are shown in Table 5.

Economic theory places few restrictions on the form 
of the hedonic price function (Hui et al., 2007; Feng & Lu, 
2013). By comparing the regression results of commonly 
adopted forms such as linear, semi-logarithmic (as shown 
in Table A2) and logarithmic, we found that logarithmic 
forms fit slightly better than the others. The correlation 
between independents was smaller and coefficient inter-
pretation was more significant. The adjusted R2 of Model 

1 is 0.642, which means that the independent variables 
could explain 64.2% of the dependent variable. Almost 
all the 21 variables are significant at the 1% level. To test 
for the spatial independence of the estimated error terms, 
referring to Fik et al. (2003), the residuals were regressed 
on the independent variables and location coordinates x, 
y and their polynomial expression. The coefficient esti-
mates of distance independent variables are all insignifi-
cant. While the location variable x2 is significant in Model 
1, there is no significant location variable in Model 2 or 
Model 3, in which the spatial dummy variables are in-
cluded (see Table 5). Due to the lack of location coordi-
nates for housing units, and in order to solve the possible 
spatial correlation problem, we estimated the coordinates 
for house units by random calculations with GIS, based 
on the coordinates and shapes of the communities. Then, 
we conducted spatial econometric models using the con-
structed spatial weights as a robustness test. The results are 
shown in Appendix 2.

The effect of the structure characteristics all obtain 
the expected results. The coefficient of Total floors is 

Table 5. Results of regression of the three models

Independent variables
Model 1 Model 2 Model 3

Coefficient T – statistics Coefficient T – statistics Coefficient T – statistics

Constant 10.431*** 231.554 10.947*** 140.912 10.961*** 141.590
Ln Size –0.093*** –19.351 –0.112*** –24.940 –0.115*** –25.243
Ln Building’s age 0.017*** 3.326 0.011*** 5.166 0.012*** 5.332
Ln Floor/Level No. 0.010*** 4.000 –0.073*** –15.675 –0.074*** –15.837
Ln. Total floors –0.033*** –7.127 –0.047*** –8.464 –0.046*** –8.473
Ln Distance to CBD –0.235*** –17.770 –0.338*** –11.650 –0.342*** –11.665
Ln Distance to West Intime –0.109*** –20.037 / / / /
Ln Distance to Xicheng Square –0.048*** –9.958 –0.039*** –4.025 –0.039*** –3.947
Bus route –0.002*** –3.998 –0.004*** –7.507 –0.003*** –7.344
External environment 0.048*** 11.484 0.070*** 15.541 0.069*** 15.134
Inner environment –0.022*** –6.345 –0.031*** –7.815 –0.029*** –7.247
Living facilities –0.007*** –3.089 –0.031*** –12.806 –0.031*** –12.824
Sports facilities 0.006** 2.587 0.022*** 9.695 0.022*** 9.451
Property management 0.084*** 19.028 0.071*** 16.670 0.072*** 16.702
Quality of primary school 0.084*** 34.341 0.063*** 21.108 0.063*** 20.962
Quality of junior high school 0.041*** 5.725 0.005 0.386 0.005 0.340
Distance to primary school –0.032*** –9.596 –0.028*** –7.140 –0.028*** –7.027
Distance to junior high school 0.033*** 11.329 –0.047*** –10.440 –0.046*** –10.061
Y2 –0.071*** –12.109 / / –0.059*** –10.879
Y3 –0.007 –1.189 / / 0.004 0.715
Y4 –0.055*** –8.861 / / –0.057*** –8.248
Y5 –0.059*** –9.797 / / –0.054*** –7.991
Adjusted R2 0.642 0.701 0.696
Residuals regressed on location 
variables

x2       –0.002***        –2.111
x*y     –0.001            –1.515

x2       0.000            –1.085
x*y     0.000            –1.272

x2       0.000            –0.952
x*y     0.000            –1.147

Notes: ***, **, and * represent significance at the 1%, 5% and 10% levels, respectively. The dependent variable is lnP. To test for the spatial independence 
of the estimated error terms, the residuals were regressed on the location variables, x, y coordinate and x2, y2, x*y.
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–0.033, which is significant and negative. This result is 
consistent with the reality that sub-high-rise buildings 
with lower heights are more expensive due to less shar-
ing of public areas and to more comfort. The coefficient 
of Distance to CBD is  –0.235, which means that hous-
ing prices will decrease by 0.235% if the distance from 
a house to the city center increases by 1%, indicating 
that Wulin Square definitely has much influence on the 
housing market. The quality of primary and junior high 
schools nearby can significantly increase housing prices 
and Distance to primary school has significant negative 
effect. Contrary to expectations, the coefficient of Bus 
route is negative, this phenomenon may be attributed to 
the fact that increasing the number of bus routes may 
produce negative effects, such as noise and environmen-
tal pollution (Wen, Xiao, & Zhang, 2017). As for Neigh-
borhood Characteristics, neither Inner environment nor 
Living facilities is as expected, which may be because the 
sample is concentrated in a limited area. The variables 
measured in the same way did not perform well either in 
housing submarket around the Grand Canal (Wen et al., 
2017), but they were positively significant in house price 
regression with the sample of entire city (Wen et  al., 
2014a). We should improve the measure of these vari-
ables in future studies.

The distances to the shopping malls are the main re-
search objects. West Intime and Hangzhou Incity are too 
close to each other, so there would be collinear problems 
if the two distance variables were both introduced into 
the model. Considering the smaller influence of Hang-
zhou Incity, Distance to Hangzhou Incity is not introduced 
into the model. The coefficients of Distance to West Intime 
and Distance to Xicheng Square are both significant and 
negative as were expected, but Distance to West Intime is 
a little larger with a value of  –0.109. In the case of ex-
cluding the impacts of other characteristic variables, as 
the road distance to West Intime increases 1%, housing 
prices decrease by 0.109%. The result indicates that for the 
study area, West Intime has a significant impact on hous-
ing prices and is more influential than Xicheng Square. In 
this model, the influence of West Intime on housing prices 
is characterized initially and roughly. The following two 
models provide further analysis.

4.2. The results of improved hedonic price modeling 
approaches

Similarly, the least-square method was used to estimate 
Model 2. The adjusted R2 increases to 0.701, indicating 
that compared to Model 1, this model is more explanatory. 
Almost all the characteristic variables are significant at the 
1% level. The coefficient of Distance to Xicheng Square is 
also significant and similar to the result of Model 1. By 
controlling the influence of Xicheng Square, the impact of 
West Intime on housing prices can be captured by spatio-
temporal interactions, whose coefficients are shown in 
Table 6. There are 44 spatio-temporal interaction coeffi-
cients, of which 39 are significant.

In the space dimension, the housing price indices of 
the five zones in the southwestern region (Zones 1–5) are 
relatively higher than the four zones in the northwestern 
region (Zones 6–9).

With the purpose of observing the influence of West 
Intime on the different zones in more detail, we further 
calculated the price gradients among the various zones 
and observed the changes. This helped to analyze the 
temporal and spatial influences of West Intime. Zone 1 
is the farthest south, and so, is farthest away from West 
Intime and closest to the city center. The impact received 
from West Intime is relatively minimal. Therefore, Zone 
1 was set as the reference area and the price indices of 
the other zones were subtracted from the price gradient 
of each zone. For each zone, the price gradient of Zone i 
(i = 2, …, 9) is equal to the difference between the price 
indices of Zone i and Zone 1. The results are shown in 
Figures 2 and 3.

Figure 2 shows the price gradients for Zones 2–5 based 
on Zone 1. The results of 2011–2013 represent the price 
gradients of Period One while the results of 2014–2015 rep-
resent Period Two. The results are summarized as follows:

1) In Period One, the price gradients of the four zones 
were basically stabilized with few changes. Even in 
2012, which was the peak of the construction pe-
riod, the price gradient of Zone 5 was reduced by 
0.027. The noise generated by the project construc-
tion might have had a negative impact on housing 
prices (Henneberry, 1998).

Table 6. The value of the coefficient ,i jσ  (Model 2)

Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 Z9

Y1 / 0.042*** 0.121*** 0.167*** 0.121*** –0.108*** –0.039 0.105*** –0.082***

Y2 –0.043*** 0.002 0.069*** 0.126*** 0.051** –0.209*** –0.197*** 0.025 –0.148***

Y3 0.009 0.078*** 0.125*** 0.200*** 0.126*** –0.132*** –0.103*** 0.068** –0.063**

Y4 –0.048*** 0.027** 0.099*** 0.164*** 0.145*** –0.141*** –0.131*** –0.058** –0.070**

Y5 –0.071*** 0.006 0.119*** 0.159*** 0.217*** –0.083*** –0.127*** –0.071*** –0.069**

Note: ***, **, and* represent significance at the 1%, 5% and 10% levels, respectively.
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2) In Period Two, the price growth rate of Zone 5 was 
very significant. Zones 3 and 4, which were slightly 
farther away, were also affected by the positive effect 
of the shopping mall, leading to the increase in the 
price gradients based on Zone 1. The price gradi-
ent of Zone 2 increased slightly compared with the 
price gradients of the other zones. The results show 
that a significant effect on the residential prices in 
the south area after the open of the mall and the 
“value-added” range decreased with the distance.

Zones 6–9 are located away from the city center and 
West Intime is the only large-scale commercial facility in 
the surrounding area. So, theoretically, these four zones are 
better able to reflect the spatio-temporal impact of West In-
time on the surrounding housing prices. Figure 3 shows the 
price gradients of the four zones based on Zone 1:

1) In Period One, the price gradients of the four zones 
fluctuated less. Zones 6 and 7 had a certain degree of 
price decline in 2012 and rebounding in 2013, largely 
due to the impact of the neighboring construction.

2) In Period Two, the price gradient of Zone 6 in-
creased significantly and the value was near zero in 

2015, showing that the price of Zone 6 had begun 
to catch up with Zone 1. Similarly to Zone 6, the 
price gradient of Zone 7 also showed a clear upward 
trend with a smaller rise. The changes in the price 
gradient of Zone 8 was confusing while there were 
still some visible positive changes in Zone 9.

In this model, the value-added effect can be clearly 
seen, especially in Zones 6–9, and the influence decreases 
from Zone 5 to the other zones on both sides, but this 
method of price gradient calculation still could not elimi-
nate the time fixed effect completely.

4.3. The results of extended price gradient 
approaches

The explanatory power of Model 3 is 69.6%, which is very 
close to that of Model 2. The confidence levels of the char-
acteristic variables are almost the same as before. Only one 
spatial-temporal interaction coefficient θ was not signifi-
cant. Therefore, the model can explain the existing data 
well. Then, the price gradient was calculated by λi + θi,p. 
The results are shown in Table 7.
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Figure 4 exhibits the price gradients of nine zones in 
two periods. Zone 1 is still set as the benchmark. In the 
premise of eliminating the time fixed effect and assuming 
that the housing prices in Zone 1 had not changed during 
the construction and operating periods, the price gradi-
ents of the other zones were obtained based on Zone 1.

Compared to the previous two methods, this treatment 
was better able to remove the influence of other factors on 
the time dimension. The findings are as follows:

1) The price gradients of Period 2 are shown to be sig-
nificantly higher than those of Period 1 (except for 
Zone 8). In the area south of West Intime (from 
Z2–Z5), the price gradient differences between the 
two periods are 0.006, 0.043, 0.031, and 0.127, re-
spectively. Z3 and Z4 almost have the same value 
added effect caused by West Intime while Z2 has 
the smallest appreciation. Zone 5 has become the 
new peak in housing prices and the price increases 
13.5% in Period 2. The value-added effect can be 
found to decrease with distance, but it is not a com-
pletely linear relationship.

2) In the north area of West Intime (from Z6–Z9), the 
price gradient differences between the two periods 
are 0.090, 0.029, –0.093, and 0.057, respectively. 
Generally the price gradient difference between the 
two periods in each zone is negatively correlated 
with the distance from West Intime. The price gra-
dient difference of Zone 6 is the largest while Zone 
7 is the smallest except the negative appreciation in 
Zone 8. The time fixed effect has largely been elimi-
nated, so the price gradient difference is caused by 
the influence of West Intime.

The above three models can be good proof that West 
Intime has had a positive impact on the surrounding hous-
ing prices. Model 1 identifies the impact of West Intime 
on housing prices as being inversely proportional to the 
distance. The two price gradient models allow insight into 
the spatial price trend of West Intime’s surrounding area. 
We found that the impacts on the surrounding housing 
prices in Zones 5 and 6 were the largest. In contrast, the 
impacts on Zones 2 and 8 were relatively weak. In terms 
of time, examining the housing prices in the two periods 
shows that the increase in housing prices during the oper-
ating period was very large while during the construction 
period, housing prices changed little and even appeared 
to have experienced a certain degree of negative effects.

Conclusions

Using the price gradient method and hedonic price the-
ory, this study analyzed the influence of a shopping mall 
on the surrounding housing prices in terms of time and 
space. First, the results of the hedonic model show that 
West Intime has a significant impact on housing prices, 
which decays with distance. Then, in the price gradient 
method, location and time dummy variables were intro-
duced to capture changes in housing prices at different 
times in various locations. The results indicate that almost 
all the zones in the study area have had their prices influ-
enced to some extent if there was a shopping mall near-
by. Especially in the zones closely surrounding the mall, 
housing prices had obviously increased by more than 10 
percent upon the mall’s opening. The spatial and tempo-
ral interaction terms used in Model 2 and Model 3 can 

Table 7. The value of λi + θi,p (Model 3)

Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 Z9

λi / 0.063*** 0.120*** 0.183*** 0.112*** –0.137*** –0.105*** 0.087*** –0.078***
θi,p / 0.006 0.043*** 0.031*** 0.127*** 0.090*** 0.029*** –0.093*** 0.057***

T1(λi + θi,p) 0.000 0.063 0.120 0.183 0.112 –0.137 –0.105 0.087 –0.078
T2(λi + θi,p) 0.000 0.068 0.164 0.214 0.239 –0.047 –0.076 –0.005 –0.022

Note: ***, **, and* represent significance at the 1%, 5% and 10% levels, respectively.
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effectively separate the impact of the shopping mall on 
the surrounding house prices during the construction and 
operation phases. Through the block division based on the 
main roads, we can clearly observe the reaction of residen-
tial groups at different locations relative to the shopping 
mall, which is rarely discussed in the previous literature.

To the best of our knowledge, this paper is one of the 
few studies concerning the impacts of a shopping mall at 
different periods of time. Before the completion of the 
construction, the expected effect of West Intime is very 
small. The surrounding housing prices were subject to 
minimal influence, which is different from the expectation 
effect found in some subway or transportation studies. The 
reason may be that the influence of a shopping mall large-
ly depends on its own anchor tenants and operational ca-
pacity. Before the completion of the construction of West 
Intime, people knew little about the mall, because it had 
not been promoted much. Therefore, there was no obvious 
influence on the housing price. Nevertheless, during the 
construction of the mall, the transaction of second-hand 
houses and the construction of new houses in the affect-
ed area increased significantly, showing the signal effect 
of the shopping mall. Upon completion in Period 2, the 
mall’s good operating conditions and reputation greatly 
enhanced its radiative influence in the area.

This paper provides some implications for city plan-
ners and governments. The model has evaluated the 
range of a mall’s influence on housing prices and offers a 
good reference for avoiding the imbalanced distribution 
of shopping malls in different districts and the scarcity 
of retail shops. Meanwhile, the effects of shopping malls 
on housing prices can be taken into consideration for 
land use planning by the government. Due to the vital 
influence of shopping malls on the surrounding housing 
prices, the introduction of malls and commercial facili-
ties is a good practice to leading the development of a 
new city area.

The limitations of this study include the short span 
of the data. We cannot study the impact of the shopping 
mall on housing prices before construction. Therefore, it 
is impossible to explore if the shopping mall had had an 
effect before its construction. The data only covers the two 
years after the opening of the mall, so we cannot observe 
changes in housing prices for any longer term. Neverthe-
less, due to the brand effect and good management, the 
mall performed well and entered a stable operating period 
during the first two years. Further research is needed to 
explore how the impact pattern differs at different scales 
and operational levels of shopping malls, and to observe 
the interaction effect of two or more shopping malls on 
housing market.
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Appendix 1

With the purpose of testing the robustness of the em-
pirical results, this study used the traditional partition-
ing method with distance rings to verify whether the re-
sults are consistent. The study area was divided into eight 
zones (0−1 km, 1−1.5 km, 1.5−2 km, 2−2.5 km, 2.5−3 km, 
3−3.5 km, 3.5−4 km, and 4−5 km) according to their dis-
tance to West Intime, as shown in Figure A1. Owing to 
the lack of communities, Zones 1 and 8 span 1 km while 
other zones span 0.5 km. In the east, we set a boundary 
line along Xueyuan Road, which is located in the middle 
line of West Intime and the CBD. The area to the east is 
closer to the city center.

The three models were applied again. The results are 
shown in Table A1. The three models all behave well and 
the adjusted R2 are above 0.55. Almost all independent 

Yiu, C. Y., & Wong, S. K. (2005). The effects of expected trans-
port improvements on housing prices. Urban Studies, 42(1), 
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dential property tax revenue impact of a shopping center. The 
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Figure A1. Partition method of distance ring

Table A1. Results of regression of the three models

Independent variables
Model 1 Model 2 Model 3

Coefficient T – statistics Coefficient Coefficient T – statistics Coefficient

Constant 10.718*** 270.712 11.123*** 233.887 11.177*** 244.944
Ln Size –0.090*** –21.711 –0.085*** –20.923 –0.085*** –20.976
Ln Floor/Level No. –0.033*** –8.278 –0.036*** –9.047 –0.036*** –9.120
Ln Total floors 0.009*** 3.961 0.009*** 4.567 0.010*** 4.599
Ln Building’s age –0.001 –1.162 –0.003*** –3.579 –0.004*** –4.426
Ln Distance to CBD –0.431*** –39.491 –0.538*** –46.694 –0.542*** –46.896
Ln Distance to West Intime –0.053*** –15.442
Ln Distance to Xicheng Square –0.016*** –4.077 –0.036*** –7.412 –0.038*** –7.848
Bus route –0.003*** –9.935 –0.004*** –14.169 –0.004*** –14.187
Surrounding environment 0.090*** 25.051 0.051*** 12.635 0.051*** 12.472
Inner environment –0.019*** –6.597 –0.003 –1.110 –0.003 –1.160
Living facilities –0.006** –2.113 0.004 1.347 0.003 1.120
Sports facilities 0.035*** 17.221 0.031*** 15.402 0.030*** 15.225
Property management 0.063*** 22.996 0.061*** 22.294 0.062*** 22.615
Quality of primary school 0.054*** 25.602 0.059*** 25.861 0.059*** 25.830
Quality of junior high school 0.003 0.513 –0.009 –1.262 –0.014 –1.872
Ln Distance to primary school –0.005** –2.339 0.009*** 4.219 0.009*** 4.206
Ln Distance to junior high school 0.038*** 16.232 –0.002 –0.812 –0.002 –0.738
Y2 –0.063*** –12.570 / / –0.062*** –13.046
Y3 0.008 1.579 / / 0.011 2.386
Y4 –0.039*** –7.633 / / –0.023*** –3.310
Y5 –0.048*** –10.295 / / –0.031*** –4.675
Adjusted R2 0.557 0.596 0.592

Note: ***, **, and* represent significance at the 1%, 5% and 10% levels, respectively.
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variables are significant and the values of the coefficients 
are hardly different from the original partitioning meth-
od.

In Model 1, the coefficient of Distance to West Intime 
is – 0.053, which shows the negative price gradient and 
validates the influence of West Intime. In Model 2, house 
prices in Zones 1 and 2 increased after 2014, while those 
in other zones declined over two years, excepting for Zone 82. 
In Model 3, as shown in Figure A2, there was a clear rise 
in Zones 1 and 2 during Period 2, as prices in the other 
regions fell. The results of the three models support the 
robustness of the findings in the text.

2 The high house price in Zone 8 may be because most of the 
samples are concentrated in the southeast of the ring, which 
is closer to the city center. The uneven distribution of samples 
and the difference in house prices in all directions may affect 
the accuracy of the results. This is the main reason why we 
have not chosen this division method in the text.

Appendix 2

Using the location coordinates and the shape of the com-
munities, as well as the number of samples therein, we 
randomly generated the coordinates for each house unit 
by GIS. Spatial weights could then be established in order 
to conduct a spatial test and spatial regression. The re-
gression results show that the spatial econometric model 
SEM performs better (see Table A2 and A3). However, the 
pattern of price gradients of Zones 1−9 with Model 2 and 
Model 3 are very close to the results in the text. Due to 
limited space, the results are not shown here and can be 
provided upon request.
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Figure A2. Price gradients of Zones 1–8

Table A2. Results of regression of different models

Coefficient
Model 1 Model 2 Model 3

Linear Linear – log Log – linear SAR SEM SEM SEM

Constant 22205.649*** 30108.698*** 9.995*** 2.972*** 10.566*** 10.837*** 10.806***

Size –22.814*** –1740.935*** 0.001*** –0.096*** –0.122*** –0.122*** –0.124***

Floor/Level No. 20.424** 190.989** –0.001*** 0.011*** 0.012*** 0.012*** 0.013***

Total floors –32.672*** –652.257*** –0.002*** –0.052*** –0.102*** –0.099*** –0.100***

Building’s age –30.326*** 235.921** –0.001 –0.013*** 0.028*** –0.036*** –0.030***

Distance to CBD –789.131*** –4095.293*** –0.046*** –0.046*** –0.219*** –0.291*** –0.282***

Distance to West Intime –305.480*** –1893.405*** –0.018*** –0.037*** –0.136*** / /
Distance to Xicheng Square –327.487*** –959.592*** –0.015*** –0.008* –0.030* –0.019 –0.013
External environment 718.103*** 730.509*** 0.047*** 0.015*** 0.068*** 0.076*** 0.073***

Inner environment –284.909*** –366.970*** –0.016*** –0.002 –0.005 –0.018* –0.014
Living facilities –181.152*** –92.520* –0.013*** –0.003 –0.004 –0.025*** –0.026***

Sports facilities 300.827*** 131.780*** 0.014*** 0.004* 0.008 0.024*** 0.023***

Property management 1170.150*** 1656.332*** 0.061*** 0.030*** 0.081*** 0.060*** 0.061***

Bus route –14.807* –18.432** –0.001*** –0.001*** –0.005*** –0.005*** –0.005***

Distance to primary school –763.224*** –548.397*** –0.045*** –0.014*** –0.026** –0.019** –0.017*
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Coefficient
Model 1 Model 2 Model 3

Linear Linear – log Log – linear SAR SEM SEM SEM

Distance to junior high 
school

835.816*** 613.014*** 0.044*** 0.008*** 0.023** –0.047*** –0.046***

Quality of primary school 1534.241*** 1790.623*** 0.071*** 0.026*** 0.093*** 0.067*** 0.067***

Quality of junior high school 139.638 186.550 0.038*** 0.008 0.056** 0.037 0.038
Y2 –1277.337*** –1370.727*** –0.067*** –0.068*** –0.074*** / –0.064***

Y3 60.759 –84.845 0.000 –0.002 –0.015*** / –0.004
Y4 –825.525*** –1015.551*** –0.046*** –0.046*** –0.061*** / –0.066***

Y5 –745.043*** –984.428*** –0.048*** –0.047*** –0.067*** / –0.066***

W_lnprice / / / 0.755*** / / /
LAMBDA / / / / 0.803*** 0.685*** 0.681***

Adjusted R2 0.591 0.587 0.644 0.709 0.722 0.734 0.728
Note: ***, **, and * represent significance at the 1%, 5% and 10% levels, respectively.

Table A3. Diagnose test for OLS regression of Model 1−3

Model 1 Model 2 Model 3

Moran᾽s I (resudals) 0.223 (0.000) 0.118 (0.000) 0.114 (0.000)
Lagrange Multiplier (lag) 5855.282 (0.000) 1512.888 (0.000) 1434.977 (0.000)
Robust LM (lag) 169.693 (0.000) 3.189 (0.074) 2.301 (0.129)
Lagrange Multiplier (error) 8528.628 (0.000) 2386.997 (0.000) 2232.014 (0.000)
Robust LM (error) 2843.040 (0.000) 877.298 (0.000) 799.337 (0.000)

Note: the number in the parentheses are p value.

End of Table A2


